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Introduction

Plant food supplements (or food supplements containing botanicals) have high 
acceptance by European consumers. Potentially, they can deliver significant health 
benefits, safely, and at relatively low costs. However, concerns about safety, quality, 
and efficacy of these products remain, and bottlenecks in risk and benefit  assessments 
need to be solved.

In fact, although botanicals have been used for decades for their health- promoting 
effects, there is still a lack of data, information, and tools to ensure their safety and 
reap the benefits that they can convey to consumers.

The development of plant food supplements (PFS) in Europe could bring 
 substantial market growth. However, the scientific and regulatory situation for PFS 
poses barriers to such growth. To protect consumers and exploit the market 
 opportunities, a new integrated approach is needed in research. Since the European 
PFS industry does not operate in isolation, this integrated approach requires 
 international cooperation.

Relatively recent changes in policy at the EU level suggest that more research is 
warranted. EFSA (the European Food Safety Authority) started working in this area, 
which should be complemented in parallel. In producing its guidance EFSA 
 identified bottlenecks that ought to be addressed.

Several EC-funded research projects defined methodologies and developed tools 
that could but had not been applied to PFS: EuroFir, MoniQa, Beneris/Qalibra, and 
Eurreca.

In this international scenario, the European Project Plant Food Supplements: 
Level of Intake, Benefit and Risk Assessments PlantLIBRA (no. 245199), was 
financed in the seventh framework program with the aims of supporting  science- based 
decision-making and safe use of plant food supplements.

PlantLIBRA involved 4 continents and 25 partners (Fig.  1 and Table  1), 
 comprising leading academics, small- and medium-sized enterprises (SME), 
 industry, and nonprofit organizations. The period of activity was June 2010 to May 
2014, but due to the numerous activities started, partners are still publishing results 
and concluding the research activities.



xii

 Supporting Science-Based Decision-Making

Several points were considered to reach the goal of supporting science-based 
decision:

 1. Although the evidence on PFS is incomplete and complex to evaluate, PFS are 
doubtless associated with biological effects, with both benefits and risks;

 2. An as yet undetermined number of plant species can currently be used in the EU, 
mainly based on the history of use. Compared with such a vast group of plants, 
very little, up-to-date scientific information on risks and benefits is available. 
Hence, decision-making, which needs to be made on a daily basis by authorities 
and food chain operators, may not be fully science based;

 3. To respond to such a huge and frequent need for data, adequate methodologies 
and vast, sustainable, immediately accessible databanks need to be made 
 available to the authorities making decisions.

 Ensuring Safe Use of Food Supplements

Critical aspects in evaluating the risk associated with the consumption of food 
 supplements containing botanicals were as follows:

Brasil

EUROPEAN
PARTNERS:
• Austria (2)
• Belgium (3)
• Finland (2)
• Germany (1) 
• Italy (4)
• Romania (1)
• Spain (1)
• The Netherland (2)
• UK (4)

• Switzerland (1)

China
Beijing

South Africa
Pretoria

Argentina
Buenos Aires

Brasil
San Paulo

Fig. 1 Distribution of PlantLIBRA partners in the world
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 1. Safe use requires valid and adequate risk and safety assessment of plants, of raw 
materials, and of food supplements by competent authorities or private sector 
risk assessors;

 2. Safe use also implies awareness of risks and benefits by consumers, citizens, the 
private sector, and authorities, thanks to a user-friendly and in-language 
 information. Critical is the contribution to consumer understanding in this area.

Table 1 List of participants to the EU Project PlantLIBRA

Beneficiary 
number Beneficiary name

Beneficiary 
short name Country

1 (coordinator) Università degli Studi di Milano UMIL Italy
2 BioDetection Systems B.V. BDS The Netherlands
3 Council for Scientific and Industrial 

Research
CSIR South Africa

4 European Advisory Services EAS Belgium
5 European Botanical Forum EBF Belgium
6 Evira Evira Finland
7 Fundación para la Investigación 

Nutricional
FIN Spain

8 Hylobates Consulting Srl HYLO Italy
9 International Association for Cereal 

Science and Technology
ICC Austria

10 Institute of Food Research IFR United Kingdom
11 Institute of Medicinal Plant 

Development
IMPLAD China

12 Istituto Superiore di Sanità ISS Italy
13 Phytolab GmbH & Co. KG PLFIN Germany
14 Società Italiana Scienze e Tecniche 

Erboristiche
SISTE Italy

15 Swiss Toxicological Information 
Center

STIC Switzerland

16 Terveyden ja Hyvinvoinnin Laitos THL Finland
17 Hospital de Clinicas “José de San 

Martín”, University of Buenos Aires
UBA Argentina

18 University of Surrey UNIS United Kingdom
19 University of Leeds UoL United Kingdom
20 Universidade de São Paulo USP Brazil
21 Universitatea Transilvania DIN 

Brasov
UTBV Romania

22 Universität Wien VUW-Bot Austria
23 Wageningen University WUR The Netherlands
24 European Food Information 

Resource Network AISBL
EuroFIR Belgium

25 Department for Environment, Food 
and Rural Affairs

Defra United Kingdom

Introduction
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On these bases, the conceptual map of PlantLIBRA project is illustrated in Fig. 2.
Safe use of PFS is the result of science-based decision-making, when informed 

by policy and consumer understanding. Science-based decision-making requires 
methodologies and data for assessment.

 The Regulatory Context

PlantLIBRA operated considering that:

 1. Legally, food supplements are unambiguously food. Nevertheless, they possess 
unique characteristics and specific legislation (EC Directive 2002/46);

 2. The regulatory context affects the risk and benefit assessment;
 3. Benefits of PFS can be communicated to European consumers by food chain 

operators only if they are proven under the EC Regulation 1924/2006 (Health 
claims regulation). This regulation provides an unavoidable reference for PFS 
benefit assessment.

Safe use of food 
supplements

Science-
decision-

-

Extended

Expansion and 
genera�on of 

knowledge

Intake and Accessible meta-
databank

Colla�on and 

Consumer and

Safe use of food 
supplements

Science-
decision-

-

Extended

Expansion and 
genera�on of 

knowledge

Intake and Accessible meta-
databank

Colla�on and 

Consumer and

Safe use of food 
supplements

Science-
decision-

-

Extended

Expansion and 
genera�on of 

knowledge

Intake and Accessible meta-
databank

Colla�on and 

Consumer and

Safe use of food 
supplements

Science-
decision-

-

Extended

Expansion and 
genera�on of 

knowledge

Intake and Accessible meta-
databank

Colla�on and 

Consumer and

Safe use of food 
supplements

Science-based
decision-making 

Risk, benefit and risk-
benefit assessment

Extended
Methodology

Expansion and
genera�on of
knowledge  

Intake and
consump�on pa�erns 

Accessible meta-
databank

Colla�on and
produc�on of data 

Consumer and
Policy Research

Fig. 2 The conceptual map of PlantLIBRA
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 Intake and Consumption Patterns

Whereas in other areas collation and review of existing data may be the most 
 appropriate approach, for intake and consumption of PFS such steps need to be 
 followed by development of methodologies and by the generation of actual, novel, 
crucially missing survey data.

 Health Promoting Properties/Health Claims/Benefit 
Assessment

While EFSA has started the evaluation of claims related to PFS under art. 13 of Reg. 
1924/2006 and published general guidance for applicants, there is still considerable 
uncertainty on the grading of evidence for benefits.

 Risk Assessment and Safety Assessment

Risk assessment of botanicals, PFS, is necessary to ensure safety. One of the major 
data gaps in risk assessment of botanicals, as identified by EFSA, is the extreme 
paucity of information on intake and consumption patterns across Europe, which 
had become a major focus of PlantLIBRA. However, adverse events also remained 
a critical, but understudied source of information regarding safety.

More generally, PlantLIBRA, starting by the EFSA guidance, developed further 
steps in this area, with the application of new concepts, such as mode of action, 
margin of exposure, and threshold of toxicological concern, to overcome the major 
bottlenecks in the current methodologies. One of the main concerns was also 
 interactions, or matrix effects, and methods for their evaluation.

 International Cooperation and Dissemination

Most of the raw materials imported in the EU are sourced from China or other Third 
Countries. Concerns about the quality of the raw materials have been voiced and 
 documented, also by industry. It was therefore necessary to work with exporting indus-
try from those countries and with scientists there, to facilitate capacity building, and to 
retrieve information and intelligence on the probable contamination. PlantLIBRA 
 disseminated the results obtained in 4 continents: Europe, Africa, Asia, and South 
America in specific meetings involving scientists, industries, and consumers.

Introduction
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The research plan of PlantLIBRA project, as developed in the 4 years of activity, 
is illustrated in Fig. 3. Workpackage 11 is not reported in the plan since it  corresponds 
to management.

 The Book

This book collects most documents and scientific results produced during the 
PlantLIBRA project. Even though numerous papers were published during and at 
the end of the project, several documents, organized as Deliverables and Milestones, 
were still unpublished and are here made available to researchers, public institu-
tions, food industries, and regulators.

The content is organized in three parts.

 Part I: Classification and Regulatory Aspects of the Products 
Containing Botanicals

The first two chapters introduce the general aspects of the science of “botanicals,” 
starting from the definition, an aspect particularly complex due to the different sci-
entific positions and legislations between countries both in Europe and in other 

Consumers

(WP8)

Stakeholders

(WP9)

Consume levels of food
supplements containing
botanicals: pilot study in
six European countries

(WP1)

Positive and negative lists
of botanicals requiring more
data on benefits and/or risks
(already prepared)

Partners discuss an
integrate list of priority

1. Scientific Literature

- Scientific Literature

Risk Assessment

WP5

- Experimental and
  clinical studies

2. Experimental studies

3. Antipoison Centers

Risk: WP3 and WP4

Benefits: WP2

Methods (WP7)

Updating and implementation
of compendium

Dissemination in Europe and
in Producing countries

Consumers

Stakeholders

Policy

WP9

WP10

Data base

WP6

Fig. 3 The general structure of the EU Project PlantLIBRA, based on 11 workpackages
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continents. According to the authors: “Botanicals” is the term now commonly used 
to describe plant materials when used in foods and food supplements, thereby dif-
ferentiating them from plant materials used in herbal medicinal products, which are 
more usually described as “herbs.” A clear classification of the products present in 
the market is listed in a table with the relative legislative framework; these indica-
tions are very useful to introduce the reader to the topic. The traditional use of 
botanicals in the centuries is at the basis of the present legislations even though, as 
said above, with significant differences between countries and continents. The pub-
lication of positive lists of plants and guidelines, decided by some countries, is defi-
nitely a novel approach to guarantee the safety of consumers. Due to the objective 
of this book, more details are reported on food/dietary supplements, including the 
European rules to obtain “claims.” It is a big honor to remember that the BELFRIT 
List originated from the first meeting of PlantLIBRA PAB (Policy Advisory Board).

Chapter 3 is an overview of how food supplements containing botanicals (or 
PFS) are being assessed in survey and epidemiological research. It describes the 
market structure, and the methods and administration techniques used to assess 
individual food consumption. The methodology designed for data collection on PFS 
within the PlantLIBRA project is here used as an example. Finally data published in 
the area of PFS used for gastrointestinal discomforts are reviewed and organized 
according to the body of evidences.

Chapter 4 introduces the concept of benefits and describes the experimental 
approaches useful to assess mechanisms responsible for the physiological effects of 
PFS. Human studies are considered with critical comments on their positive aspects 
and relative concerns.

Chapter 5 faces the problem of adverse effects in humans. This was one of the 
most relevant activities of PlantLIBRA due to the limited body of evidences in this 
area. The chapter summarizes all data produced during PlantLIBRA project, which 
have been published in peer-reviewed papers. They are integrated with new data, 
thanks to the collaboration with the French Agency ANSES and the collection of 
data from the FDA website. New information have been organized and compared 
with the previous results.

 Part II: The Quality Control for the Safety of Consumers

The topic of quality control was originally distributed in two chapters but the authors 
collected so many documents and considerations that a change in the book structure 
was necessary. The second part is now organized in eight chapters with the objective 
to help researchers and analysts involved in food supplement analysis. Food 
 supplements containing botanicals are complex products, where the analytical 
methods validated on other matrices could fail. Chapters in this part are a sort of 
guidelines for dealing with any kind of problems associated with the quality control 
of PFS: authentication of raw material as such or in commercial products; 
 characterization of the botanical chemical profile; quantification of active or toxic 
molecules; control of adulteration or counterfeits; control of treatments, which are 
not allowed internationally or locally.

Introduction
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 Part III: The Risk and Benefit Assessment for Consumers’ 
Safety

The last part of the book describes two activities, which are included among the 
main goals of the project:

 1. The risk and benefits assessment of PFS, with the development of a new  scientific 
approach, which was validated using a certain number of botanicals known for 
both their positive and negative aspects;

 2. The consumers’ perception of risk and benefits, starting from the common belief 
that “natural (and then PFS) is always safe.”

The Editor of this book, being the coordinator of the Project PlantLIBRA, hopes 
that this new collaborative work could represent a useful guide for all people work-
ing in the field of botanicals. Moreover, the Editor thanks the Springer Publisher for 
the opportunity to disseminate as much as possible the results obtained by the 25 
partners and hundreds of researchers, who worked with passion during the four 
years of the project. To all of them, my deepest thanks.

 Acknowledgements The research leading to the results presented in all chapters of this book has 
received funding from the European Community’s Seventh Framework Program (FP7/2007- 2013) 
under grant agreement no. 245199. It has been carried out within the PlantLIBRA project. This 
book does not necessarily reflect the Commission's views or its future policy on this area.
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Chapter 1
Botanical Products: General Aspects

Marinella Trovato and Cinzia Ballabio

Abstract Since ancient times, the use of plants is related to health effects and the 
correlation between their use, the maintenance of a good health, and the prevention 
of certain risk factors is well recognized. Food supplements, intended as a 
 well- defined class belonging to a specific regulatory framework, have bound 
 tradition and empiricism of observational data to a scientific reality, today  represented 
by a conspicuous literature and a high number of scientific researches indicating that 
plants and their derivatives have become objects of privileged interest.

The definition of food supplement was introduced in the European Union with 
the Directive 2002/46/EC, that represented a first step in the harmonisation process 
of these products in the EU, albeit this concept of “harmonisation” is still far away 
from becoming reality, particularly as regards the use of plants, that differs from 
country to country in relation to different cultural approach and tradition.

In this chapter, aspects regarding the history of botanicals food supplements in 
EU and the different approach and relative legislation of the Member States for the 
use of plants in food supplements will be dealt. Some general data on consumption 
of these products worldwide are further supplied.

Keywords Botanicals • Plant Food Supplements • Positive list • Health benefits • 
National botanicals regulation

1.1  Definition of Botanicals

Plants and their derivatives are widely used in various products for human health 
and wellness nowadays. This renewed interest in natural derivatives is related to a 
request coming directly from the market, heavily influenced by consumers more 
aware of their health on holistic terms and looking for answers to the new concerns 
of the modern age in natural products.
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Hence the increased use of plants as active ingredients and raw materials by such 
companies that just a few decades ago based their business only on active  ingredients 
and substances of chemical origin, despising plants and their derivatives because 
plants were considered of little economic interest and not as safe or because of their 
unclear regulatory definition.

In recent years, some rules have been enacted in the European Union (EU) to 
regulate products of plant origin, trying to bring some sort of order to a market that 
has exploded without any precise direction.

The legislator, however, have defined different products using rigid labels (e.g. 
traditional herbal medicines, dietary supplements based on plant extracts) not duly 
considering the fact that all these products, different from a regulatory point of view, 
have the same common denominator: plants.

According to the European Food Safety Authority (EFSA), the term “botanicals” 
includes all botanical materials (e.g. whole, fragmented or cut plants, plant parts, 
algae, fungi and lichens) (EFSA 2009). The term “botanical preparations” means all 
preparations obtained from botanicals by various processes (e.g. pressing, squeezing, 
extraction, fractionation, distillation, concentration, drying up and fermentation).

In the term “botanicals” are included “medicinal, aromatic and cosmetic plants” 
used as such in the preparation of infusions and decoctions, as spices for culinary 
use, or in processed form as ingredients of food, food supplements, cosmetic, drugs, 
medical devices, animal feed and products for animal husbandry, products for  textile 
dyeing and tanning industry, pesticides and household products.

In Italy, the term used to indicate “medicinal, aromatic and cosmetic plants” is 
“piante officinali”. This term, that is a unique meaning of the Italian language, 
derives from the Latin word “opificina” to highlight the aspect of transformation 
and processing that plants undergo before they can be used for other purposes. 
Botanicals should be considered “primary products” that, according to art. 2, 
 paragraph 1, letter b) of Regulation (EC) No 852/2004 (EU Regulation 2004a), 
means “products of primary production including products of the soil…”

“Botanicals” is also the term now commonly used to describe plant materials when 
used in foods and food supplements, thereby differentiating them from plant materi-
als used in herbal medicinal products, which are more usually described as “herbs”.

1.2  Botanicals in Products for Human Health

Man’s relationship with botanicals is very long-standing. In times of our ancestors, 
herbal infusions were well-known home remedies present in most households. They 
were used as remedies to cure all kind of common ailments like a cold or an upset 
stomach. But with the times, the uses of the products changed and due to their pleas-
ant aromatic flavor, a lot of them were appreciated as foodstuffs. Therefore, some 
plants still have a double function. They may either be used as a health remedy or as 
a foodstuff. A well-known example for this double function is chamomile (Matricaria 
chamomilla L.) known for its use both as an infusion and herbal medicine.

M. Trovato and C. Ballabio
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Nowadays, the botanicals and products thereof are used in a wide range of 
 products such as foods, food supplements, medicines, cosmetics, animal feed and 
veterinary medicines, medical devices, household products, etc., each of which fall 
under a specific regulatory framework.

1.3  Botanicals in the History from Ancient Times to Our Day

The beneficial effects of foods, beyond their nutrient function have been recognized 
since ancient times. In the fifth century BC, the Greek healer Hippocrates advocated 
“Let food be your medicine, and your medicine your food”.

An immense heritage of the traditional uses of the plants is still preserved in 
many abbeys and monasteries that rose throughout Europe in the Middle Ages. 
These religious houses had herb-gardens where many botanicals still well-known 
and used today were grown. Among them feverfew (Tanacetum parthenium (L.) 
Sch.Bip.), used for a variety of indications in relation to inflammation; lavender 
(Lavandula officinalis Chaix), sage (Salvia officinalis L.) and peppermint (Mentha 
x piperita L.) for the digestion, and dandelion (Taraxacum officinale (L.) Weber ex 
F.H.Wigg.) for its beneficial effects on the urinary tract.

Interest in the health properties of botanicals and their uses continued and 
become more formalised in Europe in the sixteenth and seventeenth centuries, dur-
ing the renaissance, when European universities teaching botany and herbalism 
planted “Botanical gardens”, where a wide variety of species were grown. Many 
such gardens still exist today in university towns throughout Europe, providing a 
living history of the health benefits of botanicals.

In the twentieth century, during World Wars, herbs were used to treat soldiers 
wounded on the battlefield: garlic (Allium sativum L.) for its antiseptic properties 
and bilberry (Vaccinium myrtillus L.) to help English soldiers to see better during 
night-time bombardments. Still today, bilberry is used in botanical food supple-
ments for the maintenance of eye-sight.

Many botanicals are today used for both medicinal and physiological purposes. 
Among them rosemary, sage, thyme, and mint which are regularly used as culinary 
aromatic herbs to flavor foods, cinnamon, caraway, nutmeg, cloves, and pepper as 
food spices. The historical use of these botanicals to help maintain health can be traced 
through the centuries (the ethnobotanical investigations on the domestic use of plants 
in many rural regions of Europe bear witness), and the current use for this purpose is 
demonstrated by the many herbal teas and infusions prepared from these plants that 
are still commonly consumed in the European Union for their digestive properties.

In more recent years, advances in research and technology, which have allowed to 
better preserve plants and to purify and concentrate the constituents holding health ben-
efits, have meant that the health-promoting benefits of botanicals can be presented in a 
convenient form that can be made widely available. The development of botanical food 
supplements has meant that an ever-growing number of  consumers in our urbanised 
society can safely and easily use botanicals to both maintain and optimize their health.

1 Botanical Products: General Aspects
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1.4  Classification of Botanicals Products

As mentioned, the botanicals are used in a wide range of products such as foods, 
food supplements, medicines, cosmetics, animal feed and veterinary medicines, 
medical devices, household products, etc.

Examples of the different uses of botanicals in the European Union are 
 represented by herbal and fruit infusions that can be marketed both as foodstuffs 
and food supplements. Essential oils (e.g. rosemary e.o.) are used as flavoring 
 ingredients in and on foods, as ingredients of food supplements, cosmetics and 
household products (e.g. detergents). Botanicals and products thereof (e.g. aqueous 
or hydro- alcoholic extracts, tinctures, etc.) can be used both as an active ingredient 
of medicinal products and as an ingredient of dietary supplements.

The botanicals, as such, do not fall in a specific regulatory framework by virtue 
of their structure, composition or properties; as depicted above they can be used as 
ingredients of diverse products if the use of the same is compatible with the intended 
use. However, every product underlies a specific rule for labelling. For instance, 
when an essential oil is used as ingredient in a dietary supplement, it must comply 
with Regulation (EU) No 1169/2011 (EU Regulation 2011) on the provision of food 
information to consumers and with Directive 2002/46/EC (EU Directive 2002) 
relating to food supplements, but when it enters the formulation of a cosmetic 
 product, Regulation (EC) No 1223/2009 (EU Regulation 2009a) is applied.

Table 1.1 reports a classification and the legal definition of the main products on 
the EU market, with the relevant legislative framework when established, in which 
the botanicals and products thereof are used.

1.5  Botanicals Food Supplements in EU: History

The use of botanicals to maintain health has been the popular habit throughout Europe 
for many centuries. The consumption of teas, infusions, juices, elixirs, and extracts pre-
pared from botanicals and used for health maintenance purposes has become part of 
European cultural heritage. The beneficial effects of plants on human have been gathered 
through experience, and the knowledge has been passed from generation to generation.

Botanical food supplements are a modern-day extension of this process. Dose forms 
such as capsules, pastilles, tablets, and pills (see legal definition of food  supplements in 
Table 1.1) represent a convenient way of supplying consumer  benefits from traditional 
practices, with the added advantages for the consumer that the processing which  botanicals 
undergoes in the manufacturing process for dietary  supplements guarantees the absence 
of any potentially harmful substances and allows to concentrate the beneficial compo-
nents of the plant, and to increase the stability of the final product.

Today, the EU market offers the consumer a wide range of food supplements 
containing botanicals in comminuted or powdered form, or obtained by traditional 
techniques such as extraction, distillation, expression, fractionation, purification, 
concentration or fermentation.

M. Trovato and C. Ballabio
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The concept of food supplement did not exist before 2002 in the European Union 
when Directive 2002/46/EC entered into force. This directive  represented a first 
step in the harmonisation process of these products in the EU as it lays down spe-
cific rules for vitamins and minerals used as ingredients of food supplements. For 
the range of other substances used in dietary supplements, the Commission should 
have to submit, not later than 12 July 2007, to the European Parliament and the 
Council a report on the advisability of establishing specific rules, including, where 
appropriate, positive lists of categories of nutrients or of substances with a nutri-
tional or physiological effect, such as botanicals, accompanied by any proposals for 
amendment to this directive which the Commission deems necessary (Coppens 
et al. 2006b).

To date, none of this has been done. Therefore, in order to fulfill the  shortcomings 
at European level, several EU Member States, in the national implementation of 
Directive 2002/46/EC, have established a positive list of botanicals and related parts 
of plants to be used in food supplements; among them: Belgium, France, Italy, and 
Romania. Belgium, with the Royal Decree of 29 August 1997, was the first EU 
Member State to adopt a positive list of plants to be used in food supplements.

In recent years, Belgium, France and Italy developed a joint project (the so- 
called BELFRIT Project) in order to establish, on the basis of scientific evidence, 
harmonized rules regarding the use of botanicals in food supplements. Within this 
project a common list of admitted plants has been prepared in order to ensure their 
harmonization in at least these three countries with the hope that other countries join 
the project in the future (Klaus and Gherardini 2014).

In many EU Member States, such as Belgium, France, Germany, Ireland, Italy, 
Romania and Spain, food supplements are subject to a compulsory notification 
 procedure before placed on the market. This means that the person responsible for 
the first placing on the market of a food supplement must inform the competent 
authorities of the marketing of the product by forwarding a copy of the product’s 
label. Vice versa, in Austria, Sweden and the UK there is no requirement for food 
supplements to be registered or authorised before sale. In order to simplify, speed up 
and make more transparent the notification procedure both for companies and the 
regulatory authorities, Belgium and France, and shortly also Italy, have introduced 
the digital notification system of the product label.

In some EU Member States, such as Belgium, France, Germany, Italy and Spain, 
the companies that produce, package or place food supplements on the market in 
their territory should be registered, authorised or approved by national or local com-
petent authorities.

To guarantee food safety according to Regulation (EC) 178/2002, some 
Member States, such as Belgium, France and Italy, published guidelines to sup-
port  companies in preparing dossier for all their plant food supplements on the 
market, providing indications on all the necessary documentation and analytical 
controls to be carried out to ensure the safe use of botanicals and products thereof 
with reference to their quality (botanical information, preparation and processing 
methods of botanicals, titration in active ingredients) and on the final product 
(recommended daily intake, warnings and specific contraindications for certain 

1 Botanical Products: General Aspects
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groups of consumers or people taking drugs, rationale underlying the botanical 
preparation, post- marketing surveillance). In Belgium, for food supplements con-
taining essential oils of plants, additional toxicological data to guarantee their 
safe use are requested to be annexed to the notification dossier.

Belgium implemented guidelines, which address the specific needs of the food 
supplement industry in relation to Good Manufacturing Practice (GMP), with spe-
cial attention paid to the requirements of EU food legislation. It covers the complete 
cycle of production and quality control of a food supplement, from the acquisition of 
all materials through all stages of subsequent processing, packaging and storage to 
the distribution or release of the finished product. In the wake of Belgium, also Italy 
is developing guidelines for Good Manufacturing Practice (GMP) to ensures that 
food supplements are consistently produced and controlled to the quality standards 
appropriate to their intended use and as required by the product specification.

Some Member States (e.g. Belgium, Italy) include food supplements approved 
into an electronic register and assigned a notification number.

Table 1.2 gives a brief overview of the Member States that, in the absence of 
 harmonized EU legislation in the area of botanicals, have set their own legislation on the 
use of plants and plant extracts in food supplements. Some Member States such as 
Belgium, Germany and Romania, in addition to having introduced positive lists of 
botanicals, have developed negative lists of plants that cannot be used in food 
 supplements. Other Member States such as Lithuania has notified the European 
Commission through the 2015/1535 notification (TRIS) procedure a negative list of 
ingredients of plant origin prohibited in food supplements. Among them there are plants, 
such as Centella asiatica L. and Hypericum perforatum L., which use in food supple-
ments is authorized in other Member States, including Italy, Belgium and Romania.

In the EU, botanicals have a long tradition of use for their health effects. Botanical 
products in pre-dosed forms have been used for decades for their health-promoting 
and therapeutic properties. Many countries regulate the use of these products on 
their own territory, both as medicinal products and as food supplements. Medicinal 
products containing botanicals can be registered as traditional herbal medicinal 
products (THMP) in the EU if bibliographical or expert evidence is available that 
the product has been in medicinal use throughout a period of at least 30  years, 
including at least 15 years within the Community (Directive 2004/24/EC) (Anton 
et al. 2014). In this case, the THMP are registered under a simplified registration 
procedure, without the necessity of providing proof of efficacy with clinical trial.

Botanical food supplements can be defined as food supplements under the 
Directive 2002/46/EC, consisting of or containing botanical ingredients and that may 
make a health claim on the relationship that exists between the botanical ingredient 
and health. Such botanical ingredients may be whole botanicals in comminuted or 
powdered form, or obtained by traditional techniques such as extraction, distillation, 
expression, fractionation, purification, concentration or fermentation. Such products, 
which are presented in pre-dosed forms, may at first glance look very similar to 
medicinal products, but the intended use is quite different. While medicinal products 
are intended to prevent or treat a disease or modify the way in which the body 
 functions, food supplements are intended to complement the diet with substances 
possessing health-maintenance or promoting properties (Coppens et al. 2006a).

M. Trovato and C. Ballabio
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For food use, the effects observed must be proven under the Regulation (EC) 
No 1924/2006 on nutrition and health claims made on foods. The Regulation pro-
vides that all health claims, including those on plants and their preparations used 
in food, should be assessed on the basis of scientific evidence at “the highest pos-
sible standard”.

The use of plants is different from country to country in Europe, in relation to 
different cultural approach and tradition and availability of plant species. There are 
about 1900 botanical species inventoried in Europe. Many of these, for instance, are 
allowed in the production of food supplements in some countries, while in others 
are forbidden for reasons related to a discretionary procedure not codified and 
shared at European level (e.g. while Belgium, France and Italy inserted Peumus 
boldus Molina and Plantago major L. in the positive list of plants to be used in 
dietary supplements, Germany listed them in the substances not recommended for 
use in foods, allowing the use only in medicinal products).

Under the current EU rules, it is possible that a Member State classifies a botani-
cal product as food or as medicine on a case-by-case basis. In other words, as EU 
law stands, it is possible that the same product is classified as a foodstuff in one 
Member State and as a medicinal product in another.

In the absence of clear borderlines and reference lists, the food industry may be 
overtaken by the pharmaceutical one because of the concept expressed by Directive 
2004/27/EC (amending Directive 2001/83/EC on the Community code relating to 
medicinal products for human use), that in art. 2, paragraph 2, provides that “in 
cases of doubt, where, taking into account all its characteristics, a product may fall 
within the definition of a “medicinal product” and within the definition of a product 
covered by other Community legislation, the provisions of this Directive shall 
apply”, that is the pharmaceutical one.

This being understood that directive on traditional herbal medicinal products 
(Directive 2004/24/EC recital No. 12) “allows non-medicinal herbal products, ful-
filling the criteria of food legislation, to be regulated under food legislation in the 
Community”.

The lack of a unique list of harmonized European plants of potential use in food 
supplements, as opposed to what is established for example for minerals and vita-
mins, is a source of continuous dispute and creates a great confusion about these 
products in the European market.

The issues on how to clarify the differentiation between the use of botanicals for 
medicinal and health-promoting purposes on a scientific basis, to ensure the safety 
and quality of botanicals used in food supplements and to substantiate claims for 
botanical health products will be investigated in more depth in Chap. 9.

1.6  Botanicals Food Supplements in the Extra EU Countries

The classification of dietary supplements in the extra EU countries is sometimes 
conceptually very far from the definition of food supplement applied by the 
Directive 2002/46/EC in the European Union. In China, for instance, nutritional 

1 Botanical Products: General Aspects
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supplements, defined as single substance vitamin and mineral products as well as 
vitamin and mineral complexes, are included in health foods (“foods useful for 
specific consumers, designated to regulate bodily functions, without having thera-
peutic effects”) (O’Brien 2015). Due to the deeply entrenched appreciation of the 
Chinese culture for the health benefits of foods, the latter fall within the complex 
system of  traditional Chinese medicine (TMC), that aims to promote health and 
enhance the quality of life, with therapeutic strategies for treatment of specific dis-
eases or symptoms in holistic fashion. These medical practices are based on accu-
mulated anecdotal  evidence, clinical observations, millennia of practice and 
ultimately founded on methodologies which diametrically oppose the scientific 
foundations on which the West’s functional food regulatory frameworks are built 
(O’Brien 2015). Some foods and ingredients from natural sources of plants are 
used in China as TCM.

Major reforms of the regulatory schemes governing health foods and nutrient 
supplements in China are in progress. These have been implemented with the prom-
ulgation of China’s second Food Safety Law on 1 October 2015.

In the United States of America (USA) food supplements are regulated by the 
FDA (U.S. Food and Drug Administration) under the Dietary Supplement Health 
and Education Act of 1994 (DSHEA), hence under a different set of regulations than 
those covering “conventional” foods and drug products.

As stated by the Directive 2002/46/EC in the European Union, according to the 
DSHEA the term “dietary supplement” means “a product (other than tobacco) 
intended to supplement the diet that bears or contains one or more of the following 
dietary ingredients: vitamin, mineral, herb or other botanical, amino acid, enzyme, 
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”. Food supplements are marketed in forms such as tablets, 
capsules, powders, softgels, gelcaps, or liquids.

The use of specific ingredients in dietary supplements is defined in the Federal 
Food, Drug, and Cosmetic Act (as Amended Through P.L. 107–377, Dec. 19, 2002). 
The manufacturer, packer, or distributor who wish to market a dietary supplement 
in US should notify FDA regarding the statement on the label or in the labeling of 
its product, pursuant to section 403(r)(6) of the Act.

Manufacturers and distributors of dietary supplements and dietary ingredients 
are prohibited from marketing products that are adulterated or misbranded. This 
means that these firms are responsible for evaluating the safety and labeling of their 
products before marketing to ensure that they meet all the requirements of DSHEA 
and FDA regulations.

China and USA are two examples of how the Western and Eastern world, on the 
basis of their own culture, apply a different regulatory approach to plant food sup-
plements. In Chap. 9, it will be deepened the different lmhegal framework for botan-
icals in some selected non-EU countries.

M. Trovato and C. Ballabio
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1.7  General Data on Consumption

The market of food supplements is growing significantly both in Europe and the 
USA. In 2005, the total size of the EU food supplement market was estimated to be 
around five billion euros (retail selling prices). This figure is divided between food 
supplements containing vitamins and minerals that have a market share of 50%, and 
products containing other substances with a market share of 43% equivalent to 2.15 
billion euros. The 75% the latter value (75%) refers to products sold in Germany, 
Italy, France and the United Kingdom (EAS 2007). Between 1997 and 2005, the 
growth of the market for food supplements containing other substances ranged 
between 20% in the United Kingdom to 219% in Poland (Commission of the 
European Communities 2008). The market of food supplements in Europe in the 
last few years is steadily growing, as also shown by the results of the fourteenth 
barometer on selfcare products presented by Afipa (French Federation of the 
Pharmaceutical Industry for Responsible Self-Medication), that underline a rising 
trend of the sales of food supplements in 2015 versus 2014 (+9.6%; +59.1 million 
euros). Consumption of dietary supplements in Germany and other European 
 countries ranged between 17.9% and 60% of the population (Willers et al. 2015).

In Italy, between 2012 and 2014, the sales of food supplements have been 
increasing by ‘+7.4%’ with a turnover of 2.4 million euros) (Source: IMS Health 
multichannel). According to this research, in 2014 botanicals covered 46% in value 
and 43% in volume of the market of food supplements in Italy.

This data and the outcomes of the PlantLIBRA PFS Consumer Survey, a research 
conducted as part of the PlantLIBRA1 project aiming to provide an overview of the 
characteristics and usage patterns of PFS consumers in six European countries 
(Finland, Germany, Italy, Romania, Spain and the United Kingdom), underline that 
botanical food supplements receive great acceptance by European consumers 
(Garcia-Alvarez et al. 2014). The survey, conducted in 2011–2012, involved 2359 
adult volunteers (aged 18–59 and > 60 years), who had taken at least a plant food 
supplement in the last 12 months, in an appropriate dose form and for a consecutive 
or non-consecutive period of at least 2–4 weeks.

A total of 1288 products across the six countries with 491 different botanical 
ingredients were reported by respondents (the maximum number of different botan-
icals contained in a German product was 46). The United Kingdom differed from 
the other countries both as the products reported contained a lower number of 
botanical ingredients (maximum 8) and for the number of plant food supplements 
reported, approximately half that of the other countries.

Figure 1.1 depicts the differences across countries in the type of products consumed. 
In the six countries, the most consumed products are those based on a single botanical 
ingredient (52%) with values ranging from 21% (Finland) to 85% (United Kingdom), 
followed by products containing two or more plants or products thereof (32%). 

1 PlantLIBRA project has received funding from the European Community’s Seventh Framework 
Programme (FP7 2007–2013) under grant agreement no. 245199).

1 Botanical Products: General Aspects
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The habit of taking two or more single-botanical products was less widespread in all 
countries, as was the usage of two or more single- and multi-botanical products. Finland 
was an exception to the latter, with 38% of respondents taking multiple products.

Based on the survey results, the top ten of the most frequently used botanicals 
(numbers of consumers ranging from 194 to 100) in descending order are Ginkgo 
biloba L. (ginkgo), Oenothera biennis L. (evening primrose), Cynara scolymus 
L. (artichoke), Panax ginseng C.A.  Meyer (ginseng), Aloe vera L. (aloe), 
Foeniculum vulgare Mill. (fennel), Valeriana officinalis L. (valerian), Glycine 
max (L.) Merr. (soybean), Melissa officinalis L. (lemon balm), and Echinacea 
purpurea Moench (echinacea).

Evident differences in the most used plant food supplements emerge when the 
overall top-40 botanicals more frequently present in these products are stratified by 
age groups. In the group of 18–59 year-olds, the general ranking remains largely 
unchanged with a few changes (evening primrose being the most frequently used 
botanical in place of ginkgo). In the group of 60+ year-old ginkgo is still the most 
reported botanical, but other plants such as Harpagophytum procumbens DC. (devil’s 
claw), Vaccinium myrtillus L. (blueberry) and Allium sativum L. (garlic) are within 
the most frequently reported botanicals, whereas Glycine max (L.) Merr., Melissa 
officinalis L. and Echinacea purpurea Moench do not appear in the top ten ranking.

Products based on gingko and garlic were the most widely used herbal supplements 
in the elderly as also evidenced in a review of 16 studies that evaluated the use of plant 
food supplements in subjects over 65 years old (the average age in the review ranged 
from 71 to 80 years), with a number of patients per study ranging from 69 to 5860 (de 
Souza Silva et al. 2014). Most of the research included in this review originated in the 
United States, two studies were conducted in Europe and one study in Asia. Gingko 

52

32

4
12

21

39

2

38

47 44

3 6

63

25

5 8

53

33

7 8

85

7 7
2

0

10

20

30

40

50

60

70

80

90

1 single-botanical 1 mul�-botanical 2 or more single-
botanical

2 or more single- or
mul�-botanical

Type of product

Total Finland Germany Italy Romania Spain United Kingdom

Fig. 1.1 Type of products taken (%), by country

M. Trovato and C. Ballabio



19

biloba is widely used for its reported beneficial effects on memory, concentration, and 
treatment of cognitive dysfunction, whereas garlic is more commonly used for its 
antilipemic, antihypertensive, and antiatherosclerotic effects.

Although the use of herbal supplements is relatively common among the elderly, 
the high health risk due to the concomitant intake of drugs for chronic diseases and 
herbal products (e.g. the use of Gingko biloba with antiplatelet drugs and/or antico-
agulants may increase the risk of bleeding complications, because both gingko and 
these drugs decrease the blood’s ability to clot) should be seriously considered.

In the PlantLIBRA PFS Consumer Survey, cross-country differences appeared, 
when considering the overall top-40 botanicals more frequently present in PFS 
products in each of the six countries. As shown in Fig. 1.2 Finnish consumers use 
products mostly based on soybean, followed by those containing Echinacea 
 angustifolia DC. and E. purpurea Moench. German consumers reported Ginkgo 
biloba L., Cynara scolymus L. and Olea europaea L. as the most; ginkgo was also 
the ingredient most frequently indicated in Romania, followed by Aloe vera L. 
(aloe) and Panax ginseng C.A. Meyer (ginseng). Amongst Italian consumers, aloe 
was the most recurrently used botanical, followed by fennel and valerian. In Spain, 
products containing artichoke were the most frequently used products, followed by 
those based on valerian and Equisetum arvense L. (horsetail). In the United 
Kingdom, Oenothera biennis L. (evening primrose) was the most frequently 
reported botanical ingredient, followed by Panax ginseng C.A. Meyer (ginseng) and 
Hypericum perforatum L. (St. John’s wort) (Garcia-Alvarez et al. 2014).
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The results of PlantLIBRA survey reflect the data published in a study carried 
out by the European Advisory Services (EAS) on behalf of the European 
Commission, that reports that ginkgo, echinacea, garlic and ginseng are the four 
most commercially important botanicals in the combined markets of 17 EU Member 
States, although echinacea and gingko are part of the composition of products reg-
istered as medicines (EAS 2007).

The intake of botanical food supplements is common also in childhood, although 
the pediatric use of herbs or plant food supplements has raised particular concern 
for children health. Infants may be more susceptible to adverse effects than adults 
because of differences in physiology, metabolism, and dose per body weight.

In 2013, the National Center for Health Statistics (NCHS) published the results 
of the first National Health Interview Survey (NHIS) conducted in 2007 on the prev-
alence of herb and dietary supplement use among children and adolescents in the 
United States (Wu et al. 2013). The representative sample consisted of 72,654 chil-
dren aged 4–17; among them 2850 (3.9%) reported to use herbs or dietary supple-
ments in the past 12 months, compared to 69,804 (96.1%) who did not use herbs or 
food supplements. Echinacea and “combination herb pills” were the most com-
monly herbal supplements taken by children and adolescents in the United States, 
followed by those containing flaxseed oil (from Linum  usitatissimum L.), goldenseal 
(Hydrastis Canadensis L.), garlic (Allium sativum L.), cranberry (Vaccinium macro-
carpon Aiton), ginkgo (Ginkgo biloba L.), ginseng (Panax  ginseng C.A. Meyer) and 
soybean (Glycine max (L.) Merr.). The use of herb and food supplements was more 
common among older age groups (age 13–17) and among non- Hispanic whites. 
Socioeconomic measures, such as parental  education and household income, were 
positively correlated with the herb and supplement use. Children with chronic health 
conditions, long-term prescription use, or  relatively frequent use of physician ser-
vices were also more likely to use these preparations (Wu et al. 2013).

Other interesting data about the use of plant food supplements and teas among 
infants were drawn by the Infant Feeding Practices Study II, a longitudinal survey 
of women aged 18  years and older studied from late pregnancy through their 
infant’s first year of life, conducted by the US Food and Drug Administration 
(FDA) in collaboration with the Centers for Disease Control and Prevention 
between 2005 and 2007 (Zhang et al. 2011). Overall, 5.7% of mothers in the sam-
ple (n = 2.653) reported giving botanical food supplements and teas to their infants 
at least once during the first 12 months and 3.6% reported “more than once”, com-
pared to 90.7% of mothers who have never given their babies any type of botanical 
preparation. The mothers were more likely to give their infants plant food supple-
ments and teas (include also products that are not herbal supplements), if they had 
used these products themselves, were primiparous, older (≥25 years), Hispanic, 
had higher education or higher income, and were married and longer breastfed. The 
percentage of infants given any plant food supplements and teas varies only slightly 
by infant age, from 2.4% in month 1 to 4.4% in months 4–6, till 3.4% in months 
10–12. The most frequently supplements given to children in their first year of life 
were “gripe water” containing ginger (Zingiber officinalis Rosc.) and fennel 
(Foeniculum vulgare Mill.)—the ingredients may vary by brand -, chamomile 
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(Matricaria chamomilla L.) and teething tablets based on chamomile and other 
ingredients depending on brand. The most common reasons that mothers fed 
botanical preparations to their infants were to help with fussiness (e.g. chamomile), 
digestion (e.g. fennel, ginger), colic (e.g. fennel, ginger), and relaxation (e.g. 
chamomile). The most commonly reported sources of information about plant food 
supplements and teas were friends and relatives (30%), the media (28%), and the 
health care professionals (27%) (Zhang et al. 2011). This survey found that about 
9% of infants were fed dietary botanical supplements and herbal teas in their first 
year of life, a data much higher than the percentages (from 0.8% to 5%) detected in 
previous surveys. This figure may be overestimated because it included unspecified 
tea, which may have been ordinary tea and not an herbal supplement.

No prevalence estimates exist for use of plant food supplements and herbal teas 
in infants and children in Europe or other parts of the world.

The results of this study cannot be generalized to the overall US population of mothers 
or infants due to several limitations. The respondents who participated in the study over-
represented non-Hispanic white, older mothers of higher socioeconomic status, and no 
specific data were collected for subgroups such as Asians and certain immigrant groups 
who are frequent users of botanical preparations and tend to use plant food supplements 
and teas for their infant care because of culture and tradition (Zhang et al. 2011).

The use of food supplements by pregnant women has been investigated in a very 
few surveys. A study conducted in the USA in 2001 evaluated the usage patterns of 
dietary supplements (as defined by the FDA in the Dietary Supplement Health and 
Education Act of 1994 (DSHEA)–see par. 5), containing hence all kinds of ingredients 
from vitamin or mineral to herb or amino acid, during pregnancy in women followed 
at the Obstetrics and Gynecology Clinic of the University of California, San Francisco 
(Tsui et  al. 2001). To the survey, conducted from November 1999 through March 
2000, responded 150 pregnant women (nearly 24% of patients to whom the survey 
was distributed), who were in their first through third trimesters of pregnancy.

Overall, the use of dietary supplements among pregnant women was low. Of the 
150 patients surveyed, 104 patients (70%) declared not to use any dietary supple-
ments, 26 patients (17%) reported using a food supplement before their pregnancy, 
and 20 patients (13%) reported using a dietary supplement during pregnancy. 
Among the latter, 40% (8/20) initiated use before the pregnancy and continued it 
throughout, whereas 60% (12/20) began use because of the pregnancy. Among the 
women using dietary supplements during pregnancy, 32 different products were 
being used. Most women took more than one product (45 total) or an average of 
2.24 products per person. The most common dietary supplements used were based 
on plant: echinacea (4/45, 8.9%), pregnancy tea2 (4/45, 8.9%), and ginger (3/45, 6.7%). 

2 Pregnancy tea: a combination product that contains a blend of herbs such as spearmint (Mentha 
spicata L.) leaf, raspberry (Rubus idaeus L.) leaf, strawberry (Fragraria vesca L.) leaf, nettle 
(Urtica dioica L.) leaf, rose hip (Rosa canina L.), fennel (Foeniculum vulgare Mill.) seed, lemon-
grass (Cymbopogon schoenanthus (L.) Spreng. var. Motia) leaf, alfalfa (Medicago sativa L.) leaf, 
and lemon verbena (Lippia citriodora Kunth) leaf. This product claims to support a healthy preg-
nancy and states on the packaging that it is used to “tone the uterine muscles and prepare the womb 
for childbirth” and is to be used “throughout pregnancy and for a few weeks postpartum.”
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Echinacea was the most common herb initiated before pregnancy and  continued 
throughout, whereas pregnancy tea and ginger were initiated for the childbearing. 
The total types of dietary supplements declared to be used in pregnant women are 
depicted in Table 1.3 (Tsui et al. 2001).

Ginger was commonly used for its antiemetic effects, although to date, there is 
no consensus regarding the use of ginger during pregnancy. Herbal products based 
on echinacea are commonly used to alleviate symptoms associated with the  common 
cold, albeit the outcomes on their efficacy are conflicting. The use of this plant 
 during pregnancy has been poorly documented, but a recent study did not observed 
an increased risk of malformations in women who used echinacea preparations 
from their first to third trimesters of pregnancy (Gallo et al. 2000).

From the data collected emerged that the most common reason for beginning to 
use a dietary supplement during pregnancy was to relieve nausea and vomiting 
(5/20, 25%), whereas the most common cause for discontinuing use of a dietary 
supplement was to avoid potential harm to the fetus (25%). Most patients reported 
no side effects (17/20, 85%), with the exception of nausea and stomach discomfort 
in one patient taking elderberry, taste disturbance in one patient taking echinacea, 
and intestinal gas in one patient using borage seed oil.

The most commonly reported sources of information about food supplements for 
pregnant women were equally distributed between themselves, friends or family 
members, the media, physicians or nurse practitioners, and alternative health care 
providers (including midwives, chiropractors, or naturopaths). Most patients 
informed their primary care provider of their use of dietary supplements (15/20, 
75%). In Figs. 1.3 and 1.4 are reported, respectively, the most popular places where 
pregnant women purchase their dietary supplements and whether or not they inform 
primary care providers about their use.

Table 1.3 Types of dietary 
supplements used in pregnant 
women

Type of products
Total products  
(N = 45)

Echinacea 4
Pregnancy tea 4
Ginger 3
Vitamin B6 2
Vitamin C 2
Multivitamin with herbs 2
Raspberry leaf 2
Enzymes 2
Othera 24

aInclude one of each of the following: evening 
primrose oil, pregnancy tincture, goldenseal, pro-
anthenol, chamomile, garlic, herbs (not specified), 
elderberry, phytoestrogens, zinc, fatty acid supple-
ment, omega-3 fish oil, coenzyme Q-10, black cur-
rant oil, reishi mushroom tea, yin chiao, alpha sun, 
omega sun, acidophilus, bifidus, sea-fish supple-
ment, L-lysine, super blue algae, and nettle
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This study did not evaluate the impact of potential socioeconomic, educational, 
or cultural variables on survey results. The use of many dietary supplements during 
pregnancy remains poorly documented and controlled clinical trials are needed to 
evaluate the efficacy and safety of these products both for the mother and the fetus.

Fig. 1.3 Places of purchase of food supplements

Fig. 1.4 Frequency (%) to inform primary care providers about the use of dietary supplements 
during pregnancy

1 Botanical Products: General Aspects
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1.8  Conclusions

Plants and their derivatives are used in a wide range of products intended for human 
health and wellness, such as foods and food supplements.

The use of plants in food supplements is regulated by Directive 2002/46/EC in EU.
There is a wide range of ingredients that might be present in food supplements 

including, but not limited to, vitamins, minerals, amino acids, essential fatty acids, 
fibre and various plants and herbal extracts. As a first stage, Directive 2002/46/EC 
established specific rules for vitamins and minerals used as ingredients of food 
 supplements. Specific rules concerning other substances with a nutritional or 
 physiological effect as plants and vegetable extracts used as ingredients of food 
 supplements should be laid down at a later stage, provided that adequate and  appropriate 
scientific data about them become available. Until such specific Community rules of 
harmonization are adopted, national rules concerning other  substances with nutritional 
or physiological effect used as ingredients of food  supplements, for which no 
Community specific rules have been adopted, may be applicable.

In the absence of a common approach at European level on plants that can be 
used in food supplements, each country has adopted its own rules, with lists of 
plants and their parts permitted or prohibited, lists that often are very different each 
other raising many problems in terms of free movement of goods in the UE.

In this context it is worth mentioning the BELFRIT initiative concerning Italy, 
Belgium and France, which aim has been to create a positive list shared by these 
three countries. Belfrit list is the only example, until now, of work shared between 
Member States to create a common list of accepted plants, but could be a good start-
ing point for the European Commission when it will decide to proceed to an harmo-
nization at European level.

References

Anton R, Serafini M, Delmulle L. Traditional knowledge for the assessment of health effects for 
botanicals—a framework for data collection. EFFL. 2014;9(6):74–80; Lexxion Publisher ed., 
Germany.

Commission of the European Communities. Characteristics and perspectives of the market for 
food supplements containing substances other than vitamins and minerals. COM(2008)824 
final. Brussels, 5.12. 2008.

Coppens P, Delmulle L, Gulati O, Richardson D, Rithsatz M, Sievers H, Sidani S. Use of botani-
cals in food supplements. Regulatory scope, scientific risk assessment and claim substantiation. 
Ann Nutr Metab. 2006a;50:538–54

Coppens P, Fernandes da Silva M, Pettman S.  European regulations on nutraceuticals, dietary 
supplements and functional foods: a framework based on safety. Toxicology. 2006b;221:59–74

Council Directive. 93/42/EEC of 14 June 1993 concerning medical devices. Official Journal of the 
European Communities L 169/1, 12.7. 1993.

M. Trovato and C. Ballabio



25

de Souza Silva JE, Santos Souza CA, de Silva TB, Gomes IA, Brito Gde C, de Souza Araújo AA, 
de Lyra-Junior DP, da Silva WB, da Silva FA. Use of herbal medicines by elderly patients: a 
systematic review. Arch Gerontol Geriatr. 2014;59:227–33

EAS (European Advisory Services). Study carried out on behalf of the European Commission, 
Service contract n. SANCO/2006/E4/018. 2007.

EC Directive. 2001/83/EC of the European Parliament and of the Council of 6 November 2001 
on the Community code relating to medicinal products for human use. Official Journal of the 
European Communities L 311/67, 28.11. 2001.

EC Directive. 2004/27/EC of the European Parliament and of the Council of 31 March 2004 
amending Directive 2001/83/EC on the Community code relating to medicinal products for 
human use. Official Journal of the European Communities L 136/34, 30.04. 2004.

EC Regulation. No 178/2002 of the European Parliament and of the Council of 28 January2002 
laying down the general principles and requirements of food law, establishing the European 
Food Safety Authority and laying down procedures in matters of food safety. Official Journal 
of the European Communities L 31/1, 1.2. 2002.

EC Regulation. No 852/2004 of the European Parliament and of the Council of 29 April 2004 on the 
hygiene of foodstuffs. Official Journal of the European Communities L 309/1, 30.04.2004. 2004a.

EC Regulation. No 648/2004 of the European Parliament and of the Council of 31 March 2004 on 
detergents. Official Journal of the European Communities L 104/1, 8.4.2004. 2004b.

EC Regulation. No 1223/2009 of the European Parliament and of the Council of 30 November 2009 
on cosmetic products. Official Journal of the European Communities L 342/59, 22.12.2009. 2009a.

EC Regulation. No 1107/2009 of the European Parliament and of the Council of 21 October 
2009 concerning the placing of plant protection products on the market and repealing Council 
Directives 79/117/EEC and 91/414/EEC.  Official Journal of the European Communities L 
309/1, 24.11.2009. 2009b.

EFSA. Scientific opinion. Guidance on Safety assessment of botanicals and botanical prepara-
tions intended for use as ingredients in food supplements. EFSA Scientific Committee. EFSA 
J. 2009;7:1249. Published on 9 September 2009.

EU Directive. 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the 
approximation of the laws of the Member States relating to food supplements. Official Journal 
of the European Communities L183/51, 12.7. 2002.

EU Regulation. No 1169/2011 of the European Parliament and of the Council of 25 October 
2011 on the provision of food information to consumers, amending Regulations (EC) No 
1924/2006 and (EC) No 1925/2006 of the European Parliament and of the Council, and 
repealing Commission Directive 87/250/EEC, Council Directive 90/496/EEC, Commission 
Directive 1999/10/EC, Directive 2000/13/EC of the European Parliament and of the Council, 
Commission Directives 2002/67/EC and 2008/5/EC and Commission Regulation (EC) No 
608/2004. Official Journal of the European Communities L304/18, 22.11. 2011.

EU Regulation. No 528/2012 of the European Parliament and of the Council of 22 May 2012 con-
cerning the making available on the market and use of biocidal products. Official Journal of the 
European Communities L167/1, 27.6. 2012.

Gallo M, Sarkar M, Au W, Pietrzak K, Comas B, Smith M, Jaeger TV, Einarson A, Koren 
G.  Pregnancy outcome following gestational exposure to echinacea. Arch Intern Med. 
2000;160:3141–3

Garcia-Alvarez A, Egan B, de Klein S, Dima L, Maggi FM, Isoniemi M, Rbas-Barba L, Raats 
MM, Meissner EM, Badea M, Bruno F, Salmenhaara M, Milà-Villarroel R, Knaze V, Hodgkins 
C, Marculescu A, Uusitalo L, Restani P, Serra ML. Usage of plant food supplements across 
six European countries: findings from the PlantLIBRA consumer survey. PLOS One. 
2014;9:e92265; www.plosone.org.

Klaus B, Gherardini M.  The Italian ministry of health adopts a decree that introduces a new, 
common positive list for the use of botanicals in food supplements. EFFL. 2014;9(3):196–7; 
Lexxion Publisher ed., Germany.

1 Botanical Products: General Aspects

http://www.plosone.org


26

O’Brien P.  Regulation of functional foods in China: a framework in flux. Regulat Rapporteur. 
2015;12(7/8).

Tsui B, Dennehy CE, Tsourounis C. A survey of dietary supplement use during pregnancy at an 
academic medical center. Am J Obstet Gynecol. 2001;185:433–7

Willers J, Heinemann M, Bitterlich N, Hahn A. Intake of minerals from food supplements in a 
German population—a nationwide survey. Food Nutr Sci. 2015;6:205–15

Wu C-H, Wang C-C, Kennedy J. The prevalence of herb and dietary supplement use among chil-
dren and adolescents in the United States: results from the 2007 National Health Interview 
Survey. Complement Ther Med. 2013;21:358–63

Zhang Y, Fein EB, Fein SB. Feeding of dietary botanical supplements and teas to infants in the 
United States. Pediatrics. 2011;127:1060–6

M. Trovato and C. Ballabio



27© Springer International Publishing AG 2018 
P. Restani (ed.), Food Supplements Containing Botanicals: Benefits, Side Effects 
and Regulatory Aspects, DOI 10.1007/978-3-319-62229-3_2

Chapter 2
The Regulatory Situation in Europe and Other 
Continents

Patrick Coppens and Simon Pettman

Abstract The regulations on botanical food supplements differ substantially 
between countries world-wide, both in terms of safety and benefit assessment. In the 
European Union, significant differences exist between the Member States as to what 
botanicals are allowed and what conditions of use apply. Also the legal status of 
botanicals differs (medicinal vs. food) and products lawfully marketed in one 
Member State are often not allowed in other Member States. Also in non-European 
countries such differences exist. This paper explores these differences on the basis of 
work carried out by the Policy Advisory Board of the EU funded PlantLIBRA proj-
ect, which ran from 2010 to 2014. It  provides an overview of the various  regulations 
that apply in the EU Member States and a selection of countries at global level and 
provides insights into how aspects of safety and benefit have been addressed.

Keywords Food supplements • Plants • Plant preparations • Botanicals • Regulation 
• European Union • Food safety • Health benefit

2.1  Introduction

In the European Union (EU) and many other jurisdictions, food supplements 
(FS) are regulated under food law. These products are defined by Directive 
2002/46 as: “Foodstuffs the purpose of which is to supplement the normal diet 
and which are concentrated sources of nutrients or other substances with a 
nutritional or physiological effect, alone or in combination, marketed in dose 
form, namely forms such as capsules, pastilles, tablets, pills and other similar 
forms, sachets of powder, ampoules of liquids, drop dispensing bottles, and 
other similar forms of liquids and powders designed to be taken in measured 
small unit quantities”.1

1 Directive 2002/46/EC of the European Parliament and of the Council of 10 June 2002 on the 
approximation of the laws of the Member States relating to food supplements. Official Journal of 
the European Union: L136/85, 12 July 2002.
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Botanical Food Supplements (BFS), also called Plant Food Supplements, are not 
legally defined in the EU but can be considered as food supplements that contain 
plants as such or plant ingredients (extracts, isolates, etc.), with or without other 
substances, such as vitamins,  minerals or other bioactive compounds.

This paper presents the regulatory environment of such products in the EU and 
other jurisdictions. It presents information on the extensive but complex regulatory 
situation of BFS addressing safety, labelling and health benefits.

The information in this paper is largely collected in the framework of the 
PlantLIBRA project, a seventh framework project financed by the European Union 
and conducted between 2010 and 2014.2 Additional information has been included.

The regulatory scope and policy context of the project was assessed and 
 developed with the help of the Policy Advisory Board. This was an Advisory Group 
created within Work Package 10 and comprised legislators and experts from the EU 
Member States and non-EU countries. Its aim was to discuss and provide input in 
the work of the PlantLIBRA project from a policy perspective.

2.2  Legal Framework for Botanicals in the EU

2.2.1  European Harmonisation

FS, including those containing botanicals or botanical preparations are covered by 
Directive 2002/46/EC of the European Parliament and of the Council of 10 June 
2002 on the approximation of the laws of the Member States (MS) relating to 
FS. This Directive partially harmonises the rules applicable to the placing of FS on 
the market in the EU MS.

The scope of this Directive covers all FS and includes certain requirements, in 
particular concerning labelling information and notification, applying to all FS, 
regardless of their composition.

However, the detailed rules contained in the Directive are only applicable to 
vitamins and minerals used in food supplements. The use of substances other than 
vitamins or minerals in FS therefore continues to be subject to the rules in force in 
national legislation. Products, lawfully marketed in accordance to such national 
rules are subject to mutual recognition (see further) under Articles 30 and 34 of the 
EC Treaty3.

Recital 8 of the Directive states that specific rules concerning nutrients, other 
than vitamins and minerals, or other substances with a nutritional or physiological 
effect used as ingredients of FS should be laid down at a later stage. This is not 
yet the case.

2 www.plantlibra.eu.
3 Consolidated versions of the Treaty on European Union and the Treaty on the Functioning of the 
European Union. Official Journal of the European Community C115/01, 9 May 2008.
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In 2008, the EC issued a report on the use of substances other than vitamins and 
minerals in FS4, in which it indicated that it is not feasible nor necessary to engage 
in further harmonisation on the use of substances other than vitamins and minerals 
in FS until adequate and appropriate scientific data become available.

It must be stressed that the substances in question, including botanicals and botanical 
preparations, are already covered by various Community horizontal legislative texts of 
general application (i.e. covering all foods or aspects also relevant for FS)

2.2.2  Horizontal EU Legislation Applicable to Botanical Food 
Supplements

FS containing substances other than vitamins or minerals are foodstuffs within the 
meaning of Article 2 of Regulation (EC) No 178/2002 (the General Food Law 
Regulation (GFLR)), which states that “foodstuff” (or “food”) means “any sub-
stance or product, whether processed, partially processed or unprocessed, intended 
to be, or reasonably expected to be ingested by humans.”

Article 2 also explicitly excludes from the definition of foodstuff a series of prod-
uct categories, including medicinal products within the meaning of Directive 
2001/83/EC on the Community code relating to medicinal products for human use 
(the Medicinal Product Directive (MPD)).5

This Regulation also lays down the responsibilities of food business operators in 
relation to food safety. These responsibilities include the obligation to place on the 
market only food that is safe, to ensure traceability of food and food ingredients, to 
be able to immediately initiate procedures to withdraw foods that are not or sus-
pected not to be in compliance with the food safety requirements and to inform the 
competent authorities thereof.

It also specifies the missions and tasks of the European Food Safety Authority 
(EFSA), which is now involved in many activities that are directly relevant to FS, 
e.g. the establishment of tolerable upper levels of vitamins and minerals; guidance 
on the scientific evaluation of health claims and subsequent assessments; involve-
ment in risk assessment under article 8 of the food fortification legislation; assess-
ment of nutritional substances submitted in conformity with article 4.6 of the FSD; 
the self-tasking mandate on botanicals and botanical ingredients, etc.

It is generally considered that the establishment of the GFLR creates a legal 
counterpart of medicinal law, effectively regulating the safety aspects of foodstuffs, 
including FS.

4 European Commission. Report from the Commission to the Council and the European Parliament 
on the use of substances other than vitamins and minerals in food supplements. COM(2008) 824 
final; Brussels, 5.12.2008.
5 Directive 2001/83/EC of the European Parliament and of the Council of 6 November 2001 on the 
Community code relating to medicinal products for human use. Official Journal of the European 
Union: L311/67 28 November 2001.
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In addition to this general framework legislation, BFS are also subject to the 
main legislation applicable to foodstuffs. This includes:

2.2.2.1  Novel Food Regulation (EC) 258/976 and Regulation (EU) 2015/22837

The Novel Foods Regulation (NFR) specifies the requirements for putting on the mar-
ket novel food ingredients, i.e. ingredients corresponding to the definition of novel 
foods that were not marketed in the EU to a significant degree prior to May 1997.

It provides for the requirement of a pre-marketing authorisation procedure based 
on the submission of a safety dossier followed by an assessment by a national 
authority. It may lead to an assessment by EFSA if the national authorities do not 
agree on the outcome of this assessment.

There is also a notification procedure for novel foods that are substantially 
 equivalent to other foods. The outcome of both the authorisation and notification 
procedures can be found on-line.8

From 1 January 2018, the NFR 2015//2283 enters into force. It foresees a 
 centralised assessment of applications by EFSA and the possibility for a substantial 
equivalence notification procedure is removed.

2.2.2.2  Health Claims Regulation (EC) 1924/20069

The Nutrition and Health Claims Regulation (NHCR) provides for a pre-marketing 
approval procedure for nutrition and health claims for all foods, including food 
supplements. It is fully applicable to FS, lays down the definition of health and 
reduction of disease risk claims and the modalities for their approval. This  legislation 
covers communication to the consumer on the product’s health effects.

It led to the establishment of a positive list of health claims. This list contains the 
nutrient or other substance, the health claim and any conditions of use. It is  published 
by the EC as a register.10

6 Regulation (EC) No 258/97 of the European Parliament and of the Council of 27 January 1997 
concerning novel foods and  novel food ingredients. Official Journal of  the  European Union: 
L043/1, 14 February 1997.
7 Regulation (EU) 2015/2283 of the European Parliament and of the Council of 25 November 2015 
on  novel foods, amending regulation (EU) No 1169/2011 of  the  European Parliament 
and  of  the  Council and  Repealing Regulation (EC) No 258/97 of  the  European Parliament 
and  of  the  Council and  Commission Regulation (EC) No 1852/2001. Official Journal 
of the European Union: L327/1, 11 December 2015.
8 http://ec.europa.eu/food/safety/novel_food/index_en.htm.
9 Corrigendum to Regulation (EC) No 1924/2006 of the European Parliament and of the Council 
of 20 December 2006 on nutrition and health claims made on foods. Official Journal of the European 
Union: L12/3, 18 January 2007.
10 http://ec.europa.eu/nuhclaims/.
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To date, no claim for botanicals or botanical preparations has been approved 
because the application of the NHCR to botanicals has lead to a moratorium until a 
number of issues have been resolved (see Sect. 2.2.6).

The legislation also foresees the possibility for the approval of new health claims 
following an application for authorisation and EFSA assessment of the scientific 
justification. EFSA has published various guidance papers in this context11.

2.2.2.3  Food Fortification Regulation (EC) 1925/200612

The Food Fortification Regulation (FFR) covers detailed rules on the addition of 
 vitamins and minerals to foods. However, article 8 provides for a process to address 
safety concerns of all food components, including botanicals and botanical prepara-
tions. It is therefore also applicable to other substances that are used in FS. It provides 
for a system whereby substances can be subjected to a EFSA risk assessment when 
they are added to foods or used in the manufacture of foods under conditions that 
would result in the ingestion of amounts of these substances greatly exceeding those 
reasonably expected to be ingested under normal conditions of consumption of a bal-
anced and varied diet and/or would otherwise represent a potential risk to consumers.

The EC itself, or following a request from MS may initiate the procedure in order to 
include a certain substance in a list to prohibit or restrict its use. The EC has developed 
and published implementing rules for this procedure in 2012.13 Since then, two substances 
have been introduced into the process: Yohimbe (Pausinystalia yohimbe (K. Schum.) 
Pierre ex Beille) and Ephedra ssp. On both EFSA has published its opinion14,15. On that 
basis the EC has decided to add Ephedra ssp to the list of prohibited substances and 
Yohimbe to the list of substances for which further data are requested. Assessments for 
hydroxyanthracene derivates containing botanicals, green tea catechins and monacolin K 
from red yeast rice are currently in the process.

The above procedure is a case-by-case assessment of food components and is not 
intended as a tool to develop negative or positive lists.

11 https://www.efsa.europa.eu/en/topics/topic/nutrition.
12 Regulation (EC) No 1925/2006 of the European Parliament and of the Council of 20 December 
2006 on the addition of vitamins and minerals and of certain other substances to foods. Official 
Journal of the European Union: L404/26, 30 December 2006.
13 Commission Implementing Regulation (EU) No 307/2012 of 11 April 2012 establishing imple-
menting rules for the application of Article 8 of Regulation (EC) No 1925/2006 of the European 
Parliament and of the Council on the addition of vitamins and minerals and of certain other sub-
stances to foods. Official Journal of the European Union: L102/2, 12 April 2012.
14 EFSA 2013. Scientific Opinion on the evaluation of the safety in use of Yohimbe (Pausinystalia 
yohimbe (K. Schum.) Pierre ex Beille). EFSA Journal 2013;11(7):3302.
15 EFSA 2013. Scientific Opinion on safety evaluation of Ephedra species in food. EFSA Journal 
2013;11(11):3467.
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2.2.2.4  Food Information to Consumers Regulation (EU) 1169/201316

The Food Information to Consumers Regulation (FICR) lays down labelling 
requirements for all foodstuffs. It specifies the mandatory particulars and the 
 modalities for correct labelling.

Although some specific labelling requirements for FS have been specified in 
FSD, the general labelling requirements that are applicable to all foodstuffs are also 
applicable to FS.  These relate to the name, list of ingredients, best before date, 
(quantitative) ingredient declaration, presence of allergens, etc.

FS are excluded for the nutrition labelling rules as specific requirements have 
been laid down in the FSD.

2.2.2.5  Food Hygiene Regulation (EC) 852/200417

The European Food Hygiene Regulation (FHR) lays down requirements for the safe 
manufacturing of foods, including food supplements based on the principles of 
Hazard Analysis and Critical Control Points (HACCP).

The main principles are:

 – The primary responsibility for food safety lies with the food business operator;
 – Food safety should be ensured throughout the food chain, starting with primary 

production;
 – General implementation of procedures by companies based on the HACCP sys-

tem whereby the manufacturer is obliged to assess his whole production process, 
identify those points in the process where safety risks can occur or that are essen-
tial to be controlled, apply measures to make sure these points are sufficiently 
controlled and monitor and document this during each production run;

 – Registration or approval for certain food establishments;
 – Development of guides for good practice for hygiene or for the application of 

HACCP principles as a valuable instrument to help food business operators at all 
levels of the food chain to comply with the safety rules. Several such guides have 
been developed specifically for food supplements, including botanical food sup-
plements. One such guide has been developed by Food Supplements Europe18;

 – Flexibility is provided for food produced in remote areas (high mountains, 
remote island) and for traditional production and methods.

Microbiological criteria are specified in Regulation (EC) No 2073/200519.

16 Directive 2000/13/EC of  the  European Parliament and  of  the  Council of  20 March 2000 
on  the  approximation of  the  laws of  the  Member States relating to  the  labelling, presentation 
and advertising of foodstuffs. Official Journal of the European Union: L109/29, 6 May 2000.
17 Corrigendum to Regulation (EC) No 852/2004 of the European Parliament and of the Council of 29 
April 2004 on the hygiene of foodstuffs. Official Journal of the European Union: L226/3, 25 June 2004.
18 www.foodsupplementseurope.org.
19 Commission Regulation (EC) No 2073/2005 of 15 November 2005 on microbiological criteria 
for foodstuffs. Official Journal of the European Community L338/1, 22 December 2005.
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2.2.2.6  Pesticide Residues Regulation (EC) 396/200520

Pesticides are used to protect crops before and after harvest from infestation by 
pests and plant diseases. This Regulation harmonises maximum residue levels 
(MRLs) in the EU to protect consumers from exposure to unacceptable levels of 
pesticides residues in food and feed.

2.2.2.7  Contaminants Regulation (EC) 1881/200621

This Regulation establishes maximum levels for certain contaminants in foods, 
including food supplements. This includes maximum levels in certain foods for the 
following contaminants: Nitrates/Mycotoxins (aflatoxins, ochratoxin A, patulin, 
deoxynivalenol, zearalenone, fumonisins, citrinine ergot sclerotia and ergot 
 alkaloids, tropane alkaloids)/Metals (lead, cadmium, mercury, inorganic tin, 
arsenic)/3- MCPD/Dioxins/Dioxin-like PCBs and Non dioxin-like PCBs/Polycyclic 
Aromatic Hydrocarbons (PAH) (benzo(a)pyrene)/Melamine/Erucic acid.

2.2.2.8  Food Additives Regulation (EC) 1333/200822

The Additives Regulation (AR) provides for a pre-marketing approval procedures 
for additives to be used in foods, including FS.  It also specifies the additives 
 permitted and their conditions of use. This includes substances used for technical 
purposes, such as colours, preservatives, antioxidants, emulsifier, thickener, 
 gelling agents, stabilisers, flavour enhancers, acids, acidity regulators, anti-caking 
agents, modified starches, sweeteners, raising agents, anti-foaming agents,  glazing 
agent, emulsifying salts, flour treatment agents, firming agents, humectants, 
 bulking agents and propellant gasses.

For most of the additives permitted, purity criteria have also been established in 
Regulation (EU) No 231/2012.23

20 Regulation (EC) No 396/2005 of the European Parliament and of the Council of 23 February 
2005 on maximum residue levels of pesticides in or on food and feed of plant and animal origin 
and amending Council Directive 91/414/EEC. Official Journal of the European Union: L70/1 16 
March 2005.
21 Commission Regulation (EC) No 1881/2006 of  19 December 2006 setting maximum levels 
for  certain contaminants in  foodstuffs. Official Journal of  the  European Union: L364/5, 20 
December 2006.
22 Regulation (EC) No 1333/2008 of  the  European Parliament and  of  the  Council of  16 
December 2008 on  food additives. Official Journal of  the  European Union: L354/16, 31 
December 2008.
23 Commission Regulation (EU) No 231/2012 of 9 March 2012 laying down specifications for food 
additives listed in Annexes II and III to Regulation (EC) No 1333/2008 of the European Parliament 
and of the Council. Official Journal of the European Union: L83/1 22 March 2012.
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2.2.2.9  Extraction Solvents Dir 2009/32/EC24

This Directive specifies permitted extraction solvents for the manufacture of food, 
including, where appropriate residue limits.

2.2.2.10  Food Irradiation Directive 1999/2/EC25 and Directive 1999/3/EC26

This legislation specifies the foods that are permitted to be irradiated. It should be 
noted that most botanicals used in food supplements are not on this list. Only dried 
aromatic herbs, spices and vegetable seasonings are on the approved list.

2.2.3  National Legislation

Although a harmonized framework has been ensured by the FSD, major differences 
exist between EU MS in the way rules for the use of botanicals have been 
implemented.

A large majority of the MS have drawn up positive or negative lists of substances 
other than vitamins and minerals, which can be used in food supplements. In some 
cases, use of the substances in question is subject to compliance with technical con-
ditions, such as maximum limits, type of extract or combination of ingredients. 
Furthermore, entry of new substances onto these lists is often subject to an 
assessment.

Table 2.1 illustrates the different approaches applied to a number of selected 
botanicals used in BFS (EU 2008 Report).27

Based on the 2008 EU report, research intelligence by EAS-Strategies (EAS), 
and input from the PlantLIBRA project, the main elements of existing regulations 
in the EU Member States are highlighted below.

24 Directive 2009/32/EC of  the  European Parliament and  of  the  Council of  23 April 2009 
on the approximation of the laws of the Member States on extraction solvents used in the produc-
tion of foodstuffs and food ingredients (recast) Official Journal of the European Union: L141/3, 6 
June 2009.
25 Directive 1999/2/EC of  the  European Parliament and  of  the  Council of  22 February 1999 
on  the approximation of  the  laws of  the Member States concerning foods and food ingredients 
treated with ionising radiation. Journal of the European Union: L66/16, 13 March 1999.
26 Directive 1999/3/EC of  the  European Parliament and  of  the  Council of  22 February 1999 
on the establishment of a Community list of foods and food ingredients treated with ionising radia-
tion. Journal of the European Union: L66/16, 24 March 1999.
27 Commisison of the European Communities. Report from the Commission to the Council and the 
European Parliament on the use of substances other than vitamins and minerals in food supple-
ments. 05/12/2008. COM(2008) 824 final.
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2.2.3.1  Austria

In July 2005, the Federal Ministry of Health and Women issued under the  framework 
of the Austrian Codex Alimentarius the “Recommendation for food supplements 
concerning content of vitamins and minerals, overages and use of plant parts” 
which, among others, includes:

 – A list of herbs prohibited for use in food supplements,
 – A short list of herbs and parts thereof for which there are generally no safety 

concerns and which can be used in food supplements.

Herbs not covered in the Recommendations and other bioactive substances are 
evaluated on a case-by-case basis. Committees for food supplements and tea have 
been created from academia and medicinal controls.

A positive and negative list of botanicals for the use in the production of herbal 
infusions is included in the Chapter B31 of Austrian Food Codex.

2.2.3.2  Belgium

The Royal Decree of 29 August 1997 on the production and marketing of foods 
composed of plants or containing plant preparations includes a list of prohibited 
plants, a list of permitted mushrooms and a list of plants permitted in food 
 supplements specifying, in some cases, their conditions of use.

Table 2.1 Illustration of the variation of permission approaches in Member States
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A national plant committee is charged with assessing safety and inclusion of 
conditions of use in the list of allowed plants. In 2005 the use of maximum levels 
for active ingredients of certain plants used in food supplements was integrated 
in this list.

The Royal Decree was further updated in March 2012 and April 2014, based on 
the scientific opinion of the Belgian Advisory Commission on Plant Preparations. 
The most important changes in this list are the specification of the plant parts and 
the additional warnings for labelling. Concerning the plant parts: only the 
 traditionally and safely used plant parts are retained in the list.

Together with France and Italy, Belgium has been working on a consolidated list 
for the three countries. This so-called BELFRIT list is now finalised and a proposal 
to include the BELFRIT list in the Royal Decree was notified to the EC. The final 
new decree was published in February 2017.

2.2.3.3  Bulgaria

Ordinance No 47 (December 2004), as amended on requirements related to food 
supplements transposes the EU Food Supplement Directive into national law. Annex 
4 includes a list of about 120 botanicals that are prohibited for use in food 
supplements.

According to the Bulgarian food supplement Ordinance standardized plants, 
plant parts and extracts with a beneficial effect on the health and safe at the daily 
dose recommended by the manufacturer are permitted to be added to the composi-
tion of the food supplements.

2.2.3.4  Croatia

Croatia joined the EU on 1 July 2013. Food supplements need to be approved fol-
lowing a simplified or full notification procedure (depending on their classification), 
for efficient monitoring.

A list of permitted plant species and mushrooms for use in food supplements, 
including where applicable, additional restrictions or conditions of use and manda-
tory warning statements, is provided in Annex II to Croatian Ordinance (No 160/13). 
Annex 3 of this law lays down the negative list of plants, which are not permitted for 
use in food supplements. In addition, an application procedure for plants not listed 
is foreseen, entailing a safety evaluation.

2.2.3.5  Cyprus

The 2004 Regulation on Food Supplements transposes the EU Food Supplement 
Directive. There are no positive or negative lists of botanicals and other bioactive 
substances.
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The use of substances other than vitamins and minerals in food supplements is 
evaluated by a scientific committee following one of the two established 
procedures:

 – Mutual recognition if the food supplement product is lawfully sold in another EU 
Member State

 – An authorisation procedure by submission of a detailed dossier to gain a license 
prior to marketing.

2.2.3.6  Czech Republic

The Czech General Food Law 316/2004 (codified as Food Law 456/2004) includes 
the definition of food supplements. The Czech Decree No. 225/2008 Coll. (as 
amended by Ordinance 352/2009) stipulates requirements for botanical food 
 supplements and includes two lists:

 1. Annex 3: Conditions for the use of certain other substances in food supplements: 
with maximum daily levels for certain botanicals;

 2. Annex 4: List of plants prohibited in the manufacture of foodstuffs: Latin names 
and parts of plants.

A new decree was notified to the EC in June 2016. This proposal includes

 – A list of botanical and other substances with maximum permissible amounts
 – A list of botanicals and substances not permitted for use.

2.2.3.7  Denmark

The 2003 Danish law on food supplements (BEK no 683) permits the use of vita-
mins, minerals, botanicals and other bioactive substances in food supplements.

Food supplements may contain plants, mushrooms or parts of these. Since 1989, 
a ‘Drogeliste’, a Danish list of plants, mushrooms etc., that have been toxicologi-
cally evaluated, has been published. The latest version is from May 2000 and later 
evaluations are found as an addendum.

The Danish authorities have published guidance on the safety of food supple-
ments and there are different rules for ingredients that are dried or slightly 
concentrated.

In addition, the Danish authorities have published a law on the addition of sub-
stances other than vitamins and minerals to foods, including food supplements, with 
a nutritional and/or physiological effect in 2011. This law has been amended twice 
in 2013 and the latest amendment was published in August 2013.

In case of non-water extracts or extracts with purity of at least 50% or concen-
trated 40 times or more this order will apply and an authorisation may be required 
to assess the safety of the extract before product marketing.
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2.2.3.8  Estonia

The Food Act of 1999 and Regulation nr 100 of 12 November 2014 on Composition 
and quality requirements for food supplements and requirements for the provision 
of food information, apply in Estonia.

In addition, the State Agency of Medicines published a list of botanicals that are 
generally regarded as medicinal and therefore cannot be used in food supplements.

2.2.3.9  Finland

The Finnish Regulation of the Ministry of Trade and Industry on Food Supplements 
571/2003 permits the use of botanicals and other substances with a nutritional or 
physiological effect. The notification procedure is electronic.

There are no legal lists specifying the permission or prohibition of botanicals or 
other bioactive substances in food supplements. The permission of botanicals and 
other bioactive substances is evaluated on a case-by-case basis.

The Finnish Medicines Agency (Fimea) maintains a list of the substances and herbals 
that may make a product a medicinal product. However, herbals included in this list can 
also be used in food supplements depending on the level and the extracted active sub-
stances and provided that no medicinal claims are made for the final product.

2.2.3.10  France

The provisions of the EU Food Supplement Directive are transposed by the 2006 
Food Supplements Decree No 2006-352 which permits the use of botanicals and 
other bioactive substances.

France adopted an Order on the use of plants and plant preparations (other than 
mushrooms) permitted in food supplements and their conditions of use on 24 June 
2014. Annex I is a list of approximately 600 plants whose use is authorised in food 
supplements. Annex II is on information to be communicated by food business 
operators in relation to the characterisation of plant preparations (mandatory infor-
mation), while Annex III is in relation to the safety of plant preparations (only when 
their nature or conditions of use significantly differ from the traditional use). Food 
supplements containing plants not included in the Annex I or plants deviating from 
the set conditions of use require declaration in accordance with Article 16 of the 
French food supplement Decree (based on the so-called “mutual recognition”), or in 
accordance with Article 17 (pre-marketing authorisation procedure, involving an 
ANSES scientific assessment).

France also adopted a Decree on 22 August 2008 on medicinal plants or parts of 
plants entered in the Pharmacopoeia, which may be sold to the public by persons 
other than pharmacists. It includes a list of around 184 ‘released’ medicinal plants. 
They can be used under certain restrictive conditions (e.g. raw state, powder, aque-
ous extract) in food supplements.
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France is one of the three countries that participated in the so-called BELFRIT 
project. The BELFRIT list of 1029 plants is now finalised. The French DGCCRF 
published it at the end of April 2014. This list is meant to help food supplement 
manufacturers but has no legal value yet.

2.2.3.11  Germany

The 2004 Ordinance on Food Supplements (“Verordnung über 
Nahrungsergänzungsmitter”) with which Directive 2002/46/EC on Food 
Supplements was transposed into German law permits the use of certain vitamins 
and minerals in food supplements. The Ordinance however, does not cover any 
other substances than vitamins or minerals with a nutritional or physiological effect 
such as amino acids, essential fatty acids or botanicals (“other substances“). Food 
supplements containing such “other substances” are verified on a case-by-case basis 
to decide whether they comply with the general legal provisions. In Germany, “other 
substances” are treated in the same way as food additives. This means they are sub-
ject to authorisation for the use in food supplements and other foods.

Experts from Federal Authorities and from the Federal States (Länder) have 
undertaken a joint project on categorisation of “other substances” to simplify and 
unify their evaluation. This list of more than 600 botanicals (“Stoffliste”) for which 
by reason of health objections restrictions might have to be considered with respect 
to their use in food is available on the homepage of the Federal Office of Consumer 
Protection and Food Safety since 2015.

The “Stoffliste” is only indicative and has no immediate legal effect.

2.2.3.12  Greece

The 2004 Food Supplement Ministerial Decision (AR.  U1/ GP. 127962/03) 
 implements the EU Food Supplement Directive. There is no legal positive or 
 negative list of botanicals.

The permission to market botanicals or other bioactive substances in food 
 supplements is evaluated by the Greek Organisation of Medicines (EOF) on a 
 case-by- case basis during product notification.

2.2.3.13  Hungary

The Hungarian Decree of the Ministry of Health 37/2004 (IV. 26.) on food supple-
ments permits the use of substances with physiological or nutritional effects in food 
supplement products. The use of herbal ingredients and preparations in food supple-
ments is currently not specifically regulated by a legal act and herbals are subject to 
the assessment of the National Institute for Food and Nutrition Science (OÉTI).
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The Hungarian Institutions involved in assessing herbal ingredients adopted their 
first negative list in 2007. This internal negative list of herbs contained 243 entries 
and was published on the OÉTI website. This negative list is under continuous revi-
sion. It is indicative and has no legal value. The last update was performed in 
December 2013.

In order to establish a national legislation on the quality requirements of botani-
cals intended for use as food and/or food ingredients there is draft legislation in the 
pipeline proposed by the Ministry of Rural Development. This legislation has not 
been implemented yet.

2.2.3.14  Ireland

Directive 2002/46/ is transposed into national legislation by the European 
Communities (Food Supplements) Regulations 2007 (S.I.No. 506 of 2007). These 
regulations require any person placing a food supplement on the market in Ireland 
to notify the Food Safety Authority of Ireland (FSAI) and provide a copy of the 
label.

Irish national law on food supplements does not include any negative and/or 
positive lists of botanicals and other bioactive substances.

In 2013 FSAI has published “Guidance Note No 21—Food Supplements 
Regulations and Notifications (Revision 2)”.

2.2.3.15  Italy

The Circular 18 July 2002, published by the Health Ministry in the Italian Official 
Gazette, General Series on 12 August 2002, extended the pre-marketing notification 
procedure mentioned in art. 7 of the Legislative Decree 111/1992, also to herbal 
food supplements. A botanical ministerial guideline on documentation to be main-
tained by companies for their botanical ingredients, in case the Ministry would 
request such information was also published and updated in January 2015.

The Italian Ministry of Health has issued a positive and negative list of plants and 
their derivatives that have been evaluated by the Commission on Dietetic Foods and 
Nutrition (CUDN). In 2012 the Italian Ministry of Health adopted the Ministry 
Decree of 9 July 2012-G.U. 21-7-2012 including in its Annex an extensive positive 
list of botanicals with an indication of their permitted plant parts that may be used 
in food supplements. During 2013–2014 the Annex of the decree was regularly 
updated via the publication of a ministerial guideline published on the Ministry of 
Health’s website which also includes indications or references to physiological 
effects.

In March 2014, the Italian Ministry of Health has adopted a new plant Decree 
revising the Decree of 9 July 2012. The aim of the new Decree was to gradually 
include the BELFRIT project list (that was developed by three countries Belgium, 
France and Italy) into Italian legislation. The 2014 Decree therefore includes two 
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positive lists (the latest Italian plant list in Annex 1 and a new Italian BELFRIT list 
in Annex 1bis), which have been applicable in parallel and which the Ministry 
intends to finally merge into one positive list after further revisions. A new plant 
Decree to complete the introduction of the BELFRIT list is in progress.

2.2.3.16  Latvia

There is currently no specific national list of permitted or prohibited herbs, bioactive 
substances or maximum and minimum levels for the addition of vitamins and minerals.

The addition of some components may be evaluated case-by-case by the State 
Agency of Medicines. It is possible to prohibit the commercialisation of a new food 
supplement, as the firm has to notify the product to the public administration.

2.2.3.17  Lithuania

The 2003 Lithuanian Decree on Food Supplements HN 17/2003 permits the use of 
botanicals and other bioactive substances. It does not include any negative and/or 
positive lists of botanicals.

Lithuania applies a national notification system for food supplements, The State 
Food and Veterinary Service (SFVS) takes samples for laboratory analysis of each 
consignment of food supplements from non-EU countries.

A draft Order of the Minister for Health amending Order No V-432 of 13 May 
2010 approving the Lithuanian Hygiene Norm HN 17:2010—Food Supplements 
was notified on EU level in April 2014. The Order envisages a negative list of botan-
icals that are prohibited for use in food supplements. The list contains 188 botanical 
ingredients. To date this Decree has not been published.

2.2.3.18  Luxemburg

The Food Supplement Regulation does not include any negative and/or positive lists of 
botanicals and other bioactive substances. The authorities evaluate the use of botani-
cals and other bioactive substances in food supplements on a case-by-case basis and 
generally apply the mutual recognition principle if proof is available that the same 
food supplement product is already lawfully sold in another EU Member State.

2.2.3.19  Malta

The Food Safety Act (ACT NO. XIV OF 2002) and Food Supplements Regulations 
2003 (L.N. 239 of 2003) permit the use of botanicals in food supplements. It does 
not include any negative and/or positive list of botanicals and other bioactive 
substances.
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The Maltese authorities evaluate the permission to market botanicals and other 
bioactive substances in food supplements on a case-by-case basis following a risk 
assessment by the Malta Standards Authority.

2.2.3.20  The Netherlands

The Decree of 15 March 2003 on Food Supplements implements the EU Food 
Supplement Directive, completed by several Commodities Act Decrees including 
that on ‘Herbal preparations’ of January 2001, which covers herbal preparations 
that are brought on the market as foods and non-food products. The Decree limits 
the amount of toxic pyrrolizidine alkaloids in herbal preparations to 1 μg/kg. In 
addition, part I of the annex to the Decree lists plants that are known to contain toxic 
pyrrolizidine alkaloids. However, the limit for toxic pyrrolizidine alkaloids extends 
to all plants with these constituents that are used in herbal preparations. Furthermore, 
the Decree forbids the presence of aristolochic acids and yohimbine alkaloids in 
herbal preparations. Part II of the annex to the Decree defines plants that are too 
toxic to be used in food or in other commodities, and this part of the annex is cur-
rently comprised of 46 plants and fungi.

The Dutch authorities have also published a guideline lists of traditional Chinese 
herbal preparations and Ayurvedic herbal preparations in which harmful substances 
may be present.

2.2.3.21  Poland

Food supplements are covered by the Polish Decree on the composition and label-
ling of dietary supplements of 9 October 2007 and by the Polish Act on Food Safety. 
The definition of food supplements mentioned in the Polish laws permits the use of 
botanicals and other bioactive substances in food supplements. It does not include 
any negative and/or positive lists of botanicals.

The status of certain botanicals as ingredients in food supplements needs assess-
ment by the Polish Medicinal Authorities prior to notification.

Poland is currently revising its legislation after the EC launched infringement pro-
cedures in 2013 against Poland because of the non-application of mutual recognition.

2.2.3.22  Portugal

The Portuguese Decree No 136/2003 on food supplements (as last amended by the 
Decree 118/2015) permits the use of botanicals and other bioactive substances in 
food supplements. It does not include any negative and/or positive lists of botanicals 
and other bioactive substances. The permission to market botanicals and other bio-
active substances in food supplements is evaluated on a case-by-case basis.

The DGAV (Direção-Geral de Alimentação e Veterinária) uses as guidance their 
internal database of food supplement notifications.
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2.2.3.23  Romania

The 2007 Order No 1069 on food supplements (Norma din 19/06/2007 privind 
 suplimentele alimentare) permits the use of botanicals and other bioactive substances 
in food supplements. The 2005 Common Order of the Ministry of Health and Ministry 
of Agriculture, Forests and Rural Development no. 401/244 regulates the use of 
 botanicals in food supplements and includes a positive and negative list of herbs and 
plants, and a positive list of cultivated and wild mushrooms. Moreover, the Order 
1228/2005 specifies rules on the approval of food supplements containing animal or 
herbal products (extracts), alone or in combination with vitamins and minerals.

Ordnance 1228/2005/244/63 of 2006 specifies rules for placing on the market 
botanicals, botanical/animal extracts or mixtures of them and/or with vitamins, min-
erals and other substances with nutritional and physiological effects intended for 
human consumption as food supplements.

In March 2015 a draft legislation with new lists of botanicals (based on the 
French, Belgian, Italian lists) was notified to the European Commission. If the draft 
will be approved the Order 244/401/2005 on herbals, processed and partially pro-
cessed herbals used in food supplements would be repealed and a new lists of botan-
icals would be implemented.

2.2.3.24  Slovak Republic

The relevant EU legislation in the field of food supplements (Directive 2002/46/EC) 
has been fully implemented into the Slovak food legislation—i.e. in to the Decree of 
the Ministry of Agriculture and the Ministry of Health of the Slovak Republic No. 
16826/2007-OL, in the Slovak Food Code on foodstuffs intended for particular nutri-
tional uses and food supplements as amended further. Currently, as there is no national 
legislation related to food supplements in the Slovak Republic, there are no negative or 
positive lists of botanicals or other substances related to food supplements.

The Decree No. 2089/2005-100 establishing a Chapter of the Slovak Food Codex 
governing coffee, tea and similar food products provides a list of herbs and their 
parts permitted for use in tea.

2.2.3.25  Slovenia

Regulation 82/2003 on Food Supplements as recently amended by the Regulation 
66/2013 permits the use of botanicals and other bioactive substances in food supple-
ments. The use of herbs and their parts is regulated under Decree 103/2008 on the 
classification of medicinal herbs, and includes four categories of herbs:

 – Herbs permitted for use in foods, including food supplements, provided that no 
medicinal claims are made,

 – Herbs permitted for use in OTC medicines,
 – Herbs permitted for use in prescription only medicines,
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 – Herbs prohibited from use in all types of food and medicinal products.

Herbs included in the list of plants permitted for use in food can in principle 
be used in food supplements as long as their safety can be proven and no 
medicinal claims are made for the final product. Products containing high lev-
els of  concentrated herbal extracts of herbs from the category 1 generally 
require a pre-marketing authorisation from the competent health authority and 
are evaluated on a case-by- case basis.

2.2.3.26  Spain

The Royal Decree 1487/2009 on food supplements permits the use of botanicals and 
other ingredients in food supplements in Spain. The authorities have however not 
issued any lists. A couple of negative/positive lists of plants are used as guidance 
documents by the Spanish authorities.

In December 2013, a draft Royal Decree amending the Spanish Royal 
Decree 1487/2009 on food supplements and inserting a list of other substances 
permitted in food supplements was notified via TRIS to the European 
Commission and other EU Member States. This decree has not been imple-
mented yet.

2.2.3.27  Sweden

The Food Supplement Ordinance (LIVSFS 2003:9) permits the use of botanicals 
and other bioactive substances in food supplements. The authorities tolerate the use 
of other bioactive substances in food supplements as long as they are not classified 
as medicines or natural remedies by the Medicinal Products Agency.

The authorities used to use as a guideline the negative list of plants and plant 
parts unsuitable for use in food (VOLM). This list is non-exhaustive and sub-
ject to modification. Plants contained therein may be unsuitable under specific 
conditions and due to specific plant parts. In addition, plants not listed in the 
VOLM list ccannot be ensured not to be harmless. In borderline cases, the 
advice of the Medicinal Products Agency (MPA) may be required for the final 
product classification. The Swedish Medical Products Agency has a list pub-
lished on its website (as a guidance) with substances and plants on which the 
agency has regularly received questions.

2.2.3.28  United Kingdom

The Food Supplement (England) Regulations 2003 (S.I. 2003 No.1387) permit the use 
of substances with nutritional or physiological effects in food supplements. It does not 
include positive and/or negative lists of botanicals or other bioactive substances.
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To assist companies in determining the likely status of their product, a list of herbal 
ingredients has been compiled by regulatory bodies and industry in the UK. This 
 non-exhaustive list, which has no legal status, includes plants specifying their recorded 
uses in the UK (i.e. food, medicines, cosmetics and aromatherapy). There is also a list 
of herbal ingredients prohibited or restricted in medicines, which are under the 
responsibility of the Medicines and Healthcare Products Regulatory Agency (MHRA). 
Both lists and the ‘guide to what is a medicinal product’ are useful tools, and used by 
the  authorities in determining product classifications on a case-by-case basis.

2.2.3.29  Norway

Herbs are mostly classified as medicines in Norway, but there are some 
exceptions.

The Norwegian Regulation 1565/1999 on the classification of medicinal prod-
ucts (Forskrift om legemiddelklassifisering) includes a list of herbs that was issued 
by the Norwegian Medicines Agency and is generally also used as guidance by the 
Norwegian Food Safety Authority. The list is divided into the following three herbal 
categories:

 – Herbs for free sale in food,
 – Herbal medicines, and
 – Herbal medicines on prescription.

Herbs not appearing on this list are assessed on a case-by-case basis by the 
Norwegian Medicines Agency.

2.2.3.30  Switzerland

Food supplements are regulated by the Swiss EDI Regulation on Special Foods 
(Art. 22). The Annexes of the Swiss EDI Regulation are listing vitamins, minerals, 
including their sources, and some other bioactive substances authorised for use in 
food supplements. Herbal ingredients and extracts thereof are not included in the 
Annexes of the Swiss EDI Regulation and would therefore require an individual 
authorisation (“Bewilligung”) from the Swiss Federal Office for Public Health 
(BAG) before their marketing in food supplements.

Swiss Institute for Remedies, Swissmedic and Swiss Federal Office for 
Public Health (BAG) have issued in a co-operation a document on the 
 classification of herbs and herbal substances: “Classification of herbal  materials 
and preparations as drugs or as food”. The document includes a list of herbs 
with an indication of their classification as medicine or food and their general 
appropriate purpose of use in specific food sectors. This document is used as a 
guideline by the Swiss authorities while evaluating herbal ingredients during 
the authorisation procedure.
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2.2.4  Mutual Recognition

In the light of the diverging national rules on BFS, Mutual Recognition (MR) 
remains an important tool for ensuring the free movement of products, including 
food supplements, on the European market.

MR means that a MS is obliged to accept on its territory products that are lawfully 
marketed in another Member State, even when such products would not comply with 
their national domestic rules. This is a direct consequence of Article 30 of the Treaty.

MR does not prevent MS to still object to the marketing of such product, pro-
vided they would pose danger to health. In such cases, it is upon the MS to prove 
that such is the case.

The principles of MR have been included in Regulation 76/2008 that came into 
application on 13 May 200928. This Regulation specifies clear procedures and rules 
to govern refusals of MR.

In addition, the Court of Justice of the European Union (CJEU), as part of its 
 judicial supervision, has set precise limits within which the MS may validly exempt 
themselves from MR. The CJEU has consistently ruled it is for the MS, to decide on 
their intended level of protection of human health. However, in exercising this 
 discretion they must comply with the principle of proportionality. This means that the 
measures and decision they take need to be confined to what is actually necessary to 
ensure the safeguarding of public health. In addition, such measures must be 
 proportional to the objective thus pursued, which could not have been attained by 
measures which are less restrictive of intra-Community trade (see as an example para-
graphs 86 to 88 of the judgment in the case C-319/05, Commission v Germany)29.

In practice however, MS still often deny mutual recognition in the area of food 
supplements without observing these legal principles. This and a number of other 
elements may pave the way to further harmonisation in this area at EU level.

2.2.5  Towards Further Harmonisation?

Considering all the issues described and analysed in its 2008 report, the EC 
 concluded that laying down specific rules applicable to substances other than 
 vitamins and minerals for use in food supplements was not justified at that time. The 
EC doubted the feasibility of such a measure, which, in any case, in its view was not 
necessary in the short term.

28 Regulation (EC) No 764/2008 of the European Parliament and of the Council of 9 July 2008 
laying down procedures relating to the application of certain national technical rules to products 
lawfully marketed in another Member State and repealing Decision No 3052/95/EC.  Official 
Journal of the European Union L218/21. 13.08.2008.
29 Case 319/05: Judgment of the Court (First Chamber) of 15 November 2007. Commission of the 
European Communities v. Federal Republic of Germany. Official Journal of the European 
Community C8/3, 12 January 2008.
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The EC highlighted the complexity and different approaches by national 
 authorities and the limited scientific information available on other substances. It 
also indicated that a number of new or recent legal instruments, adopted or in the 
process (including the NFR, NHCR, FFR) would already harmonise part of the 
aspects relating to these products.

Finally, the EC pointed out that, in general terms, despite certain limitations, 
mutual recognition is a useful instrument for facilitating the free movement of the 
products concerned.

The EC therefore concluded that the legal instruments described in its report 
already constitute a sufficient legislative framework for regulating this area and it 
did not consider it opportune to lay down specific rules for substances other than 
vitamins or minerals for use in foodstuffs.

However, since substances other than vitamins or minerals, including substances 
derived from plants, are now being added to ordinary foodstuffs and not only to 
food supplements, the Commission did not rule out the possibility, at a later state, of 
carrying out a supplementary analysis to the report, examining the conditions for 
the addition of these substances to foodstuffs in general.

The current status created by the application of the NHCR to botanicals is further 
described in Sect. 2.2.6.

2.2.6  Borderline with Medicinal Law: Traditional Herbal 
Medicinal Products

Botanicals are also used in medicinal products for their medicinal purposes. The EU 
legal system accepts this dual use, provided a product is in conformity with the legal 
framework chosen.

In principle, medicinal product legislation is based on pre-marketing approval of 
individual medicinal products. This is based on the demonstration of safety, quality 
and efficacy. For some medicinal products, efficacy can be demonstrated on the 
basis of bibliographic evidence showing well-established use. However, for herbal 
medicinal products, a specific legislation was adopted in 2004: Directive 2004/24/
EC relating to herbal medicinal products (the Traditional Herbal Products Directive 
(THMPD))30. The reason is that no traditional medicinal product could have been 
authorized under the MPD existing at the time, mainly due to limitations of avail-
able data on efficacy.

For this reason for a traditional herbal medicinal products (THMPs) it has to be 
demonstrated that the product is “non toxic under the specific conditions of use and 
the pharmacological effects and efficacy are plausible on the basis of long term use 

30 Directive 2004/24/EC of the European Parliament and of the Council of 31 March 2004 amend-
ing, as regards traditional herbal medicinal products, Directive 2001/83/EC on the Community 
code relating to medicinal products for human use. Official Journal of the European Union: 
L136/85 30 April 2004.
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and of available experience”. By this the legislation specifically accepted that effi-
cacy requirements for herbal traditional medicinal products are lower than for the 
other categories of medicinal products.

A licence as THMP according to Directive 2004/24/EC can be granted, in gen-
eral, only for products present on the market for at least 30 years, of which 15 years 
in a EU Member State. To this end, any products containing the same active sub-
stances, regardless of excipients, with the same or similar indications, dosage and 
posology equivalent and identical administration routes are considered equivalent.

In a number of MS certain botanicals are not permitted for use in FS but are 
restricted to medicinal products under the THMPD rules. This is despite these 
botanicals being accepted for use in FS in other MS and therefore MR should apply. 
In most cases no reasons are given for such practice and in a number of cases MS 
have been challenged before the CJEU and have lost these cases. Nevertheless, 
product classification issues remain a reality despite such extensive case law.31

To distinguish the borderline between food and medicinal products, the Court of 
Justice of the EU has established extensive case law.

The main principles established by the CJEU in its various judgments can be 
summarised as follows:

 – Member Sates have the competence to determine whether a certain product is a 
medicinal product or not, but have to base that decision on a case-by-case assess-
ment of all of the product’s characteristics, particularly its composition, its phar-
macological properties as they may be ascertained in the current state of scientific 
knowledge, the way in which it is used, the extent to which it is sold, its familiar-
ity to the consumer and the risks that its use might entail. This means that a deci-
sion cannot be taken solely on the basis of the composition, the form or the 
nature of the ingredients of a product but must be based on all of its 
characteristics.

 – All products that are presented as having therapeutic or preventative effects in 
relation to diseases should be subject to medicinal law in order to be able to 
ascertain the efficacy of the product in relation to its claimed effects on the basis 
of the clinical studies performed. It is the aim of medicinal law that if efficacy 
cannot be established, a marketing licence can effectively be refused.

 – However, medicinal law is not intended to cover products that have an effect on 
the body or health but are not presented for the treatment, prevention of cure of 
diseases. The concept of a physiological effect is not specific to medicinal prod-
ucts only but is also among the criteria used for the definition of food supple-
ments. Products having an effect on the human body, but which do not 
significantly affect the metabolism and thus do not strictly modify the way in 
which it functions, cannot be considered as medicinal products by function. This 
is the case with many botanicals and botanical preparations.

31 www.curia.eu. Relevant cases include: C112/89, C60/89), C219/91, C369/88, C290/90, C227/82, 
C211/03, C319/05, C140/07, 88/07, C27/08, C308/11.
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 – The fact that a risk to health may be present is not sufficient to classify a product 
as medicinal by function. The legal framework of food (GFLR) and national 
legislation in place contain sufficient provisions to ensure the safety of any food, 
including botanical food supplements.

 – The fact that similar products are registered as medicinal products is also not a 
determining factor to consider all similar products as medicinal products.

A correct implementation of both food and medicinal law and observance of 
these principles established by the CJEU would already eliminate many prob-
lems that hinder the free movement of botanical food supplements in the EU.

2.3  Legal Framework For Botanicals in Selected Non-EU 
Countries

Given that the regulatory situation relating to botanicals is so diverse in the EU 
Member States, it should not be a surprise that in non-EU countries there are 
even less similarities. Botanicals have traditionally been used in food and 
medicinal products and regulations have evolved over time to cover such tradi-
tional use.

2.3.1  ASEAN (Association of South-East Asian Nations)

The 10 countries of the ASEAN have developed common regulatory requirements 
for food supplement products. One of the areas for harmonisation is the develop-
ment of a list of prohibited active ingredients. In future, botanicals widely used in 
food supplements in certain ASEAN countries will likely be available in all of the 
ASEAN countries.

2.3.2  China

Food supplements are regarded as “health food” in China. Health food is 
 regulated according to the Administrative Measures for Health Food 
Registration and Filing”, which was recently implement on 1st July 2016 and 
other relevant regulations, which will be issued by the China Food & Drug 
Administration (CFDA).

According to this new regulation, there will be two routes of product placement: 
Registration and Filing (notification).
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Registration is applicable for

 – Health Food with ingredients not on the Health Food Raw Materials Catalogue 
list (intended health claims are on the permitted list)

 – Health Food imported into China for the first time (excluding Nutrient 
Supplements containing vitamins and minerals)

Whereas Filing (notification) is applicable for:

 – Health Food with ingredients on the Health Food Raw Materials Catalogue list 
(intended health claims are on the permitted list)

 – All Nutrient Supplements containing vitamins and minerals listed on the Health 
Food Raw Materials Catalogue list

Currently, the CFDA is still developing the list of ingredients Health Food Raw 
Materials Catalogue that qualify for the fast track Filing (notification) route. So far, 
they have only issued a draft list of permitted vitamins and minerals ingredients for 
public consultation.

Though it is still not clear when will the botanical ingredients be included in the 
catalogue, it is likely that the CFDA will consider the following types of botanical 
ingredients (mainly Chinese herbs), which were previously permitted for use in 
Health Food in the catalogue.

 – Ingredients that can be used in health food—e.g. ginkgo leaf, ginseng, saffron;
 – Ingredients that can be used in both conventional food and medicine—e.g. cin-

namon, mint, ginger, dates, Chinese wolfberry.

Those botanical ingredients that are not on the list will be subject to the full reg-
istration process.

2.3.3  Customs Union of Belarus, Russia and Kazakhstan

2.3.3.1  Eurasian Economic Union (EAEU) of Belarus, Russia, 
Kazakhstan, Armenia and Kyrgyzstan

According to the Customs Union Technical Regulation TR CU 021/2011 “On safety 
of foods”, food supplements are defined as natural (or identical to natural) biologi-
cally active substances, including pro-biotic microorganisms, designed to be taken 
with food, or made part of food products

Food supplement ingredients may originate from herbs, animals and minerals 
and can be produced by chemical or biochemical processes.

Food supplements must not contain: strong, narcotic or poisoning substances 
and herbal substances which are not permitted for use in medicines and/or 
foods and doping substances from the WADA list. In addition, there are regula-
tory restrictions on food supplements intended for children. There is a list of 
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botanicals which are allowed in food supplements and herbal teas for children 
of 3–14 years of age.

The TR CU 021/2011 “On safety of foods” specifies the list of 339 botanicals 
(Annex 7) which are not allowed in food supplements. The document also bans use 
of specific animal products, synthetic analogues of natural substances of medicinal 
plants, human tissues, some microorganisms and fungi.

2.3.4  Latin America

2.3.4.1  Argentina

In Argentina, food supplements are designated by law as ‘suplementos dietarios’ 
(dietary supplements) and are regulated under the Article 1381 of the Argentine 
Food Code (CAA) (in the overall Chapter XVII on ‘Dietetic Foods’).

As a general principle, food supplements are subject to a pre-market authorisa-
tion (valid for 5 years) .The Argentine food supplements legal definition explicitly 
provides for the possibility of using herbal ingredients in food supplements. Such 
products should however additionally contain vitamins, minerals, amino acids, 
fibre, proteins etc. in order to comply with the legal definition of food supplements 
laid down in Art. 1381 CAA.

‘Disposición’ ANMAT N° 1637/2001 contains two annexes relating to herbal 
ingredients used in food supplements:

 – Positive list of 35 herbs and other substances of plant origin that can be used in 
food supplements.

 – List of 118 herbal ingredients prohibited for use in food supplements.

In addition to this regulation on herbals, the plants regulated under the 
Food Argentine Code are also permitted to be used in food supplements since 
their food use is acknowledged. Guarana (Paullinia cupana) is for instance 
one of these plants regulated under the CAA and allowed to be used in food 
supplements in Argentina.

In practice, the Argentine authorities ANMAT (the National Administration of 
Medicines, Foods and Medical Technology) seem to follow a rather restrictive 
approach when assessing imported food supplement products containing botanicals 
at the time of food product registration (stability issues). The tradition of use of 
herbs in medicinal products in Argentina—and overall in Latin America—is not to 
be neglected.

Argentina is currently revising its regulation on dietary supplements, including the 
list of permitted botanical ingredients. In 2015 the revised regulation was under public 
consultation, where the list of permitted herbs was proposed to be included in the CAA 
and the information to be submitted at the time of requesting the inclusion of a new 
herb was also detailed. The sanitary authorities are still drafting the new regulation.
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2.3.4.2  Brazil

In Brazil, various regulations cover foods presented in the form of tablet, capsule, 
powder and powder to be diluted. The regulation “Portaria n°32/98” applies to 
 vitamin and/or mineral supplements only. The concept of food supplement with 
combination of vitamin and/or minerals with other substances such as herbs does 
not exist.

Plants/herbs can be regulated under the drug or food law, depending on their 
traditional use. On one hand, plants under the medicine umbrella can fall in one of 
the following two categories:

 – “Fitoterápicos” (phytotherapeutics);
 – “Drogas vegetais” (plant drugs), also commonly known as “medicinal plants of 

popular tradition”.

The difference between these two is that plant drugs can be distributed in their 
integral form, in pieces, crushed or in powder, and that phytotherapeutics are mar-
keted in pharmaceutical forms.

On the other hand, herbs/plants falling under the food umbrella are covered by 
the ANVISA Resolution n°16/99 on “New Foods and Ingredients”. In Brazil, “New 
Foods and Ingredients” are defined as: “foods or substances with no history of use 
in Brazil, or foods with substances already in use, but that will be added to foods or 
used at levels much higher than those currently observed in foods used in a regular 
diet”.

Various plants, mainly preparations of vegetables and fruits, and other bioactive 
substances in a dose form have been approved as “New Foods”.

Nutrients or non-nutrients associated with any vegetal species that are included 
in the list of “phytotherapeutics” or “medicinal plants of popular tradition” cannot 
be regarded as food. Therefore, these will not be able to be marketed as a “food 
supplement” product.

Brazil is currently revising the “Portaria n°32/98” in order to develop a single 
piece of regulation for food supplements, which would address all types of permit-
ted ingredients, including botanicals.

2.3.5  United States

The Dietary Supplement Health and Education Act (DSHEA) was signed into law 
in 1994 creating a new regulatory framework for dietary supplements as a separate 
category of foods and establishing requirements for safety and labelling.

Under this framework a company is responsible for determining that the dietary 
supplements it manufactures or distributes are safe and that any representations or 
claims made about them are substantiated by adequate evidence to show that they 
are not false or misleading. Dietary supplements do not need approval from FDA 
before being marketed. Companies that manufacture or distribute dietary supple-
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ments containing “new dietary ingredients” are required to submit pre-market safety 
notifications. Dietary supplements containing only ingredients that are “not new” 
used previously as conventional foods before the law of 1994 are exempt from the 
notification requirement. FDA can take regulatory action to remove unsafe products 
from the market, including products containing new dietary ingredients for which 
there is inadequate evidence of safety in a pre-market safety notification.

A company does not have to provide FDA with the evidence it relies on to sub-
stantiate “structure/function claims” as a statement of nutritional support or effec-
tiveness before or after it markets its products. FDA has published guidelines on 
“substantiation” of “structure/function claims” for use by manufacturers that want 
to substantiate a structure /function claim by the application of a substantiation stan-
dard of competent and reliable scientific evidence to claim about the benefits and 
safety of dietary supplements. Within 30 days of making a structure/function claim, 
the manufacturer/distributer must notify FDA of the wording of the claim. “Health 
claims” (e.g. reduction of risk of disease) can only be made under the authorisation 
of a specific regulation, which may be initiated by a petition to FDA. If a manufac-
turer or distributor wishes to claim that a product be used to diagnose, treat, cure or 
prevent a disease then the product by law is a drug and must meet the requirements 
for drugs. The U.S. has no separate category for traditional medicines.

In July 2011 FDA published draft guidelines on how to comply with the regula-
tory requirement to provide a pre-market safety notification for dietary supplements 
containing new dietary ingredients. This draft contains criteria on how to determine 
the identity of plant-based ingredients and how to use history of use or other evi-
dence to demonstrate the safety of plant based ingredients.

2.4  The Regulatory Framework for Safety Assessment

2.4.1  Safety Management in the EU

Botanicals are not subject to a systematic pre-market safety assessment in the 
EU. The horizontal food legislation in place, both harmonised and national and the 
long history of use of many botanicals, covered by positive and negative lists, 
together with the Rapid Alert System for Food and Feed (RASFF) and a national 
notification system, constitute a substantial legal framework consistent with the 
requirements of food safety.

Safety is covered by many legal texts that are fully applicable to BFS.  This 
includes:

 – The GFR containing obligations to ensure that food put on the market is safe, 
notification whereby the competent authorities must be informed in cases where a 
food may not be in conformity with the food safety requirements and companies 
must have procedures in place to be able to recall or withdraw such products from 
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the market. Additionally, full traceability of the product and all of its ingredients—
the tracking of the food/food ingredient from ‘farm to fork’—is mandatory.

 – The NFR, ensuring that foods and food ingredients, including new botanicals, 
which have not been used for human consumption to a significant degree within 
the EU prior to May 1997, are subject to a pre-market authorisation procedure, 
involving an assessment of the safety of these foods following an application for 
authorisation.

 – The FFR, establishing in Article 8, a procedure to be used in cases where a sub-
stance other than vitamins or minerals, or an ingredient containing a substance 
other than vitamins or minerals, is added to foods or used in the manufacture of 
foods under conditions that would result in the ingestion of amounts of this sub-
stance greatly exceeding those reasonably expected to be ingested under normal 
conditions of consumption of a balanced and varied diet and/or would otherwise 
represent a potential risk to consumers. In such cases, on its own initiative or on 
the basis of information provided by the MS, the EC may take a decision, follow-
ing an assessment of available information by EFSA, to include the substance in 
Annex III of the FFR. This will make it possible to draw up a list of substances 
whose use in foods is prohibited, restricted or under EU scrutiny. Yohimbe 
(Pausinystalia yohimbe (K.  Schum.) Pierre ex Beille) and Ephedra ssp. Have 
already included in this annex.

A number of tools also are in place at EU level to help enforcement ensure the 
safety of the food chain.

 – The GFR and the Official Controls Regulation 882/2004 (OCR) specify the obli-
gations of enforcement authorities in terms of food safety32.

 – Furthermore, safeguard clauses in many of the applicable EU legislation allow 
Member States to take action in case of unexpected emerging safety risks. This 
means that when, as a result of new information or reassessment of existing 
information, there are detailed grounds for establishing that a product endangers 
human health, a MS may temporarily suspend or restrict its availability/use, even 
if it fully complies with the relevant EU legislation. It must inform then the other 
MS and the EC, who must then examine the grounds for the decision and deliver 
its opinion and take any appropriate measures.

 – The RASFF, created by the GFR provides for an effective tool to monitor and 
communicate health risks among the Member States33. Rapid Alert notifications 
are sent in a number of cases, including when a food or feed presenting a serious 
risk is on the market and when immediate action is required. Alerts are triggered 

32 Regulation (EC) No 882/2004 of the European Parliament and of the Council of 29 April 2004 
on official controls performed to ensure the verification of compliance with feed and food law, 
animal health and animal welfare rules. Official Journal of the European Community L165/1, 30 
April 2004.
33 Commission Regulation (EU) No 16/2011 of 10 January 2011 laying down implementing mea-
sures for the Rapid alert system for food and feed. Official Journal of the European Community 
L6/7, 11 January 2011.
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by the Member State that detects the problem and initiates the relevant measures, 
such as withdrawal/recall. The notification aims to give all the members of the 
network the information to verify whether the product concerned is on their 
 market, so that they also can take the necessary measures. The Commission 
 publishes on its website a weekly overview of Rapid Alert notifications, 
 information notifications, and border rejections.34

2.4.2  Safety Management at National Level

There is no systematic safety approval of botanicals for use in foods in the EU and 
there are no specific requirements for botanicals in the FSD.

Still the FSD has given MS the possibility to impose a notification procedure by 
which companies are required to inform the authorities of the marketing of a prod-
uct by means of the product label.

The way in which this notification is applied differs between the MS. In some 
cases it is a well developed and managed system by which the authorities request 
more detailed information, assess the information and take actions as appropriate 
(e.g. in Belgium, France, Italy). In other MS the notification acts as information for 
enforcement authorities to monitor the market. Five of the MS have not even con-
sidered it necessary to impose this notification (Austria, Netherlands, Slovenia, 
Sweden, UK).

Although it is not permitted for MS to impose a pre-market authorisation process 
for such products, in the MS where notification requirements are extensive, it nev-
ertheless acts as a sort of pre-market verification as most companies await the 
assessment of the authorities.

Furthermore, the use of botanicals falls under national law and a number of risk 
management measures have been applied to botanical food supplements by specific 
MS. These are mostly under the form negative lists (containing botanicals the use of 
which is prohibited) and/or positive lists, including botanicals that are allowed, with 
or without conditions of use, maximum levels and/or advisory labelling 
statements.

Guidance and conditions for appropriate processing and quality assurance, based 
on the FHR, often developed by the sector and approved by authorities may comple-
ment these national lists and notification requirements. This is important as botani-
cals can carry inherent safety risks that can be managed by appropriate processing 
and quality assurance, for example:

 – The harmful components may be associated only with one of the plant’s compo-
nents (e.g. the leaves, fruits, seeds, roots). Removing it makes the plant fit for 
consumption, as is the case with potatoes, where the leaves are toxic but the 
tubers valuable foods.

34 http://ec.europa.eu/food/safety/rasff/index_en.htm.
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 – A plant may be used as raw material for the production of additives, flavours, and 
functional food ingredients using processing techniques such as isolation, extrac-
tion and purification and appropriate controls to remove undesirable compo-
nents. For example it is generally accepted that the oil from the borago species is 
acceptable for food use when it can be demonstrated analytically that the oil does 
not contain pyrrolizidine alkaloids.

 – A plant may be subjected to a treatment that inactivates or destroys the undesir-
able components. For instance, it is well known that it is necessary to cook beans 
(Phaseolus vulgaris) at adequate temperature to destroy the phytohaemaglutin or 
lectins they contain.

 – A plant may show harmful effects at high doses but not at a lower dose. 
Assessment of the dose and ways in which to ensure that such doses are not 
exceeded are part of the safety assessment. Some Member States have estab-
lished maximum levels for plant components.

 – A plant may show undesirable effects for specific population groups, even when 
used in an appropriate way, or it may interact with other foods or medicinal prod-
ucts. In such cases the labels of the botanical products carry appropriate warning 
information.

 – Undesirable properties may be restricted to one single species of an entire plant 
family. In such a case appropriate methodology or measures are required to make 
sure that the toxic species is identified and separated from other members of the 
same family and contamination thus avoided.

Finally, another tool that is increasingly established to help ensure safety of FS 
is a system for nutrivigilance. Such a system collects information about adverse 
effects experienced by users of FS and other products. In that way causal relation-
ships can be identified and where appropriate enforcement steps taken.

The combination of these measures in combination with EU and national law are 
considered a strong framework ensuring the safe use of BFS.

2.5  The Regulatory Framework for Benefit Assessment

2.5.1  Nutrition and Health Claims in the EU

Since 2006 all nutrition and health claims made on foods, including food supple-
ments are subject to a pre-marketing authorisation after an assessment of the scien-
tific justification by EFSA.

The criteria for this assessment have not been specified in the law. The only 
requirement is mentioned in recitals 17 and 23 of the Regulation, which state 
respectively that “Scientific substantiation should be the main aspect to be taken 
into account for the use of nutrition and health claims and the food business opera-
tors using claims should justify them. A claim should be scientifically substantiated 
by taking into account the totality of the available scientific data, and by weighing 
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the evidence” and that “Health claims should only be authorised for use in the 
Community after a scientific assessment of the highest possible standard. In order 
to ensure harmonised scientific assessment of these claims, the European Food 
Safety Authority should carry out such assessments.”

The methodology EFSA would apply was not disclosed until after the adoption 
of the law, when EFSA published guidance on how to compile a submission. This 
guidance and the learnings from the opinions published showed that, apart from 
essential nutrients, EFSA only accepted human intervention studies as sufficient 
justification for a claim.

In assessing the scientific evidence, EFSA verifies the following elements:

 – That the food/constituent is well defined and sufficiently characterised.
 – That the claimed effect is well defined, is a beneficial physiological effect for the 

target population, and can be measured in vivo in humans.
 – That a cause and effect relationship is established between the consumption of 

the food/constituent and the claimed effect in humans (for the target group under 
the proposed conditions of use), by considering the strength, consistency, speci-
ficity, dose–response, and biological plausibility of the relationship.

 – That the quantity of the food/constituent and pattern of consumption required to 
obtain the claimed effect could reasonably be achieved as part of a balanced diet.

 – That the wording of the claim reflects the scientific justification provided.
 – The conditions or restrictions of use of the food and whether additional state-

ments or warnings that should accompany the health claim on the label and in 
advertising are required.

It is clear that EFSA focuses extensively on the validity of end-points used (bio-
marker, physiological or clinical effect) and the size of effect.

This has proven problematic for botanicals as such studies have not been required 
before, not under national, nor under medicinal regulations. When EFSA therefore 
started its assessment of the submitted health claims for botanicals, it delivered only 
negative opinions.

2.5.2  Standard for Scientific Assessment Vs. Tradition of Use

Botanicals are also used in medicinal products by virtue of the THMPD.  In this 
legislation the problem of the scientific justification of the benefits of botanicals was 
directly addressed. The Regulator excluded such products from the requirement of 
demonstrating efficacy if traditional use for 30 years (of which 15 years in the EU) 
could be demonstrated.

Or as it is stated in whereas 5: “The long tradition of the medicinal product makes 
it possible to reduce the need for clinical trials, in so far as the efficacy of the medicinal 
product is plausible on the basis of long-standing use and experience. Pre-clinical tests 
do not seem necessary, where the medicinal product on the basis of the information on 
its traditional use proves not to be harmful in specified conditions of use.”
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Thus THMPs can be registered on that basis and are permitted to claim their 
intended use without the reliance on intervention trials showing an effect on appro-
priate biomarkers or physiological or clinical functions.

This tradition of use is specific for botanicals, given their long-standing use. 
The Herbal Medicinal Product Committee (HMPC) within the European Medicinal 
Agency (EMA) has since then developed over 100 monographs in which they 
describe the traditional benefits and the conditions of use of the products based on 
tradition of use. The outcome of this work shows that the traditional effects of 
many plants described can be classified as beneficial physiological effects, rather 
than effects that relate to the treatment or prevention of disease. Table 2.2 gives 
examples of such claims and shows the similarity of the effect described in the 
monographs as compared to effects for which EFSA has confirmed these are ben-
eficial health effects.

Because of this inconsistency, the European Commission decided in 
September 2010 to stop the assessments of health claims for botanicals. Indeed, 
given that all assessments would have resulted in negative opinions because 
tradition of use was not accepted, this would have led to the prohibition of any 
health benefit communication for botanicals used in food supplements, while at 
the same time, the same effects could continue to be used on THMPs solely on 
the basis of tradition of use.

Table 2.2 Accepted indications for medicinal products in HMPC monographs and for foods in 
EFSA opinions

THPM Monograph indications EFSA beneficial physiological effects

Symptoms of temporary fatigue and sensation 
of weakness

Reduction of tiredness and fatigue is

Symptomatic relief of digestive disorders such 
as dyspepsia […], bloating and flatulence

Reduction of gastro-intestinal discomfort is

For relief of mild symptoms of mental stress Resistance to mental stress might be
Used to aid sleep Reduction of sleep onset latency and 

improvement of sleep quality might be
For relief of […] heaviness of legs related to 
minor venous circulatory disturbances

Maintenance of elasticity and strength of the 
venous walls is

For the prophylaxis of migraine headaches 
after serious conditions have been excluded

Relief from stress-induced headache is

For the relief of minor symptoms in the days 
before menstruation (premenstrual syndrome)

Reduction of menstrual discomfort is

For the relief of menopausal complaints such 
as hot flushes and profuse sweating

Reduction of menopausal discomfort is

For the treatment of habitual constipation or 
in conditions in which easy defecation with 
soft stool is desirable

Changes in bowel function such as reduced 
transit time, more frequent bowel movements, 
increased faecal bulk, or softer stools may be
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To date, these claims for botanicals in food and food supplements have remained 
on hold and the Commission has started in 2013 discussions with the Member States 
on what route to take to solve this problem:

 – Either continue with the assessments as foreseen, leading to the probable rejec-
tion of all claims.

 – Either to exempt botanicals and accept tradition of use by changing the Claims 
Regulation or developing a new legislative framework for these products. In this lat-
ter case, it would also be possible to address specific aspects of safety and quality.

In 2015 this discussion has been formalised in a study covered by the 
Commission’s better Regulation initiative. This so-called REFIT (Regulatory 
Fitness and Performance programme) assessment will gather views on the above 
and assess the consequences of each of the proposed scenarios.

This assessment is carried out by an independent contractor and is scheduled to 
start in September 2016, with the report expected end 2017.

On the basis of this report, the Commission is expected to come forward with a 
proposal. In the mean time, consumers still can be informed about the traditional 
benefits of botanicals on food supplements labels.

2 The Regulatory Situation in Europe and Other Continents
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Abstract The purpose of this chapter is to present an overview of how food 
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of the food supplements containing botanicals in EC Member States, for which a 
revision of recent reports on market data, trends and main distribution channels, is 
presented; Sect. 3.3 describes the methods and administration techniques used to 
assess individual food consumption, which are adapted to design the methods and 
techniques for the assessment of individual intake of food supplements containing 
botanicals; moreover, the methodology designed for data collection on PFS 
 consumption in a six-European-country survey within the PlantLIBRA project is 
presented as an example of tools used in the assessment of these products; Sect. 3.4 
describes the methodology used in the PlantLIBRA Consumer Survey in detail; 
Sect. 3.5 presents selected results of the first analyses of the PlantLIBRA Consumer 
Survey, also highlighting the issues associated with measuring usage of PFS in 
European populations and making recommendations for future research; finally, 
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3.1  Introduction

Botanicals and their derivatives/preparations are used throughout Europe for health 
purposes, with increased usage in the general population as well as among specific 
subgroups encompassing children and pregnant women or those suffering from 
 diseases such as cancer among others (Menniti-Ippolito et al. 2002; Ritchie 2007; 
Adams et al. 2009; Bishop and Lewith 2010). Botanicals are used in many different 
types of products, including foods, (teas and juices), food supplements such as plant 
food supplements (PFS), herbal medicinal products (HMP), homeopathic products, 
cosmetics, biocides etc. (Larrañaga-Guetaria 2012). These different product  categories 
are regulated by specific legislation, depending on the intended use of the product.

The European Union (EU) Directive on Food Supplements (2002/46/EC) defines 
dietary supplements (which include PFS) as (European Parliament 2002a):

“…foodstuffs the purpose of which is to supplement the normal diet and which are 
 concentrated sources of nutrients or other substances with a nutritional or physiological 
effect, alone or in combination, marketed in dose form, namely forms such as capsules, 
pastilles, tablets, pills and other similar forms, sachets of powder, ampoules of liquids, drop 
dispensing bottles and other similar forms of liquids and powders designed to be taken in 
measured small quantities”.

The marketing of a product as a PFS however, depends on national legislation, 
which differs widely across Member States. Countries vary in the extent to which 
products are regulated, as well as in the process of regulatory control. Some 
 countries have regulated the use of botanicals in detail (including negative and 
 positive lists), some apply specific conditions of use, (including maximum usage 
levels or warnings for the consumer), and in others less specific requirements exist. 
An added complexity lies in the application of the basic European “principle of 
mutual recognition”, whereby any product that is lawfully marketed in one Member 
State can be sold in all 27 Member States (Larrañaga-Guetaria 2012).

Moreover, the same botanical may be used as a food supplement and as a 
 medicinal product, depending on the intended use of the product and both food 
supplements and medicinal products often share the same form of presentation 
(powders, pills or tablets). Hence the legal status of products differs from one 
 country to another, resulting in a complex market environment. This so-called 
 borderline issue between PFS and HMP is a major obstacle to the marketing of PFS 
in the European Union (Larrañaga-Guetaria 2012).

Plant food supplement usage data at EU level are scarce with reports providing 
PFS market data as opposed to data reported directly by the consumer (EAS 
2007). Surveys on the intake of botanicals have been conducted primarily in the 
context of the intake of dietary supplements in general (Skeie et al. 2009) or as 
part of surveys of complementary and alternative medicine (CAM) therapies 
(Vargas-Murga et al. 2011), and issues such as the legal distinction between HMP 
and PFS have not been taken into account. A recent systematic review evaluating 
the demographic characteristics and health status factors associated with CAM 
use reported that the majority of population based consumption studies had been 
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 conducted in the USA (64% of the 110 identified studies), and of these, 13% were 
in Europe, with the majority carried out in Scandinavia (7%) and the United 
Kingdom (5%) (Bishop and Lewith 2010). Studies have been limited by the 
 heterogeneity of definitions used, study designs and objectives making it difficult 
to compare results and to extrapolate conclusions. The ambiguity of categories 
such as “natural medicine”, “herbal remedies” or “herbal medicine” and what 
constitutes “dietary supplements” makes it nearly impossible to attain reliable 
estimates of the prevalence of PFS usage in Europe, with only limited data avail-
able at national levels (Vargas-Murga et al. 2011; Harrison et al. 2004; Centro de 
Investigación sobre Fitoterapia 2007) but not at the European level.

A study by the European Advisory Services (EAS) on “The use of substances 
with nutritional or physiological effect other than vitamins and minerals in food 
supplements” (EAS 2007), provided information on European market and regula-
tion data, and highlighted the need for obtaining PFS usage data in order to plan, 
monitor and evaluate national and European policies, as in other regions of the 
world. One such example is the United States of America, where the Alternative 
Health/CAM supplement of the National Health Interview Survey (NHIS) has been 
collecting data on botanical dietary supplements for some years now (National 
Center for Health Statistics 2003; Bardia et al. 2007; Dwyer et al. 2013).

The European Food Safety Authority (EFSA) has recognised the lack of data 
in the sector and has published a number of reports addressing related issues, 
namely the recommendations for reporting the use of supplements and medicines 
by adults in any pan-European dietary survey or project (EFSA 2009), and the 
“Compendium of botanicals reported to contain naturally occurring substances of 
possible concern for human health”, aimed to help with the safety assessment of 
botanicals and botanical preparations intended for use as food supplements 
(EFSA 2012).

The purpose of this chapter is to present an overview of how food supplements 
containing botanicals (or PFS) are being assessed in epidemiological research. It 
is organized in five sections: Sect. 3.2 describes the market structure of the food 
 supplements containing botanicals in EC Member States, for which a revision of 
recent reports on market data, trends and main distribution channels, is presented; 
Sect. 3.3 describes the methods and administration techniques used to assess 
 individual food consumption, which are adapted to design the methods and 
 techniques for the assessment of individual intake of food supplements contain-
ing botanicals; moreover, the methodology designed for data collection on PFS 
 consumption in a six- European- country survey within the PlantLIBRA project is 
presented as an example of tools used in the assessment of these products; Sect. 
3.4 describes the methodology used in the PlantLIBRA Consumer Survey in 
detail; Sect. 3.5 presents selected results of the first analyses of the PlantLIBRA 
Consumer Survey, also highlighting the issues associated with measuring usage 
of PFS in European populations and making recommendations for future research; 
finally, Sect. 3.6 presents a systematic review conducted with the purpose of ana-
lysing the uses that PFS have in gastrointestinal health and disease through 
selected plants.
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3.2  Market Structure of the Food Supplements Containing 
Botanicals in EC Member States

Food supplements (FS) are regulated by Directive 2002/46/EC, known as the Food 
Supplements Directive, and may be marketed within the Community only if they 
comply with the rules laid down in this directive (European Parliament 2002b). The 
objective of the document was to harmonize EC rules across Member States, but it 
did not provide for substances other than vitamins and minerals, such as amino and 
fatty acids, fibers, plants and plant extracts, to be used in FS and they continue being 
regulated by various national decrees. The manufacturer or the person placing 
the product on the market in the Member States territory is obliged to notify the 
competent authorities of these activities by forwarding a model of the label used. 
This process is free of charge in some European countries.

This section describes the PFS market structures in European Community (EC) 
Member States, for which a revision of recent reports on market data, trends and 
main distribution channels, is presented. The content presented in this section has 
been adapted from Vargas-Murga et al. (2011).

3.2.1  Market Data

Member States have a dynamic market for PFS, and in general for herbal products. 
Recent reports concerning the market data are published by Business Insights (BI), 
which cover the market for vitamins and minerals, herbs and botanicals, and sports 
and speciality supplements in Europe and the United States (US), and by Global 
Industry Analysts (GIA), which analyses the worldwide markets for herbal 
 supplements and remedies (Tallon 2011; GIA 2011). According to BI, in the EC, the 
Nutrition and Health Claims Regulation (EC) No. 1924/2006 is highly  controversial. 
For instance, up until 2011, the European Food Safety Authority (EFSA) had pub-
lished 1851 opinions on 4951 submitted claims covering reduction of disease to 
basic structure function claims. 91% of the claims with published opinions submit-
ted under the 13(3) route have received a negative evaluation by EFSA.

The global herbal supplements and remedies market exhibited robust growth over 
the first decade of the millennium, with little or apparently no significant decline on 
account of the worldwide recession and was forecasted to reach US$93.15 billion by 
the year 2015, according to GIA. The world market in fact, exhibited steady growth 
for the crisis-ridden period of 2008–2009 and beyond. Recession in the European 
economy and the increased capital requirements for registration under EC regulation 
of companies expanded the resources of small companies and provided opportuni-
ties for acquisitions in herbal supplement markets. In the US and Europe, herbal 
medicines represent a major share of the pharmaceutical market and are included in 
regular medicinal practice. However, the market is highly regulated and of difficult 
access, as companies need to pass rigorous tests before mass production.
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In 2011, Europe represented the largest regional market, accounting for the sin-
gle largest share of the world market. Asia-Pacific and Japan made up the other 
important markets for herbal supplements on a global basis. In terms of growth rate, 
the Asia-Pacific market, led largely by China and India, was set to pave the way with 
the highest Compound Annual Growth Rate (CAGR) of 10.7% through 2015. The 
market for herbal supplements varies by region based on factors such as consumer 
awareness, product availability and forms of delivery, product acceptance, and 
regional regulations (Global Industry Analysts 2011).

A study elaborated by the European Advisory Services (EAS) provides detailed 
data about the four largest EC Member States, in terms of sales, led by Italy, which 
is closely followed by Germany, UK and France (EAS 2007). According to this 
study, growth projections to 2010 provided an indication of the extent to which 
previous rapid growth could not be taken as an indicator of future rapid growth. 
However, market growth was not expected to reach the levels achieved in the 
 previous decade. The reasons for the market growth decrease might have been due 
to changes of some important economic factors, for example market saturation. 
Other factors having a strong impact on the growth of the market of FS containing 
other substances might be the notification/authorisation of national requirements, 
restrictions on distribution channels and the extent to which the national authorities 
apply mutual recognition (EAS 2007).

Referring to herbal ingredients, the EAS reported that ginkgo followed by 
 echinacea, garlic and ginseng were the four most commercially important 
botanicals in the combined markets of 17 EC Member States, although  echinacea 
and gingko were part of the composition of products registered as medicines. 
The wide variations in the size of national markets are, in some cases, due to the 
regulatory origins.

3.2.2  Market Trends

According to the report by GIA (GIA 2011), a major trend observed in the  market 
is a shift from a single ingredient market to multiple ingredient-based  medications 
for a particular condition. There is also an increased demand for herbal and 
botanical products in multi formula and combination packed format, as well as 
for chewable capsules and tablets. Multi-herbs dominate as the largest segment, 
capturing a significant share of the overall herbal supplements and remedies 
market worldwide. The segment is also forecasted to surpass other markets, 
 having the fastest compounded growth rate of 9.0% over the analysis period 
(2000–2006). Soy and specialty herbs are also expected to display strong growth 
potential in the future (GIA 2011).

Another important trend is seen in the type of consumer. According to the GIA, 
women, particularly in the middle-aged bracket, form the major consumer group 
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owing to their growing health-consciousness, increased concern for diet, and 
enhanced attention towards preventive healthcare. In addition, there is a greater 
urgency to maintain healthy lifestyles, focusing on alternatives for conventional 
medicine and general health. Some of the health benefit for which consumers con-
sider herbal and botanical supplements as natural alternatives include: hormone 
replacement therapy, prostate health, brain health and cognitive function, and joint 
and connective tissue health.

GIA reports that the importance of a healthy diet and lifestyle reigns in the 
minds of the consumer, which is not affected even by the financial crisis witnessed 
in almost every other product segment worldwide. In fact, the recession may have 
actually prompted increased preference for dietary supplements. Escalating 
prices, tighter budgets and high health care and lifestyle costs have actually driven 
consumers towards the more economical and perceived healthier and safer options 
of alternative medicine and dietary supplements for relief of physical and mental 
disorders.

3.2.3  Distribution Channels

Direct sales and consumer sales channels or retailers are the two marketing 
 techniques for PFS used by manufacturers, distributors and importers.

Direct sales include mail order, e-commerce, multilevel marketing and medical 
& alternative health practitioners, whereas consumer sales address drugstores, 
health/natural food stores, herbal shops, parapharmacies, pharmacies,  supermarkets/
mass market, and among others, specialized shops (e.g. gym, hairdresser, healthcare 
institutions, sporting goods store).

According to GIA (GIA 2011), there is an increase in the number of retail outlets 
along with e-commerce, coupled with efficient support and cooperation of medical 
and health professionals.

Mail order and Internet sales are expected to continue growing as a result of the 
increasing number of Internet websites selling PFS.

The common and widely distributed retail channels in the Member States are 
drugstores, health food stores, herbal shops, pharmacies and supermarkets. Most 
consumers prefer to buy PFS in herbal shops and pharmacies where they can receive 
advice on product benefits and dosage.

Multilevel marketing, also known as direct selling, party plans, relationship sell-
ing, person-to-person selling, and network marketing constitute another important 
channel. However, few are used by manufacturers/distributors.

Because consumer demand has increased greatly, larger pharmaceutical companies 
are entering the market, often by buying supplement firms. As a result, the structure of 
the market is changing and will continue to change as the PFS market matures.
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3.3  Methods and Techniques for the Assessment of Individual 
Intake of Food Supplements Containing Botanicals

The use of PFS is on the rise around the world; however, there are many  problems 
associated with botanical research. These include among other problems, defin-
ing the concepts and selecting the appropriate study methods. The methodology 
used for the assessment of PFS consumption is an area that has been little 
explored at the public health level, and in essence consists of using existing 
dietary survey methods and procedures that have mainly been developed with the 
aim of evaluating the nutritional status of a population i.e. the intake of energy, 
macronutrients and/or micronutrients. For instance, in the USA, there are some 
routinely conducted  surveys that obtain some (limited) information on dietary 
supplements including botanicals (US DHHS 1997; Barnes et  al. 2008; Slone 
Survey 1998–2007).

The present section includes an overview of the methods and  administration 
techniques used to assess individual food consumption as a starting point, 
including their uses and limitations. Moreover, the methodology designed for 
data collection on PFS consumption in a six-European-country survey within the 
PlantLIBRA project (PLANT food supplements: Levels of Intake, Benefit and 
Risk Assessment), a project co-financed in the context of the 7th EU Framework 
Program (FP7 Ref. 245199) (http://www.plantlibra.eu/web/) is  presented as an 
example of tools used in the assessment of these products. The content presented 
in this section has been adapted from Vargas-Murga et al. (2011).

3.3.1  Methods for the Assessment of Individual Food 
Consumption: Uses and Limitations

Dietary intake is a highly variable event, which experiences significant changes 
depending on, for example, the day of the week and the season, based on an 
 underlying pattern of consumption. Thus, within a week an individual can consume 
hundreds of different foods. Additionally, the interviewed person may not know 
exactly what he/she is eating and/or how much if he/she did not prepare the food. 
Both intake variation and the error inherent in its assessment method may affect the 
quality of results (Serra-Majem et al. 2006).

The methods for collecting dietary information at the individual level are  properly 
called food surveys (Serra-Majem et al. 2006) and can be classified into two main 
groups (Gibson 2005):

Group 1. Quantitative daily consumption methods—comprises recalls or records 
designed to measure the quantity of the individual foods consumed over a 1 day 
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period, including single and repeated 24 h recalls and estimated and weighed food 
records. By increasing the number of measurement days,  quantitative estimates of 
the usual intakes of individuals can be obtained, using the same instruments. The 
number, selection, and spacing of the days depend on the food intake, the nutrients 
of interest, the day-to-day variation in nutrient intake, and the level of precision 
required. Determination of usual intake is  particularly critical when relationships 
between diet and biological parameters or chronic disease are assessed. Estimates 
of usual intakes are also needed to  evaluate the prevalence of inadequate intakes.

Group 2. Dietary history and the food frequency questionnaire—both obtain 
retrospective information on the patterns of food use during a longer, less 
 precisely defined reference time period. They can be used to assess the usual 
intake of foods or specific classes of foods, and with modification, can also 
provide data on usual nutrient intakes.

Table 3.1 includes the uses and limitations of the food consumption assessment 
methods described above (Serra-Majem et al. 2006).

3.3.2  Administration Techniques of Food Consumption 
Assessment Methods

Food consumption assessment methods can be administered using two main types 
of techniques:

• By interview. The interview can be personal or by telephone. Uses of these inter-
view techniques include that they ensure the completion of all questions, allow 
you to use complex and multiple questions and to clarify questions that are not 
understood (although this can introduce bias), facilitate cooperation and can be 
applied in illiterate populations. Limitations include that they are costly and 
time-consuming and can introduce interviewer bias.

• Self-administration. The respondent completes the questionnaire by her/himself, 
which could have been handed out or posted to the respondent. Self- administration 
techniques have fewer uses/strengths e.g. absence of interviewer bias and low 
cost—and more limitations—they tend to be partially completed, can not be used 
for multiple and complex questions, is difficult to ensure understanding of the 
question, have a low response rate, and present restriction of subjects (literacy is 
required).

The limitations and advantages of each method and administration technique 
have to be placed in the context of their cost and quality of the information obtained 
(Serra-Majem et al. 2006).
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Table 3.1 Uses and limitations of the different food consumption assessment methods in individuals

Uses Limitations

24-h recall

– The administration period is short
– The procedure does not alter the 

individual’s usual intake
– It is useful for any type of food pattern
– A single contact is sufficient
– Can be used in illiterate subjects
– Its cost is moderate
– High response rates

– A single 24-h recall cannot estimate the individual’s 
usual intake

– It is difficult to accurately estimate the portion size
– Depends on the respondent’s memory
– Trained interviewers are needed for its 

administration
– Limited application in children and the elderly

Repeated 24-h recall

– Can estimate the individual’s usual 
intake

– It is difficult to accurately estimate the portion size
– Depends on the respondent’s memory
– Trained interviewers are needed for its 

administration
– Limited application in children and the elderly

Dietary records (estimated and weighed)

– Accuracy in the estimation or 
calculation of the portions consumed

– The procedure does not depend on the 
individual’s memory

– The individual must be able to read, write and count
– Requires much time and cooperation by the 

respondent, especially the weighted dietary record
– Codification and analysis cost are high

Dietary history

– Can give a more complete and detailed 
description of the usual and past 
dietary intake than the other methods

– Can be used in illiterate people

– Requires a highly trained interviewer, usually a 
dietician

– It takes time and lots of cooperation from the 
interviewee

– The administration cost is high
– There is no standard way to do the dietary history

Food frequency questionnaire

– Can estimate the usual intake of an 
individual

– Fast and easy to administer
– The habitual consumption pattern is 

not altered
– Does not require trained interviewers
– Very low administration costs, 

especially if conducted by mail
– Ability to classify individuals into 

categories of consumption, useful in 
epidemiological studies

– The development of the instrument (questionnaire) 
requires considerable effort and much time

– Literacy of the subjects is required
– Doubtful validity of the estimated intake of 

individuals or groups with very different dietary 
patterns to those of foods from the list

– Validity must be established for each new 
questionnaire and population

– Requires memory of eating habits in the past
– Low accuracy in the estimation and quantification of 

food portions
– Remembering of the diet in the past may be biased 

by the current diet
– The time and inconveniences to the respondent increase 

according to the number of food items and the 
complexity of the food list and quantification 
procedures

– It is not useful in the elderly and children
– Little validity for most vitamins and minerals
– Does not allow assessment of intra-individual variation 

in intake, since only a single measure is available

Source: Adapted from Serra-Majem et al. (2006) and Gibson (2005)
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3.3.3  Plant Food Supplements Consumption Assessment 
Methods

There are many difficulties associated with PFS research, in particular with 
 establishing standardised concepts and definitions and with the choice of meth-
odologies to assess botanical/plant food supplement consumption at the indi-
vidual level. The dietary consumption assessment methods described above 
cannot detect consumption of PFS as they are, but can be adapted and used as a 
starting point in the design of assessment methods more suitable for PFS 
consumption.

The European Commission-funded PlantLIBRA project (http://www.plantlibra.
eu/web/) addressed the abovementioned limitations in estimating PFS consumption 
by incorporating an activity to conduct a multi-country survey applying harmonised 
methodologies in the estimation of PFS usage. The aim was to obtain the most valid 
PSF intake data so as to estimate risk benefit of PFS consumption.

In summary, a cross-sectional retrospective method (consisting of two  questionnaires: 
a screening and a main questionnaire) was used to evaluate the habitual consumption of 
PFS in the last 12 months on an individual level. This method allowed for the collection 
of data relating to the level of intake, some specific characteristics of each PFS  consumed 
such as brand and manufacturer of PFS, the type of botanical preparations consumed, as 
well as the frequency, seasonality and duration of consumption of individual PFS over the 
last 12  months and over the lifespan. Sources of information about PFS, source of 
 recommendations and the most frequent reasons for use of these products were also 
assessed. The PFS screening questionnaire was administered in person (face-to-face) or 
by telephone. Further details about the methodology used (definitions and instruments) 
are included in Sect. 3.4.

3.4  The PlantLIBRA PFS Consumer Survey 2011–2012: 
Definitions and Instruments

As mentioned previously, the European Commission-funded PlantLIBRA project 
has addressed the abovementioned limitations in estimating PFS consumption in 
their incorporation of an activity to conduct a multi-country survey applying har-
monised methodologies in the estimation of PFS usage: the PlantLIBRA PFS 
Consumer Survey 2011–2012.

The purpose of this section is to present the methodology designed and imple-
mented for the collection of PFS consumption data through the PlantLIBRA PFS 
Consumer Survey, including the main definitions and the most important instru-
ments used. The content presented in this section has been adapted from Garcia- 
Alvarez et al. 2014.
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3.4.1 Survey Methodology

3.4.1.1  Definition of Plant Food Supplements in the PlantLIBRA PFS 
Consumer Survey

Although there is a legal definition of Food Supplements (EU Directive (2002/46/EC) 
(European Parliament 2002a) under which PFS reside, for the purposes of this research 
it was necessary to develop a specific definition of PFS whose main characteristic is 
that they contain botanical preparations as ingredients for food supplementation.

Botanical preparations are obtained by subjecting botanicals (plants, algae, fungi 
or lichens) to treatments such as comminution, extraction, distillation, squeezing, 
fractionation, purification, concentration or fermentation. These include extracts, 
essential oils, expressed juices, powders, etc.

Botanical preparations can be considered as nutrients or other substances. Thus, the 
definition of PFS for the survey was as follows: PFS are “foodstuffs the purpose of 
which is to supplement the normal diet and which are concentrated sources of  botanical 
preparations that have nutritional or physiological effect, alone or in combination with 
vitamins, minerals and other substances which are not plant- based. PFS are marketed 
in dose form, such as capsules, pastilles, tablets, pills and other similar forms, sachets 
of powder, ampoules of liquids, drop dispensing bottles, and other similar forms of 
liquids and powders designed to be taken in measured small unit quantities”.

Products that did not meet this definition, such as herbal remedies and other 
medicinal products based on botanicals, and those that did not meet the PFS defini-
tion in terms of dosage, such as herbal teas or juices, were excluded.

3.4.1.2  Ethics Statement

Before initiating the fieldwork, approval for the conduct of the survey was obtained 
from four ethics committees: the Bioethics Commission of the University of 
Barcelona, Spain; the Ethics Committee of the University of Milano, Italy; the 
Ethical Committee of the Faculty of Medicine—Transilvania University of Brasov, 
Romania; and the Coordinating Ethics Committee, Hospital District of Helsinki and 
Uusimaa, Finland. Approval of the survey by these four ethics committees required 
submitting all survey material to their members for evaluation. No ethical approval 
for the survey was needed in Germany and the United Kingdom.

To ensure harmonisation and standardisation of the fieldwork and data collection 
across countries, a market research organization, European Fieldwork Group (EFG) 
was subcontracted to implement the survey. The survey was conducted by EFG in 
strict accordance with the ICC/ESOMAR Code on Market and Social Research. In all 
countries, informed consent was obtained verbally from all respondents after reading 
the survey information sheet. All data were recorded manually i.e. pen-and- paper. 
Recruitment of survey participants occurred in the selected cities in each country. 
Approximately the first 1000 individuals per country were systematically selected for 
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screening i.e. intercepting 1 in every 5 individuals passing by to ask him/her the initial 
screening questions; subsequent screening selection was performed on a convenience 
basis i.e. intercepting individuals in places where consumers were likely to be found, 
such as herbal shops, pharmacies etc. Eligible respondents who agreed to participate 
were given an appointment at their home/workplace to complete the main survey. The 
appointments of those willing to participate were later reconfirmed by phone.

The data were made anonymous when recorded electronically i.e. the respon-
dents’ contact details were not entered into the survey database. Instead, the market 
research organization assigned ID numbers to each respondent and provided 
PlantLIBRA partners only the database with the assigned ID numbers.

3.4.1.3  Sample Population and PFS Consumer Definition

A cross-sectional, 12-month retrospective survey was conducted in 24 cities in six 
European countries—Finland, Germany, Italy, Romania, Spain and the United Kingdom. 
An estimated sample size of 2000 screened individuals per country was calculated in 
order to obtain a final sample of approximately 400 consumers per country (total 
N = 2400 approximately). Per country, gender and age group quotas were set as follows: 
300 adults (18–59 years) and 100 older adults (60-and-over years), with 30–50% male 
and 50–70% female. All individuals were screened by means of a brief questionnaire, 
which recorded PFS usage in the preceding 12 months. Individuals were considered 
eligible for inclusion if they were over 18 years old and met either of the following 
specified criteria, intended to capture the different usage patterns of PFS consumers:

 1. They had taken at least one PFS in the last 12 months, in an appropriate dose 
form at a minimum frequency of either:

 (a) One daily dose for at least two consecutive or non-consecutive weeks, or
 (b) One or more doses per week for at least three consecutive weeks or
 (c) One or more doses per week for at least four consecutive or non-consecutive weeks

 2. They had taken two or more different PFS, in an appropriate dose form, at a 
minimum frequency of one or more doses per week, with the sum of the usage 
period of the two or more products being equal to at least 4 weeks.

3.4.1.4  Instruments and Variables

A short screening questionnaire was used to identify consumers who met the survey 
inclusion criteria; it consisted of six questions which allowed interviewers to iden-
tify eligible consumers, based on the product(s) used, the frequency and duration of 
use and the dose form. Eligible consumers subsequently completed a more detailed 
questionnaire on their PFS usage in the preceding 12 months, providing details of 
product/plant names, dosage forms, frequency of use, reasons for use, adverse 
effects, places and patterns of purchase and information sources on products. These 
questions were asked for each of up to a maximum of five different PFS used. In 
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addition, respondents were asked to provide socio-demographic data including age, 
gender, level of education and employment status, as well as self-reported height 
and weight and further health-related lifestyle information.

3.4.1.5  Survey Administration and Data Collection

Fieldwork and data collection for the cross-sectional survey were conducted by 
the international market research company EFG, from May 2011 to September 
2012. The duration of the fieldwork ensured that any seasonal variability in 
usage of products was captured. The survey protocols and instruments—training 
material, information sheet, informed consent, screening and usage 
 questionnaires—were initially  developed in English by consensus amongst the 
research team, and subsequently translated into the respective languages in each 
of the survey countries. Pilot  interviews were conducted in each participating 
country to assess the  comprehension of the questions and to determine the time 
required to complete the survey.

In each participating country, trained interviewers systematically screened 
 approximately 1000 individuals during the first 3 months of the survey, which allowed 
the estimation of the prevalence rate. Subsequently, screening and recruitment were 
 conducted on a convenience basis. The recruited eligible consumers were interviewed 
face-to-face and the more detailed PFS usage questionnaire completed.

3.4.1.6  Data Preparation and Statistical Analysis

All data from the completed surveys were entered into the statistical package SPSS 
for Windows v. 18 (IBM Corporation, Somers, NY, USA), which was also used for 
data analysis.

Following review of the completed interviews by the research team in each 
country, a database with botanical composition data for all PFS products reported 
was compiled for each country and then merged into a single database. Potential 
product duplicates between countries were not removed. Each product was coded 
for its botanical ingredients in scientific, English and local names and botanicals 
were coded after removing duplicates between countries. Additionally, each prod-
uct was categorised as a single- or multi-botanical product. To indicate the cer-
tainty of the matching of products, a series of numerical codes were used, based on 
those used in the National Health and Nutrition Examination Survey 2005–2006 
(NCHS 2009). Values ranged from 1 to 5, where “1” indicated an exact match, “2” 
a probable match, “3” a reasonable match, “4” a default match and “5” no match. 
Only products with certainty values 1–4 have been included in the analyses.

Respondent data were recorded in a separate database. A number of vari-
ables were created and/or recoded to facilitate reporting and analysis, includ-
ing: (1) “education level”, defined as low, medium, and high; (2) “BMI”, which 
was calculated from self-reported weight and height, and for which WHO cri-
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teria (WHO 2013) were used to categorise individuals as underweight 
(BMI < 18.5 kg/m2), normal weight (BMI 18.5 ≤ 25 kg/m2), overweight (BMI 
25 ≤ 30 kg/m2) and obese (BMI > 30 kg/m2); (3) “physical activity”, calculated 
using the short version of the IPAQ (Craig et  al. 2003) and defined as low, 
moderate or high.

Absolute frequencies and percentages for each of the variable categories were 
used to describe the qualitative nominal/ordinal and discrete quantitative survey 
data. In turn, all data have been stratified by gender, age range and country—also 
using absolute frequencies and percentages and 95% confidence intervals. When 
describing the association between two qualitative variables (nominal or ordinal), 
contingency tables were used. The continuous quantitative variables (e.g. BMI, 
alcohol) were recoded into categorical variables.

It is important to note that when reporting the main results of the survey, the unit 
of analysis varies depending on the variables used, i.e. for certain variables the unit 
is an individual respondent, however, given the potential intake of multiple supple-
ments by one respondent, the unit of analysis may change to the supplement level. 
Furthermore, all results presented in the tables represent the analysis of raw data as 
opposed to data weighted by the population size. Data were not weighted because 
of the study methodology selected, whereby all country samples were very similar 
in size and included only PFS consumers.

3.4.1.7  Validation Study

In order to validate the PFS usage questionnaire, a validation study was conducted 
in which the data collected using the survey instruments were compared with a 30 
to 180-day diary (used as the gold standard). The study was conducted in two of the 
PlantLIBRA consumer survey cities: Las Palmas de Gran Canaria (Spain) and 
Milan (Italy), where 48 and 49 consumers respectively were recruited using conve-
nience sampling. The PFS usage questionnaire was completed by the respondents at 
the beginning and at the end of the 6-month period of the validation; during this 
time the consumers also completed the usage diary. Data from the last questionnaire 
and the diary were compared for concordance, and results indicated a good agree-
ment for product consumed, dose form and doses per day.

3.5  Usage of Food Supplements Containing Botanicals 
Across Europe: Results from the PlantLIBRA PFS 
Consumer Survey 2011–2012

The purpose of this section is to present some selected results from the  retrospective 
PlantLIBRA PFS Consumer Survey 2011–2012—conducted in  consumers from six 
European countries, which include the characteristics of the PFS consumer sample, 
the type of PFS usage reported and the most frequently used botanical ingredients 
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in these products. A discussion is also included in which the issues associated with 
measuring usage of PFS in European populations are  highlighted and recommenda-
tions for future research are made. The content  presented in this section has been 
adapted from Garcia-Alvarez et al. 2014.

3.5.1  Characteristics of the PFS Consumer Sample

A final sample of 2,359 consumers (those eligible and willing to participate) 
was recruited from 11,783 screened individuals (Table  3.2). Due to different 
legal  frameworks (different distribution of botanicals in food supplements and 
medicinal products), more individuals had to be screened in Finland in order to 
recruit the required 400 consumers. Table 3.2 also shows the sample used for 
the estimation of the usage prevalence rate. The estimated weighted overall PFS 
usage prevalence rate was 18.8% and per-country rates were as follows: Finland 
9.6%, Germany 16.9%, Italy 22.7%, Romania 17.6%, Spain 18.0% and the 
United Kingdom 19.1%.

Survey respondents were recruited to fixed quotas for age and gender, which 
were achieved, with some differences within countries (Table 3.3). In Finland the 
proportion of adults aged 50-59 years was significantly higher (26.2%), whilst 
the opposite was true in Italy, where consumers in that age group constituted only 
13.0% of adults. Romania had a significantly higher number of consumers in the 
youngest age group (30.5%), in contrast to Spain and the United Kingdom, where 
this age group represented only 9.5% and 9.0% of adult consumers, respectively. 
A significantly higher proportion of female consumers were recruited in Spain 
(56.7%) and in the United Kingdom marginally more males were recruited 
(50.3%). Across all countries, more than half of the participants (57.5%) were 
employed (Table 3.3), with the percentages slightly lower in Finland (50.9%) and 
in the United Kingdom (52.4%). The majority of participating consumers were 
educated to medium level (Table 3.3).

Respondents were asked a number of questions regarding health-related lifestyle 
factors (Table 3.3). Less than half of the consumers had never smoked (46.6%), less 
than one quarter were ex-smokers (23.1%) and less than one third were current 
smokers (30.3%).

More than half of the total respondents (59.3%) had not consumed alcohol or had 
consumed it less than once daily; more than a tenth (12.6%) reported daily alcohol 
consumption.

The proportion of overweight and obese people in the survey was 49.8% 
(Table 3.3). Some significant differences in levels of physical activity were noted 
between countries. High levels of activity were reported by 85.5% of Romanian 
respondents compared to a value of 42.9% across all countries.

Most of the respondents (65.1%) reported not being regular consumers 
of food supplements other than PFS in the preceding 12 months, except for 
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Finland (Table 3.3). The proportion of non-consumers varied from 20.7% 
in Finland to more than 80% in the United Kingdom and Italy. By contrast, 
in Finland 76.3 % of the individuals were regular consumers of food 
supplements.

Over half of all respondents (59.5%) reported not having used CAM therapies/
treatments in the past year. This is particularly the case in Italy (74.6%), Romania 
(80.8%) and the United Kingdom (92.6%).

Three quarters of consumers reported their health status as very good or good 
(75.5%), while 3.6% reported it as bad or very bad and 21.0% as neither bad nor 
good (Table 3.3). Between countries, more consumers reported their health status as 
very good or good in Romania (81.3%) and in the United Kingdom (81.1%) than in 
other countries; though conversely the highest proportion reporting their health 
 status as bad or very bad was also in the United Kingdom (7.6%).

3.5.2  PFS Products Used

Respondents reported a total of 1288 products across the six countries. At individual 
country level, the highest numbers of different PFS were used in Italy (289) and 
Spain (284); in the United Kingdom, the number of different PFS was approxi-
mately half that of the other countries (Table 3.4). The number of different botanical 
ingredients was 491, with the maximum number of different botanicals contained in 
a single product being 46 and present in a German product. The United Kingdom 
differed from the other countries as the products reported contained a lower number 
of botanical ingredients (maximum 8).

3.5.3  Botanicals Used

A total of 491 botanicals—used in at least one PFS—were reported across the six 
participating countries. An overview of all the reported botanicals—clustered by 
intervals of frequency of intake (number of consumers ranging from 194 to 5)—is 
shown in Table 3.5. Based on the survey results, the eleven most frequently used 

Table 3.4 PlantLIBRA’s PFS consumer survey—characteristics of PFS reported by respondents

Total Finland Germany Italy Romania Spain
United 
Kingdom

Number of products 1288 213 190 289 196 284 116
Number of botanicals 491 196 191 222 219 218 47
Number of 
manufacturers

449 69 99 106 61 97 17

Maximum number of 
ingredients per product

46 23 46 20 39 30 8

A. Garcia-Alvarez et al.
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botanicals (numbers of consumers ranging from 194 to 100) in descending order are 
Ginkgo biloba (ginkgo), Oenothera biennis (evening primrose), Cynara scolymus 
(artichoke), Panax ginseng (ginseng), Aloe vera (aloe), Foeniculum vulgare (fen-
nel), Valeriana officinalis (valerian), Glycine max (soybean), Melissa officinalis 
(lemon balm), Echinacea purpurea (echinacea) and Vaccinium myrtillus (blueberry) 
(Table 3.5).

Table 3.6 shows the overall unweighted ranking of botanicals, 1–40, according to 
the number of consumers, in decreasing order. Table  3.6 also shows that when 
unweighted overall data are stratified by gender, only slight differences between 
men and women become evident and only Glycine max (soybean) was used signifi-
cantly more by women than by men (Table 3.6).

Cross-country differences emerge when considering the overall top-40 botani-
cals more frequently present in PFS products in each of the individual six countries 
(Table 3.7). In the Finnish sample, products containing Glycine max (soybean) are 
the most frequently used, followed by those containing Echinacea angustifolia and 
purpurea (echinacea). German consumers reported Ginkgo biloba (ginkgo), Cynara 
scolymus (artichoke) and Olea europea (olive) as the most frequently used 
 botanicals; whilst in Romania, Ginkgo biloba (ginkgo) was also the ingredient most 
frequently indicated, followed by Aloe vera (aloe) and Panax ginseng (ginseng). 
Amongst Italian consumers, Aloe vera (aloe) was the most frequently used  botanical, 
followed by Foeniculum vulgare (fennel) and Valeriana officinalis (valerian). In 
Spain, PFS containing Cynara scolymus (artichoke) were the most frequently used 
products, followed by those containing Valeriana officinalis (valerian) and 
Equisetum arvense (horsetail). In the United Kingdom, Oenothera biennis (evening 
primrose) was by far the most frequently reported botanical ingredient, followed by 
Panax ginseng (ginseng) and Hypericum perforatum (St. John’s wort). In addition, 
there is a great variation in the ranking of consumed botanicals among countries.

3.5.4  Discussion

This section reports the findings from a European multi-country survey of PFS 
consumers: the PlantLIBRA PFS consumer survey. Data on the usage of PFS at 
the European level are limited, confined in the main to commercial market data 
(EAS 2007) as opposed to consumer survey data, as evidenced in the review by 
Bishop and Lewith (2010), where only 13% of population based consumption stud-
ies were in Europe. The European Food Safety Authority (EFSA) has recognised 
the lack of data in the sector and has published a number of reports addressing 
related issues (EAS 2009; EFSA 2012).

This is the first survey of consumers of PFS undertaken in Europe. In total 2359 
consumers of PFS were recruited in this cross-sectional retrospective survey. Across 
all countries prevalence of usage is estimated at 18.8%. Vargas-Murga et al. (2011) 
highlighted that comparable data at European level is difficult to identify when 
reviewing prevalence data from a selected number of European studies, evaluating 

3 Assessment of Food Supplements Containing Botanicals in Epidemiological Research
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PFS or CAM usage, with values ranging from 0.8% to 70%. All studies were based 
on nationally representative samples but the definition of use of supplements varied 
widely, in some cases being self-defined by the participant and not distinguishing 
between PFS and HMP. The use of dietary supplements in a European population 
was measured in the European Prospective Investigation into Cancer and Nutrition 
(EPIC) study (Skeie et  al. 2009). Usage was measured by completion of a stan-
dardised 24-h dietary recall and included all dietary supplements that met the EU 
Directive 2002/46/EC. Results indicated significant differences in overall dietary 
supplement use between countries with herbs/plant-based supplements representing 
8-17% of the products used across the ten countries.

The prevalence rate reported here can be compared to rates from surveys con-
ducted in the United States, where data on usage of dietary supplements, including 
herbal supplements, is collected more routinely. It is similar to the rate reported in 
the 2002 and 2007 National Health Interview Surveys (NHIS), 18.9% and 17.9% 
respectively (Wu et al. 2011); higher than the rates of both the Eisenberg’s survey 
(Eisenberg et al. 1998) and the Slone survey (Kaufman et al. 2002), with 14% and 
12.1% respectively; and lower than the 2002 Health and Diet Survey (42%) (Timbo 
et  al. 2006) or the 1999 Kaiser Permanent Medical Care Program of Northern 
California (KPMCP), with a prevalence of 28.3% (Schaffer et al. 2003). These dif-
ferences in prevalence across studies may in part be due to the distinct selected 
population samples, survey methodologies (i.e. sampling methods, data collection 
techniques) or definitions of usage, as well as possible variations in health beliefs 
and health behaviour of the different populations of study (Vargas-Murga et  al. 
2011; Schaffer et al. 2003).

Survey respondents were recruited to set quotas for both age and gender to reflect 
characteristics previously reported for dietary supplement users. Age and gender are 
significant determinants of the consumption of dietary supplements in general and 
in botanical products in particular. Previous studies on the use of dietary supple-
ments or other herbal-related use show a higher consumption among women as 
compared to men (Menniti-Ippolito et al. 2002; NCHS 2009; Schaffer et al. 2003; 
Messerer et al. 2001; Nilsson et al. 2001; Nielsen et al. 2005; Thomas et al. 2001) 
and a higher consumption among older adults as compared to younger adults 
(Schaffer et  al. 2003; Foote et  al. 2003; Radimer et  al. 2004; Kelly et  al. 2005; 
Bailey et al. 2013).

Other characteristics of dietary supplements users that have been reported previ-
ously in the literature include having higher educational attainment and socioeco-
nomic status (Schaffer et al. 2003; Rock 2007; Block et al. 2007), being less likely 
to smoke (Harrison et al. 2004; Bailey et al. 2013; Touvier et al. 2009), being more 
physically active (Harrison et al. 2004; Foote et al. 203; Bailey et al. 2013). Bailey 
et al. also reported a moderate alcohol consumption (1 drink per day) among dietary 
supplement users as compared to nonusers. In contrast, a study by Rovira et  al. 
(2013) in a southern European population found no differences in lifestyle factors 
such as physical activity, smoking, and alcohol consumption between dietary sup-
plement users and non-users. The PlantLIBRA survey population consists exclu-
sively of PFS consumers, but their responses to a series of questions on health-related 
lifestyle factors reflect some of the characteristics mentioned above. The majority of 
PFS consumers perceived their health status to be “very good or good”, reflecting 
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results reported in a number of studies on dietary supplement users (Bailey et al. 
2013) and CAM and dietary supplement users (Schaffer et  al. 2003), where the 
answer “very good or excellent” has been reported for self-reported health status.

A wide variety of botanicals (491) was used in PFS consumed by the respondents 
in this survey. Overall raw data show that the most frequently (n > 100) used botani-
cals in descending order are Ginkgo biloba (ginkgo), Oenothera biennis (evening 
primrose), Cynara scolymus (artichoke), Panax ginseng (ginseng), Aloe vera, 
Foeniculum vulgare (fennel), Valeriana officinalis (valeriana), Glycine max (soy-
bean), Melissa officinalis (lemon balm), Echinacea purpurea (echinacea) and 
Vaccinium myrtillus (blueberry). These results reflect some commercial data, which 
reported that ginkgo followed by echinacea, garlic and ginseng were the four most 
commercially important botanicals in the combined markets of seventeen EC 
Member States. In this data, echinacea and ginkgo were part of the composition of 
products registered as medicines (EAS 2007; Vargas-Murga et  al. 2011), which 
were excluded from the PlantLIBRA survey. Similarly, the US Food and Drug 
Administration 2002 Health and Diet Survey, also a 12-month retrospective study, 
reported the same four herbs/botanicals/or other nonvitamin-nonmineral dietary 
supplements being the most used by its adult population—although in the following 
order: echinacea, garlic, ginkgo and ginseng (the latter including tea) (Timbo et al. 
2006). Schaffer et al. also reported echinacea as the most consumed botanical in the 
Californian 1999 KPMCP survey, followed by ginkgo (Schaffer et  al. 2003). 
Differences between countries are more evident; the top list of botanicals contained 
in PFS for each single country complies little with the ranking of the overall data. 
As mentioned earlier, data were not weighted by country population size because of 
the study methodology which included very similar country-sample sizes of PFS 
consumers only, therefore caution is needed when drawing conclusions from these 
results at the overall 6-country level. Overall data merely describes the collected 
pooled data from all 6 countries. However, if the overall ranking data were to be 
weighted by the population size—for example the 1–5 ranking data—the positions 
of the botanicals would have been only slightly altered, with Oenothera biennis 
(evening primrose) being the most consumed one, followed by Cynara scolymus 
(artichoke) Ginkgo biloba (ginkgo), Panax ginseng (ginseng) and Aloe vera (aloe).

The results of the survey highlight clear differences between countries in terms of 
the botanicals used by consumers as PFS. This may reflect the fact that the current 
legal and regulatory framework for botanicals has a major influence on the nature of 
the local PFS markets. The EU Directive 2002/46/EC does not provide a clear  definition 
of what is encompassed by the term ‘other substance with a nutritional or  physiological 
effect’, although it is generally accepted that botanicals and their extracts fall into this 
category. Current legislation varies across Europe, with significant differences in the 
botanical species permitted in PFS. These issues were highlighted in a recent review of 
the regulations applicable to PFS in the European Union by Silano et al. (2011). They 
provide examples of the different national approaches for the use of selected botanicals 
in food supplements in the EU Member States.
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To illustrate the above complexity, in Germany, food supplements are regu-
lated by the German Regulation on Food Supplements (Verordnung über 
Nahrungsergänzungsmittel 2004) and the German Law on Food and Feed (Lebensmittel 
2013). Positive lists are available for minerals and vitamins. Food supplements have to 
be registered with the Federal Office of Consumer Protection and Food Safety (BVL 
2010). The BVL maintains a list of plants which are either classified as a food or a 
medicinal product, and which is neither considered complete nor legally binding (BVL 
2010). Data on the intake of PFS in Germany is limited and, despite food supplement 
intake being recorded in recent health and nutrition surveys (Finger et  al. 2013; 
Bundesinstitut für Risikobewertung 2013; Max Rubner Institut 2008), no specific data 
was published on PFS intake. The results from the PlantLIBRA consumer survey do not 
include Valeriana officinalis in the German top list of botanicals used in PFS, whereas 
1852 medicinal products containing Valerian exist on the market (Lebensmittel 2013). 
The absence of Valeriana officinalis in the German list of botanicals can be explained 
by its dominant presence as a HMP in the German market.

The results of this survey represent some of the first data on the usage of PFS at 
European level, thus addressing the existing deficit of such data by collecting retro-
spective data directly from consumers in six European countries. The benefits of the 
data collection instrument used in this study included that it was relatively straight-
forward to administer, did not alter habitual usage patterns and allowed the classifi-
cation of individuals into categories of usage. However, the results must be 
considered in the light of their limitations. The sample population comprises exclu-
sively of PFS consumers, recruited to meet very specific inclusion criteria and hence 
no comparisons can be made with the general population. Future studies should 
seek to compare users and non-users of PFS.

Further limitations relate to the retrospective nature of the data being collected. 
In many cases respondents needed to rely on memory to report usage of products in 
the preceding 12  months. Where products are available for inspection at data 
 collection, there is a need for careful recording of product details to ensure accurate 
coding. The lack of a comprehensive product database containing reliable  ingredient 
information meant a bespoke database needed to be created.

3.5.4.1  Recommendations

Future studies should seek to collect prospective data. Prospective dietary intake 
surveys offer an ideal opportunity to collect data on supplement use in conjunction 
with data on food and beverages. Care needs to be taken to collect sufficiently 
detailed information about ingredients and amounts consumed. This research 
encourages further research that implements future surveys/studies to overcome the 
bottlenecks in PFS risk and benefit assessments at the European level.
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3.6  Food Supplements Containing Botanicals in Health 
and Disease

Plant food supplements (PFS) usage and recommendations of use are not fully 
evidence based, but rather are based on tradition and epidemiological data showing 
no adverse effects (Silano et al. 2011). Trends data indicate that PFS consumption 
is increasing, not only in the USA but also in European countries (Vargas-Murga 
et al. 2011). As such, communication and information related to PFS should be 
as evidence based as possible. This section presents a systematic review conducted 
with the purpose of analysing the uses that PFS have in gastrointestinal health and 
disease (laxative, carminative and hepatoprotective effects). The plants selected for 
this study were Cassia senna, Buckthorne, Artichoke, German Chamomile, Milk 
thistle, Lemon Balm, Fennel, Anise, Boldo and Desert Indianwheat.

3.6.1  Methodology

A preliminary Pubmed search identified the ten most relevant PFS in relation to 
gastrointestinal uses (constipation, dyspepsia and liver protection or hepatopro-
tection). The selection of the plants to be reviewed was based on the number of 
publications found (including studies in vitro and in vivo) and PlantLibra part-
ners’ knowledge suggestions. Accordingly, the botanicals selected for inclusion 
in the review as being the most adequate for gastrointestinal functioning were 
CassiaSenna (Cassia angustifolia Vahl./Cassia senna L.), Buckthorne (Rhamnus 
purshianus D.C.), Artichoke (Cynara scolymus L.), German Chamomile 
(Matricaria recutita L. *), Milk thistle (Sylibum marianum Gaertner *), Lemon 
Balm (Melissa officinalis L. *), Fennel (Foeniculum vulgare Miller *), Anise 
(Pimpinella anisum L.), Boldo (Peumus boldus Molina *), Desert Indianwheat 
(Plantago ovata Forsk). Two of them are stimulants (containing anthracenic 
derivates from Cassia senna and cascara) as well as bulk forming (containing 
fibre and mucilags from Plantago ovata). Pimpinella anisum, Matricaria recu-
tita, Foeniculum vulgare and Melissa officinalis are considered carminative 
plants, while Cynara scolymus, Peumus boldus and Sylibum marianum play a 
beneficial role as hepatic plants.

Search strategy:
Electronic searches were carried out on EMBASE, MEDLINE, SciFinder Scholar 
and Cochrane library, from January 1970 to December 2010. An update of the 
search was conducted including the information published from January 2011 to 
July 2013.

The key words and search strategy conducted followed the sequence: (1) 
Scientific name, common name and other synonymous; (2) fortified food* or 
enriched food* or fortification; (3) control* stud* or Random* control* stud* 
or control* trial* or Random* control* trial* or clinical* stud* or Random* 
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clinical* stud* or clinical* trial* or Random* clinical* trial* or clinical* con-
trol* trial* or Random* clinical* control* trial* or clinical* control* stud* 
Random* clinical* control* stud* or RCT or human intervention* or human 
intervention* stud* or human intervention* trial*; (4) #1 not #2; (5) #4 and #3. 
The search strategy was adapted to each data base methodology. Only studies 
published in English and with an abstract were included in the analysis. A two 
stage study selection was applied, the first one based on abstracts and a second 
one based on full papers. Three researchers conducted the initial screening and 
two researchers identified relevant papers based on full papers. Disagreement 
in the study eligibility was resolved by consensus between the three researchers 
responsible for the initial screening. The abstracts obtained from the initial 
search strategy were reviewed to identify those that had affirmative answers to 
the following questions: Does the paper address a targeted PFS? Does the paper 
address the gastrointestinal health area? Is it a human intervention study? Is the 
intervention a randomized controlled trial (RCT)? Is the botanical under study 
prepared as a supplement/food/extract (and not as a food fortificant)?

Whenever the above assumptions were not met, the abstract was excluded 
from the analysis. The results of the initial search were combined in Refworks 
and thus duplicates were identified and removed. Data extraction was con-
ducted in a  database (MS Access). A second researcher checked 10% of the 
data extraction forms. Papers were stored in a reference manager (Endnote 
X1.0.3).

The quality of the studies included in the analysis was evaluated by identifying 
the randomization procedures as described in the publication.

3.6.2  Results

The search strategy identified 554 references, 137 of them were duplicates and 
thus, they were removed. The remaining references were considered for 
 applying the selection criteria. Three hundred and forty-one studies were 
excluded due to the following reasons: no information about the type of 
 preparation, post marketing surveillance information, experimental studies (in 
vivo and in  vitro studies), validation studies, studies evaluating herbal teas, 
studies evaluating clinical effects of the PFS. The remaining 76 citations were 
potentially relevant and retrieved for assessment. A final selection of 36 studies 
remained for the analysis. An updated search conducted in August 2013 
 provided 50 publications (eight of them were duplications). Only one study 
dealing with Sylibum marianum supplements was included in the analysis.

No studies were identified for the other plants.
Only 19 of the publications gave information about the sequence generation, 

which indicated a low risk of bias in eight of the studies (Higgins and Green 2011). 
Table 3.8 shows the main results.
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3.6.3  Discussion

This systematic review summarises the evidence for the beneficial effects of 
the ten most common digestive plants, of which Plantago ovata, Cassia Senna 
and Sylibum marianum were the main plants found in the review. The  discussion 
about whether the selected PFS are suitable for gastrointestinal uses is limited 
by the heterogeneity of the studies, in terms not only of the pathology under 
study, treatment applied (dosage and duration), study population, outcomes, 
etc., but also in terms of the study design. Although being RCTs, few studies 
inform about the strategy followed to randomize and allocate individuals, 
blinding, etc.

3.6.3.1  Plantago ovata

Plantago ovata (also known as Psyllium Husk) obtained from Plantago ovata 
Forssk. [P. ispaghula Roxb.] (Plantaginaceae) is particularly rich in alimentary 
fibres and mucilages. Its mucilage content is higher than that of other Plantago spe-
cies. The active ingredient of Plantago ovata consists of water-soluble fibre. 
d-xylose, l-arabinose, rhamnose and d-galacturonic acid are the main polysaccha-
ride fraction components.

Plantago ovata absorbs about 40 times its own weight of water, increases stool 
weight and enhances bowel movements. Its use as a bulk forming evacuator has 
been advocated in the treatment of constipation under different conditions (Gilani 
et al. 1998; Ford et al. 2008; Alonso-Coello et al. 2005).

The beneficial effects of Plantago ovata was assessed in 12 studies. Three of 
them were conducted specifically in individuals with irritable bowel syndrome, as 
bulking agents are often recommended as part of the initial treatment. These three 
studies were also included in a recent meta-analysis that evaluated the effect of 
fibre, antispasmodics, and peppermint oil in the treatment of irritable bowel syn-
drome (Franz 1993). The authors found that, taking into account only the studies 
with the highest quality (in terms of study design and analysis), Plantago ovata was 
not statistically effective in treating irritable bowel syndrome. Nevertheless, the 
authors of the meta-analysis concluded that Plantago ovata, together with antispas-
modics (preferably hyoscine as first line treatment) and peppermint oil could be 
considered as a recommended therapy for irritable bowel syndrome.

The laxative effect of Plantago ovata compared to glycerin oil or placebo was 
evaluated in three studies conducted in individuals with haemorrhoids (suffering 
either grade III or IV haemorrhoids, bleeding internal haemorrhoids or symptomatic 
haemorrhoids). In agreement with the review by Alonso-Coello et al. (2005), the stud-
ies showed an improvement in the treatment of symptomatic haemorrhoids (although 
without showing a beneficial effect on the degree of prolapse, pruritus or bleeding).
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3.6.3.2  Cassia senna

The leaves and fruits of two species of Cassia senna: Cassia senna L. [C. acutifolia 
Delile], known as Alexandrian or Khartoum senna and Cassia angustifolia Vahl, 
known as Tinnevelly senna, or a mixture of these two, belong to the Fabaceae 
 family. The main active constituents are sennosides A and B, which are rhein-dian-
throne diglycosides. Smaller amounts of other dianthrone diglycosides, 
 monoanthraquinone glycosides and aglyka are also present (Kolts et al. 1993). A 
recent review has evaluated scientific literature and experts’ opinion, pharmacology, 
folklore and the history of senna (Staumont et al. 1988).

Cassia senna is used as a laxative for the treatment of constipation. The 
 anthraquinone derivatives are activated by colonic bacteria and have a direct 
effect on the intestinal mucosa by increasing the rate of colonic motility, 
 enhancing colonic  transit, and inhibiting water and electrolyte secretion (Wilkins 
and Hardcastle 1970; Morales et al. 2009; Leung et al. 2011). Although there 
has been intense debate as to the potential risk of colonic carcinoma when 
anthraquinones are taken at higher doses than the recommended and when used 
chronically, the evidence does not  support such a relationship (Flora et al. 1998).

The results of the studies included for the review indicate that Cassia senna does 
not produce additional advantages over other laxative treatments in terms of 
 improving benefits or causing lower side effects. As stated recently, the 
 recommendation for treating chronic constipation indicates that Cassia senna and 
other stimulants are in the third line of pharmacological recommendations (with a 
bulk-forming agent such as psyllium or bran being the first choice and a stool 
 softener/osmotic agent such as lactulose, PEG, or docusate the second choice). 
Pharmacological agents are recommended when dietary fibre, exercise, and fluids 
do not improve the symptoms (Wagner et al. 1974).

3.6.3.3  Sylibum marianum

Fruits and seeds of Sylibum marianum (L.) Gaertner (or milk thistle plant), belong-
ing to Asteraceae family (a family of Angiosperms that include daisies, asters and 
sunflowers), are widely used for “liver support”. Sylibum marianum preparations 
can be used as a supportive treatment of acute or chronic hepatitis and cirrhosis 
induced by alcohol, drugs or toxins, because of its antioxidant, anti-inflammatory 
and iron chelating properties (Polyak et al. 2013). The beneficial effect of Sylibum 
marianum is attributed to its main bioactive compounds flavonolignans, collectively 
known as silymarin. Silymarin complex is composed of four isomers: silybin, isosi-
lybin, silychristin and silydianin (Lattanzio et al. 2009). Most of the studies included 
in the review reported no benefits on improving liver enzymes in individuals with 
hepatitis C, in accordance with a review conducted by Polyak et al. (2013).
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3.6.3.4  Cynara scolymus

The leaves of Cynara scolymus L. [Cynara cardunculus L.] (Asteraceae), also 
known as globe artichoke, are traditionally used for the symptomatic relief of diges-
tive disorders such as dyspepsia, bloating and flatulence. Its major constituents are 
phenolic acids (chlorogenic acid, cynarin, cynaragenin, cynarapicrin, and caffeic 
acid); bitter sesquiterpene lactones (cynaropicrin); flavonoids (scolymoside, cyn-
aroside and cynarotrioside) and phytosterols (Karlsen et al. 1969).

The three studies selected for the review reported the effects on two types of 
digestive disorders (dyspepsia and hangover symptoms) and on blood lipid levels. 
Regarding the role of Cynara scolymus on improving blood cholesterol levels, a 
recent review (based on the evaluation of three randomized controlled trials includ-
ing 262 patients) suggested a modest positive effect of the PFS on blood cholesterol 
levels, an effect that is not compelling enough to recommend it as a treatment option 
for hypercholesterolaemia (Miraldi 1999).

3.6.3.5  Foeniculum vulgare

The seeds of Foeniculum vulgare Miller subsp. vulgare var. dulce (Miller) Thellung 
(Apiaceae), known as sweet fennel, have traditionally been used in the symptomatic 
treatment of mild, spasmodic gastro-intestinal complaints including bloating and 
flatulence. The beneficial effect of fennel seed is attributed to its volatile oil, which 
contains anethole, fenchone and estragole (Lattanzio et al. 2009; Wider et al. 2013).

The sole study found, showed that standardized fennel seed oil emulsion was 
effective in reducing the intensity of infantile colic.

3.6.4  Conclusions

The studies with comparable data showed that Plantago ovata can be of use as to 
alleviate the symptoms of irritable bowel syndrome (if combined with antispasmod-
ics) and haemorrhoids in adults. No evidence was found to support the use of Cassia 
senna or Sylibum marianum for gastrointestinal uses. The heterogeneity of the stud-
ies reviewed, in terms of herbal preparations, posology, duration of use, population 
under study and outcomes of interest, do not allow for the drawing of other definite 
conclusion about the PFS uses for gastrointestinal health. Further adequately 
designed RCTs addressing specific gastrointestinal conditions, age group popula-
tions and evaluating concrete treatment dosage and duration are needed to elucidate 
the efficacy of PFS on gastrointestinal health.
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Abstract Making health claims for botanical and plant food supplements (PFS) 
requires serious investigation and a collection of scientific evidence. The present 
chapter summarizes different aspects that should be considered for the evaluation of 
PFS benefits. Well-designed translational in vitro methods combined with human 
studies provide the best predictive information about their efficacy and safety. In 
vitro studies should rely on the most predictable cellular model to investigate the 
molecular mechanisms underlying the biological effect, based on approved standard 
operating protocols. Studies in the scientific literature generally do not consider the 
metabolic conversion of PFS and their active principles, as well as the chemical 
preparation of the extracts. To obtain the highest relevance for health claims, human 
 studies should always describe inclusion criteria, group size, characterization of the 
intervention material, the control, blinding, duration of intervention and the reporting 
of study events. Furthermore, suitable use of in vivo validated biomarkers must be 
combined with large intervention studies to support health benefit of PFS.
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4.1  Traditional Use as Source of Botanicals with Biological 
Activity

Botanicals, which are basis of many plant food supplements (PFS), constitute the 
major part of worldwide and historically founded traditional medicines (TM) used 
to cure diseases and maintain health. A recently published trilogy called “The Art 
and Science of Traditional Medicine”, published by Science/AAAS (2015a, b, 
2014) reveals many research aspects and examples of TM including the complexity 
of efficacy and safety testing of botanicals. It also exemplifies currently available 
innovative options to ensure and improve quality of TM (from Traditional Chinese 
Medicine, to Ayurveda and classic Greek, Roman and Celts’ medicines). The WHO, 
who in view of their Traditional Medicine Strategy 2014–2023 triggered this tril-
ogy, aims to promote TM as a worldwide affordable health care option. In addition, 
because the use of TM, including botanicals and plant food supplements (PFS), are 
increasing in popularity, the WHO favours instalment of better regulations on the 
use of PFS.  In the editorial of this trilogy the WHO asks attention for three key 
objectives when considering TM, that is: (1) to build a knowledge base for active 
management of traditional medicines through national policies, aimed at under-
standing and recognizing the potential of TM and at global harmonization and 
knowledge generation; (2) to strengthen quality assurance, safety, proper use and 
effectiveness of TM by regulating TM products, practices and practitioners; and (3) 
to promote universal health coverage by integrating TM services into health care 
service delivery and self-health care.

Safety and efficacy evaluations of Western medicines of the last five centuries 
have largely relied on animal testing, mostly using rodents. The last 20–30 years, 
however, animal test-free options have become more in use, partly driven by  societal 
concerns about animal use. But more importantly scientists are becoming 
 increasingly aware of the fact that well-designed translational in vitro methods 
 combined with human studies provide better predictive information about efficacy 
and safety of a new health care products, including PFS.

This chapter aims to review aspects of interest and attention, when considering 
the use of a traditional approach for testing efficacy of PFS as a type of TM.

4.2  Design of Molecular, Cellular and Human Intervention 
Studies for Assessing the Potential Health Benefits 
of Botanicals

Biological activities of certain PFS have been assessed in human intervention stud-
ies and several systematic reviews have been published from the PlantLIBRA proj-
ect (Di Lorenzo et al. 2013a; Dell’Agli et al. 2013). These assessments of benefits 
in human intervention studies are considered the strongest level of evidence for 
efficacy. However, when assessing new PFS, or determining the mechanism of 
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action of the PFS or its pure components, in vitro assays are conducted initially 
prior to an expensive commitment to an intervention study. In vitro investigation 
could provide new relevant information to approach the following human studies; in 
addition, in vitro evidence play a key role when the molecular target has to be iden-
tified, providing useful information on the molecular target modulated by the active 
principles occurring in PFS.

4.2.1  What is Necessary and Desirable for Optimum Design 
of In Vitro Assays?

In recent decades, strenuous efforts have been made to study the beneficial and 
safety effects of PFS ingredients using in vitro studies; however, most of them have 
only a limited predictive value. In this section we will try to elucidate what is neces-
sary and desirable to design a suitable in vitro assays for the purpose of efficacy and 
safety evaluation of PFS.

Many reports have been published where an ingredient of a PFS, as extract or 
a purified component, have been tested using in vitro assays. When an effect is 
observed, conclusions are then drawn on the biological activity. However, before 
in vitro testing can be considered of any human relevance the following points 
need to be at least considered: (1) the chemical preparation (i.e. extraction) and 
characteristics of the PFS; (2) the status of validation and (3) translational value 
of the in vitro assay (including the parameters measured); (4) absorption, 
 metabolism, distribution and excretion (ADME) of the compounds and active 
principles occurring in PFS.

It is evident that to provide reproducible biological effects the quality of the 
 prepared samples should be of guaranteed and constant composition. The validation 
status of the in vitro assays used should imply robust, reproducible outcomes. 
Preferably, in vitro assays should be based on approved standard operating  protocols 
and comply with intra- and inter-laboratory transferability. Moreover,  concentrations 
used in in vitro tests but also parameters should be relevant to the situation in man 
(based on for instance kinetic data and in vitro-in vivo translation).

When assessing and designing in vitro approaches to test potential benefits of 
PFS, it is crucial to address aspects of ADME of the potentially active components. 
However, metabolism of PFS is not always taken into account in in vitro testing and 
in particular the importance of metabolic conversion by microbiota is generally 
neglected. The reason for this is that the role of microbiota has only recently become 
more clear. Another important reason is the difficulty to include microbiota, which 
are personalized, directly into in vitro models. So, similar to safety/efficacy testing 
of food ingredients, a meaningful strategy for PFS  testing should therefore include 
careful evaluation of the composition of PFS in relation to ADME and of the pos-
sible usage by the human population (see also Blaauboer et al. 2016 for extended 
review on considerations for food ingredients).
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False indications of efficacy or safety can arise from improperly designed in 
vitro experiments, and can lead to disappointing results when using the data to 
design human intervention studies. All above points are considered in the following 
paragraphs.

4.2.1.1  Sample Preparation

Before performing in vitro assays with PFS, it is important to provide quality con-
trol and check sample variability, which is pivotal for reproducibility and standardi-
sation of biological effects. This implies that before using difficult and expensive 
approaches, it is necessary to have a robust control of plant mixture preparation 
(batch-to-batch variability), as stated for the applied in vitro assays (see above). 
Each study performed on PFS ingredients should adequately address the identity of 
the plant material, the part of the plant used, the kind and the conditions applied to 
 prepare the extract. For an unequivocal identification, the plant material should be 
compared to a drug standard and/or reliable information sources by a qualified per-
son, in general a botanist. A sample of plant material should be kept at a  botanical 
laboratory as reference standard.

Extraction is the first and most important step in recovery and purification of 
active ingredients from plant raw materials. The parameters that significantly affect 
extraction are type of solvent and volume, pressure, temperature, and extraction 
time. The extraction solvent must be able to solubilise all target compounds, and 
decrease co-extraction of matrix or undesirable components. Therefore polarity of 
the solvent should be close to that of the target compounds. Non-polar solvents such 
as hexane, pentane or a combination of non-polar with medium-polarity solvents, 
such as pentane/dichloromethane or cyclohexane/ethyl acetate, have frequently 
been used to obtain lipophilic compounds-enriched extracts. On the contrary, more 
polar solvents, such as ethanol, methanol, or water have been employed in the case 
of polar and hydrophilic compounds. Mixtures of low- and high-polar solvents gen-
erally provide more efficient extractions than individual solvents, when the target 
compounds have a wide range of polarity.

In any case, safety must be assessed initially with regard to content of solvents. 
The presence of residues of solvent must be carefully addressed according to the 
current legislation, implying that whenever possible water as solvent is preferred. 
The rules dictated by European Commission concerning the limit of solvents in 
foodstuffs or food ingredients, including botanicals, should be taken into consider-
ation carefully to ensure the safety of samples. Directive 2009/32/EC reports guide-
lines related to the use of solvents and focus on their limits in foodstuffs and food 
ingredients. For some solvents (e.g. ethanol, ethyl acetate, carbon dioxide, acetone) 
the Directive specifies only that the solvents must be used under “conditions of good 
manufacturing practice” meaning that the extraction procedure should result in the 
removal of all, or most of the solvent residues from the food ingredients. Inevitably, 
the presence of residues in the final product may be unintentional and technically 
unavoidable. For other solvents, the conditions of use and the maximum residue 
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limits are clearly established. For example, methyl acetate, used specifically for 
decaffeination of coffee or tea, must remain under the limit of 20 mg/kg in the final 
product. Methanol must be below 10  mg/kg, while dichloromethane should not 
exceed 2 and 5 mg/kg in the roasted coffee and tea, respectively (Directive 2009).

Temperature is also important in allowing an efficient extraction, considering 
that high values result in an increased diffusivity of the solvent into the matrix core 
and thus in enhanced extraction. The optimal temperature usually ranges between 
20 and 60°C. Using higher temperatures, several chemical interactions will start 
such as a reduction of the solvent viscosity and decrease of surface tension of the 
solvent. However, optimal temperature is linked to thermo-sensitivity/stability of 
the active compounds. Although several studies have reported improvement of 
extraction efficiency due to enhanced temperature (Ju and Howard 2003; Jun 2013), 
optimal temperature strictly depends on the raw material. Plants containing  essential 
oils or compounds highly sensitive to temperature, for example Valeriana officinalis 
L. and Matricaria recutita L., should not exceed 35 °C to avoid decrease of the 
 volatile components or degradation of the active principles.

The pressure is another important parameter relating to the extraction optimiza-
tion particularly when ultrahigh pressure extraction (UPE) is used. High pressure 
increases the solvent strength and the solubility of polar compounds. Furthermore, 
high-pressure treatment can increase the rate of mass transfer, enhance solvent pen-
etration into the cells by disrupting the intercellular vacuoles, cellular walls and 
impairing hydrophobic bonds in the cell membrane leading to a high permeability.

The extraction time and the number of repeated extractions are related parame-
ters, which also have a strong influence on extraction efficiency. The extraction time 
should be long enough to ensure contact between the bioactive ingredients and the 
solvent (Xi et al. 2009). The long exposure to the solvent allows the matrix to get 
soaked, thus improving penetration of solvent into the matrix allowing better inter-
action between solvent and target compounds. These details are rarely included in 
scientific papers, although some journals are now requiring the authors to give 
details about their test materials.

4.2.1.2  Validation of the In vitro Assay

The first consideration is the type of cell model employed. Often this will be dic-
tated by the target tissue, and common examples are Caco-2 cells for examining 
effects on the intestine and on absorption/metabolism, HepG2 as a model for hepa-
tocytes, and HUVEC cells as a model for the endothelium lining the blood vessels 
walls. In vitro assays using cell lines, although less representative when compared 
to in vivo models, could be reliable and predictive of the molecular mechanisms 
underlying the biological activity of plant extracts. The upcoming availability of 
complex culture techniques, including stem cell cultures, co-cultures, tissue slices, 
either or not combined with fluidics may help to decrease the gap between in vivo 
and in vitro, and in addition provide new mechanistically important knowledge.
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However, the use of phytocomplexes in in vitro assays is often hampered by the 
complexity of the molecular mixtures, with many different molecules participating 
to the overall effect, either positively or negatively, and not necessarily targeting the 
same pathway or even cell. In addition, complex mixtures of compounds, like PFS, 
may also by themselves interfere producing false positives in a variety of in vitro 
assays. As an example, the application of the tetrazolium assay (MTT test) in a 
 screening system for natural products to detect their influence on cell viability 
demands precautions. It is recommended to perform a pre-screening in a cell-free 
system to examine their intrinsic reductive (anti-oxidant) potential before any cell 
culture experiment is performed. In fact, some natural compounds may reduce the 
MTT salts to blue formazan by a cell-independent chemical reaction. When 
 reduction occurs, adequate washing procedures of cells after treatment should be 
implemented to avoid false positive results. In addition, more than one test evaluat-
ing cell viability should be included, such as measurement of lactate dehydrogenase 
and trypan blue assay. As another example, inhibitors of succinate dehydrogenase 
could strongly influence MTT assays giving misleading results.

Thus, the development, application and validation of reliable in vitro methods for 
evaluating benefit assessment should be carefully considered and preferably use 
read out parameters that can be directly translated to a relevant human situation. It 
is not likely that one assay will suffice to fully predict safety of efficacy of PFS, but 
rather a smart strategy should be followed.

In general, primary cultures (from humans or animals although humans are 
 preferred) are considered the most predictive, as primary cells mainly retain the 
characteristics of the starting tissues. However, the isolation of appropriate cells 
from primary cultures can be difficult since the cell population is heterogeneous; in 
addition, primary cells have a limited lifetime. The recently developed stem 
 cell-derived culture methods (e.g. so called organoids, spheroids etc.) may provide 
new options for testing of PFS as well. These stem cell-derived cultures have the 
advantage that they are in principle long-lasting, and can be derived from specific 
 individuals or patients allowing personalized evaluation of efficacy and safety. An 
interesting example are the intestinal organoids, which in contrast to for instance 
Caco-2 cell lines contain not only enterocytes, but also e.g. Goblet cells and 
 endocrine cells. This model has recently been shown to allow evaluation of the 
GLP1 stimulating effect of rebaudioside, which could not be done in cell-lines lack-
ing endocrine gut cells (van der Wielen 2016). Other organoid systems of relevance 
to PFS are under  development, such as for liver and skin. Of note, these innovative 
new options need similar optimization (for purpose) and validation as the classical 
tumor-derived cell lines. This will be a huge challenge, considering the increased 
complexity of these innovative culture techniques.

Several cell systems (cell lines, organoids, etc) can be useful to study the effect of 
PFS on cellular target, and are efficiently used to investigate the mechanism of action 
of a target compound. After choosing the more appropriate cellular model, character-
ization should be carried out. To evaluate complete differentiation of Caco-2 cells 
from colonocytes to enterocytes, expression of genes typically occurring in entero-
cytes and absent in colonocytes, such as α1-antitripsin (α1-AT), sucrose  isomaltase 
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(SI), apolipoprotein C3 (APOC3), and apolipoprotein A1 (APOA1), should be 
checked. This is important to correctly monitor differentiation of the cell line.

Several in vitro assays mimicking Helicobacter pylori (H.p.) gastric infection 
have been developed, including cytokine secretion and mRNA level measurements. 
After H.p infection gastric epithelial cells show higher levels of cytokines release 
including TNFα and IL-8; the latter is a potent neutrophil-activating chemokine that 
plays a central role in gastric diseases (Crabtree et al. 1995). According to the litera-
ture, the most representative in vitro assays include human epithelial adenocarci-
noma cells AGS and MKN-1 cell lines that are able to release high amount of IL-8. 
Since TNFα and IL-1β are released by immune cells during H.p. infection, thus 
increasing IL-8 secretion by epithelial gastric cells, these stimuli are advisable to 
study the effect of PFS on gastric inflammation, whereas exogenous stimuli, such as 
phorbol myristate acetate (PMA) should be avoided or used only as tool to  investigate 
molecular mechanisms.

The use of appropriate positive and negative controls should be considered. For 
example, to study the effect of PFS on the pro-inflammatory transcription factor 
NF-κB, which is involved in the downstream signalling cascades of inflammatory 
conditions, well-known NF-κB inhibitors such as parthenolide (from Tanacetum 
parthenium L.) and curcumin (from Curcuma longa L.) at concentrations  reasonably 
low (micromolar order) are typically used as reference compounds (Li et al. 2016; 
Mishra et  al. 2015; Xu et  al. 1997; Dell’Agli et  al. 2009; Hehner et  al. 1999; 
Pozarowski et al. 2003).

4.2.1.3  Take into Account Metabolism with Respect to the Target Organ

Health effects from plant-derived products are often attributed to their polyphenol 
content. However, better understanding of bioavailability of  polyphenols suggests 
caution in interpretation of the physiological relevance of such findings. Indeed, it 
has become clear that the bioavailability of polyphenols, as they occur in our diet, is 
highly variable between individuals and generally too low to explain direct biologi-
cal effects of the parent compound in vivo. According to these evidences, it has been 
pointed out that bio-converted forms of polyphenols, conjugated forms of intact 
polyphenols resulting from phases I and II metabolism, may probably have more 
physiological importance than their native free form present in the diet (Scalbert 
and Williamson 2000; Stockley et al. 2012).

To design in vitro assays capable to predict at least partially the in vivo situation, 
metabolism of the target compounds should be considered. This implies that, if the 
target organ is the gut, metabolite formed by interaction with the digestive enzymes 
and microbiota should be taken into account. In vitro simulated gastrointestinal 
digestion should be considered a reliable and cheap method to obtain information 
about transformation of PFS ingredients in the gastrointestinal tract. However, very 
limited information on the changes made by human intestinal microbiota is avail-
able. An intriguing set of data from incubation experiments using faecal samples of 
ten different individuals shows that production of various metabolites of  polyphenols 
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(from black tea and red wine/grape fruit juice) depends on individualized  microbiota 
composition. For extensive reviews on this topic we refer to (Possemiers et  al. 
2011; Saad et al. 2012; Laparra and Sanz 2010; Kemperman et al. 2010; van Dorsten 
et al. 2012).

Recently, an in vitro protocol to evaluate the effects of simulated gastrointestinal 
digestion on the anti-inflammatory activity of Vitis vinifera extract (Sangiovanni 
et  al. 2015) was assessed, showing that the biological effect on IL-8 release by 
human gastric epithelial cells was maintained after gastric digestion; in contrast, the 
effect after intestinal digestion was dramatically decreased due to the extensive deg-
radation (up to 70%) of the active components (mainly flavonols and anthocyanins). 
The protocol did not take into consideration the effect of intestinal microbiota, thus 
suggesting that mechanisms in addition to bacterial biotransformation are important 
in decreasing the biological activity of PFS ingredients.

Metabolic Steps: Chemical Changes

The biological activity of anthocyanins for example can be studied at the gastric 
level since the pH of the stomach (1–2) ensures that these compounds are main-
tained as the flavylium cation, which is the most stable form. The stability of antho-
cyanins under gastric conditions has been confirmed by in vitro studies (Perez-Vicente 
et al. 2002; Possemiers et al. 2011). Conversely, the neutral pH of the small and 
large intestines makes anthocyanins much less stable, and these molecules are con-
verted into a variety of metabolites (McDougall et  al. 2005). The aglycones are 
unstable at neutral pH and rapidly degrade to their corresponding phenolic acids and 
aldehydes through cleavage of the C-ring. Similar results were obtained after incu-
bation of free and acylated anthocyanins with human faecal microbiota (McGhie 
and Walton 2007; Aura et al. 2005). It has been proposed that the decrease of antho-
cyanin concentration after pancreatin bile salt digestion (as a simulation of small 
intestine digestion) could be partially explained by the transformation of the flavy-
lium cation to the chalcone at neutral pH (Perez-Vicente et al. 2002).

Metabolic Steps: Hydrolysis of Attached Sugars or Organic Acids

Most of the phytochemicals in plants and foodstuffs are found naturally in glycosyl-
ated forms with a large variety of sugar moieties, namely glucose, galactose, rham-
nose, arabinose, xylose and glucuronic acid, or attached to organic acids such as 
quinic acid (Fleschhut et al. 2006). Undoubtedly, it is very important to understand 
the absorption process of these compounds since the forms and degree of phyto-
chemicals available at the target sites after oral administration will drastically affect 
their biological activities in the human body.

Quercetin is a common component of many PFS, including green tea (Camellia 
sinensis Kuntze), and Ginkgo biloba L.  A  considerable amount of evidence has 
accrued on the mechanisms of absorption of quercetin, a component of many foods 
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and PFS, and this will be used here as an example. There are now two enzymes that 
are known to aid the deglycosylation of quercetin glucosides, cytosolic broad-spec-
ificity β-glucosidase (CBG) and lactase phlorizin hydrolase (LPH), which is located 
on the luminal side of the brush border in the small intestine epithelial cell (Nemeth 
et  al. 2004). Other types of glycosides, such as rhamnosides, are not cleaved by 
either LPH or CBG, and not absorbed in the upper part of the small intestine. They 
usually pass through the small intestine in the intact form to reach the large intestine 
where they are either hydrolysed, absorbed, metabolised and/or partially degraded 
by the colonic microflora (Seeram et al. 2008). This results in poor absorption and 
high inter-individual variations due to the smaller absorptive surface in the colon 
and its dependency on the activity of microflora present in the colon (Cerda et al. 
2004).

Metabolic Steps: Conjugation

After conversion to the corresponding aglycone, the quercetin molecule is very 
active in in vitro assays. However, the next step of metabolism is conjugation, with 
methyl, sulphate or glucuronide groups. This can have a substantial impact on the 
biological activities for one or more of the following reasons: (1) a compound as 
conjugate can no longer enter the cell to exert a biological activity; (2) conjugation 
affects the ability to interact with a molecular target; (3) compound as conjugate is 
actively effluxed from the cell.

All of these changes affect the biological activity, and in this way, greatly modify 
any risk benefit analysis based on in vitro data.

Generally, flavonols are hydrophobic enough to be able to passively diffuse 
across membranes. Conjugation changes the hydrophobicity and hence the distribu-
tion coefficient (logP). This is illustrated by a study where the distribution of quer-
cetin was compared to conjugates from the medium into PC-12 cells.

Since conjugates are too hydrophilic to passively diffuse across membranes, then 
they are taken into cells via transporter proteins (Proctor et al. 2016). OATs and 
OATPs are the major transporters responsible for the uptake of organic anions in the 
liver. Human hepatocytes have very high expression of OATP1B1 and OATP1B3 on 
the basolateral membrane as well as moderate expression of OATP1A2, OATP4C1, 
OATP2B1, OAT2, OAT4 and OAT7. In HepG2 cells (a human hepatocyte-derived 
cell line), OATP4C1 and OAT4, were involved in the uptake of quercetin-3′-O-
sulfate (Wong et  al. 2011b) while in human embryonic kidney 293H cells over-
expressing OAT1, there was an increased uptake of the sulfated conjugates 
genistein-4′-O-sulfate and quercetin-3′-O-sulfate. When OAT3 was over- expressed 
in the same model, an enhanced uptake of glucuronide conjugates, such as daid-
zein-7-O-glucuronide, genistein-7-O-glucuronide, and quercetin-3′-O- glucuronide 
was seen (Wong et al. 2011a) suggesting that OAT1 and OAT3 were responsible for 
basolateral uptake of flavonoid conjugates in the kidney. Similarly, phenolic acid 
sulfates were efficiently transported by OAT1, and to a lesser extent, by OAT3, 
while glucuronides were good substrates of OAT3 (Wong et al. 2011a). Since kid-
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ney is one of the main excretion route of bioactive compounds, interaction with 
OATs limits systemic availability of the studied flavonoids. Since cells possess a 
variety of transporter proteins, the use of specific inhibitors for each of them could 
be highly useful to investigate the molecular mechanisms underlying absorption of 
pure natural compounds.

Conjugation Affects the Ability to Interact with a Molecular Target

Plant secondary metabolites, xenobiotics, drugs, toxins and a variety of nutrients are 
metabolised by the body into compounds that can be excreted through the bile, urine 
or faeces. These metabolic steps most commonly include conjugation with methyl, 
acetyl, sulphate, glucuronides, glycine or glutathione moieties. Once conjugated, 
the properties of the original molecule are changed, including distribution, excre-
tion and biological properties. In general, compounds are less active after conjuga-
tion, but for a limited number of drugs, these changes can maintain or increase 
efficacy: codeine, for example, is metabolised to codeine-6-glucuronide and this 
conjugate is fully active in analgesia (Vree et al. 2000). Ezetimibe is a lipid- lowering 
drug that selectively inhibits the intestinal absorption of cholesterol. It is conjugated 
in the liver to form a glucuronide which is much more active than the parent drug 
(Patel 2004). In addition, glucuronidation of morphine at the three and six positions 
leads to potentially higher activity than the parent drug (Frances et al. 1992). For 
most drugs, however, conjugation leads to lower activity.

Advances in understanding of metabolism of polyphenols and other 
 phytochemicals present in PFS have revealed the nature of the chemical species 
present in plasma and urine. This information can be exploited to allow the 
 appropriate in vitro experiments to be designed. Many reports have indicated that 
conjugation affects the ability of a bioactive compound to interact with a molecular 
target, such as an enzyme or receptor. This has been reviewed previously (Williamson 
et al. 2005). This will not be extensively repeated here, but a good example is the 
inhibition of xanthine oxidase, an enzyme that produces superoxide during its 
 catalytic reaction (Day et al. 2000). For quercetin glucuronides, the Ki for the inhi-
bition of xanthine oxidase by quercetin glucuronides followed the order 
4′ →  3′ →  7 →  3-, with quercetin-4′-glucuronide a particularly potent inhibitor 
(Ki = 0.25 mM) comparable to quercetin aglycone. This indicates that the position 
of conjugation is also an important factor in determining the biological activity. In 
some reported papers, quercetin exhibits more activity compared to its conjugates. 
This is to be expected for the reasons stated above, but only limited studies have 
considered conjugates compared to those that have considered aglycones. In 
 differentiated PC-12 cells, quercetin-3-O-glucuronide shows dose-dependent 
 reduction of 13-hydroperoxy octadecadienoic acid-induced reactive oxygen species 
induction with ~30% reduction at 1 mM. Quercetin is slightly more active (~40% 
reduction) (Shirai et al. 2006).

In HUVEC cells, inflammation induces over-expression of VCAM-1 and 
 ICAM- 1, key molecules involved in monocyte recruitment during the early stages 
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of atherogenesis. In this system, quercetin was protective and modulated MCP-1 
gene expression, whereas quercetin-3′-O-sulfate, quercetin-3-O-glucuronide and 
isorhamnetin- 3-O-glucuronide were either much less effective or ineffective 
(Tribolo et al. 2008). Some reports demonstrate that quercetin conjugates have more 
activity than, or are similar, to quercetin aglycone. For example, quercetin-3-O- 
glucuronide, but not quercetin nor quercetin-3′-O-sulfate, significantly decreased 
N-formyl-methionyl-leucyl-phenylalanine-evoked calcium influx in human neutro-
phils (Suri et al. 2008). Quercetin-3-O-glucuronide was equally effective as querce-
tin at inhibiting Cu2+ or 2,2′-azobis(2-amidino-propane) dihydrochloride-induced 
human LDL-cholesterol oxidation (Thilakarathna et al. 2013).

Compound as Conjugate is Actively Effluxed from the Cell

The extent to which the polyphenols and their metabolites accumulate within tis-
sues is frequently limited not only by their ability to enter cells but also by their 
tendency to leave. This may arise from active efflux mechanisms present in the 
plasma membrane. Intestinal ABC transporters that have been related to flavonoid 
transport include P-glycoprotein (P-gp/MDR1/ABCB1), multidrug resistance pro-
teins (MRPs/ABCCs), and breast cancer resistance protein (BCRP/ABCG2), local-
ized in the apical membrane. BCRP is responsible for the apical efflux of 
7-O-glucuronide and 7-O-sulfate metabolites of hesperetin in Caco-2 cells (Brand 
et al. 2011). The same transport systems involved in the metabolic fate of polyphe-
nol metabolites are shared by drugs used for treatments of various important dis-
eases. The principle that drug efficacy is affected by transporter distribution has 
been shown for some compounds, supporting the hypothesis for polyphenols. For 
example, statins are used widely in CVD therapy, and target 3-hydroxy-3- 
methylglutaryl-coenzyme A (HMG-CoA) reductase enzyme in the liver. Therefore, 
it might be expected that reduced hepatic uptake by OATP1B1 would be accompa-
nied by reduced efficacy, as statins would not reach enough concentration in the 
liver to inhibit the enzyme effectively. The same principle applies for polyphenols. 
Both drugs and polyphenols are conjugated by comparable systems. The cholesterol- 
lowering drug ezetimibe appears for more than 80% as its glucuronidated form in 
human plasma, and MRP2 and P-gp have been associated with its disposition in 
humans. Similarly, the absorption and potency of many anticancer agents is 
restricted by P-gp and other ABC efflux transporters. Hesperidin and other polyphe-
nols inhibit the efflux of the P-gp substrate rhodamine 123 more efficiently than 
verapamil, a standard P-gp inhibitor (El-Readi et al. 2010).

Metabolic Steps: Changes through Colonic Microbiota

Many compounds, which are not absorbed in the small intestine, pass to the 
colon, where gut microbiota can carry out an extensive range of biotransforma-
tions. Ellagitannins (ET) are extensively metabolised by gut microbiota. ETs are 
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quite stable under the physiological conditions of the stomach. The acid 
 conditions (pH 1.8–2.0) and the gastric enzymes do not hydrolyse the native ETs 
to ellagic acid, and no degradation of ETs has been observed (Quideau 2009; 
Fumagalli et al. 2016). The stomach seems to be a location for the absorption of 
free EA, but ETs are not absorbed (Quideau 2009). ETs from pomegranate 
release EA in the gut, and this compound is poorly absorbed in the small  intestine; 
conversely, ellagic acid is largely metabolized by human gut microflora in the 
intestinal lumen into urolithins, such as urolithins A and B, and urolithin-
8-methyl ether (Seeram et al. 2004; Seeram et al. 2008). These metabolites reach 
relevant plasma concentrations (3–5 μM) after pomegranate juice consumption 
(Colombo et al. 2013). The absorbed metabolites are conjugated with glucuronic 
acid and/or methylated to give ether derivatives (Cerda et al. 2004). According to 
these studies, it appears to be mandatory to test the effect of urolithins when ETs 
are the target compounds and the presence in the blood is an essential requisite 
for the effect on target organ.

Isoflavones occurring mainly in soy products are suggested to protect against 
human chronic diseases such as coronary heart disease, atherosclerosis and diabetes 
(Franke et al. 2014).

The human metabolism of isoflavones is complex and involves both mammalian 
and gut microbial processes. They are present almost exclusively as glycosides in 
most commercially available soya products; however, their bioavailability requires 
hydrolysis of the sugar moiety by intestinal beta-glycosidases. Only a small amount 
of free aglycone has been detected in blood, demonstrating that the rate of conjuga-
tion is high. Isoflavones are extensively metabolised to equol and 
O-desmethylangolensin by gut bacteria. In human subjects, there is large inter- 
individual variation in the metabolism of isoflavones, particularly in the production 
of the gut bacterial metabolite equol.

Bearberry (Arctostaphylos uva ursi L.) leaves and preparations made of 
them are traditionally used to treat urinary tract infections. In patients suffering 
from urinary infections, arbutin is converting to the active principle 
 hydroquinone, which exerts the antimicrobial activity. Therefore, the total 
amount of hydroquinone equivalents in urine is crucial for the therapeutic 
activity. It has been demonstrated that the major metabolite of arbutin is 
 hydroquinone glucuronide, accounting for around 70% of total metabolites. 
The glucuronide form appears within 4 h after the absorption of the prodrug 
(Schindler et al. 2002).

Lignans are found in a wide range of food daily consumed. The most 
 frequently studied dietary lignans, such as secoisolariciresinol diglucoside, 
secoisolariciresinol and matairesinol are converted into the enterolignans 
enterodiol and enterolactone by human bacterial microflora; these metabolites 
are efficiently absorbed, conjugated and are present in consistent amount in 
the blood. Thus, studies regarding the effect of lignans should take into 
 consideration the in vivo transformation to the corresponding metabolites 
(Clavel et al. 2006a, b).
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4.2.2  How In vitro Assays Can be Used to Predict In vivo 
Benefits Effects?

On the basis of the information presented in the previous paragraphs, it is clear that 
the scientific value of an in vitro assay depends on its capability to predict in vivo 
conditions. Indeed, considering the high costs associated with the development of 
human studies, it is important to identify and select in vitro parameters that will be 
affected by a PFS treatment and predictive of a beneficial effect in vivo. i.e. serve as 
predictive biomarker. The literature reports several in vitro and in vivo studies per-
formed to assess the benefits of different plant extracts in some physiological/patho-
logical conditions. In a recent critical review, evaluating methods on in vitro and 
clinical approaches for benefit assessment of PFS on inflammatory conditions in 
Metabolic Syndrome (MS) and diabetes (Di Lorenzo et al. 2013b), we report that 
IL-6 and TNF-α are two pro-inflammatory parameters that can be affected both in 
in vitro and in vivo systems by treatment with PFS ingredients; therefore, they 
should be carefully considered in future studies when PFS beneficial effects on MS 
are studied. The review by Di Lorenzo et al. (2013b) reports the two inflammatory 
targets changing in MS and diabetes after different PFS treatments and measured 
both by in vitro and in vivo assays.

4.2.3  Human Intervention Studies to Assess Potential Benefits 
of Botanicals

While human, animal and in vitro studies can all be used to produce data for the 
substantiation of health claims for PFS, it is acknowledged that data from human 
studies has the highest relevance for such claims. Data from studies in humans 
addressing the relationship between the consumption of the food/constituent and the 
claimed effect will be required for substantiation of a health claim according to 
EFSA guidelines. However, the level of quality of studies measuring the effect of 
PFS in human subjects can vary greatly. Within the context of initiatives aiming at 
introducing evidence-based guidelines or recommendations, the quality of human 
studies has been often ranked with experimental intervention studies (randomized 
and randomized controlled) providing the strongest evidence of an effect, followed 
by quasi-experimental intervention studies (non-randomized controlled and 
 non- randomized non-controlled), and observational studies (cohort, case-control, 
cross- sectional and other studies). Such categorization is reflected in EFSA 
 documents (EFSA Panel on Dietetic Products 2011) and implicitly supports the 
choice of studies with the highest quality and strength of evidence.

Considering the specificities of PFS (low intrinsic potency, extensive 
 biotransformation, slow onset and sustained activity, health promoting vs. 
 therapeutic activity etc.), one of the fundamental questions concerning the design of 
clinical studies to be used in the assessment of health-promoting activities of PFS is 
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represented by the type of clinical study presenting the best compromise between 
quality and relevance to the specific effects of PFS. While a number of initiatives 
have resulted in some guidance and identification of critical aspects of study designs 
for the evaluation of health benefits of PFS (Aggett et  al. 2005; Gallagher et  al. 
2011; Welch et al. 2011), many differences still exist between studies performed on 
PFS, with a variable impact on the quality of the studies.

The first and foremost difference between clinical studies of medicines and PFS is 
at the level of the target population considered. Whilst the beneficial effects of medi-
cines are exclusively tested in a diseased population, PFS primary target population 
is represented by the healthy population. Within this healthy population (possibly 
including subpopulations of individuals at different positions on the therapeutic con-
tinuum), the objective of the studies should be to demonstrate a relationship between 
the consumption of the PFS and a sustainable effect of a relevant magnitude obtained 
in conditions of relevance (environment, daily assumption of PFS) to the use of the 
product in real life. Within this context, real-life outpatient studies of at least 
4–8 weeks-duration with adequate monitoring insuring the compliance of partici-
pants with the dietary requirements and supplementations are strongly indicated and 
representative of the target health promoting effect to be demonstrated for the PFS.

In the interest of providing the best possible quality data and minimize any pos-
sible bias due to experimental demographic or interventional differences double- 
blind randomized controlled trials should be still considered the gold standard in the 
study of PFS, and adapted to the specificities mentioned earlier. Specific aspects of 
the study design should be carefully adapted to the use of a supplement-type of 
intervention: (a) inclusion criteria (b) group size (c) the characterization of the inter-
ventional material (d) the control (e) the blinding (f) the duration of intervention (g) 
the reporting of study events.

Inclusion Criteria: this is a critical factor in determining the homogeneity and the 
relevance of the study population. Particular attention should be devoted to the 
selection of participants so as to exclude pathologies or treatments potentially biasing 
the results of the evaluation of PFS. Participants should also be representative of 
subgroups of the healthy population at different levels of progression along the con-
tinuum leading to health deterioration and disease. The identification of critical 
biomarkers and the identification of a relevant validating diagnostic system to 
differentiate between health and diseased individuals are crucial in this context.

Group Size: group size should be justified based on the required statistical potency 
needed to detect a physiologically relevant effect in the target population. 
Considering the healthy status of the target population, expected variations of key 
biomarkers in the studies are likely to be of a smaller magnitude compared to those 
observed in the study of herbal medicines or therapeutic intervention. Study groups 
should therefore be adequately sized according to validated statistical procedures in 
order to avoid type II errors.

Control: studies should include a valid control taking into account the specificities 
of the group on active treatment. While the presence of dietary requirements/food 
diary can help controlling the effect of the PFS versus effects due to differences in 
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habits between the study groups, the complementation of PFS intervention with 
dietary intervention can also better control for the placebo effect inherent with the 
participation of subjects to a study.

Blinding: studies should be ideally double blind to minimize biases in the  assessment 
of the effect of PFS. Considering the good health status of the target population and 
the known safety profile of most botanical ingredients used in PFS, limitations to 
the use of blinding protocols are limited. Blinding could be unethical whenever the 
treatment with the PFS is used as an alternative to a validated  therapeutic interven-
tion thus potentially exposing patients to therapeutic failure. Indeed, in a previous 
review of studies performed in the cardiovascular area, a greater proportion of open 
studies in PFS interventions in diseased population were found (Meoni et al. 2013). 
However, a practical limitation to blinding procedures could be represented by the 
organoleptic properties of the PFS administered in a liquid or tea form, as these may 
be particularly difficult to match within the placebo. The possible effect of all these 
factors should be adequately considered in planning the clinical study and described 
in the study report or publication.

Duration: the duration of the studies assessing the effects of PFS should be suffi-
cient to measure slow-onset activities of the botanical ingredients and possibly dem-
onstrate that the health promoting effect is not transient in nature. Typically, and in 
line with most guidance documents from regulatory agencies studies should be at 
least 4 weeks in duration and possibly extend to 8 weeks to demonstrate that the 
effect is sustainable. Longer durations could be necessary for chronic conditions or 
in particularly significant deviations from normal physiological function.

4.2.3.1  Study Endpoints, Processes and the Role of ‘Omics’-Based 
Technologies

In consideration of the fact that the study population for studies looking at the health 
promoting effect of food supplement is the healthy population, study endpoints will 
be significantly different from similar studies of the medicinal properties of plants. 
While studies in diseased or high-risk populations making use of dietary or 
 pharmacological interventions are allowed under the condition of extrapolation 
 justification to a healthy population, the range in biomarker values within the popu-
lation and between baseline and endpoint are expected to be narrower in studies of 
PFS versus studies of therapeutic interventions. Biomarkers can be broadly defined 
as biological indicators of normal biological or pathogenic processes or responses 
to different kinds of intervention (Winklhofer-Roob and Roob 2013). Biomarkers 
should tell something about one or more processes, and they will often consist of 
clusters of compounds combined with physiological parameters, image data or even 
subjective information like pain scores, feelings of satiety etc. Instead, there is a 
demand for biomarkers, which should be indicative for body responses to PFS in 
terms of “normal physiological functioning” or “reduction of risk for disease”.

Given the complex, slow and subtle effects of PFSs as mentioned before, and the 
importance of demonstrating enhanced function or risk reduction, the application of 
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clinical endpoints as used in clinical studies of novel pharmaceutical drugs may be 
limited. However, physiological or risk reduction biomarkers that can be placed on 
a thoroughly characterized disease continuum could be common between studies of 
medicinal interventions and PFS. One such example is the use of lipidemia and lipid 
function biomarkers such as total cholesterol, HDL and LDL for the estimation of 
cardiovascular risk. In this case, the same biomarkers will be used to assess the 
effects of PFS in the normal or slightly hypercholesteremic population as well as in 
the high-risk population subject to the use of ipocholesterolemic drugs (Meoni et al. 
2013) will almost always be impossible in intervention studies with PFSs.

Use of disease risk factors: in epidemiology, risk factors are variables associated with 
an increased risk of a specific disease. The relation between the variable and the dis-
ease can be causal (i.e. the variable measured is directly linked to the aetiopathology 
of the disease) or purely correlational (i.e. the variable is indicative of another process 
or factor directly associated with the induction of the disease). Many medical guide-
lines use risk factors to identify subgroups of the general population with an increase 
probability of developing the disease and therefore where lifestyle and/or pharmaco-
logical interventions could prevent the onset of the disease and more serious threats to 
the health of the individual (i.e. a truly health maintaining effect). Validated risk bio-
markers exist in several diseases and especially in those conditions where a continuum 
can be mapped between health and disease such as cardiovascular diseases (Borjesson 
et al. 2011) or diabetes (Paulweber et al. 2010; Lindstrom and Tuomilehto 2003). Of 
particular interest, a condition known as Metabolic Syndrome has been defined based 
on the presence of a cluster of multiple risk factors for cardiovascular and metabolic 
diseases (central obesity, high fasting plasma glucose, high triglycerides, low HDL-
cholesterol and high blood pressure) (Liese et al. 1998; Lakka et al. 2002).

In all these conditions, biomarkers such as Body-Mass Index (BMI), abdominal 
fat distribution (waist-to-hip ratio), total triglycerides, High Density Lipoproteins, 
Low-Density Lipoproteins, blood pressure, glucose metabolism can effectively map 
the transition of individuals from an absence of risk compared to the general popu-
lation, to moderate and high risk, to declared metabolic or cardiovascular disease. 
Interestingly, most of these biomarkers are already widely used in the performance 
of clinical studies and are included in EFSA guidelines on the scientific require-
ments for health claims related to different health areas. A summary of claimed 
effects, which are considered beneficial physiological effects as well as of studies/
outcome measures considered to be appropriate for the substantiation of health 
claims in EFSA guidance documents, is provided in Table 4.1.

Use of Omics Data: postgenomic technologies such as transcriptomics, proteomics, 
and metabolomics have become important in this respect, since they take a more 
holistic perspective compared to traditional biomarkers currently included in clini-
cal guidelines. Nutrigenomic refers to the branch of nutrition and food research 
applying new profiling techniques for transcripts, proteins and metabolites to better 
understand the interplay of the genome with its nutritional environment (Wittwer 
et al. 2011). Within this context, nutrigenomic-based biomarkers represent a set of 
information consisting mainly of quantitative levels of gene-expression and/or pro-
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teins and/or metabolites that can be measured in a reproducible affordable way, 
expressing a health-benefit, either a reduction of disease-risk or a physiological/
nutritional benefit. Advances in analytical techniques in transcriptomics (gene- 
expression microarrays, sequencing technologies), proteomics (combination of 2D 
gel analysis or other separation techniques and Mass Spectrometry or other hyphen-
ated techniques; Shotgun approaches) and metabolomics (NMR, Mass spectrome-
try) (for a review see Garcia-Canas et  al. 2010; Astle et  al. 2007) coupled with 
increased capacity and sophistication of bioinformatics tools have greatly impacted 
the capacity of the nutrigenomic approach to elucidate the health-promoting activi-
ties of PFS.  Measuring and integrating process parameters has also made much 
progress thanks to the developments in IT and statistics. An interesting example of 
such an approach has been described by Bakker et al. (Bakker et al. 2010) who used 
a 3-D model to analyse health effects of a nutrient mixture along an inflammatory, 
metabolic and oxidative stress axis which were all built up from several biochemical 
markers. However, many techniques remain mainly descriptive, and a crucial 
requirement for such an approach is that there needs to be scientific consensus on 

Table 4.1 Different approaches in the approval of health claims

Effect described in THMP 
monographs and accepted as 
indications for THMP Effects considered by EFSA to be beneficial for health

For symptoms of temporary fatigue 
and sensation of weakness

Reduction of mental fatigue is a beneficial 
physiological effect

For the symptomatic relief of digestive 
disorders such as dyspepsia with a 
sensation of fullness, bloating and 
flatulence

Reducing gastro-intestinal discomfort is considered a 
beneficial physiological effect

For relief of mild symptoms of mental 
stress

Alleviation of psychological stress is a beneficial 
physiological effect

To aid sleep Maintenance or improvement of one or more aspects 
of sleep is a beneficial physiological effect

To relieve symptoms of discomfort 
and heaviness of legs related to minor 
venous circulatory disturbances

Maintenance of elasticity and strength of the venous 
walls is a beneficial physiological effect. Improvement 
of endothelium-dependent vasodilation may be a 
beneficial physiological effect

For the prophylaxis of migraine 
headaches after serious conditions 
have been excluded by a medical 
doctor

Relief from stress-induced headache is a beneficial 
physiological effect

For the relief of menopausal 
complaints such as hot flushes and 
profuse sweating

Reduction of menopausal discomfort is a beneficial 
physiological effect

For symptomatic treatment of minor 
spasm associated with menstrual 
periods

Reduction of menstrual discomfort is a beneficial 
physiological effect

For the relief of minor symptoms in 
the days before menstruation 
(premenstrual syndrome)

Reduction in the severity of symptoms related to the 
premenstrual syndrome is a beneficial physiological 
effect
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the issues whether certain changes in physiological processes are indicators for 
health improvement (Wittwer et al. 2011). Surely, the issue of biomarker validation 
is crucial to the whole construction of a common assessment paradigm for health 
benefits for PFS and deserves further consideration.

4.2.3.2  Use of Biomarkers of Normal Physiological Functioning 
and Challenge Tests

Based on the resilience concept there is an increasing interest in methods to chal-
lenge homeostasis and to measure disturbance and restoration of homeostasis as 
target resultant. Actually this principle is not that new, since for example the oral 
glucose tolerance test to diagnose sub-clinical diabetes is already known for years. 
Several new experimental models have recently been set-up intended to measure 
health and well-being. The kinetic response to a homeostatic perturbation is hypoth-
esized to be a more sensitive measure for detecting effects of nutritional interven-
tions. Moreover, comprehensive multi-parametric (“omics”) analysis measured 
under conditions of physiological stress may identify key parameters that are more 
adequate to describe healthy and compromised conditions when compared to cur-
rent biomarkers, which are typically assessed during steady state and regarded as 
markers of disease. A limitation of these approaches is that there will be no chal-
lenge tests that are indicative of general health. Instead these tests will be indicative 
to define specifically health condition. Another prerequisite is that there should be 
consensus and acceptance by regulatory authorities regarding the value of these 
tests in terms of claim support. Ideally test should be standardised to such an extent 
that they can become part of guidelines for applicants.

Overall, the main issue concerning the use of biomarkers to measure progression 
along the disease continuum or resilience against different kinds of challenges to 
homeostasis is the degree of validation of their predictive value. While adequate 
studies should prove a direct relation between PFS use and biomarker changes, the 
critical aspect lies in the translation of a biomarker to a physiologically relevant 
process. The relation between variations in biomarker values and the risk of disease/
loss of resilience should be properly assessed according to the same standards as 
those used for the identification of risk factors for a specific disease (see for example 
Mandrekar and Sargent 2010) so as to establish an unequivocal relation between the 
biomarker and the risk of disease/loss of resilience. Only in these conditions the 
effect of the PFS on the biomarker can be identified as a potential health risk or 
benefit. As an example, lipoproteins are currently probably the most assessed risk 
factors for cardiovascular disease, and oxidative modification of lipid particles 
appears to influence their atherogenic potential (Greenland et al. 2010). In compari-
son, the relation between plasma antioxidant capacity and cardiovascular disease 
has not been unequivocally proven to be associated with cardiovascular disease 
through the analysis of prospective or retrospective data (Wang et al. 2013).

The increasingly accessible use of molecular biology, analytical and -omics 
 technologies has effectively magnified the impact of this problem, as many potential 
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biomarker candidates are easily accessible and monitorable in vivo following the 
use of specific dietary interventions. However, the proper validation of these 
 biomarkers rely on large interventional study programs that are not necessarily 
endeavoured within the context of public health initiatives or therapeutic 
 interventions (as disease biomarkers would be favoured within these contexts) and 
beyond the scope of the development of novel PFS by private companies. It is there-
fore to be anticipated that the bottleneck in the effective use of novel biomarkers 
describing the progression from health to disease and the possible health benefit of 
plant food supplements will be represented from the appropriate validation of these 
biomarkers. Obviously, regulatory agencies should encourage this process by 
clearly outlining the required validation criteria for biomarkers to be used in studies 
supporting health benefits and by publishing more exhaustive and up-to date lists of 
acceptable biomarkers for the different physiological systems supporting health. A 
critical role of public research is also anticipated in the identification and validation 
of novel biomarkers for health benefits evaluation in Plant Food Supplements.
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Chapter 5
The Other Face of the Moon: Side Effects, 
Interactions and Molecules of Concerns

Chiara Di Lorenzo, Aymeric Dopter, Sarah Vecchio, Saskia Lüde, 
Francesca Colombo, Francesca Orgiu, and Patrizia Restani

Abstract Botanicals and Plant Food Supplements (PFS) have received an 
 increasing interest in the last decades. Although these products are intended to 
improve physiological functions, concerns about their safety have been raised. To 
collect new information about the risk associated with PFS consumption, different 
activities were performed during the EU project PlantLIBRA: (1) a critical review 
of the adverse effects described in published case reports and human clinical stud-
ies; (2) a multicentre retrospective study involving the European Poison Centres; (3) 
the assessment of adverse effects self-reported by people participating to the 
PlantLIBRA PFS consumer survey. The results were integrated with recent data on 
adverse effects collected by the Pavia Poison Centre, ANSES and FDA. According 
to PlantLIBRA results and the new collected data, Valeriana officinalis and Camellia 
sinensis are the plants most frequently involved in adverse effects in Europe. Data 
from FDA showed that Silybum marianum and Serenoa repens are the most cited in 
US. Although most case reports showed minor symptomatology, some severe events 
occurred, including fatalities. Symptoms involved mainly liver, gastrointestinal and 
nervous systems. Generally speaking, the high variability found in the quality of 
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reports determined a significant reduction of the number of cases assessable, since 
the causality between a specific botanical (or its derivative) and the adverse effect 
was not always scientifically supported.

Keywords Botanicals • Plant Food Supplements • Adverse effects • Phytovigilance 
• European Poison Centres • ANSES • FDA

5.1  Introduction

In the last years, the consumption of dietary supplements, including those contain-
ing botanicals (Plant Food Supplements—PFS), has considerably increased both in 
US and EU (Egan et al. 2011). The high request of these products by consumers has 
been associated with different factors including: (1) a growing skepticism in con-
ventional drugs together with a higher demand and interest for alternative products 
and medicines; (2) the consumer’s perception that “natural” means “healthy” and, 
as a consequence, botanicals are always safe; (3) an increasing tendency to buy 
these products, which are commercialized as food and do not require any medical 
prescription (Egan et al. 2011; Vargas-Murga et al. 2011).

However, considering the very high number of producers and the thousands of 
food supplements on the European market, concerns have been raised about their 
quality, efficacy and safety. While efficacy is partially supported by data coming 
from the “tradition of use”, more difficult is the collection of data allowing a risk 
and benefit assessment. Among the problems faced in collecting suitable data, 
there is the fact that the international legislation on botanicals is not totally har-
monized: the same botanical can be included as an ingredient both in food supple-
ments and in products of traditional medicine. Furthermore, PFS are not only 
present in shops but can be sold by parallel markets, such as gyms, complemen-
tary–alternative medicine practitioners, and online, increasing the risk for uncer-
tainty in their quality (Ekor 2014).

Different factors play a role in the occurrence of adverse effects to botanicals: 
quality of the raw material, presence of contaminants, extraction procedures, mis-
identifications of the plant ingredients, adulterations, counterfeits. In addition, con-
sumer’s age and gender, inappropriate use of PFS, genetic factors and concomitant 
physiological or pathological conditions may be further elements in the induction of 
side effects.

The quality of raw material depends also on the presence of specific natural toxic 
compounds and extrinsic factors, like environmental contaminants and the incorrect 
use of good agricultural practices. The combination of all these factors makes com-
plex the routinely quality control of these products (ILSI 2003; WHO 2004).

For the univocal identification of a botanical, scientific community suggests 
avoiding the common names, in favour of the binomial Latin names. For example, 
using the common name, heliotrope (Heliotropium europaeum), which contains 
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hepatotoxic pyrrolizidine alkaloids, could be confused with garden heliotrope 
(Valerian officinalis) (Ekor 2014). The use of common names can also contribute to 
the misidentification of species with consequent adverse reactions (De Smet 2002). 
A sadly famous example was the confusion between Stephania tetranda and 
Aristolochia fangchi; both are commonly known as “fang ji” and S. tetranda was 
accidentally substituted with A. fangchi, responsible for several nephrotoxic effects 
(Taneku et al. 2016). Intoxications can be also due to confusion between similar 
species, or to the use of the wrong part of the plant. For example, the leaves of 
Symphytum officinale (comfrey), used to prepare infusions, contain much lower 
concentration of pyrrolizidine alkaloids than the roots (Betz et al. 1994).

Furthermore, the phytochemical profile of a botanical can change significantly 
according to the usual biological variability or as a consequence of the technologi-
cal processes used. Since different kinds of extraction procedures can be applied to 
raw materials, significant changes in the amounts of active components can be 
obtained, with affection not only of safety but also of physiological effects. Among 
others, some factors have been identified as a source of variability for botanical 
preparations: the solvent used for extraction, the temperature, the extraction time, 
the age of the plant, the time from harvesting, etc.

Another important issue is the possibility of interactions between different active 
compounds (conventional drugs or other natural compounds) taken in association; 
it could result in both reducing and increasing the plasmatic concentration of one or 
more active compounds. For example, grapefruit juice contains an inhibitor of cyto-
chrome P450 enzymes (Fuhr 1998), which are responsible for metabolizing many 
drugs. In case of metabolic inhibition, a significant increase of the plasmatic level of 
some drugs (e.g. statins) can be observed with a parallel worsening of known side 
effects (Bibi 2008). Cases of harmful interactions between botanical products and 
conventional drugs have been described; St. John’s Wort (Hypericum perforatum) 
produced adverse effects when associated with anti-depressants drugs, belonging to 
selective serotonin-specific reuptake inhibitors class (Di Carlo et al. 2001).

TCMs are treatments commonly advocated for a wide range of conditions in 
many Eastern countries, and which have also become popular in the West, (Ernst 
and White 2000). TCMs are usually complex mixtures of several (often 20 or more) 
different medicinal plants. TCMs are usually prescribed by therapists or marketed 
as dietary supplements thus avoiding usual standards as long as no medical claims 
are made. The toxicity of TCMs has been repeatedly reviewed (Ernst 2002a), but 
other safety issues are often neglected.

Contamination and adulteration are other factors responsible for adverse 
effects in humans. Different cases of PFS adulteration have been described, where 
PFS were added with raw material having lower quality and/or conventional drugs 
(or their analogues) for enhancing the profit and/or for increasing the biological 
effect (Wheatley and Spink 2013). Pharmaceutical adulterants include drugs 
active on the central nervous system, appetite reducers, steroid hormones and 
phosphodiesterase type-5 enzyme (PDE-5) inhibitors to improve sexual perfor-
mances (see also Chap. 12).
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There are considerable concerns about the prevalence of adulteration in products 
coming from Eastern Countries (most of them belonging to Traditional Chinese 
Medicine, TCM). A study performed by researchers in Taiwan showed that 24% of 
tested samples were contaminated with at least one conventional pharmacological 
compound (Li et al. 2008; Dunnick and Nyska 2013). These products (usually a 
complex mixtures of several different medicinal plants) enter in the European mar-
ket as dietary supplements, to avoid the legislative procedures required for market-
ing medicines. Moreover, the addition of conventional drugs could convince the 
consumer that the adultered product is more efficient in comparison with other PFS 
present on the market. Other safety issues are related to contamination with heavy 
metals (Kim et al. 2014; Chan and Critchley 1994; Ernst 2002b; Ernst and Coon 
2001); lead has been often implicated, but mercury, cadmium, arsenic, copper and 
thallium have been also found in TCMs. Several clinical consequences were evi-
denced, particularly in children. Symptoms were mainly associated with skin, gas-
trointestinal and nervous systems, and hematologic apparatus.

The presence of heavy metals in TCMs could be explained by intentional addi-
tion or as a part of the preparation. For example, mercury is used for a variety of 
indications (e.g. tranquillizer, antiepileptic agent, sedative, etc.) as mercury sul-
phide or chloride, under the term of cinnabaris or calomelas, respectively (Koh and 
Woo 2000).

Finally, some considerations should be done about consumer’s related factors, 
which can affect the risk for adverse effects. Among them, one of the most impor-
tant is the age; in fact, old people are at higher risk for adverse effects due to their 
chronic diseases, the associated consumption of conventional drugs, and the 
decreased metabolic detoxification pathways.

Other evidences suggest that ethnicity could the responsible for side effects to active 
compounds due to the known polymorphisms in genes encoding for drug metabolizing 
enzymes (such as cytochrome P-450) (Bing et al. 2003; Dybing et al. 2002).

5.2  Review of Scientific Papers Describing Adverse Effects 
to Botanicals Consumed as Food or Food Supplements 
(PFS)

Several authors reported adverse effects to PFS, even though most of them were 
case reports, where specific acute adverse effects occurred or in reviews focused on 
a specific clinical field (Restani et al. 2016).

An important document on botanical safety assessment has been provided by the 
experts of the Scientific Committee (SC) of EFSA (European Food Safety Authority), 
who prepared in 2004 a document on botanicals and botanical preparations widely 
used in food supplements. The “compendium” raised concerns about quality and 
safety issues, and underlined the need for a better characterization of the products 
on the market (EFSA 2012).
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Considering the need for additional studies on PFS-related adverse effects and 
the critical points raised by international committees, novel approaches were 
adopted during the EU project PlantLIBRA:

 (1) A systematic review of the data on adverse effects due to PFS/botanical ingre-
dients as such, or for their misidentification and interactions with pharmaceuti-
cal drugs. Assessment of causality was performed according to the WHO 
guidelines (WHO 2004);

 (2) A multicentre retrospective study, involving European Poison Centres, that 
documented cases of adverse effects due to intake of PFS or plants consumed as 
food in the period 2006–2010;

 (3) Adverse effects self-reported by participants to the European PlantLIBRA con-
sumer Survey (2011–2012) were collected and evaluated.

After the end of EU Project, new data on adverse effects were collected by the 
Pavia Poison Centre - National Toxicology Information Centre (PPC) and from two 
among the most important public bodies for food safety: the Nutrivigilance Service 
of the French Agency for Food, Environmental and Occupational Health and Safety 
(ANSES) and the Center for Food Safety and Applied Nutrition’s (CFSAN’s) 
Adverse Event Reporting System (CAERS) of FDA (US Food and Drug 
Administration).

5.2.1  Botanical Ingredients Involved in Adverse Effects 
Described in the Scientific Literature

A review of adverse effects described in the scientific literature (case reports and 
clinical studies) was performed during the EU project PlantLIBRA; papers report-
ing events due to the plant as such, interactions or misidentification, were extracted 
and selected (Di Lorenzo et al. 2015a). Data were collected for 66 botanicals, since 
they were considered among the most frequently used ingredients in EU food sup-
plements (Table 5.1). All papers were evaluated for causality according to the WHO 
guidelines and classified as “certain, probable, possible, and unclassified events” 
(WHO 2004).

The papers describing adverse effects were 492; they were due to 39 out of 66 
botanicals included in the study. Of the total papers, 81.7% (402) reported cases due 
to the botanical, as such or as an ingredient of PFS, and 18.1% (89) to interactions 
with conventional drugs. One case was due to a misidentification of Passiflora 
incarnata. Most events were associated with 14 plants (343 papers), which were 
evaluated in further details. In particular, 41.4% of these papers were associated 
with Glycine max (91 papers) and Glycyrrhiza glabra (51 papers) (Fig.  5.1); of 
them 63.7% and 74.5%, respectively, were classified as certain or probable. 
Figure 5.2 illustrates the distribution of papers describing adverse effects due to 
interactions; 32 out of 83 were considered certain or probable.
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The 91 papers reporting adverse effects to Glycine max were mainly associated 
with allergic reactions and hormone-like activities of isoflavones (Aaronov et al. 
2008; Kwack et  al. 2009). Regarding licorice (Glycyrrhiza glabra), glycyrrhetic 
acid was responsible for hypokalemia and hypertension, as well as for hypertension 
caused by interactions with conventional drugs, such as diuretics and oral contra-
ceptives (Leitolf et al. 2010). Other botanicals involved in a certain number of cases 
were Camellia sinensis (34 due to the plant as such and 9 to interactions) and Ginkgo 
biloba (28 papers). The former was involved mainly in hepatotoxic effects, with 
some case of severe entity (Federico et al. 2007; Gloro et al. 2005; Fong et al. 2010). 
Catechins and, in particular, epigallocatechin-3-gallate (EGCG) were suggested as 

Table 5.1 Plants included in the literature review during the EU Project PlantLIBRA

Abies alba Mill. Cynara scolymus L. Ocimum basilicum L.
Aesculus hippocastanum L. Echinacea pallida (Nutt.) Olea europaea L.
Aloe ferox Mill. Echinacea purpurea (L.) 

Moench
Panax ginseng C.A. Meyer

Artemisia abrotanum L. Epimedium brevicornum 
Maxim/sagittatum

Passiflora incarnata L.

Artemisia dracunculus L. Eschscholzia californica 
Cham.

Pelargonium sidoides DC.

Borago officinalis L. Foeniculum vulgare Mill. Peumus boldus Molina
Boswellia serrata Roxb. ex 
Colebr.

Ginkgo biloba L. Pimpinella anisum L.

Calendula officinalis L. Glycine max (L.) Merr. Plantago lanceolata L.
Camellia sinensis (L.) Kuntze Glycyrrhiza glabra L. Plantago ovata Forssk
Carica papaya L. Grindelia robusta Nutt. Pseudowintera colorata 

(Raoul) Dandy
Carum carvi L. Harpagophytum procumbens 

(Burch.) DC.
Rhamnus purshiana DC.

Cassia angustifolia 
M. Vahl/Cassia senna L.

Helichrysum italicum (Roth) 
G. Don

Salvia hispanica L./
columbariae Benth.

Cassia obtusifolia L./Cassia 
tora L

Heliotropium spp. Serenoa repens 
(W. Bartram) Small.

Chrysanthemum balsamita (L) 
Baill

Hibiscus sabdariffa L. Serenoa serrulata (Michx.) 
Hook f.

Cichorium intybus L. Hippophae rhamnoides L. Silybum marianum (L.) 
Gaertn.

Cimicifuga racemosa (L.) Nutt. Humulus lupulus L. Taraxacum officinale (L.) 
Weber

Cinnamomum verum J. Presl 
(Cinnamomum zeylanicum)

Hypericum perforatum L. Thymus serpyllum L.

Citrus aurantium L. Lavandula angustifolia Mill. Trifolium pratense L.
Citrus limon (L) Burm. Lycium barbatum L. Vaccinium myrtillus L.
Citrus sinensis (L.) Osbeck Matricaria chamomilla L. Valeriana officinalis L.
Crataegus monogyna Jacq. Melissa officinalis L. Vitex agnus castus L.
Cuminum cyminum L. Myrtus communis L. Vitis vinifera L.
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the main responsible for liver toxicity (Di Lorenzo et al. 2015a), even though adul-
teration could not be always excluded. The adverse effect occurrence and the degree 
of causal relationship was critically associated with:

 1. The type of tea: green tea is more involved than black tea;

Fig. 5.1 Papers reporting adverse effects for the 14 botanicals having more than 10 significant 
associations; total number (grey) and cases belonging to the highest classes of causality (black)

Fig. 5.2 Cases reporting adverse effects due to interactions with conventional drugs. Total number 
(grey) and cases belonging to the highest classes of causality (black)
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 2. Extraction/preparation as shown by the higher number of events observed with 
PFS containing hydro-alcoholic extracts rich in hydrophilic and lipophilic com-
pounds; less numerous were the cases when tea was consumed as infusion or 
PFS containing aqueous preparations, where only hydrophilic compounds were 
present (Gloro et al. 2005; Vial et al. 2003).

Nine papers reported interactions with statins (with an increase of their plasmatic 
concentrations and their side effects, such as rhabdomyolysis), and warfarin, where 
the pharmacological effect was reduced by the presence in green tea of vitamin K 
(Mazzanti et al. 2009; Werba et al. 2008). Ginkgo biloba is at the fourth position for 
direct adverse effects (28 papers) and at the second one for interactions (14 papers). 
Ginkgolides were considered responsible for adverse effects involving coagulation 
process, the most usual symptom caused by this plant, taken both alone and in asso-
ciation with anticoagulants (Miller and Freeman 2002; Xia and Fang 2007). In par-
ticular, ginkgo was involved in a fatal case (breakthrough seizure) due to the 
induction of CYP2C19, which caused the drastic reduction of plasmatic levels of 
the anticonvulsants phenytoin and valproic acid in an epileptic patient (Kupiec and 
Raj 2005). Among the cases due to interaction with drugs, 18 out of 83 papers 
(22%) were associated with Citrus aurantium (6 were classified as “certain/proba-
ble”, 11 as “possible”). Normally used in PFS for body weight control, the most 
frequent adverse reaction due to Citrus aurantium is the affection of cardiovascular 
system with hypertension, tachycardia and ventricular extrasystoles. These effects 
are mainly due to the presence of the active amines synephrine and octopamine 
(Haller et al. 2005). It is important to underline that Citrus aurantium extracts are 
often in combination with other compounds, such as caffeine and phenylethylamine, 
with additional stimulant effects on cardiovascular system.

Despite the long period of time searched in the selected databases (from the 
inception of scientific databases to 2014), the number of adverse effects collected 
was relatively low, and severe clinical outcomes were quite rare. This review did not 
discriminate cases due to botanicals taken as PFS or as traditional medicines, since 
the aim of the work was the identification of symptoms associated with specific 
botanicals, having enough documented causality. These data were useful in the sec-
ond part of research done during the EU project PlantLIBRA.

5.3  Data on Adverse Effects Collected by Poisons Centres

Poison Centres and phytovigilance services were identified as an important source 
of data on adverse effects. Several data are here collected and discussed to improve 
the body of knowledge in the field of possible risks associated with the consumption 
of botanicals.
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5.3.1  Data Collected During the Retrospective Study  
of the EU Project PlantLIBRA

A multicentre retrospective study was performed during the EU project PlantLIBRA, 
with the involvement of several European Poison Centres (30 contacted) and the 
Sao Paulo Poisons Centre (Brazil, one of the extra-European country partner of the 
project). They collected cases of adverse effects involving adults and children 
(≤ 16 years old) where the intake of PFS or plants consumed as food were consid-
ered the reason of hospitalization. The period of case collection was established 
from 2006 to 2010 (Lüde et al. 2016).

Eight Poisons Centres provided a total of 75 cases (Finland 9, France 31, 
Germany 4, Italy 13, Serbia 4, Sweden 5, Switzerland 5 and Brazil 4), involving 
mainly adults (91%, age 16-92) and only 9% of children (age 2–15).

According to the Poison Severity Score (PSS) (Persson et al. 1998), most cases 
(70) showed mild clinical symptoms and only 5 were considered severe. In 57 cases 
(76%) responsible of the adverse effect was a PFS and in 18 (24%) a plant con-
sumed as food. The involved PFS contained only one ingredient in 30 cases and 
more than one component in 27. PFS containing more than one ingredient were 
more frequently associated with moderate and severe clinical outcomes (33.3%) 
compared to mono-ingredient PFS (10%). The top-15 plants involved in at least 
three adverse effects/each and the severity of the associated signs are reported in 
Table 5.2.

Generally speaking, adverse effects occurred more frequently after consumption 
of the plant as PFS than as food; moreover, some plants were involved in severe 
cases: three of them were caused by a multi-ingredient PFS and had positive out-
comes (Lüde et al. 2016). Causality assessment was evaluated “certain” in two cases 
(positive rechallenge): the first involved a mono-ingredient PFS (Glycine max—
soybean powder diluted in one glass of soybean milk) taken by a 57 years old male 
for 9 days; the patient developed angioedema after the last exposure. The second 
case involved a 40 years old man, who developed a transient ischemic attack few 
hours after the intake of four tablets of a multi-ingredient PFS (containing A. sativa, 
C. sinensis, Capsicum sp., Carum carvi, Citrus aurantium, Coleus forsklolii, 
Dioscorea villosa, Glycine max, Glycyrrhiza glabra, Ilex paraguanensis, Lepidium 
meyenii, Panax ginseng, Paullinia cupana, Rhodiola rosea, Turnera diffusa).

Although valerian was the plant with the highest number of adverse effects 
(drowsiness and somnolence were the main symptoms), the severity of clinical 
manifestation was evaluated as “minor” (Table 5.2). On the contrary, more severe 
symptoms were shown after consuming plants less frequently involved in adverse 
effects.

Gastrointestinal symptoms and allergic reactions were the most frequent clinical 
manifestations caused by the ingestion of a single plant (mainly as food), while 
several organs were involved when PFS contained more than one botanical. 
Generally speaking, gastrointestinal and nervous systems were involved in 52 and 
41 cases, respectively.
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It is important to note that a causal relationship between the intake of a plant and 
the adverse effects could not always be clearly demonstrated due to the insufficient 
information (e.g. ingested dose and duration of intake), the presence of several 
ingredients in the PFS involved and the lack of precise information about the 
composition.

Although data reported by Poisons Centres show an important contribution to the 
definition of adverse effects to botanicals, some limitations must be hypothesized; 
in fact, the real number of adverse effect can be underestimated for different rea-
sons, such as the kind of adverse effects (e.g. delayed effects or symptoms not rec-
ognized) or the attitude of the patient, who is unconscious or does not declare the 
use of PFS to the physicians (Lüde et al. 2016).

5.3.2  Adverse Effects of Plant Food Supplements and Plants 
Consumed as Food: A Five-Year Survey at Pavia Poisons 
Centre

After the end of EU Project PlantLIBRA, a further effort was done in collecting new 
cases (2011–2015) of adverse effects due to PFS.

Table 5.2 The top-15 plants involved in adverse effects collected during the Poisons Centres 
retrospective study of the EU project PlantLIBRA

Plant/ingredient Total Food PSF
Severity
Minor Moderate Severe

Valeriana officinalis L. 23 1 22 23 – –
Camellia sinensis L. 10 1 9 6 3 1
Melissa officinalis 7 – 7 7 – –
Mentha x piperita 7 – 7 6 – 1
Passiflora incarnata 7 1 6 7 – –
Paullinia cupana 7 – 7 4 1 2
Glycyrrhiza glabra L. 6 5 1 1 4 1
Ilex paraguariensis 6 6 4 1 1
Panax ginseng C.A.Mey. 5 – 5 3 1 1
Citrus aurantium L. 4 – 4 3 – 1
Cynara scolymus L. 4 4 – 3 – 1
Dioscorea villosa L. 4 – 4 – 4 –
Allium ursinum L. 3 3 – 3 – –
Carum carvi L. 3 – 3 1 2 –
Taraxacum officinale L. 3 2 1 1 2 –
Total 99a 17 82 72 18 9

aTotal cases were 57 but in several cases the PFS was a multi-ingredient product so that the total 
counts are higher
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This new study has been performed at the Pavia Poisons Center—National 
Toxicology Information Centre (PPC), a hospital based unit, where clinical toxi-
cologists (medical doctors) advise on, and assist for diagnosis and management of 
poisoning (telephone consultation) the physicians requiring specialistic support 
from the emergency departments and intensive care units all over Italy. For all cases, 
a computerized medical record containing detailed information on the agents 
involved, the clinical picture at admission and during hospital stay, the laboratory 
investigations and the toxicological analysis, treatments, clinical follow-up, and 
outcome is registered. The medical records are then stored in a database, which can 
be searched by fields or by keywords.

For the present study, all medical records reporting the word “supplement” or 
“plant” as the involved “agent” were retrospectively reviewed over a 5-year period 
(2011–2015).

A data collection sheet was used to extract selected information on patients: the 
included cases were assessed for age, sex, plant food supplements or plant ingested 
as food and modality of ingestion (voluntary/accidental), clinical manifestations 
that caused hospital admission and treatments. A senior toxicologist retrospectively 
reviewed the medical records of patients; data were divided in two groups: the first 
included adverse effects due to PFS and the second the adverse effects due to plants 
consumed as food. Each year, poisoning due to food supplements account for about 
1.5–2% of activity of the Poisons Centre of Pavia; the same percentage of consulta-
tion is required for problems due to plants consumed as food.

5.3.2.1  Adverse Effects to Plant Food Supplements

For this part of the study, exclusion criteria were: patients aged under 15  years, 
asymptomatic patients, cases involving vitamins, melatonin or voluntary ingestion 
of plant food supplement in association with drugs (Table 5.3).

Of the total 556 cases involving PFS, 64 were included in the study; the mean age 
of patients was 38 ± 15.7 years, 37 (58%) were females and 27 (42%) males. Most 

Table 5.3 Cases screened and included in the study by Pavia Poisons Centre after application of 
the inclusion/exclusion criteria (PPS Poison Severity Score)a

Year
Total 
cases

Unknown 
composition/
co-somminitration of 
drugs/pediatric drugs

Supplements not 
containing 
botanicals

Asymptomatic 
patients

Included 
cases

2011 65 30 9 15 11
2012 125 52 20 38 15
2013 133 42 44 31 16
2014 121 31 48 30 12
2015 112 28 51 23 10
Total 556 183 172 137 64

aFrom Persson et al. (1998)

5 The Other Face of the Moon: Side Effects, Interactions and Molecules of Concerns



152

cases (44/64) showed minor/moderate signs and symptoms and only one case was 
considered of severe grade, according to PSS (Persson et al. 1998): administration 
of antidotes or gastrointestinal decontamination were required in 2% and 20% of 
cases, respectively. The plants involved in adverse effects were 229. Considering the 
high number of botanicals involved, Table 5.4 lists only plants involved in at least 
three cases.

PFS involved in adverse effects were mainly “multi-ingredients” (47%), while 
“mono” PFS represented 17%. Camellia sinensis and Valeriana officinalis were 
the plants more frequently responsible for adverse effects, confirming data dis-
cussed in the Sect. 5.3.1. Other plants frequently involved were Paullinia cupana, 
Capsicum annuum and Panax ginseng. Although included frequently as ingredi-
ents of PFS (Di Lorenzo et al. 2015a; Restani et al. 2016; Wu et al. 2011), Ginkgo 
biloba, Allium sativum and Serenoa repens were rarely involved in the cases col-
lected in this study (only one case for each plant). Data collected by the retrospec-
tive study of PlantLIBRA indicated gastrointestinal and nervous systems as the 
main targets of adverse effects; in this study, the cardiovascular system (n = 24), 
gastrointestinal system (n = 23), nervous system (n = 13), neuromuscular appara-
tus (n = 7) and skin/mucosa (n = 4) were the most involved. Other sign and symp-
toms (n = 23) were not associable with a specific organ, and included weakness, 
metabolic acidosis,  headache, dizziness, and blood chemistry abnormalities. As 

Table 5.4 Plants associated 
with at least three cases of 
adverse effects collected by 
the Pavia Poisons Centre in 
2011–2015

Plant
N. of casesLatin name Common name

Camellia sinensis Green tea 12
Valeriana officinalis Valerian 11
Paullinia cupana Guaranà 10
Capsicum annuum Pepper 8
Panax ginseng Ginseng 7
Cola acuminata Cola nut 5
Citrus aurantium Bitter orange 5
Piper nigrum Black pepper 5
Crataegus monogyna Common hawthorne 5
Melissa officinalis Lemon balm 4
Zingiber officinalis Ginger 4
Citrus paradisi Grapefruit 4
Ribes nigrum European 

blackcurrant
4

Griffonia 
simplicifolia

Griffonia 3

Uncaria tomentosa Cat’s claw 3
Rosa canina Dog rose 3
Theobroma cacao Cocoa tree 3
Coffea arabica Arabica coffee 3
Taraxacum officinale Common dandelion 3
Mentha x piperita Peppermint 3
Cassia angustifolia Alexandrian senna 3
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regarding the causality assessment, the association was considered “certain” in 
43% of cases and possible in 45%.

5.3.2.2  Adverse Effects Due to Plants Consumed as Food

In order to evaluate adverse effects due to plants consumed as food, patients aged 
less than 6 years (accidental ingestion), patients for which the age was not reported 
and cases of voluntary ingestion of plants with suicidal purpose were excluded.

The number of included cases was 498, but excluding those cases where a spe-
cific plant was not recognized (n = 60), the total selected cases were 225 (Table 5.5).  
The mean age of patients was 43±21.9 years; 46% were females and 53% males. 
Plants consumed as food and the associated adverse effects are listed in Table 5.6.

It is important to underline that most cases showed a benign clinical course and 
patients developed minor sign and symptoms (42%). However, three deaths 
occurred: two patients (husband and wife) died after ingestion of Colchicum autum-
nale (a misidentification of wild onions); a patient died after ingestion of wild saf-
fron (possible misidentification with Colchicum autumnale). Several severe cases of 
Colchicum poisoning are described in the literature, generally caused by misidenti-
fication with similar plants (e.g. Aliium ursinum). The poisoning is due to colchi-
cine, and, according to published data, doses greater than 0.8 mg/kg are generally 
fatal (Brvar et al. 2004).

Plants responsible for adverse effects were mainly consumed as whole plants 
(34%); leaves were ingested in 20% of cases followed by berries (18%), roots/bulbs 
(10%), seeds (9%) and flowers (8%). The most frequently affected organ/system was 

Table 5.5 Plants misidentified and consumed as food, involved in at least ten cases

Plant
N. of casesLatin name Common name

Mandragora officinarum Mandrake 28
Datura stramonium Jimsonweed 21
Laburnum anagyroides Golden Chain Tree 19
Wisteria sinensis Wisteria 17
Nerium oleander Oleander 17
Borago officinalis Borage 16
Plants with anticholinergic effects 
(unknown)

– 16

Atropa belladonna Belladonna 15
Sambucus nigra Elderberry 13
Asparagus acutifolius Wild asparagus 11
Conium maculatum Hemlock 11
Lupinus spp. Lupin 11
Colchicum autumnale Meadow saffron 10
Daphne mezereum Daphne 10
Narcissus spp. Narcisus 10

Total 225
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the gastrointestinal tract (41% of cases), which required decontamination in 72% of 
patients. Nervous system and cardiovascular system were affected in 29% and 16% of 
cases, respectively, followed by mydriasis (13%), skin/mucosa (4%) and neuromuscu-
lar apparatus (3%). Xerostomia and other symptoms (dizziness, dyspnea, tremors) 
represented 9% of symptomatology. An overview of the reported sign and symptoms 
in relation to the plants mostly involved in adverse effects is reported in Table 5.6.

Apart from Dafne mezereum and Wisteria sinensis, adverse effects involved more 
than one organ/organ system. The most frequent target systems were the gastrointestinal 
tract (n = 117), the nervous system (n = 115) and the cardiovascular system (n = 67). 
Excluding the “unknown” plants, gastrointestinal symptoms were recorded after inges-
tion of Wisteria sinensis, Sambucus nigra and Laburnum anagyroides. Similar effects 
are reported in the literature (Barceloux 2008), where it is described how the ingestion 
of the seeds of Laburnum anagyroides could be fatal in children (more rarely in adults), 
due to the presence of cystisine, a pyridine-like alkaloid responsible for symptoms simi-
lar to those of mild nicotine toxicity (Musshoff and Madea 2009). The most frequent 
signs and symptoms involving nervous and cardiovascular systems were due to com-
pounds having anticholinergic properties. In particular, Mandragora officinarum and 
Datura stramonium were responsible for agitation, confusion, hallucinations, mydriasis, 
xerostomia, tachycardia caused by their content in tropanic alkaloids. Anticholinergic 
effects of these plants are well known and several cases of poisoning are described in the 
scientific literature (Tsiligianni et al. 2009). In this study, Borago officinalis was involved 
in 16 cases with symptoms associated with nervous system, cardiovascular system and 
skin/mucosa. Considering that these symptoms are very similar to those reported for 
intake of Mandragora and Datura, poisoning due to misidentification with other plants 
containing tropanic alkaloids is always possible (Amini et al. 2012).

At the time of first call, the causes of intoxication were ascertained in 59%, and 
considered possible in 30% of cases. In the other cases, the exposure was evaluated 
as “probably not related to the appearance of signs and symptoms” (7%) and “surely 
not related to exposure” (2%).

In conclusion, in this study cases were separated according to the use as food or 
as ingredients of PFS.  Most adverse effects were caused by the consumption of 
plants as food (n = 225), where anticholinergic effects were the most commonly 
observed symptoms. The most severe cases (death) occurred after ingestion of 
plants as food, due to misidentification. Cases involving a PFS were 62, with milder 
symptoms. The limits of this study are comparable to those observed in the 
PlantLIBRA retrospective study: the difficulty in collecting the complete case data, 
in identifying the plant ingested (for food), the dose and period of intake (for PFS), 
in confirming the quality of PFS involved when ingredients are numerous, etc.

5.4  Data from PlantLIBRA Consumers’ Survey

Another source of data on adverse effects due to PFS was the self-reported cases 
collected during the PlantLIBRA Consumers’ Survey (2011–2012). The survey 
enrolled 2359 adults from Finland, Germany, Italy, Romania, Spain and UK 
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(Garcia- Alvarez et  al. 2014), who completed a questionnaire on PFS usage. 
Consumers participating to the survey were asked on adverse effects with two ques-
tions: (1) Have you experienced any adverse effects while taking this product? (2) If 
yes, which one?

Of the 2359 consumers enrolled, 82 people (3.5%) reported 87 adverse effects. 
In the six involved countries, the percentage of consumers complaining adverse 
effects were: Finland 5.7%; Germany 5.5%; Italy 1.3%; Romania 1.8%; Spain 6%; 
UK 0.3%.

The causality assessment was not possible considering that adverse effects were 
self-reported by consumers; however, the symptomatology reported was evaluated 
on the basis of the reviewed scientific literature and data collected from Poisons 
Centres during the EU Project PlantLIBRA.

The evaluation was also based on other data regarding each consumer, who 
reported the adverse effect: age and gender, the identification of botanicals con-
tained in PFS (label); daily dose and period of intake, reason of use; the congruence 
between the known physiological activity of the botanical/s and the expected effect; 
the general health status of the consumer; the reported intake of conventional drugs 
or other food supplements.

Considering all parameters listed above, 53 out of 87 cases were classified as 
possible and 4 as probable; 30 cases were evaluated as unlikely/unassessable.

The total number of botanical ingredients involved in adverse effects was 72; in 
66 cases the PFS involved was mono-ingredient, in 28 cases PFS contained a mix-
ture of 2–3 ingredients and in 50 ≥4 ingredients. Considering the frequency of 
adverse effects reported, 14 botanicals were mainly responsible for adverse effects 
(68 cases) (Fig. 5.3); forty botanicals were cited only once and most of them were 
(80%) in association with other ingredients.

Valeriana officinalis, Camellia sinensis, Ginkgo biloba and Paullinia cupana 
were associated with 27 cases of adverse effects, which are detailed in Table 5.7; 

Fig. 5.3 Number of botanical ingredients contained in PFS associated with the adverse effects. 
Ing = Ingredient
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in most of them, these botanicals were the only ingredient in PFS involved and 
were consumed in a period of time ranging between 2  weeks and 12  months. 
Causality assessment was generally defined as “possible”. These plants were also 
involved in some cases of drug interaction: Ginkgo biloba, in association with 
drugs for cardiovascular diseases caused the development of insomnia and dizzi-
ness, while tachycardia was the main symptom of the association of Paullinia 
cupana with fluoxetine, iron or oral contraceptives. As observed in the Poison 
Centres study described in Sect. 5.3.1, gastrointestinal and nervous system were 
the main targets, being involved in the 60% and 17% of the reported adverse 
effects, respectively.

5.5  Data on Adverse Effects to Botanicals Collected  
by the French Agency for Food, Environmental 
and Occupational Health and Safety (ANSES)

Data on adverse effects due to botanicals are collected by the French Agency for 
Food, Environmental and Occupational Health & Safety (ANSES). Starting from 
2010, ANSES launched a nutritional vigilance program for novel foods, fortified 
foods, food supplements and foodstuffs intended for specific diets. A pilot phase, 
limited to food supplements, has been undertaken in 2009. Online-forms for report-
ing adverse effects, available at ANSES Internet site, are filled in by health profes-
sionals (doctors, pharmacists, dietitians, etc.). Declarations are then analyzed by the 
nutritional risk assessment unit (to determine the seriousness of the incident, the 
product’s composition, concordance with previous declarations, etc.) and are then 
submitted to a technical working group for more thorough analysis, in order to 
determine to what extent the product is responsible for the occurrence of the adverse 
effect. In this study, the collection of data on adverse effects due to botanicals was 
performed from 2009 to 2016. A causality assessment was performed for each PFS.

Data were collected for 192 plants responsible for 273 cases involving 190 
females (69.6%) and 83 males (30.4%). The patients were 255 adults (from 17 to 
93 years old) with mean age of 51.0 ± 17.4 years, and 18 children (from newborn to 
15 years old), with a mean age of 5.0 ± 6.1 years. PFS containing one botanical were 
involved in 92 cases, and multi-ingredient PFS in 181. Table 5.8 lists the plants 
involved in at least 10 adverse effects.

Generally speaking, Camellia sinensis was the plant most frequently involved in 
adverse effects (55 citations): in 53 cases was consumed as green tea only, in 1 case 
as green, white and oolong teas, and in 1 case as green, black and oolong teas. Other 
frequently cited plants were Paullinia cupana (30) and Panax ginseng (24).

Plants contained in mono-ingredient PFS were ranked according the number of 
cases identified: Glycine max was the most involved (19 cases), followed by 
Vaccinium macrocarpon (12), Camellia sinensis (5), Capsicum annuum, Cynara 

C. Di Lorenzo et al.
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scolymus, Harpagophytum procumbens, Melissa officinalis, Panax ginseng and 
Taraxacum officinale (3 cases/each).

Considering the organ/systems involved, liver was the most frequent target (59 
cases) (Table 5.9), followed by skin/mucosa (39), nervous system (38), gastrointes-
tinal tract (33), cardiovascular system (29), hematopoietic apparatus (26). Among 
symptoms, allergic reactions were observed in 20 cases; asthenia, fever, pain and 
other symptoms were reported in 35 cases.

As regarding the symptomatology, 238 patients showed one main symptom, 29 
showed symptoms localized in two, and 6 in three systems. Symptomatology was 
mainly considered of minor/moderate entity; however, some severe cases were col-
lected. Four fatal cases were collected but their association with the intake of botan-
icals should be considered extremely doubtful:

Table 5.8 Plants involved in at least ten cases of adverse effects collected by ANSES

Plant/ingredient
Number of casesLatin name Common name

Camellia sinensis Tea 55
Paullinia cupana Guaranà 30
Panax ginseng Ginseng 24
Vitis vinifera Grape vine 24
Glycine max Soybean 22
Cynara scolymus Artichoke 19
Citrus aurantium Bitter orange 18
Zingiber officinale Ginger 17
Vaccinium macrocarpon Cranberry 17
Ilex paraguayensis Yerba mate 15
Melissa officinalis Lemon balm 15
Rosmarinus officinalis Rosemary 14
Taraxacum officinale Common dandelion 14
Angelica archangelica Garden angelica 12
Opuntia ficus-indica Prickly pear cactus 12
Piper nigrum Black pepper 12
Raphanus sativus Radish 12
Vaccinium myrtillus Common bilberry 12
Citrus sinensis Sweet orange 11
Eschscholtzia californica California poppy 11
Passiflora incarnata Passionflower 11
Cola nitida Kola nut 10
Curcuma longa Turmeric 10
Dioscorea villosa Wild yam 10
Foeniculum vulgare Fennel 10
Harpagophytum procumbens Devil’s claw 10
Prunus cerasus Sour cherry 10
Sambucus nigra Elderberry 10

5 The Other Face of the Moon: Side Effects, Interactions and Molecules of Concerns
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 1. The first case involved in a 72 years-old male patient, who consumed Angelica 
archangelica, Camellia sinensis, Cynara scolymus, Panax ginseng, Raphanus 
sativus, Rosmarinus officinalis, Vaccinium myrtillus (contained in three different 
products) for 15 days. He developed cholestatic hepatitis and jaundice before 
death. A further clinical investigation revealed a viral hepatitis, which was the 
probable reason of death;

 2. The second fatal case, whose causality was evaluated as “possible”, occurred in 
a 72 years old man who died after developing encephalopathy, jaundice and ful-
minant hepatitis. He was taking a supplement containing Desmodium adscen-
dens from two days and some concomitant drugs, including sulpiride, aspirin 
and other medications to reduce blood pressure, such as acebutolol and 
perindopril;

 3. A 39 years-old man died after developing a subacute fulminant hepatitis. He was 
taking a supplement containing Vaccinium myrtillus, Cynara scolymus and 
Foeniculum vulgare for 7 months; however, an autoimmune cirrhosis was finally 
diagnosed and was the probable reason of death;

 4. A 73 years-old woman, who was taking Ginkgo biloba, Pao pereira and Rawolfia 
vomitoria, developed hepatic fibrosis with a fatal clinical outcome. Since the 
patient showed the presence of hepatic metastasis, the association of the adverse 
effect and the supplements intake was obviously extremely doubtful.

Moderate/severe hepatotoxic effects were associated more frequently with few 
botanicals: among them, Camellia sinensis (14 cases), followed by Panax ginseng, 
Paullinia cupana, Piper nigrum and Thymus vulgaris (5 cases/each). However, only 

Table 5.9 Target systems, 
signs and symptoms of 
adverse effects collected by 
ANSES

Signs/symptoms Number of cases

Liver 59
Skin/mucosa 39
Nervous system 
(including psychiatric 
disorders)

38

Other symptoms 34
Gastrointestinal tract 33
Cardiovascular system 29
Hematopoietic 
apparatus

26

Allergic reactions 17
Neuromuscular function 12
Kidney 10
Metabolism 7
Respiratory 3
Death 1

C. Di Lorenzo et al.
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the effects associated to Camellia sinensis (green tea) had been described previ-
ously in the scientific literature (Federico et al. 2007; Gloro et al. 2005; Mazzanti 
et al. 2009). Hepatotoxicity was mainly due to green tea derivatives, while Camellia 
sinensis consumed as black or oolong tea caused cardiovascular effects of minor/
moderate entity (tachycardia), probably due to caffeine. This difference in toxicity 
confirms the already reported hypothesis that catechins (mainly EGCG), present in 
higher amounts in green tea, are the main responsible for hepatotoxic effects (Di 
Lorenzo et  al. 2015a). Other plants determined clinical problems previously 
reported: among them, Paullinia cupana (4) and Citrus aurantium (2) were respon-
sible for insomnia and anxiety, probably mediated by their content in active com-
pounds (Di Lorenzo et al. 2015a).

As for mono-ingredient PFS, Glycine max was reported in 19 adverse events, 
including a case of anaphylactic shock and other allergic reactions (with a causality 
considered possible); interestingly, 4 cases of hypercalcemia were recorded in 
 newborns, whose mothers consumed supplements containing partially hydroge-
nated oil (72.32 mg/capsule) from Glycine max (as source of poly-unsaturated fats), 
vitamins (B1, B2, B3, B5, B6, B8, B9, D, E) and minerals (Cu, I, Mg, Zn, Mn, Fe). 
Considering that this effect has not been previously described, it has been supposed 
that it was mediated by vitamin D taken with the supplement. Vaccinium macrocar-
pon was involved in 12 cases, including a neutropenia (severe, causality: possible) 
and purpura (mild severity, causality: likely) and Camellia sinensis in 5 cases, where 
hepatotoxicity was the main problem, as reported above.

Interactions with drugs were observed in three cases:

 1. a reduction of blood levels of valproic acid was observed in association with a 
food supplement containing Taraxacum officinale, red yeast rice and policosa-
nol, but the enzymatic induction was considered doubtful;

 2. a drastic reduction of pharmacological effect of levothyroxine was observed in a 
patient (53, F) operated for a thyroid cancer who consumed in association sev-
eral botanicals (Agropyron repens, beta vulgaris, Cichorium intybus, Citrus 
paradisi, essential oil of Lavandula hybrida, Orthosiphon arisatus, Panax gin-
seng, Raphanus sativus, Rosa canina, Sambucus nigra, Vitis vinifera, Zea mais) 
for 11 months; the causal relationship was considered likely. It is possible that 
the critical reduction of pharmacological effect of conventional drugs was due to 
Citrus paradisi, which contains bergamottin, a compound, which can interfere 
with CYP450 as previously reported by He et al. (1998);

 3. A serotonin syndrome in a 40 years-old woman, due to the association of venla-
faxine (belonging to the class of Selective Serotonin Reuptake Inhibitors, SSRI) 
and a single dose of a PFS containing Escholtzia californica, Hypericum perfo-
ratum, Magnolia spp., Valeriana officianlis. The effect was attribute to hyperfo-
rin, which inhibits serotonin reuptake enhancing the drug effect (Borrelli and 
Izzo 2009). The causal relationship was considered probable, and the clinical 
outcome was positive.

5 The Other Face of the Moon: Side Effects, Interactions and Molecules of Concerns
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5.6  Data on Adverse Effects Published in the Website 
of CFSAN Adverse Event Reporting System (CAERS) 
of FDA

The Center for Food Safety and Applied Nutrition’s (CFSAN) Adverse Event 
Reporting System (CAERS) is a database containing information on adverse events 
caused by commercial products including foods, dietary supplements, and cosmet-
ics. Data are freely available at: https://www.fda.gov/Food/ComplianceEnforcement/
ucm494015.htm.

Cases can be reported by consumers, health care practitioners (physicians, 
nurses, pharmacists) and industries by filling a specific document on-line about: 
product involved, symptoms suffered and patient outcomes.

In this study, only cases related to botanicals were selected and analyzed but they 
could not be strictly classified for causality.

A total number of 2450 reports was found in the last 5 years (2010–2016); 413 
of them (17%) involved mono-ingredient PFS, and 2037 (83%) were due to prod-
ucts containing more than one botanical. Table 5.10 lists the plants, contained in 
mono-ingredient products, causing the highest number of reported adverse effects. 
The distribution among the severity of symptoms classified according to PSS 
(Persson et al. 1998) is also shown.

Serenoa repens, Silybum marianum, Ginkgo biloba and Cinnamomum verum 
were ranked in the first four positions. The whole classification of symptoms is 
illustrated in Table 5.11. Generally speaking, the adverse effects showing severe 
symptoms were 349 (14.2%); of them 82.5% were associated with multi-ingredient 
PFS. Fatal outcomes occurred in 15 cases; most of them (13) were due to products, 
containing from 2 to 14 botanicals. Table 5.12 describes in details the 15 fatal cases, 
reporting the name of the supplement, its composition as reported in the label and 
the symptomatology described in the published reports.

Organs and systems involved in the adverse effect were numerous. Considering 
the mono-ingredient PFS, the most frequent target was the cardiovascular system, 
followed by gastrointestinal tract and nervous systems.

In more detail, hepatotoxicity and cardiovascular adverse effects were often 
associated with the intake of Silybum marianum (13 and 10 cases, respectively). The 
intake of saw palmetto (Serenoa repens) was responsible for cardiovascular (18) 
and gastrointestinal effects (16). These observations are in agreement with previ-
ously published papers (Ball and Kowdley 2005). Cardiovascular effects were also 
reported in 10 cases involving Gingko biloba and 14 due to Cinnamomum verum. 
Cases of cardiotoxicity were previously described for Ginkgo biloba (Di Lorenzo 
et al. 2015b), while Cinnamomum verum was normally associated with problems 
localized in the oral cavity (Siqueira et al. 2009). On the other hands, some cardio-
vascular events were reported by ANSES.

Data published by CAERS have the great advantage of the free accession, so that 
any reasearcher can download and use them, as in the case of this chapter. On the 
other hands, these data present some scientific limitations:

C. Di Lorenzo et al.
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Table 5.10 Botanicals in mono-ingredient supplements, which were associated with the highest 
number of adverse effects, published in the CAERS website

Plant Severity of symptoms
Latin name Common name Minor Moderate Severe Death Total

Serenoa repens Saw palmetto 22 17 18 0 57
Silybum marianum Milk thistle 28 18 2 1 49
Ginkgo biloba Ginkgo 23 17 4 0 44
Cinnamomum verum Cinnamon 16 14 4 0 34
Vaccinium myrtillus Common 

bilberry
8 9 3 1 21

Trigonella 
foenum-graecum

Fenugreek 7 4 6 0 17

Vitis vinifera Grape 7 6 3 1 17
Actaea racemosa Black cohosh 9 3 3 0 15
Glycyrrhiza glabra Licorice 7 4 3 0 14
Vaccinium 
macrocarpon

Cranberry 9 5 0 0 14

Crataegus monogyna Common 
Hawthorne

5 6 2 0 13

Allium sativum Garlic 8 3 1 0 12
Salvia hispanica L. Chia 5 4 2 0 11
Valeriana officinalis Valerian 6 2 3 0 11
Hypericum perforatum 
L.

St. John’s wort 7 1 2 0 10

Camellia sinensis Green tea 2 7 0 0 9
Olea europea Olive 5 2 0 0 7
Citrus paradisi Grapefruit 2 3 1 0 6
Taraxacum officinale Common 

dandelion
1 4 1 0 6

Carica papaya Papaya 3 2 0 0 5
Rhamnus purshiana Cascara 

buckthorn
2 1 1 0 4

Borago officinalis Borage 2 1 0 0 3
Euterpe oleracea Acai 2 1 0 0 3
Griffonia simplicifolia Griffonia 2 1 0 0 3
Harpagophytum 
procumbens

Devil’s claw 2 1 0 0 3

Malaleuca alternifolia Narow-leaved 
paperbark

0 3 0 0 3

Vitex agnus-castus Chastetree 1 0 2 0 3
Matricaria chamomilla Chamomile 1 1 0 0 2
Melissa officinalis Lemon balm 2 0 0 0 2
Phyllantus emblica Emblic 0 2 0 0 2
Hippophae 
rhamnoides

Sea buckthorn 2 0 0 0 2

(continued)
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 1. The adverse event are reported as such without any assessment by 
toxicologists;

 2. In most cases, there is no detail supporting the causal relationship between the 
product intake and the adverse reaction;

 3. Since cases can be reported by any citizen in US (health-care professionals but 
also consumers), the reliability of the data provided is often unassessable. Details 
on duration of intake, concomitant medical conditions or drugs intake are 
included in very few cases.

5.7  Conclusions

Table 5.13 compares all sources reviewed in this paper, ranking the botanicals in the 
first 13 positions for number of adverse effects. To make the association more reli-
able, only data on adverse effects due to mono-ingredient PFS were included in the 
table. Botanicals present in at least three lists are indicated in bold.

Results obtained by the retrospective Poison Centres’ study (Lüde et al. 2016), 
the Consumer survey (Restani et al. 2016) and Pavia Poison Centre were compara-
ble: in all studies Valeriana officinalis and Camellia sinensis were ranked in the first 
two positions. A different classification was found in the FDA website and with 

Table 5.10 (continued)

Plant Severity of symptoms
Latin name Common name Minor Moderate Severe Death Total

Trifolium pratense Red clover 2 0 0 0 2
Garcinia sp. Garcinia 1 0 0 0 1
Lycium barbarum Goji 1 0 0 0 1
Ocimum tenuiflorum Holy basil 1 0 0 0 1
Morinda citrifolia Noni 0 1 0 0 1
Panax ginseng Ginseng 0 1 0 0 1
Piper nigrum Black pepper 1 0 0 0 1
Rosa canina Dog rose 1 0 0 0 1
Rubus idaeus Raspberry 1 0 0 0 1
Glycine max Soybean 1 0 0 0 1
Solanum lycopersicum Tomato 1 0 0 0 1

Table 5.11 Severity of symptoms of adverse effects due to mono- and multi-ingredients food 
supplements, published in the CAERS website

Product
Severity of symptoms

TotalMinor Moderate Severe Death

Mono-ingredient PFS 206 144 61 2 413
Multi-ingredient PFS 888 848 288 13 2037
Total 1094 992 349 15 2450

C. Di Lorenzo et al.
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ANSES Nutrivigilance data when botanicals contained in mono-ingredient prod-
ucts are considered. FDA’s data show that Serenoa repens and Silybum marianum 
were the botanicals most frequently involved in adverse effects, while Valeriana 
officinalis and Camellia sinensis represented 2.7% and 1.7% of cases, respectively.

The ANSES Nutrivigilance data indicate that Camellia sinensis is ranking third, 
after Glycine max and Vaccinium macrocarpon. Valeriana officinalis is ranking 
sixth (not shown on Table 5.13) since this botanical is most often formulated with 
other plants in food supplements marketed in France.

Making a general assessment of data collected, Camellia sinensis and Panax 
ginseng are always included in the first 13 positions apart from the CSAN list; 
Valeriana officinalis is present in 4 out 6 lists; Citrus aurantium, Cynara scolimus, 
Ginkgo biloba, Glicine max, Glycyrrhiza glabra, Melissa officinalis and Paulinnia 
cupana are present in 3 out of 6 lists.

On the basis of the data analysed, some final considerations can be done:

 1. No information on patient history, dose and treatment duration was provided in 
the majority of the spontaneous reports;

 2. Although adverse events analysed showed mainly mild to moderate symptoms, 
some fatal cases were recorded;

 3. Reports of adverse events due to botanicals are often unassessable, as a conse-
quence of: (a) the lack of adequate information on causality, (b) the presence of 
several ingredients, which makes difficult to establish an association with the 
adverse effects; (c) the frequent not-specific symptomatology or the presence of 
multiple symptoms;

Scientific literature review PlantLIBRA Poisons Centres 
survey Pavia Poison Centre

Self-reported cases
PlantLIBRA consumers 

survey
ANSES CAERS (FDA)

Plant %* Plant %* Plant** %* Plant %* Plant %* Plant %*

Glycine max 19.3 Valeriana officinalis 14.3 Camellia sinensis 5.2 Valeriana officinalis 9.2 Glycine max 20.7 Serenoa repens 13.8

Glycyrrhiza glabra 12.2 Camellia sinensis 6.2 Valeriana 
officinalis 4.8 Camellia sinensis 8.0 Vaccinium 

macrocarpon 13.0 Silybum marianum 11.8

Camellia sinensis 8.7 Melissa officinalis 4.3 Paullinia cupana 4.4 Ginkgo biloba 6.9 Camellia sinensis 5.4 Ginkgo biloba 10.6

Ginkgo biloba 8.5 Mentha x piperita 4.3 Capsicum 
annuum Paullinia cupana 6.9 Capsicum annuum 3.3 Cinnamomum verum 8.2

Citrus aurantium 5.1 Passiflora incarnata 4.3 Panax ginseng 3.5 Cynara scolymus 5.7 Cynara scolymus 3.3 Vaccinium myrtillus 5.1

Cinnamomum 
verum 4.7 Paullinia cupana 4.3 Cola acuminata 3.1 Echinacea spp 5.7 Harpagophytum 

procumbens 3.3 Trigonella foenum-
graecum 4.1

Cimicifuga 
racemosa 4.7 Glycyrrhiza glabra 3.7 Citrus aurantium Olea europaea 5.7 Melissa officinalis 3.3 Vitis vinifera 4.1

Echinacea 
purpurea 4.1 Ilex paraguariensis 3.7 Piper nigrum 2.2 Red rice 5.7 Panax ginseng 3.3 Actaea racemosa 3.6

Vitex agnus castus 3.9 Panax ginseng 3.1 Crataegus 
monogyna 2.2 Panax ginseng 5.7 Taraxacum 

officinale 3.3 Glycyrrhiza glabra 3.4

Hypericum 
perforatum 3.9 Citrus aurantium. 2.5 Melissa officinalis 2.2 Equisetum arvense 4.6 Commiphora muku 2.2 Vaccinium 

macrocarpon 3.4

Panax ginseng 3.3 Cynara scolymus 2.5 Zingiber officinalis 1.7 Allium sativum 3.4 Cucurbita pepo 2.2 Crataegus monogyna 3.1

Valeriana officinalis 2.8 Dioscorea villosa 2.5 Citrus paradisi 1.7 Foeniculum vulgare 3.4 Desmodium 
adscendens 2.2 Allium sativum 2.9

Vitis vinifera 2.8 Allium ursinum 1.9 Ribes nigrum 1.7 Glycine max 3.4
Rhodiola rosea
Ribes nigrum
Sambucus nigra

2.2 Salvia hispanica L. 2.7

Total cases 492 Total cases 161 Total cases 229 Total cases 87 Total cases 92 Total cases 414

Gray= present in 5 out of 6 lists Yellow = present in 4 out of 6 lists                     Light blue= present in 3 out of 6 lists

Table 5.13 Ranking of botanicals for frequency of adverse effects produced as reported by the 
different data sources included in this paper (only mono-ingredient PFS)

Gray present in 5 out of 6 lists, Yellow present in 4 out of 6 lists, Light blue present in 3 out of 6 
lists
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 4. It should be also noticed that PFS often contain also other ingredients, not 
derived from plants (such as vitamins or minerals) that could have a role in 
adverse effects development;

 5. Although the limit indicated above, it is evident that some botanicals are more at 
risk for adverse effects, as discussed above;

 6. The consumers should be informed about the correct use of PFS, their possible 
adverse effects and interactions with conventional drugs.
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Chapter 6
Food Supplements Containing Botanicals: 
The Concept of Quality

Brunella Carratù and Stefania Giammarioli

Abstract The aim of this chapter is to provide a brief overview of the issues related 
to manufacturing process and principles of quality system, with particular attention 
to quality control, keeping in mind the unique characteristics of botanicals used as 
ingredients in these products. Therefore the main steps of the industrial process of 
plant-based preparations will be described. In addiction the main interrelated aspects 
of an integrated quality system, designed to assure that products will be consistently 
fit for their intended use, will be explained. A crucial point are quality controls that 
must be carried out in each step of the production process on the raw materials, 
intermediate/finished products. Finally will be treated the activities included in the 
process of post marketing surveillance, both active and passive, and by way of 
example they will be described the systems of post-marketing surveillance adopted 
in some countries.

Keywords Botanicals • Quality system • Quality control • Post-marketing 
surveillance

6.1  Introduction

Widespread and growing use of food supplements containing botanicals has created 
public health challenges globally in terms of quality, safety and efficacy. The devel-
opment of parameters for standardization and quality control of botanicals is a 
demanding task. The aim of this chapter is to provide a brief overview of the issues 
related to manufacturing process and principles of quality system, with particular 
attention to quality control, keeping in mind the unique characteristics of botanicals 
used as ingredients in these products.

B. Carratù (*) • S. Giammarioli 
Department of Food Safety, Nutrition, and Veterinary Public Health,  
Istituto Superiore di Sanità, Rome, Italy
e-mail: brunella.carratu@iss.it; stefania.giammarioli@iss.it

mailto:brunella.carratu@iss.it
mailto:stefania.giammarioli@iss.it


180

6.2  Manufacturing of Different Plant Food Supplements 
Categories

Food supplements containing botanicals (PFS) are composed of plant substances 
or association of several plants or plant-based preparations and in case of some 
nutrients. The plant substances used are whole plants, or parts of plants (roots, 
barks, leaves, seeds, etc.) either whole or fragmented, but also juices removed by 
pressure or incision of the living plant (oleoresins, gums, latex, etc.) which have 
not undergone any specific treatment. Preparations are obtained from herbal mate-
rial by various processes (e.g. extraction, fractionation, distillation, concentration, 
drying) (see Fig. 6.1).

The final products are sold in many forms: as fresh or dried products; dry, fluid 
or semi-fluid extracts; capsules; powders; tea bags; and other forms.

In the following sections the main steps of the industrial process of plant-based 
preparations will be described (Kindel 2014; Gil-Chávez et al. 2013; Gupta et al. 
2012; European Medicine Agency 2010; Sapkale et al. 2010).

Drying

Grinding
Powdering

Possible purification,
concentration
or drying

FRESH HERBAL
MATERIAL

DRY HERBAL
MATERIAL

EXTRACTION PROCESS
Water, solvents,

water-alcohol mixtures etc. 

MECHANICAL
PROCESS 

Teas, Capsules,
Powders 

Tinctures,
Extracts (dry, fluid or semi-fluid)

ALCOHOLIC  EXTRACTION,
DISTILLATION, SQUEEZING

Tinctures,
Essen�al oils, Juices 

Fig. 6.1 Examples of plant-based preparations
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6.2.1  Cleaning and Drying

After the plants are harvested, they must be cleaned. Cleaning may involve screen-
ing, washing, peeling, or stripping leaves from stems. Any unnecessary parts are 
removed prior to drying to avoid wasting time and energy. In some cases botanicals 
are used while fresh but generally they are dried first. The purpose of drying is to 
reduce the water content so that the plant can be stored. Most plants contain 60–80% 
moisture when harvested and must be dried to within 10–14% moisture before stor-
age. Plants must be dried or processed as soon as possible after harvest because they 
begin to deteriorate immediately. Plants can be dried naturally or by a number of 
artificial methods. The type of plant or plant part being used will determine the 
appropriate drying technique.

6.2.2  Grinding

Grinding, or mincing, consists in mechanically breaking down either leaves, roots, 
seeds, or other parts of a plant into very small units ranging from larger course frag-
ments to fine powder. Grinding is employed in the production of crude herbal prod-
ucts as well as in the initial phases of extracts. Some plant materials are packaged 
and sold at this point without any additional processing (teas, capsules, powders). 
Some proceed through an extraction process.

6.2.3  Extraction

The process of extraction is used in making juices, tinctures, dry, fluid or semi-fluid 
extracts. Extraction refers to separating by physical or chemical means the desired 
constituents from a plant. Solvent extraction (SE) is the most popular method of 
extraction. Table 6.1 lists some solvents suitable for extraction of particular classes 
of plant compounds (revised from Gupta et al. 2012).

The use of chloroform, dichloromethane, diethyl ether was reduced due to their 
toxicity and environmental impact. Sometimes mixtures of solvents are also used to 
get better extraction efficiency.

Hydro alcoholic solvent mixture (mixture of alcohol and water in varying pro-
portions) is generally considered to give high extraction yields, which is owing to 
their expanded polarity range.

Extracts that has been separated from the plant material generally contain some 
unwanted substances such as tannins, pigments, microbial contaminants, etc. To 
separate impurities from the extract different methods such as decanting, filtration, 
sedimentation, centrifuging, heating, adsorption, precipitation and ion exchange are 
used.
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SE has been improved by development of more modern extraction techniques 
such as microwave assisted extraction (MAE), ultrasound assisted extraction (UAE), 
supercritical fluid extraction (SFE), etc. in order to obtain better yields and promote 
the elimination of undesirable compounds from the extract.

Microwave-assisted extraction (MAE). When microwaves pass through a medium, 
their energy may be absorbed and converted into thermal energy. MAE works heat-
ing the moisture inside the cells that evaporates producing a high pressure on the 
cell wall. The pressure builds up inside the biomaterial modifying the physical prop-
erties of the biological tissues (cell wall and organelles) improving the porosity of 
the biological matrix. This allows better penetration of extracting solvent through 
the matrix improving yield of the desired compounds.

Ultrasound-assisted extraction (UAE)  has been proposed as alternative to conven-
tional SE, providing higher recovery of targeted compounds with lower solvent con-
sumption. Its better extraction efficiency is related to the phenomenon called 
acoustic cavitation. When the ultrasound intensity is sufficient, the expansion cycle 
can create cavities or microbubbles in the liquid. The implosion of cavitation bub-
bles can hit the surface of the solid matrix and disintegrate the cells causing the 
release of the desired compounds.

Supercritical fluid extraction (SFE)  is a method for extracting active ingredients 
using supercritical fluids, that are compounds (usually gases) at a temperature and 
pressure above their critical point, which have combined properties of gases and 
liquids. An advantage of supercritical extraction is that it can take place at low tem-
perature thus preserving the quality of temperature-sensitive components. A wide 
range of compounds can be used as solvents in this technique. However, most sepa-
ration systems use carbon dioxide due to its safety and low cost, in addition CO2 
ensure minimal alteration of the bioactive compounds. Polar molecules are poorly 
soluble in CO2 and hence are not extractable, for this reason, the use of other solvent 
compounds (specially ethanol or methanol) is needed in order to enhance solubility 
and the selectivity of the process.

Table 6.1 Plant compounds extracted by various solvents

Solvent Compounds extracted

Chloroform Terpenoids, flavonoids, alkaloids
Cyclohexane Waxes, fats
Hexane Waxes, fats
Dichloromethane Terpenoids, alkaloids
Diethylether Alkaloids
Ethylacetate Alkaloids
Acetone Flavonols, alkaloids
Ethanol Tannins, polyphenols, flavonols, terpenoids, sterols, alkaloids, propolis
Methanol Saponins, tannins, flavones, sugars, aminoacids, anthocyanins, 

terpenoids, quassinoids, lactones, polyphenols
Water Sugars, aminoacids, saponins, tannins, lectins, terpenoids, 

anthocyanins, starches, polipeptides
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6.2.4  Steam Distillation

Steam distillation is another method for extracting active ingredients from plants. 
The water vapour carries small amounts of the vaporized compounds to the conden-
sation flask, where the condensed liquid phase separates, allowing for easy collec-
tion. This process effectively allows for distillation at lower temperatures, reducing 
the deterioration of the desired products. Steam distillation is the most commonly 
used method for collecting essential oils.

6.2.5  Purification

Purification procedures may be applied to the extracts with the aim to reduce 
unwanted matter and/or to increase the content of active constituents (standardised 
extracts and quantified extracts). During the refining process the composition of the 
final preparation may vary to a greater or lesser extent but in general the refined 
extracts no longer have the total spectrum of constituents present in the original 
extract. The different purification steps lead from “total extracts” (natural multi- 
component mixtures) via “refined extracts” (including mixtures of closely related 
constituents) finally to “isolated single constituents”. The most common techniques 
used for the purification include: precipitation (salt, temperature, solvents, etc.), 
extraction (pure solvents, solvent mixtures, etc.), absorption (absorption chroma-
tography, ion exchanger, etc.).

6.2.6  Concentration or Drying Process

After extraction of the plant and possible purification of extract, the resulting solu-
tions can be concentrated into fluid or solid extracts. The result is separation of the 
extracted materials from the solvent that can be reused. Although there are still a 
number of liquid form extracts on the market (tinctures, fluid and semi-fluid 
extracts), the preferred industry method is to dry the extract to a solid form. The 
main reasons are: higher amount of active compounds, greater chemical stability 
and reduced cost. Tinctures, fluid and semi-fluid extracts are easily contaminated by 
bacteria and other micro-organisms. Liquid forms of extracts also promote chemical 
reactions, which may tend to break down the herbal compounds. A number of dry-
ing techniques are employed in the herbal processing industry, including freeze-
drying and spray-drying. The result is a dried powdered extract that can then be put 
into capsules.
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6.3  Principles of Quality System

Food supplements containing botanicals have to comply with all relevant aspects of 
legislation in their country of production in term of composition, manufacture and 
control. This means that manufacturers and distributors should apply an integrated 
system, usually named Quality Management, that provides assurance that products 
will be consistently fit for their intended use.

The definition of quality depends on both subjective and objective factors. The 
subjective factors include cultural, economic, psychological, religious and ethical 
aspects, creating a wide range of quality concepts. The objective factors include 
standardization of the organoleptic and physicochemical characteristics and food 
safety assurance (Da Cruz et al. 2006).

Quality Management is a wide-ranging concept covering all the arrangements made 
with the object of ensuring the quality of products, and include many interrelated 
aspects (see Fig. 6.2) , such as Quality Assurance, Quality Design, Quality Control, 
Quality Improvement and Manufacturing functions (Luning and Marcelis 2007).

Quality assurance: includes all activities and decisions to realize the quality. It deals 
with setting requirements on the quality system, evaluating its performance and 
organizing necessary changes.

Quality
Assurance

Quality
Improvement

Quality
Design

Quality
Control

Processing Storage and 
distribu�on

Supply and
storage

Fig. 6.2 Food quality management model
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Quality design: starts with specifying consumer and/or customer demands and 
translating them into product and process specifications, i.e. formulation and selec-
tion of raw materials and choice of an appropriate manufacturing process and pack-
aging materials.

Quality control: is a basic activity of quality assurance and its objective is to keep 
product properties, production processes between certain acceptable tolerances. 
Quality control must be an ongoing process to ensure that safety and quality of the 
product is maintained.

Quality improvement: involves a systematic approach to improving the system 
focusing on structural causes and solutions, in order to bring processes and resources 
at a higher level of quality.

Manufacturing functions: ensure that products are consistently produced and con-
trolled according to quality standards and covers all aspects of production:

 – supply and storage of incoming materials (i.e. raw and semi-processed materials, 
ingredients);

 – transformation of incoming plant materials into processed products with desired 
physicochemical properties;

 – packaging, storage and distribution of processed products applying appropriate 
conditions.

The following section will focus on critical aspects of Quality Control linked to 
the unique characteristics of the plant materials used in PFS, that make them differ-
ent from other products as fortified foods or dietary supplements.

6.4  Quality Control

Appropriate quality controls must be carried out in each step of the production pro-
cess (IADSA 2011) that can be summarized in:

• reception phase: visual inspection of raw materials/ingredients/supplies to verify 
any damage of the packaging and to check accompanying documentation (trans-
port conditions and compliance with the order specifications);

• quarantine phase: release of raw materials/ingredients can either be based on 
certificates of analyses provided by the supplier, or sampled and tested in accor-
dance with agreed specifications;

• production and packaging phase: defined and documented manufacturing proce-
dures, including associated activities and precautions, are necessary to ensure the 
production of finished products which conform to their specifications and 
 suitably protected against contamination or deterioration. Process conditions 
should be monitored and process controls carried out by suitable means includ-
ing, as appropriate, sensory, instrumental and laboratory testing;

• approval phase of the intermediate/finished products: approval is based on checks 
by Quality Control for compliance with their specifications.

6 Food Supplements Containing Botanicals: The Concept of Quality
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All lots of raw materials/ingredients, intermediate and finished products should 
be stored under the appropriate conditions (e.g. temperature and/ or relative humid-
ity) and bear an identification mark that will provide a means of tracing products.

The laboratory tests represent a key element of Quality Control and require reli-
able and validated methods (see Chap. 4) to ensure the safety and quality of botani-
cals and botanical preparations intended for use in PFS.

The risk factors associated with the different stages of production require the 
drawing up of specifications and the performance of strict checks on raw materials 
and on intermediate/finished products.

6.4.1  Raw Materials

It is important that the batches of the botanical raw materials undergo appropriate 
testing before acceptance for further processing. Checks should include identifica-
tion, absence of foreign material, and compliance with legal limits for contaminants 
and residues (Food Supplements Europe 2014; European Medicines Agency 2011; 
Sanzini et al. 2011; Franz et al. 2011; van Breemen et al. 2007; Council of Europe 
2005).

6.4.1.1  Botanical Characterization and Identification

Botanical characterization and identification is imperative, particularly with botani-
cals harvested in the wild.

The scheme showed in Table 6.2 should be used for the characterization of a 
botanical. Great care should be exercised as there are many cases where botanicals 
have been renamed or reclassified. Attention must also be taken with the use of 
common names as these can vary from region to region and in some instances can 
be used for a different species. The characterization must be made on the basis of 
the Scientific (Latin) classification.

Table 6.2 Scheme for characterization of a botanical

Scientific (Latin) name Full systematic species name including Botanical family, genus, 
species, variety, subspecies, author’s name, and chemotype if 
applicable

Synonyms Botanical name(s) that may be or have been used interchangeably 
with the preferred scientific name

Common names Vernacular name(s)

Part used e.g. root, leaf, seed, etc.

Geographical origin Continent, country, region

Growth and harvesting 
conditions

Wild or cultivated, cultivation practices, time of harvest in relation 
to both season and stage of the plant growth
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The characterization should be completed by proper identification of the botani-
cal material by morphological description and chemical control, and eventually by 
DNA-based methods.

Morphological control include:

 a. Macroscopic examination: consists of visual/olfactory observations of morpho-
logical and organoleptic characteristics of the plant (such as appearance, form, 
colour, fragrance and taste)

 b. Microscopic examination: consists of plant organs and tissues analysis to iden-
tify the specific characteristics of the various genera and species

Chemical control: some phytochemical compounds are usually characteristic for a 
given plant, and their profile represents the fingerprint of the plant. The compounds 
considered may be the active substances but quite often characteristic substances 
only. The chemical fingerprint can be obtained by thin layer chromatography (TLC); 
high-performance liquid chromatography (HPLC); high performance thin layer 
chromatography (HPTLC) .

DNA-based identification: DNA fingerprinting makes it possible to identify the 
genus, species and variety of the raw material in an unambiguous and reproducible 
manner, even if the material has been processed (e.g. dried, grinded, pounded, 
lyophilized, squeezed, etc.). Most of DNA-based methods use polymerase chain 
reaction (PCR) to amplify the DNA region of interest.

In some cases other chemical and physical tests can support the identification. 
Examples of such tests are: total and insoluble ash, water soluble extractive, foreign 
organic substances, loss on drying, etc.

6.4.1.2  Foreign Matter

The foreign matter can be derived from various sources, this includes stones, soil, 
insects and insect parts, moulds, worms, rodent droppings, metal, textile fibres, 
pieces of glass, etc. Procedures for both visual and instrumental examinations for 
the presence of foreign matter should be in place and should be applied to all 
batches.

6.4.1.3  Contaminants and Residues

Botanicals can be susceptible to a wide range of contaminants and residues. Whilst 
many contaminants have environmental origin, the residues result from agricultural 
treatments during cultivation. Many of the contaminants and residues, that can 
potentially be found in botanicals, can be the subject of legal limits.
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Following the main contaminants and residues are shown.

 a. Microbiological contamination: is due to the presence of microbial pathogens 
relevant to human safety (e.g. Escherichia coli, Salmonella, Staphylococcus 
aureus, etc.) that can be a serious risk, particularly in situations where animal 
waste (faeces) is used as a fertiliser during cultivation or where surface water is 
used for irrigation. In addition, contamination may also occur during harvesting, 
post-harvesting, drying and subsequent processing stages;

 b. Mycotoxins: are biochemical substances produced by the secondary metabolism 
of certain fungi or moulds colonizing the foodstuffs. Aflatoxins and ocratoxins A 
are the mycotoxins of major concern in botanicals;

 c. Environmental contaminants: are organic and inorganic contaminants occurring 
in the environment and which can be found on botanical matter. The main ones 
are: toxic (heavy) metals (such as cadmium, lead, mercury, arsenic), dioxins, 
furans and dioxin-like polychlorinated biphenyls (PCBs), polycyclic aromatic 
hydrocarbons (PAHs);

 d. Residues: result from agricultural treatments during cultivation and storage and 
include pesticides (insecticides, fungicides and herbicides), ethylene oxide (not 
permitted in EU food law) and fumigants (e.g. phosphine or methyl bromide).

Finally no botanicals or botanical products, intended to be used in PFS, can be 
placed on the market in the EU if it is produced from a GMO or treated with ioniz-
ing radiation. Consequently it is necessary to carry out specific checks to verify the 
compliance with current legislation.

6.4.2  Intermediate/Finished Products

After botanical raw material has been identified and found to be free from hazard-
ous contaminants and residues, it can be used in the production process.

The next step to ensure a safe, reliable and reproducible PFS is the standardiza-
tion of intermediate/finished products together with purity control (absence of con-
taminants, residues and foreign matter) (Van Breemen 2015; Food Supplements 
Europe 2014; Sanzini et al. 2011; Speijers et al. 2010; van Breemen et al. 2007; 
Council of Europe 2005; Marcus and Grollman 2002; Fugh-Berman 2000).

6.4.2.1 Standardization

The standardization is carried out through the dosage of specific markers. A marker 
is a chemically defined characteristic constituent, or group of constituents, present 
in a specified botanical material. Markers can be used for control purposes, whether 
or not they have any physiological activity, as their function is to assist in 
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composition analysis and monitoring the batch-to-batch variation of the plant mate-
rials to ensure the uniformity of production.

Markers can be classified into two categories. The first is termed the “active 
marker(s)”, which is a constituent or group of constituents that are generally 
accepted as contributing to a physiological effect. The second is known as “analyti-
cal marker(s)”, which is a constituent or a group of constituents (in some case also 
toxic) that are known to be characteristic of the botanical material. The ideal marker 
is a constituent(s) for which there is an established and validated analytical  method 
and for which the assay is not subject to interference from other constituents in the 
botanical source or from processing. Each batch of intermediate/final product 
should be analysed to confirm that specified marker substance levels are within the 
required range.

When multiple botanicals are used in a PFS, quality control can become very 
challenging. Furthermore, the quality control of supplements containing mixtures 
of botanicals is complicated due to the batch-to-batch variation in the chemical 
composition of each botanicals used in the product.

6.4.2.2 Contaminants, residues and foreign matter

All manufacturing operations must be performed in order to minimize the potential 
for growth of microorganisms, or for the degradation or contamination of intermedi-
ate/finished products. Chemical and microbial contaminants or foreign matter test-
ing procedures shall be used where necessary to identify process failure.

For extracts special care should be given to the solvents used that must comply 
with the EU legislation. This legislation lists the permitted solvents in the produc-
tion of foodstuffs and food ingredients, and for a number, conditions of use and 
maximum residue levels.

Another important issue is the possible contamination by pharmacological sub-
stances (see Table 6.3). Processing in pharmaceutical facilities might inadvertently 
introduce pharmaceutical compounds into PFS, but there is also the possibility of 
adulteration of supplements to improve their effectiveness through a deliberate 

Table 6.3 Examples of pharmaceutical adulterants

Pharmacological class Drugs

Analgesic-antiinflammatory Aminophenazone, paracetamol, phenylbutazone, 
indomethacin

Antihistamines Chlorphenamine
Corticosteroids Betamethasone, prednisolone
Diuretics Hydrochlorothiazide
Drugs for erectile dysfunction Sildenafil
Stimulants Caffeine
Tranquilizers Diazepam
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addition of pharmaceutical compounds frequently occurring in adverse events (also 
severe poisoning) or interactions.

6.4.3  Presence of Extraneous Plants

Controls should be carried out both on raw materials and intermediate/finished 
products to highlight the presence of extraneous plant material whose occurrence 
may be accidental or due to adulteration (Jordan et al. 2010; Smolinske 2005; Fugh- 
Berman 2000).

The first case is represented by:

 – cross contamination with other plants that may occur in various stages (sowing, 
harvesting, transport, unloading and handling) from the field to the processing 
site;

 – misidentification that occurs because many plants, especially those harvested in 
the wild, are similar in appearance during various growth phases;

 – mislabelling, because of the similarity of common names for different species.

This sometimes can lead to the presence of plants containing toxic substances or 
responsible for allergic or idiosyncratic reactions.

The adulteration is due to the deliberate and intentional addiction of plants or 
their parts (not declared on the label) in order to improve the effectiveness of the 
product or for their lower cost or easier availability (see Table 6.4).

6.5  Post-Marketing Surveillance

Although PFSs are considered by the public as safe products, because they are made 
from natural ingredients, they are not risk free. There are a wide variety of risks 
associated with PFSs, as already mentioned above, which arise due to several rea-
sons such as contaminations; unhygienic manufacturing; adulteration or 

Table 6.4 Examples of misidentification/adulteration that have caused adverse reactions

Intended plant Replaced plant Effect

Illicium verum Illicium religiosum Convulsions
Gentiana lutea Pedophyllum emodi Gastro-intestinal and kidney symptoms
Panax ginseng Datura metel Anti-cholinergic symptoms
Stefania tetranda (guang 
fangji)

Aristolochia fangji Nephrotoxicity
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counterfeit; interactions with drugs, foods, other botanicals or dietary supplements; 
incorrect dosing and instructions, etc.

Governments are interested in monitoring the quality and safety of marketed 
products as the key to control potential consumption hazards. Post-marketing sur-
veillance is a method designed to monitor the quality, safety, effectiveness and per-
formance of PFSs.

The most crucial activity included in this process is that concerning safety, in 
particular collection of information or reports on adverse reactions, finding a causal 
relationship between adverse event and product.

This activity include (Health Canada 2008):

• identifying, as early as possible, potential safety issues;
• refining and adding information on suspected or known adverse reactions, and on 

a possible increase in their frequency;
• communicating new safety information to health professionals and public in 

order to improve the appropriate use of the supplements.

In order to be effective, the system should (Kingston 2012):

• be sufficiently “sensitive”, such that potential threats or safety concerns would 
likely be included in the monitored events;

• be sufficiently specific to allow detection, differentiation and ultimately determi-
nation of real vs. perceived threats;

• identify intended and unintended patterns of use which may potentially contrib-
ute to “unintended effects”;

• allow assessment of product performance by itself or in the presence of other 
products or substances;

• ensure that at-risk populations, such as children, pregnant women, elderly and 
people suffering with certain medical conditions, are considered when monitor-
ing safety.

Post-marketing surveillance is an integrated set of activities requiring a careful 
structured methodological approach. There are mainly two types of post-marketing 
surveillance: passive surveillance, and active surveillance (Suman 2013; Murty 
2007).

Passive Surveillance: include spontaneous reporting and is the most commonly 
used method for data collection and monitoring of adverse reactions. Physicians, 
pharmacists, and consumers voluntarily report any suspected reaction due to the use 
of PFS. The main advantage of spontaneous reporting is that its scope is national 
and able to cover diverse populations. The major disadvantages of this system 
include underreporting and poor quality of reports.

Active Surveillance: can be defined as regular periodic collection of case reports 
from health care providers or facilities. The active surveillance is a key to improve 
the quantity and the quality of adverse reaction reports and uses more rigorous data 
collection tools such as pilot studies in specific settings, observational cohort stud-
ies, targeted studies on important potential problems, etc. The disadvantages of this 
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system include the possibility of selection bias of reporters and patients, and require-
ment of more intense resources which makes it expensive.

Monitoring safety of PFSs is more challenging in comparison to drugs. The 
issues concern in particular causality assessment of adverse reaction, inadequate 
knowledge regarding characteristics of PFS, underreporting of adverse reactions.

In assessing the causality of adverse reaction it is necessary to take into account 
many factors. Most of the PFSs are mixtures of multiple herbs and ingredients that 
may cause adverse reactions; in these cases, it is hard to identify the causality to the 
product as a whole. Another important concern is the possible contamination due to 
for example to heavy metals and microbes, that pose difficulties in detecting whether 
adverse reaction was due to original product or to these contaminations. Other dif-
ficulties in assessing causality are adverse reactions produced from improper use of 
PFSs and/or drug-herb interactions.

The inadequate knowledge, regarding complex characteristics of PFSs, appropriate 
methods for safety, efficacy, harms/benefits assessment and unsuitability to specific 
population groups, pose the greatest challenge to monitoring the safety of these 
products. There are limited publications or data available that can provide reliable 
information regarding the risks and benefits of using PFSs. Recently, in response to 
this need, the European project (2010–2014) PlantLIBRA (Plant food supplements: 
Levels of Intake, Benefit and Risk Assessment) structured to develop, validate and 
disseminate data and methodologies for risk and benefit assessment and implement 
sustainable international cooperation was carried out.

The under-reporting of adverse reactions related to PFSs is an important issue in 
most countries. The main reason of underreporting is due to the fact that most of the 
consumers consider these products safe and there could not be any side effect with 
their use.

Today, many countries implement a post-marketing surveillance framework of 
the PFSs for the safety of their populations. Each country uses their own or similar 
systems for managing PFSs adverse reaction risks.

For example in USA (Felix et al. 2015; Frankos et al. 2010; Gardiner et al. 2008; 
Wallace et al. 2008; Kigston 2005) FDA regulates dietary supplements under a dif-
ferent set of regulations than those covering “conventional” foods and drug products 
i.e. the Dietary Supplement Health and Education Act of 1994 (DSHEA). According 
to this regulations, manufacturers and distributors are responsible for evaluating the 
safety and labelling of their products before marketing, to ensure that they meet all 
the requirements of DSHEA and FDA regulations. FDA is responsible for conduct-
ing post-marketing surveillance and taking action against any adulterated or mis- 
labelled products.

For this purpose the FDA has created, through the Safety Reporting Portal (SRP), 
a suitable, secure, and efficient method for letting FDA know when industry or con-
sumers find a problem with a dietary supplement. This method is an all-electronic 
version of the MedWatch, used by manufacturers, health care professionals, 
researchers, public health officials, and consumers to report problems (https://www.
safetyreporting.hhs.gov/fpsr/FpsrRoutingPage.aspx Accessed February 3, 2017). 
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The data collected are entered into a computerized database called Adverse Event 
Reporting System which is further evaluated by multidisciplinary experts for causal 
assessment.

In Canada the post-marketing safety monitoring of all health products, includ-
ing natural health products, is conducted by Health Canada (Scott 2012; Murty 
2007). According to Health Canada, Natural Health Products (NHPs) are naturally 
occurring substances including chinese medicines, herbal remedies, ayurvedic med-
icines, homeopathic medicines, vitamins, minerals, probiotics and other products 
like amino acids and essential fatty acids.

Reports collection and assessment of suspected adverse reactions to health prod-
ucts marketed in Canada are performed through the Canada Vigilance Program and 
the submission of these reports occurs through the MedEffect Canada (http://www.
hc-sc.gc.ca/dhp-mps/medeff/about-sujet-eng.php Accessed February 3, 2017). This 
system provides consumers, patients, and health professionals an easy access to 
report an adverse reaction or side effect; obtain new safety information on drugs and 
health products; learn and better understand the importance of reporting side effects. 
The information collected by the program can be accessed through the Canada 
Vigilance Online Database (http://www.hc-sc.gc.ca/dhp-mps/medeff/databasdon/
index-eng.php. Accessed February 3, 2017).

In Europe, the European Medicines Agency (EMA) monitors only the safety of 
drugs and herbal medicinal products largely through passive surveillance. It collects 
information using EudraVigilance, an online system used for reporting and evaluat-
ing suspected cases of adverse reactions (https://eudravigilance.ema.europa.eu/
Decommissioned/Decommissioned.html Accessed February 3, 2017).

Every EU state has its own specific surveillance system for PFS or uses for 
reporting the pharmacovigilance system.

For example in Italy botanicals are marketed mainly as food supplements and/or 
as medicinal products if nutritional/physiological effects, or therapeutic activities 
are claimed respectively.

The Italian Medicines Agency (AIFA) collects reports only for registered drugs 
and plant based medicinal products through the Italian Pharmacovigilance System, 
whereas the Italian National Institute of Health (ISS) manages a specific adverse 
reaction reporting system for natural health products (http://www.epicentro.iss.it/
focus/erbe/sorv_reaz-avv.asp Accessed February 3, 2017).

The latter system (Menniti-Ippolito et al. 2008) collects in a database the sponta-
neous reports of suspected adverse reactions arisen after taking/administration of:

• food supplements
• galenic herbal preparations
• other natural preparations of non-vegetable origin (e.g. propolis, snail extracts, 

etc.)
• homeopathic remedies

Reports can be made by anyone who observes an adverse reaction (health care 
professionals, researchers, and consumers) by completing and faxing ISS a form 
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specially developed. Adverse events are then evaluated by a panel of experts con-
sisting in two committees: a scientific and a coordinating committee.

Finally another source of data is represented, in many countries, by Poison 
Centres. A Poison Centre answers enquiries mainly about exposure to chemical 
agents, including pharmaceuticals, natural toxins, pesticides and industrial chem-
icals and also to particular products like those based on plants. However, as the 
purpose of these Centres is heavily focused on patient’s treatment after the 
adverse event, and not on the collection of information regarding products or on 
establishing causal relationships, the resulting reports are very sensitive but not 
necessarily specific.
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Chapter 7
Protocols for Developing and Testing Methods 
Applied to the Quality Control of Botanicals
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Chlodwig Franz, Stefania Giammarioli, Maurizio Mosca, Johannes Novak, 
Paul A. Steenkamp, and Patrizia Restani

Abstract Both the application of official/published methods and the development 
of a novel analytical protocol need specific guidelines for their validation. Methods 
developed for quality controls of botanicals could be classified as: (1)  phytochemical 
assays, and DNA-based identification; (2) methods for the identification and quan-
tification of specific compounds. The validation of the methods for  phytochemical 
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and DNA-based identification requires the following parameters: ruggedness, 
 specificity and limit of detection (LOD). In relation to development and testing of 
methods for detection of specific compounds: beneficial and toxic  substances, con-
taminants, residues and biomarkers, this chapter presents guidelines based on good 
analytical practices, to assist analyst in obtaining data of requested quality and to 
aid in the evaluation of the quality of obtained data. This chapter will be organised 
in the following three parts: (1) evaluation of the problem and  characterization of 
analytical requirements; (2) development of methods; and (3) validation of 
methods.

The parameters that have to be evaluated for in-house validation will be different 
depending on the type of method (qualitative or quantitative, compounds in high 
concentration or traces).

Keywords Quality control • Botanical fingerprints • Contaminants • Adulterations

7.1  Introduction

Reliable analytical methods are required for compliance with national and 
 international regulations in all areas of analysis. It is accordingly recognized that a 
laboratory must take appropriate measures to ensure that it is capable of providing 
data of the required quality. One of the analytical performance criteria is the use a 
“fully validated” method of analysis, which is now accepted or required in many 
sectors of analysis. Fully validated means that a method must have been assessed 
in a collaborative trial. There are, however, many situations where this is not fea-
sible, and as result the need for laboratories to develop and use their own “in-
house” methods is well recognized in analytical community. It has become 
recognized that such validation should be carried out on a more formal basis and a 
number of  organizations have developed procedures and  protocols, which meet 
such needs.

The authors of this chapter decided to develop the criteria of in-house  validation; 
this approach could be considered adequate for the purpose since it is difficult of 
obtaining sufficient participants with the suitable expertise on botanicals to enable 
collaborative trials in every situation. Frequently, researchers in the field of 
 botanicals have their expertise in specific analytical approaches and/or fields, so it 
is difficult to recruit an adequate number of laboratories for each analyte.

In view of different problem this chapter is divided in two distinct sections:

 – development and testing of methods for plant/herb identification;
 – development and testing of methods for detection of specific compounds: benefi-

cial and toxic substances, contaminants, residues and biomarkers.
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7.2  Development and Testing of Methods for Plant/Herb 
Identification

Methods for plant/identification can be divided into the following groups:

• Morphological
• Phytochemical
• DNA-based methods

7.2.1  Morphological Identification of Plant

Morphological characters can be evaluated at different levels on plant material:

• The macroscopic examination deals with characters visible with the naked eye. 
It is suitable for the description of whole plants and often also for whole plant 
parts;

• The micromorphology of a plant comprises characters that can be studied using a 
magnification glass or a stereomicroscope, affording magnifications up to ×40–50. 
Applicable to smaller plant parts, plant fragments, small flowers and plant 
trichomes;

• Morphology is studied using light microscopy. These techniques require usually 
a specific sample preparation as embedding, cutting, staining, etc. Typical mag-
nifications are ×100–×400 (and may go up to ×1000). Additional techniques as 
the observation in the dark field or in the polarized light may enhance the visibil-
ity of certain structures. These techniques are well suited to study plant tissues, 
cell forms including plant trichomes and cell inclusions (e.g. Ca-oxalate 
crystals);

• Ultrastructure of plants and plant cells is accessible with scanning and transmis-
sion electron microscopy and an adequate sample preparation (e.g. ultra thin 
cutting, staining, vapour coating with gold). These techniques are elaborate and 
costly but are usually not needed for a correct plant identification;

• A set of technical terms (that can be defined in a glossary) is used to describe the 
characters at each level.

7.2.2  Phytochemical Identification of Plant

The phytochemical identification of plants aims to identify the plant/herbal using its 
chemical compositional profile of observed. It is performed by analytical methods 
such as or hyphenated techniques like GC-MS or UPLC-MS.
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The development and testing of the methods for plant identification is based on 
three steps:

• Evaluation of the problem and characterization of analytical requirements;
• Development of the method;
• Validation.

The first two steps are common to the development and testing of methods for 
detection of specific compounds and they will be described at Sects. 7.3.1 and 7.3.2. 
The validation of the methods for plant identification requires the definition of the 
following parameters:

• Ruggedness;
• Specificity;
• Limit of detection (LOD).

The definition and methodology used to check each parameter will be explained 
in details in the specific sections. The definition of these parameters must follow the 
Guidelines of International Union of Pure and Applied Chemistry (IUPAC- 
Thompson et  al. 2002), ISO (ISO 2007), AOAC International (AOAC 2002), 
EURACHEM (2016) and The International Council for Harmonisation (ICH 2005).

7.2.3  DNA-Based Identification of Plant

DNA-based identification of plants is based on the sequence of nucleotides on the 
DNA, which is unique for each individual. Some parts of the DNA are conserved 
within species but differ between species. Therefore the process in developing 
DNA-based methods is basically relying on the identification of suitable DNA- 
regions for species discrimination. To develop a reliable identification system, it is 
necessary to collect, besides a number of different samples from the target sample, 
also reference samples from closely related species.

Its main technology is the Polymerase Chain Reaction (PCR); for subsequent 
identification many different techniques can be applied, like direct sequencing or—
more suitable for routine analysis—Amplification Refractory Mutation System 
(ARMS), High Resolution Melting (HRM) and Loop Mediated Isothermal (LAMP).

Sampling, DNA-isolation and detection are the three major steps that need to be 
validated, which can be done in a modular way.

The process is quite similar to that described in Section 7.2.2 and consists of the 
same three steps: (1) Evaluation of the problem and characterization of analytical 
requirements, (2) Development of the method, (3) Validation. In validation, the 
determination of ruggedness, specificity and LOD are required.
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7.2.4  Guidelines for the Methods in Plant Identification

7.2.4.1  Morphological Approach

The morphological evaluation and identification of plant material has to follow a 
procedure that allows reproducibility, documentation and traceability of the obtained 
results (plant identity):

• Deposit a retainer sample or herbarium voucher specimen of the plant material 
assessed;

• For each specimen to be identified use a report sheet, where the main 
 morphological characters of the assumed species are registered and mark which 
characters are present on the investigated specimen.

• Add an individual comment concerning the investigated specimen on the report 
sheet;

• For the foto documentation of macro- and micromorphology use an centimeter 
or millimeter scale;

• For the photo documentation of microscopic characters use a micrometer scale;
• Specify the sample preparation for microscopic investigation (embedding, cut-

ting, staining);
• Specify the light microscopic technique (bright field, polarized light, etc.) and 

magnification used.

The complete document about the investigated specimen contains information, 
where retain samples or herbarium specimens are kept, the report with the observed 
characters, illustration with photos (macro- and microphotos) and a conclusion 
about the determined identity.

7.2.4.2  Phytochemical Approach

The development and testing of methods for plant identification cover different 
tasks:

• Plant identification: to identify a plant is necessary to distinguish the plant 
species from those of the same genus, as well as from other genera (especially of 
species often used as adulterants);

• Method development: it is advantageous to develop a standard method, which 
can be used for the identification of many plants species. The developed method 
has to be validated.

• Matrix considered by the method: the development of the methods should lead to 
approaches that can be used to analyse raw material as well as semi processed 
products and finished products (PFS). In the last two cases, it is necessary to 
divide the development of the methods in procedures for sample preparation and 
procedures for analysis.
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7.2.4.3  DNA-Based Approach

As described above, also the DNA-based approach requires the development of a 
basic system that can be used for many plant species. In this case, the basic system 
consists in the concept of a “mastermix”, a mixture of the components for PCR 
without primers and DNA to be analysed and a standard protocol for the PCR 
 thermal profile. To the mastermix, only species specific primers and sample DNA 
have to be added.

Since PCR is a powerful method to detect extremely small quantities of a target, 
it is generally possible to use this technique also for processed materials. But—as in 
phytochemical identification—the methods could need some adaptations.

7.3  Development and Testing of Methods for Detection 
of Specific Compounds: Beneficial and Toxic Substances, 
Contaminants, Residues and Biomarkers

This section presents guidelines based on good analytical practices for the 
 development and testing of methods for beneficial and toxic substances, 
 contaminants, residues and biomarkers. The aim is to assist analysts in obtaining 
data of requested quality and to aid them in the relative evaluation.

7.3.1  Evaluation of the Problem and Characterization 
of Analytical Requirements

In setting up a method, at first it is indispensable to evaluate the analytical prob-
lem and to characterize analytical requirements following the stages listed below:

• Determine the applications of the method (plant species, compounds, 
matrix, etc.);

• Establish if the method is for qualitative or quantitative analysis;
• Choose the adequate analytical approach (chromatography, spectroscopy, 

 electrochemical methods, others);
• Establish if the method will be developed ex-novo or if it will be an improvement 

of an existing method;
• Set up the performance criteria requested (specificity, precision, recovery, 

 working range, etc.);
• Verify the existence of commercially available reference compound/material or 

the possibility to isolate the required substance from natural sources, or produce 
it synthetically.
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7.3.2  Development of the Method

During the development of a method, it is necessary to follow some technical strate-
gies as described below.

7.3.2.1  Elaborate a Method Protocol

The analytical protocol must include suitable procedures for:

• Sampling;
• Sample preparation, such as extraction and clean-up;
• Analytical determination:

 A. Instrumental chromatographic methods. Analytical determination with the 
selected technique, and optimization of derivatization conditions (if neces-
sary) and setting up of suitable instrumental parameters. Among others: Gas 
chromatography (GC), High Performance Liquid Chromatography (HPLC), 
Gas Chromatography coupled with Mass Spectrometry (GC/MS), Liquid 
Chromatography coupled with Mass Spectrometry (LC/MS), Ultra 
Performance Liquid Chromatography (UPLC), etc.

 B. Chromatographic methods without or with limited instrumental requirement. 
Optimization of analytical conditions for separation and detection. Among 
others: Thin Layer Chromatography (TLC) and High Performance Thin 
Layer Chromatography (HPTLC).

 C. Spectroscopic methods. Optimization of analytical condition for chemical, 
immunochemical or enzymatic reaction (if necessary) and setting of suitable 
instrumental parameters. Among others: Spectroscopy and Photometry (UV/
VIS), fluorimetry, Enzyme-Linked ImmunoSorbent Assay (ELISA), Atomic 
Absorption Spectroscopy (AAS), Nuclear Magnetic Resonance (NMR), etc.;

 D. Electrochemical methods (Electrophoresis, CE, etc.): optimization of ana-
lytical conditions for separation and detection and setting of suitable instru-
mental parameters.

• Elaboration of quali/quantitative results and discussion of data.

7.3.2.2  Preliminary Evaluation

To perform preliminary evaluation, some parameters have to be checked on the 
basis of the performance criteria established in the first steps: specificity, extraction 
and clean up efficacy, linearity, repeatability, etc.

This iterative process of development and evaluation continues until the method 
is deemed capable of meeting the requirements (Fig. 7.1); further development is 
unnecessary and it is possible to proceed with the whole validation.
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7.3.2.3  Validation

Validation of a method is the planned and documented procedure to establish its 
performance characteristics. The performance characteristics or the validation 
parameters of the method determine the suitability for its intended use. They define 
what the method can do under optimized conditions of sample preparation, analyte 
isolation, instrumental settings, and other experimental features.

The parameters that have to be evaluated for in-house validation will be different 
depending on the type of method (qualitative or quantitative), or analyte abundance 
(compounds in high concentration or traces). The schedule for validation is 
Illustrated in Table 7.1.

As indicated above, validation should be performed according to the Guidelines 
published by IUPAC, ISO, AOAC, ICH and EURACHEM. These associations have 
cooperated to produce agreed protocols or guidelines on the design, conduct and 
interpretation of method performance studies.

Definitions and methodology to check each parameter are listed below.

Specificity means the ability of a method to determine accurately and  specifically 
the analyte of interest in the presence of other components in a sample matrix under 
the stated conditions of the test.

To check specificity there are two techniques:

 – If a matrix blank is available, analyze an appropriate number of blank samples (at 
least five) and verify the absence of any interferences (signal, peaks, etc.);

Method project
Sampling
Sampling separation
Determination
Calculation

Specificity - Recovery*

Working range/Linearity*

Repeatability - Ruggedness

Yes

Yes

Yes

Whole validation

Yes
No

No

Fig. 7.1 Process of 
development and 
evaluation of an analytical 
method. * Refers to 
quantitative analysis

M. Badea et al.



205

 – If a matrix blank is unavailable, five times analyze samples fortified with the 
analyte at a range of concentrations (at least five) and compare the results with 
those obtained with pure analyte.

For instrumental chromatographic methods it is also possible to compare spectra 
of compounds in the matrix with that of pure reference compounds.

7.3.3  Working Range/Linearity

For any quantitative method, it is necessary to determine the working range, which 
is the range of analyte concentration over which the method may be applied. 
Within the working range there may exist a linear response range. Within the 
 linear range signal response will have a linear relationship to analyte  concentration 
or property value.

To check working and linear range:

 1. Analyse one time reference materials or fortified sample at various  concentrations 
for at least six concentrations. Plot measurement response (y-axis) against mea-
sured concentration (x-axis) and visually examine to identify approximate linear 
range and upper and lower boundaries of the working range.

 2. Analyse reference materials or fortified sample at least six different  concentrations 
within the linear range and repeat three times each. Plot measurement response 
(y-axis) against measured concentration (x-axis) and visually examine for outli-
ers, which may not be reflected in the regression. Calculate appropriate regres-
sion coefficient. Calculate and plot residual  values (difference between actual y 
value and the y value predicted by the regression line, for each x value). A close 
distribution about the regression line confirms linearity. Random/scattered distri-
bution trends indicate non-linearity.

Table 7.1 Protocol for the validation of an analytical method

Parameters

Method type

Qualitative
Quantitative (high 
concentration)a

Quantitative 
(traces)b

Specificity + + +
Working range/linearity − + +
Recovery − + +
Trueness − + +
Precision (repeatability, intermediate 
precision)

− + +

LOD (limit of determination) − − +
LOQ (limit of quantification) − − +
Ruggedness + + +

aBioactive compound
bResidue, contaminants
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7.3.4  Recovery

Recovery means the percentage of the true concentration of a substance recovered 
during the analytical procedure.

To check the recovery analyze matrix blanks or unfortified samples (if matrix 
blank is unavailable) and samples fortified with the analyte of interest at a range of 
concentrations (at least at minimum, in the middle and at maximum of the working 
range), repeat the analysis six times.

7.3.5  Trueness

Trueness means the closeness of agreement between the average value obtained 
from a large set of test results and an accepted reference value.

Two basic techniques are available: checking against reference values for a 
 characterized material or against another validated reference method.

To check trueness, the mean and standard deviation of a series, 10 replicate tests 
must be determined, and compared with accepted true value for the characterized 
material or with the results of the reference method.

Characterized materials for validation may be:

 – Reference material: Material or substance one or more of whose property values 
are sufficiently homogeneous and well established to be used for the calibration 
of an apparatus, the assessment of a measurement method, or for assigning 
 values to materials.

 – Certified Reference Material (CRM): Reference material, accompanied by a 
 certificate, one or more of whose property values are certified by a procedure, 
which establishes its traceability to an accurate realisation of the unit in which 
the property values are expressed, and for which each certified value is 
 accompanied by an uncertainty at a stated level of confidence.

In the absence of characterized materials or reference methods, trueness can be 
investigated by spiking and recovery (see recovery).

7.3.6  Precision

Precision means the closeness of agreement between independent test results 
obtained under stipulated conditions. Precision includes measures of  reproducibility 
and repeatability. For in-house validation only repeatability is required.

Repeatability is expressed as standard deviation of test results obtained with the 
same method on identical test items, in the same laboratory by the same operator 
using the same equipment.
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If possible intermediate precision that expresses within laboratories variation 
(different days, different analysts, different equipment, etc.) should be also 
determined.

To check precision it is necessary to repeat the tests at least six times.

7.3.7  Limit of Detection (LOD)

The limit of detection is the lowest concentration of analyte in a sample that can be 
detected, but not necessarily quantitated under the stated conditions of the test.

To determine LOD, analyse 10 independent sample blanks or sample blanks 
 fortified at lowest acceptable concentration measured once each. Express LOD, 
as the analyte concentration corresponding to mean sample value ±3 s.

For instrumental chromatographic method it is also possible to refer to signal-to- 
noise-ratio (S/N) that should be ≥3.

7.3.8  Limit of Quantitation (LOQ)

The limit of quantitation’ (LOQ) is the lowest concentration of analyte that can be 
determined with an acceptable level of repeatability precision and trueness.

To determine LOQ, analyse 10 independent sample blanks or sample blanks 
 fortified at lowest acceptable concentration measured once each. Express LOQ, as 
the analyte concentration corresponding to mean sample value ±10 s.

For instrumental chromatographic method it is also possible to refer to signal- 
to- noise-ratio (S/N) that should be ≥10.

7.3.9  Ruggedness

The ruggedness of an analytical procedure is a measure of its capacity to remain 
unaffected by small, but deliberate variations in method parameters and provides an 
indication of its reliability during normal usage.

To evaluate the ruggedness identify variables, which could have a significant effect on 
method performance. Set up experiments to monitor the effect on accuracy and precision 
of systematically changing the variables. Analyse each set of  experimental conditions 
once. Determine the effect of each change of condition on the mean. Rank the variables 
in order of the greatest effect on method performance.
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Abstract The object of this chapter is a short review of appropriate methods for the 
identification and authentication of plant materials and the quantification of  bioactive 
compounds having physiological (or toxicological) relevance. The  quality control of 
a botanical can be applied to raw material, a derivative (extract) or an ingredient 
of a commercial product (Plant Food Supplement or Traditional Medicine).

Using the most suitable assays, each batch of botanical should be identified using 
taxonomic classification, morphological examination and/or  biochemical/chemical 
characterization. An example of the quality control, which can be  performed on 
botanicals, is here presented taking into consideration Camellia sinensis (tea).
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8.1  Introduction

Herbal materials, extracts and botanical preparations used in plant food supplements 
(PFS) must comply with EU food legislation regarding composition and safety. 
Since the consumers’ expectations are primarily focused on beneficial effects, 
 methods are necessary to test and quantify the biological activity of the complex 
mixture of phytochemicals present in the commercial products. The quality of raw 
material and botanical preparations is particularly relevant, when a company applies 
to EFSA for a functional claim to be added in the label or used in advertising.

Due to the fact that no compulsory guideline exists for PFS, groups of  researchers 
or PFS producers have developed a number of analytical methods for quality 
 control. They must be validated and tested on different raw materials, extracts and 
also on PFS from the market, since matrix can change dramatically the efficiency of 
an analytical technique. Moreover, considering the multi-component nature of a 
PFS, a proper and meaningful quality control must include the analysis of a broad 
spectrum of potential physiologically active phytochemicals, sometimes belonging 
to several chemical classes (Sanzini et al. 2011; Teken et al. 2004).

There are several standard and reference methods for the analysis of botanical 
derivatives; the most common ones are based on ISO Standards (Ameh et al. 2012), 
the current European Pharmacopoeia (2017) and the WHO Quality Control Methods 
(2011). Due to the request of analytical method to qualify and quantify botanical 
ingredients, the aim of this chapter is a short review of appropriate methods for:

• The identification and authentication of the plant material (phytochemical 
 markers, molecular genetic methods);

• The identification and quantification of bioactive plant compounds of 
 physiological (or toxicological) relevance.

The production of high quality food supplements containing botanicals begins 
with the identification of the correct species/varieties. Plants intended for use in food 
or supplements should be cultivated and harvested using suitable guidelines. The 
WHO Programme on Traditional Medicines (WHO 2014) reports guidelines for good 
 agriculture and collection practices in the field of botanicals (WHO 2003). If wild 
plants are harvested or if the botanical (or its extracts) are purchased without any 
assurance of good agricultural practice, materials should be assayed with special 
attention.

For the complete identification of the botanical used in PFS, both as raw material and 
as derivatives (from extracts to final product), all data at disposal must be collected: (1) 
scientific name (plant family, genus, species, etc.); (2) common name in English and 
other languages, when necessary; (3) part(s) of the plant used; and (4) geographic origin, 
even though this information is not always at disposal (Schilter et al. 2003).

There are several methods validated for the authentication, standardization, and 
quality assurance; they are based on taxonomic identification, morphological and 
microscopic examination, fingerprint chromatography, DNA molecular character-
ization, and immunoassay of species-specific proteins.
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An interesting description of the botanical characterization of a large number of 
plants is freely available at the website of the American Herbal Product Association 
(http://www.botanicalauthentication.org/index.php/Main_Page).

Macroscopic identification is usually performed on the intact whole plant during 
 collection or harvesting. Unfortunately, this is not always possible and macroscopic 
examination in some cases is done on dry raw material. However, macroscopic 
examination cannot be enough to identify the species or distinguish sub-species 
 differences in chemotype or ecotype (Sanzini et al. 2011; van Breemen et al. 2007; 
Yadav and Dixit 2008).

Microscopic examination allows the evaluation of whole, fragmented, or 
 powdered plant material, but this approach requires professional microscopists 
trained in the analysis of botanical and reference standards, which are no always 
available (AHP 2011; Bisset and Wichtl 2000).

‘Fingerprinting’ is a useful tool based on chromatographic and/or spectroscopic 
profiling, obtained by high performance liquid chromatography (HPLC), Thin 
Layer Chromatography (TLC), High Performance Thin Layer Chromatography 
(HPTLC), gas chromatography (GC), or Fourier transform infrared (FTIR), near 
infrared (NIR), or nuclear magnetic resonance (NMR) spectrometry.

‘Chemical fingerprinting’ describes the compounds, which are characteristic or 
must be absent in a specific botanical; their analysis allows a whole characterization 
of the raw material or the final PFS, including the possible adulterations.

Due to accidental contamination or adulteration, a PFS might contain a mixture 
of the expected plant/s with other undesired/illicit ingredients. In these cases, the 
use of analytical methods aimed to detect specific compounds can be insufficient.

A DNA based identification can be obtained by using fresh or dried source 
 material or higher processed preparations and has become a powerful tool for 
 supplementing the identification process (Heubl 2010).

Several molecular techniques were implemented for the authentication of 
 botanical products. Their explanation and general applicability including  advantages 
and disadvantages are discussed in Chap. 9.

Camellia sinensis will be used in this chapter to describe an example of a 
 possible quality control on a botanical preparation. Other examples regarding the 
quality control of botanical by DNA-based identification will be illustrated in 
Chap. 9, while further phytochemical characterizations will be described by the 
authors of Chap. 10.

8.2  Characterization of Botanical raw Material and Relative 
Derivatives: Camellia sinensis

Camellia sinensis, known as tea, is a common ingredient of food and food 
 supplements; it is widely used to prepare the infusion, which is the second most 
consumed drink in the world after water. Teas are commercialized, as such or as 
derivatives, according to the processing applied to the leaves. The most important 
classification of tea is related to the manufacturing process:

8 Classic/Recommended Methods and Development of new Methods to Monitor…
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 1. Black tea is the product of enzymatic oxidation of Camellia sinensis fresh leaves. 
After the harvest leaves are spread in layers and maintained for up to 18 h at room 
temperature or under circulating warm air to reduce the moisture content to 
 approximately 60% of the starting weight. Leaves are then crushed and macerated 
to promote enzymatic oxidation of the flavonols due to the presence of oxygen. 
During “fermentation”, tea undergoes important compositional changes resulting 
in colour and flavour modification. At the end of this step, leaves are passed on trays 
through hot air driers to stop enzymatic activity and to decrease moisture to 3%.

 2. In preparing green tea, the oxidizing enzymes are inactivated by steam-blasting 
the fresh leaves in perforated drums, followed by roasting in hot iron containers 
and rolling.

 3. Oolong tea is obtained by rolling the leaves after a short “fermentation” process; 
during this period, chemical changes reach approximately one-half of those 
found in black tea.

 4. White tea is considered the most delicate and freshest product available; leaves 
from the newest growth on the tea plant are handpicked and then rapidly and 
carefully dried, so the leaves are not allowed to oxidize.

Figure 8.1 shows the macroscopic aspects of the four main classes of commercial 
tea: white, green, oolong and black.

Tea contains several bioactive compounds and it is particularly rich in flavonoids, 
including catechins and their derivatives. The most abundant polyphenol is epigallocat-
echin 3-O-gallate (EGCG), which is the main responsible for the beneficial effects of tea 
(Chacko et al. 2010). Tea also contains caffeine, which is well- known for its effect on 
central nervous system (Nehlig et al. 1992) and theobromine and theophylline, which 
show diuretic and vasodilatorory activities (Martinez- Pinilla et al. 2015).

A description of the quality characterization of a PFS herbal ingredient, from the 
botanical aspects to the chemical composition, is here reported for Camellia sinesis, 
which is widely used in the international market.

8.2.1  Nomenclature

The botanical classification of Camellia sinensis (L.) Kuntze is illustrated in Table 8.1.

8.2.2  Morphology of Camellia sinensis

Figure 8.2 illustrates a plant of Camellia sinensis, cultivated in Japan and a page of 
a traditional herbarium, where the different parts of the plant are detailed. Tea is a 
small tree with a long life (25–90 years), mainly cultivated for its leaves. Leaves are 
simple and alternate, mostly oval and ovoid. Mature leaves are bright green, smooth 
and leathery. The young leaves are light green with white hairs in the underside 
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(used to prepare white tea). The classification of tea plants is mainly based on the 
leaf size (Pepó and Csajbók 2013; Piovan et al. 2014).

Fig. 8.1 Macroscopic differences between different tea samples: (a) white tea from Nepal; (b) 
green tea Gunpowder from China; (c) oolong Tea from China; (d) black tea from Sri Lanka

Table 8.1 Botanical 
classification of Camellia 
sinensis (tea)

Rank Name

Kingdom Plantae
Subkingdom Tracheobionta
Superdivision Spermatophyta
Division Magnoliophyta
Class Magnoliopsida
Subclass Dilleniide
Order Theales
Family Theaceae
Genus Camellia L.
Species Camellia sinensis (L.) Kuntze

From: USDA (2017)
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8.2.3  Organoleptic Characteristics

The organoleptic properties of tea are described by the American Herbal Products 
Association (AHPA 2013) as:

• Aroma and odor: characteristic;
• Flavor/taste: drying and astringent (due to tannins).

8.2.4  Microscopic Examination

Data on microscopic characteristics of Camellia sinensis are rare and often limited 
due to the lack of reference standard data. Papers published on this topic are very old, 
even though still cited in botanical studies (Clayton and Hassali 1909; Taylor 1889).

AHPA (2013) reports some sentences from the paper by Clayton and Hassali (1909):

 1. “Upper epidermal cells small and only slightly angular, in leaf of medium size; 
but larger, more angular, and with walls more distinctly visible, in the old and 
hard leaf. Hairs and stomata absent. Parenchymal cells similar to those of most 
other leaves, and not very distinctive.

 2. Cells of the lower epidermis larger than those of the upper surface, and associ-
ated with stomata and hairs. Stomata, oval or sometimes nearly round, formed 
of two reniform cells (guard cells) encircling a very apparent aperture rather 

Fig. 8.2 Picture of the plant (left) and herbarium page (right) of Camellia sinensis L.
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numerous, and confined to the under surface of the leaves. The epidermal cells 
are themselves curved in the neighborhood of the stomata. Hairs short, pointed, 
and undivided, confined to the under surface of the leaf: very numerous on young 
leaves, less abundant on old leaves. Wood fibre not characteristic.”

8.2.5  DNA-Based Identification

Camellia sinensis L. Kuntze is one of the most important crops used for infusions 
and therefore an important commercial product. As a consequence, numerous 
efforts for unravelling the genetic background of this plant and for assessing the 
genetic diversity between cultivars, accessions, populations or provenances have 
been made. At least 72 publications concerning DNA based techniques in Camellia 
sinensis can be found in SCOPUS starting from 1994 (Matsumoto et  al. 1994) 
onwards. Although Camellia is with 100–300 species a rather large genus and the 
classification of the varieties or subspecies within the species Camellia sinensis is 
still unresolved, only a few are addressing the identification of the species (Huang 
et al. 2014; Vijayan et al. 2009; Sharma et al. 2015).

In contrast to the low number of papers about species identification, a major-
ity of DNA fingerprinting techniques like RAPD (Kaundun et al. 2000; Young-
Goo et  al. 2002) ISSR (Mondal 2002), AFLP (Wachira et  al. 2001), CAPS 
(Kaundun and Matsumoto 2003b) and RFLP (Kaundun and Matsumoto 2003a) 
focused on the genetic diversity between varieties of Camellia sinensis.

These techniques provide useful information for plant breeding-programs, 
but the general applicability of these methods for identification of PFS in a 
standardized way is doubtful, although the authors were convinced of their suit-
ability for routine analysis. Methods, which can be more easily transferred to 
other molecular labs like SNP markers (Fang et al. 2016; Zhang et al. 2014), or 
the use of highly variable DNA sequences (Katoh et al. 2003; Lee et al. 2016) 
might be more accurate, easier to use and appropriate for a differentiation of 
varieties of Camellia sinensis. For a secure identification on the species level, 
sequence analyses (Huang et al. 2014; Vijayan et al. 2009; Sharma et al. 2015; 
Lee et al. 2016) are more successful. DNA barcoding used by Stoeckle et al. 
(2011) proved to be secure but only on the level of the genus. Nevertheless, this 
approach can be used to detect possible adulterations with other plant genera. 
Dhiman and Singh (2003) found cashew husk (Anacardium occidentale L.) in 
Camellia sinensis samples. They developed species-specific PCR (polymerase 
chain reactions) primers for this particular adulterant, so that the identification 
process could be significantly improved.

This summary of DNA based methods used in Camellia demonstrates that there 
is no perfect stand-alone method. For an accurate approach, a combination of DNA 
methods—or even better—a combination of DNA methods with chemical 
 fingerprinting would be the best solution.
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8.3  The Identification and Quantification of Bioactive Plant 
Compounds of Physiological (or Toxicological) Relevance

Another approach useful for the identification of a specific botanical and/or its 
 adultaration is the quantification of the molecules responsible for the physiological 
effects. In case of analytical problems, the identification of the botanical can be 
done by detecting and quantifying a molecule, which is devoid of any biological 
properties but is chosen as a specific marker.

Tea contains several bioactive compounds and it is particularly rich in catechins. 
Epigallocatechin gallate (EGCG) is the most abundant catechin, and its highest 
 concentration is found in white and green tea. Tea catechins and polyphenols are 
effective scavengers of reactive oxygen species, and protect the consumers from the 
toxicological potential of Reactive Oxygen Species (ROS) (Higdon and Frei 2003). 
Tea contain caffeine, also known as theine, which is responsible for the stimulating 
activity and theanine, a non-protein amino acid involved in the specific tea taste 
(Vuong et al. 2011). Low amounts of other compounds are also present: teobromine, 
theophylline, amino acids, vitamins, minerals (among others fluoride).

The analytical approaches usually applied for the detection and quantification of 
catechins (the most representative tea molecules) are based on chromatographic 
techniques.

8.3.1  High Performance Thin Layer Chromatography 
Characterization

Thin layer chromatography or TLC is a fast chromatographic technique useful for 
qualitative or semi-quantitative analysis of herbal material and plant food  supplements. 
Like all chromatographic techniques, it is based on the different distribution of the 
analytes in function of their affinity for the stationary and the mobile phase. The High 
Performance TLC (HPTLC) represents an improvement of the classical method; the 
stationary phase is generally prepared by using silica with a particle size of 5–6 μm, 
compared to 10–12 μm of those used in the original version. This leads to an increase 
of selectivity and efficiency in the chromatographic separation. The mobile phase is a 
solvent or a mixture of solvents specifically selected, having no affinity for the 
 stationary phase and polarity suitable for the separation of analytes present in the 
sample. In the HPTLC technique, the reproducibility of the analysis is guaranteed by 
the automated deposition of samples and standards, which allows the loading of 
 controlled and homogeneous quantities of the solutions. After the elution the plate is 
dried and exposed to lights at different wavelengths. The selection of wavelength and/
or the use at derivatisation depends on the class of molecules considered.

HPTLC is a useful tool for the chemical characterization of Camellia sinensis 
derivatives and for a preliminary evaluation of the antioxidant activity of their active 
compounds.
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8.3.1.1  Chemical Fingerprint of Camellia sinensis by HPTLC

Standard and sample preparation. Standard compounds used are caffeine, 
 epicatechin (EC), epigallocatechin gallate (EGCG), epicatechin gallate (ECG), 
 epigallocatechin (EGC), and catechin (C). They are solubilized and then diluted 
with methanol to reach final concentrations of 250 and 200 μg/mL.

Samples used in this assay are: one green teas, leaves (GT), one decaffeinated green 
tea, leaves (DGT), one green tea extract (GTE), two food supplements (PFS1 and 
PFS2), one black tea, leaves (BT), one decaffeinated black tea, leaves (DBT), and one 
black tea extract (BTE). Samples (0.1 g) were carefully ground and mixed, then added 
with 10 mL of a solution containing ethanol:water 80:20 (v/v). The resulting solution 
is sonicated for 10 min, filtered with a 0.45 μm filter and applied onto the plate.

Analytical protocol. The HPTLC equipment is from Camag (Muttenz, Switzerland) 
and consisted of an automatic applicator Linomat 5 and of a TLC Visualizer. The 
Vision Cat software Camag is used for data acquisition and  processing. Plates of silica 
gel with fluorimetric indicator 60-F254 are from Merck (Darmstadt, Germany).

The analytical procedure is based on the semi-automatic application on the plate of 
8 μL of hydro-alcoholic solution of sample or 4 μL of the standard methanolic solution 
at 250 μg/mL. The mobile phase contains toluene:acetone:0.1% formic acid 45:45:10 
(v/v/v). The elution chamber is saturated with mobile phase for 20 min before each run.

At the end of the chromatographic run, the plate is dried, exposed at 254 nm. 
After heating at 110  °C and derivatization with Fast Blue Salt B solution (in 
water:methanol:dichloromethane 5:70:25, v/v/v), the plate is exposed at 366  nm 
and at visible light.

Chromatographic separation. Figure 8.3 shows the chromatographic separation of 
samples and standard solutions on the plate, which is exposed as such at 254 nm (a) 
and, after spraying with Fast-Blue Salt B reagent, at visible light (b). Purified stan-
dards are all well separated and the calculated Ratio frontis (Rf) are listed in Table 8.2.

Caffeine is well visible in all tea samples apart from decaffeinate green and black 
teas. In green tea samples, both with (GT) and without caffeine (DGT), the most 
abundant compound is EGCG, followed by ECG. Since Fast Blue Salt B reagent is 
specific for the detection of phenolic compounds, caffeine is visible only at 254 nm.

Tea derivatives, extracts and PFS, are well separated in the same  chromatographic 
run; as expected, caffeine and catechin are more abundant in green tea extract. The 
different abundance of tea extract in PFS1 and PFS2 is easily remarkable and is in 
agreement with the different quantity of total catechins declared in the label: 
75 mg/g for PFS1 vs. 300 mg/g of PFS2. The quantitative analysis was performed 
by HPLC, as reported in Sect. 8.3.1.3.

8.3.1.2  Semi-Quantitative Determination of the Antioxidant Activity 
of Camellia sinensis Derivatives

The HPTLC technique can be applied to the measure, in semi-quantitative way, of 
the antioxidant activity of tea active molecules.

8 Classic/Recommended Methods and Development of new Methods to Monitor…



218

Fig. 8.3 HPTLC of of different tea samples. After chromatographic run, the plate is exposed as 
such to 254 nm (a) and, after spraying with Fast Blue Salt B reagent, at visible light (b). CF Caffeine, 
EGC Epigallocatechin, EC Epicatechin, C Catechin, EGCG Epigallocatechin-3-gallate, ECG 
Epicatechin-gallate, GT Green tea, DGT Decaffeinated green tea, BT Black tea, DBT Decaffeinated 
black tea, GTE Green tea extract, PFS1 Food supplement 1, PFS2 Food supplement 2

Table 8.2 Rf of standard 
catechins and caffeine for 
their identification by HPTLC 
in Camellia sinensis samples

Compound Symbol Rf

Caffeine CF 0.44
Epigallocatechin ECG 0.37
Epicatechin EC 0.46
Catechin C 0.47
Epigallocatechin- 
gallate

EGCG 0.32

Epicatechin-gallate ECG 0.40

C. Di Lorenzo et al.
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Standard and sample preparation. Standard solutions are prepared as described 
above. Samples (0.5 g of tea leaves or 0.2 g of tea extracts/PFS) are added with 
5 mL of methanol. Then, the solution is sonicated for 10 min and filtered with a 
0.45 μm filter. Finally, standards and samples are applied onto the plate (4 μL).

Analytica.l protocol. The mobile phase has the same composition reported 
 previously (toluene:acetone:0.1% formic acid 45:45:10, v/v/v). The elution  chamber 
is saturated with mobile phase for 20  min before each run. At the end of the 
 chromatographic run, the plate is dried for 15  min and sprayed with a DPPH 
 methanolic solution (0.05%, v/v). Then, the plate is wrapped with an aluminum foil 
and placed in a dark room for 30 min. The plate is then exposed at visible light.

Semi-quantitative measure of antioxidant activity. Figure 8.4 illustrates the result 
obtained by spraying HPTLC plate with DPPH solution; plate was exposed at 
 visible light at time 0 (A) and after 30 min from spraying (B). The  decoloration 
from violet to yellow/brown is due the reaction of catechins (as standards or in tea 
samples) with DPPH radical and it is proportional to the antioxidant potency. 
Significant differences are remarkable among samples. EGCG and ECG show the 

Fig. 8.4 HPTLC of tea samples for the semi-quantitative determination of antioxidant property. 
Plate is exposed at visible light and shown before (a) and 30 min after spraying with DPPH (b). 
EGCG Epigallocatechin-3-gallate, EGC Epigallocatechin, C Catechin, GT Green tea, DGT 
Decaffeinated green tea, BT Black tea, DBT Decaffeinated black tea, ECG Epicatechin gallate, EC 
Epicatechin, GA Gallic acid
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highest antioxidant activity, followed by EC. As expected, green tea (GT) shows the 
highest antioxidant activity, while black tea is almost free of chemical reactivity.

Figure 8.5 illustrates the antioxidant activity measured in tea extracts and in two 
food supplements. As reported previously for the catechin abundance, HPTLC allows 
a quick evaluation of the antioxidant properties of tea derivatives. Moreover, it is 
possible to identify the molecules responsible for that activity: EGCG, EGC and 
ECG. The lower antioxidant activity of PFS2 is confirmed by the lower amount of 
catechins both identified in HPTLC profile and reported in the label (see Sect. 8.3.1.1).

8.3.2  Quantification of Bioactive Compounds by High 
Performance Liquid Chromatography (HPLC)

The High Performance Liquid Chromatography (HPLC) is a liquid chromatogra-
phy, in which separation is due to the partition between phases; the compounds are 
separated according to their different affinity for the stationary phase present in the 
chromatographic column and the mobile phase flowing through it.

Fig. 8.5 HPTLC of tea derivatives (extract and PFS) for the semi-quantitative determination of 
antioxidant property. Plate is exposed at visible light and shown before (a) and 30 min after spray-
ing with DPPH (b). EGCG Epigallocatechin-3-gallate, EGC Epigallocatechin, C Catechin, GTE 
Green tea extract, FS1 Food supplement 1, FS2 Food supplement 2, ECG Epicatechin-gallate, EC 
Epicatechin, GA Gallic acid

C. Di Lorenzo et al.
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During elution, the analytes establish a balance between the two phases on the 
basis of the polarity of the sample. The molecules having higher affinity for the 
stationary phase will move more slowly and will present a longer retention time.

The choice of the stationary and the mobile phase is carried out in function of the 
sample to be analyzed. Depending on the polarity of the stationary phase the HPLC 
is performed in normal or reverse phase:

 1. In normal-phase, the stationary phase is polar and the mobile phase apolar. In 
this case, the typical stationary phase is silica;

 2. In reverse phase, the mobile phase is more polar than stationary phases, which 
are hydrophobic and chemically derivatized silica.

The elution is monitored by using different equipments; the most used in the field 
of botanicals are: UV/Vis (including Diode Array) and fluorimetric detector, or 
mass spectrometer in its different options.

Bioactive molecules of Camellis sinensis can be identified and quantified by 
 different HPLC methods; this chapter describes the method developed and validated 
during the PlantLIBRA project (Di Lorenzo et al. 2013).

Standard and sample preparation. Standards are solubilized in distilled water and 
then diluted with methanol to prepare the working solutions ranging from 0.09 to 
100 μg/mL. Green and black tea leaves (1.5 g) are weighed and added with 200 mL 
hot water (80 °C). After 3 min, leaves are removed and the solution cooled at room 
temperature for 1  h. Then, the solution is filtered through a 0.45  μm filter and 
injected into the chromatographic system after suitable dilutions.

Samples of Camellia sinensis extract or PFS (1 g) are added with 100 mL water 
(HPLC grade), heated at 50 °C and stirred with magnetic bar (700 rpm) for 15 min. 
The solution is filtered with a 0.45 μm filter and injected into the chromatographic 
system after suitable dilution. Injected volume is 20 μL.

Analytical protocol. The HPLC is equipped with two pumps PU-1580 (Jasco, 
Tokyo, Japan) coupled with an autosampler AS-2059 plus Jasco (Tokyo, Japan) 
and a 975-UV detector (Jasco, Tokyo, Japan) set at 280  nm. The software 
ChromNAV (Jasco, Tokyo, Japan) is used for integration. The column used is a 
Kinetex 2.6 μ PFP, 100 A, 100 × 4.60 mm (Phenomenex, Torrance, CA, USA). 
The analysis is performed using a gradient elution at a flow rate of 1 mL/min; 
mobile phases is prepared by mixing two solutions: (A) 0.5% formic acid in 
water (v/v) and (B) 0.5% formic acid in acetonitrile (v/v). The gradient program 
is: 0–25  min, 96% A; 25–30  min, from 83 to 17% A; 30–35  min, 25% A; 
35–40 min, from 25 to 96% A.

Chromatographic separation. Catechins and caffeine are the molecules 
involved in antioxidant activity and in main physiological properties of tea; 
their  quantification can be useful for quality control at the place of production 
or as post-marketing surveillance. Catechins are often separated and quantified 
by HPLC-UV. Figures 8.6 and 8.7 show the chromatographic separations of: 
(1) standard catechin (EGC, EGCG, ECG) and  caffeine; (2) green and black 
tea; (3) tea derivatives (extract and food supplements). Linear  regression was 
used for quantification. Table 8.3  summarizes the catechins content (mg/g) of 
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the samples used in this chapter as examples. Each analysis was performed in 
triplicate and data are expressed as mean ± standard deviation (SD).

In green tea, caffeine and EGCG are the most abundant compounds in green tea, 
 followed by ECG, EC and EGC (Fig. 8.6 and Table 8.2). In black tea, the most abundant 
active compound is caffeine; the catechins, apart from EC, have similar abundance and 
their total amount is 4.8 ± 0.6 mg/g, approximately 20 times less than their content in 
green tea (72.9 ± 4.4 mg/g). EGCG and caffeine are the most abundant compounds in 
green tea extract (GTE), followed by EC, ECG, and EGC (Fig. 8.7 and Table 8.2). The 
relative abundance of catechins shows some  differences between samples; this is  probably 
due to a different  solubility of each catechin in the extraction medium. PFS1 shows a 
profile similar to that of extract, although with a higher content in EGCG and ECG. As 
expected, caffeine is not detectable in decaffeinated samples.

Generally speaking, both green tea and extracts/PFS show the highest catechins 
 content (mainly EGCG and ECG), when compared with black tea derivatives. These 
 differences could be explained by the “fermentation” process, which is responsible for the 
catechin oxidation (Subramanian et al. 1999). Other factors that may contribute to the 
changes in catechin concentration are the geographical origin, leaves quality and 
 harvesting time. A high variability in terms of catechin concentration is observed in PFS, 
but results confirm concentrations indicated in the labels.

From the quantitative point of view (Table  8.3), the values of total catechins 
determined in PFS2 are in agreement with the quantity of total catechins and EGCG 
reported in the label: 300 mg/g and 209.16 mg/g, respectively. On the contrary, the 
total catechin concentration calculated in PFS1 is approximately 24% of the 
declared value (75 mg/g).

8.4  Conclusions

This chapter is an example of the quality control performed on a botanical, taking 
into consideration both morphological aspects and composition in active molecules. 
There are different analytical approaches: they can be used to confirm data obtained 
with other methods or to integrate information as in the case of antioxidant activity 

Table 8.3 Catechins content in tea samples (mg/g)

Sample

Total catechin 
content 
(mean ± SD)

EGCG 
(mean ± SD)

ECG 
(mean ± SD)

EC 
(mean ± SD)

EGC 
(mean ± SD)

Caffeine 
(mean ± SD)

GT 72.9 ± 4.4 47.1 ± 2.9 11.5 ± 0.9 9.1 ± 0.7 5.3 ± 0.2 20.2 ± 1.4
DGT 51.3 ± 2.8 34.0 ± 1.9 7.5 ± 0.7 5.0 ± 0.2 4.0 ± 0.4 ND
BT 4.8 ± 0.6 1.5 ± 0.3 1.5 ± 0.2 ND 1.8 ± 0.01 19.0 ± 0.5
DBT 9.0 ± 0.2 2.2 ± 0.3 1.8 ± 0.2 ND 5.0 ± 0.4 ND
GTE 172.5 ± 0.2 88.5 ± 5.5 27.2 ± 1.4 32.4 ± 2.0 24.4 ± 1.3 71.9 ± 5.1
PFS1 17.7 ± 0.8 12.2 ± 0.5 2.7 ± 0.1 2.9 ± 0.1 ND 10.8 ± 0.7
PFS2 288.3 ± 20.5 199.4 ± 19.1 47.6 ± 4.0 30.1 ± 2.9 11.3 ± 0.4 0.46 ± 0.03

GT green tea, DGT decaffeinated green tea, BT black tea, DBT decaffeinated black tea, GTE green 
tea extract, PFS plant food supplement, ND below LOD

C. Di Lorenzo et al.
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measured directly on the HPTLC plate. The analytical approach used depend on the 
expected goal, and in some cases, a screening separation by TLC or HPTLC can be 
the best solution. In other cases, when quantitation is critical for confirming the 
identity or quality of a specific botanical preparation, more advanced and expensive 
methods are unavoidable.
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Chapter 9
How Far Advanced is the DNA-Based 
Identification of the BELFRIT-List?

Johannes Novak, Joana Ruzicka, and Corinna Schmiderer

Abstract The sector of botanicals is characterized by the huge number of species 
found in products on the market. Some governments issue positive and negative lists 
of plants in order to create legal certainty and to increase safety of those products. 
The most advanced positive list in Europe is the BELFRIT-List with 991 species in 
594 genera, co-ordinate between Belgium, France and Italy. DNA-based methods 
for the identification of botanicals supplement nowadays the other identification 
methods based on morphology or phytochemistry. Molecular phylogenetic and pop-
ulation studies are helpful tools to develop a specific DNA-based method. In this 
contribution, the BELFRIT-List was reviewed for the availability of either a DNA- 
based identification method or molecular phylogenetic information. For 286 genera 
(48% of the genera), no helpful information could be found. Two hundred and thirty 
eight references with the intention to identify species by DNA demonstrate the 
already advanced field of this method. Such new methods are not developed system-
atically for all species of such lists, but more on a case-by-case approach for species 
difficult to identify. Therefore, the high number of papers already dealing with this 
method or bringing valuable information for their development should encourage 
combined efforts in standardizing validation.
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barcoding • BELFRIT list
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Botanicals are plants or plant parts used for their activity on human physiology, 
flavour or scent in medicines, plant food supplements, cosmetics, etc. Wolrdwide, 
mankind uses 72,000 botanicals alone for their medicinal activity (Schippmann 2006). 
This demonstrates the necessity of a correct species identification before processing 
and use. In order to harmonize the use of botanicals and avoid misuse of dangerous 
botanicals, some countries have established (or are in the process of establishing) 
positive lists of botanicals, safe to use or negative lists of botanicals that are poten-
tially toxic. Europe, Belgium, France and Italy were the first to harmonize their 
national positive lists, finally agreeing on 991 species in 2013, called the BELFRIT-
list (Cousyn et al. 2013) (Table 9.2). Their approach can be seen as first step towards 
a harmonization of botanicals for the whole EU.

With such a high number of botanicals in use, the first step to guarantee quality, 
efficacy and safety is a correct identification of the botanical and analysis for sub-
stitutions or admixtures. Species identification can be done on several levels with 
different methodological approaches: (1) macromorphology, (2) micromorphol-
ogy, (3) composition of plant secondary compounds and (4) identification based on 
DNA sequence variation between taxa.

Methodologically, there are several ways to use taxa specific polymorphic DNA 
sequences to identify an unknown sample, like e.g. the DNA sequence obtained by 
sequencing, DNA fingerprinting or other molecular markers. To use DNA sequenc-
ing efficiently for many different species, a procedure was proposed called ‘DNA 
barcoding’ (Hebert et  al. 2003). For this method, always the same short DNA 
sequences variable between species are used and amplified by PCR using primers 
from conservative adjacent regions so that the same primers work in a wide range of 
species (‘universal primers’). Sequences of reference materials (voucher speci-
mens) are used in order to create a database with which the DNA sequence of an 
unknown sample can be compared and the taxon determined. In the meantime, a 
whole range of software and databases is available to identify plant species 
(Bhargava and Sharma 2013). The term ‘DNA barcoding’ is nowadays often 
extended to other DNA based methodologies for species identification (e.g. molecu-
lar markers).

A molecular marker is in its basic sense a particular segment of the DNA that 
represents differences on the genomic level (Agarwal et al. 2008). If these segments 
should be useful to distinguish species, the marker needs to be different between 
species but uniform between individuals of the same species. Insofar, DNA sequenc-
ing (‘DNA barcoding’) described above is also a molecular marker technique. Some 
popular marker techniques are briefly described in the glossary and some basic 
characteristics listed in Table 9.1.

In botanicals used in medicine DNA-based identification gained already some 
importance due to some species difficult to distinguish with conventional identifica-
tion approaches (Techen et  al. 2014; Heubl 2010; Coutinho Moraes et  al. 2015; 
Parveen et  al. 2016; Sarwat and Yamdagni 2016; Sun et  al. 2016a). However, it 
should be kept in mind that DNA-based identification is not a simple straightfor-
ward approach since all raw materials—although denominated with a single species 
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name—are always mixtures. Therefore, careful interpretation of results as well as 
the correct choice of approaches and methods is a necessity. For more complex 
approaches (e.g. in quantifying amounts of adulteration) basics are still missing. 
Another important issue is the possible degradation of DNA in raw materials and 
especially in processed intermediates and final products.

Molecular phylogenetics, a branch of molecular systematics, explains the evo-
lutionary relationship of organisms by differences in proteins or DNA sequence. 
The beginnings were in the 1960s and were sped up with the advent of DNA 
sequencing and PCR (Suárez-Díaz and Anaya-Muñoz 2008). Molecular phyloge-
netics created the basis for DNA barcoding and offers a wealth of valuable sup-
portive information.

The intention of this paper is to check the species from the BELFRIT-list for the 
availability of information helpful for DNA-based identification by searching in the 
abstract and citation database SCOPUS. Beside papers on DNA based identifica-
tion, also papers on phylogenetic analysis comprising the target species and a subset 
of molecular markers were regarded as helpful. The literature about molecular 
markers of BELFRIT-species is much richer than presented here, but the search was 
narrowed here on reproducible methods and methods suitable for routine samples. 
The search was conducted by combining (AND) the genus name with the logical 
disjunction (OR) of the keywords ‘barcoding’, ‘taxonomy’, ‘molecular marker’, 
‘authentication’, ‘phylogeny’, ‘phylogenetic*’, ‘chloroplast’, ‘nuclear’, ‘SCAR’, 
‘ARMS’, ‘HRM’, ‘SSR’, ‘PCR’. From the hits, the papers meeting the criteria men-
tioned above were selected. Other molecular markers like RAPD may appear, but 
only when used in combination with one of the selected marker methods. 
Furthermore, only those papers with molecular markers were selected that include 
besides the target species also other species of the genus.

The BELFRIT-list is a quite comprehensive list with 991 species listed that 
belong to 594 genera. For 286 genera (48% of the listed genera) no valuable infor-
mation could be retrieved. The number of papers with the intention to identify a 
species was with 238 quite high. However, this number is not spread equally but 
focussed on difficult and/or economically important species. Leading is here the 
genus Panax. For this genus 14 valuable papers were found of which 11 papers were 
dealing with identification (Table 9.2).

There is no coordinated systematic approach to develop methods for DNA-based 
identification of all species of such lists or a pharmacopoeia. They are developed on 
a case by case basis selecting those species which are of importance and/or are dif-
ficult to identify by other methods. Therefore, the number of already developed 
methods or information helpful to develop such methods is encouraging and should 
foster combined efforts to develop standardized validation criteria.

J. Novak et al.
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 Glossary

AFLP (amplified fragment length polymorphism) combines RFLP and PCR-based 
technology to overcome the major disadvantage of RAPD (reproducibility). 
Adaptors (short DNA primer recognition sites) are ligated to DNA digested with 
restriction endonucleases and selectively amplified with a limited primer set.

ARMS (amplification refractory mutation system, synonyme: allele-specific PCR 
(AS-PCR)) is a PCR based on the fact that a mismatch at the 3′ primer end may 
lead to failure in PCR. If the primer is developed in a way that the specific DNA 
difference between two species is located at the 3′ end, a PCR product is formed 
only for one of the species. For a DNA identification system, it is advantageous 
to develop also a second assay for the complementary allele.

DNA Barcoding is a PCR technique combined with classical Sanger sequencing 
that uses conserved primers which should ideally result in amplification products 
with all species and which are spanning a region of enough DNA sequence vari-
ability to distinguish species.

DNA Metabarcoding is a technique combining the classical taxonomic DNA 
sequencing approach using conservative primers (see above) with next-genera-
tion sequencing technologies. With this technique, it became possible to study 
the composition of communities in one analysis.

DNA Mini-Barcoding corresponds in its principles to normal DNA barcoding. In 
this case, to overcome DNA degradation for processed samples, only a short 
fragment of the barcode region is amplified. Primers used in this approach are 
normally not so ‘universal’ and prior sequence knowledge is required for their 
development.

Indels (a combination of the terms insertions and deletions) describe length varia-
tions of DNA. Additionally inserted nucleotides are called insertion, the lack of 
nucleotides is called a deletion.

ISSR (intersimple sequence repeat) uses primers containing simple sequence 
repeats (SSR) amplifying closely neighbouring SSRs (from genomic ‘SSR 
hotspots’).

HRM (high resolution melting analysis) is a melting curve analysis of an ampli-
con produced in a prior real-time PCR with a DNA-intercalating fluorescence 
dye. After PCR, temperature is slowly increased. The decreasing fluorescence 
(due to DNA melting) is measured and results in sequence specific temperature 
profiles.

RAPD (random amplified polymorphic DNA) uses short primers (ten bases long) 
that bind randomly on the genome. Where two binding sites are close enough on 
the different DNA strands (within about 1–2 kb), the DNA polymerase is able to 
amplify this region. This results in typical banding patterns of the samples due to 
rearrangements or indels in the primer binding sites or within the amplicon.

RFLP (restriction fragment length polymorphism, not PCR based) uses restric-
tion endonucleases to cut (digest) the DNA into short pieces. Differences between 
two samples are detected after separation of the DNA, usually by chemically 
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labeled DNA probes. As DNA is not pre- amplified, high amounts of DNA are 
required for a whole genome analysis.

SCAR (sequence characterized amplified regions) is a technique to convert 
polymorphisms from RAPD, ISSR, AFLP or other techniques into reproducible 
simple PCR reactions by (cloning and) sequencing the polymorphism and devel-
oping standard PCR primers differentiating the polymorphic site.

SNPs (single nucleotide polymorphism) are variations in single nucleotides. They 
are the most frequently occurring DNA polymorphisms. With the advances in 
sequencing technologies and the abundance of available sequence information 
SNPs became the most important markers.

SSR (simple sequences repeats, synonyms: short tandem repeats, microsatellites) 
are monotonous repetitions of very short DNA motifs that are very frequently 
interspersed in DNA. The reason for the variation in repeat number is strand 
slippage during DNA replication. Primers flanking those highly variable regions 
are normally used in a conventional PCR for the evaluation.
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Chapter 10
Profiling of Botanical Extracts 
for Authentication, Detection of Adulteration 
and Quality Control Using UPLC-QTOF-MS

Paul A. Steenkamp, Lucia H. Steenkamp, and Dalu T. Mancama

Abstract Herbs and plant extracts are very popular and are being used by all 
 cultures for healthcare and as food supplements. The correct identification of the 
required plant material is vital for formulation of final formulas for use by mankind. 
The use of instruments such as UPLC-QTOF-MS can be advantageous in the 
 identification and authentication of plant extracts and formulated products to ensure 
the safe use of these products. Furthermore, it is also imperative that the extracts are 
not contaminated with other chemicals or pesticides as this can be detrimental to 
humans during the consumption of these products. Organic extracts of six example 
plants were made as part of the PlantLIBRA collaboration. The development of 
UPLC-QTOF-MS profiling methods showed that separation of the major  compounds 
found in the extracts was possible and allowed for high resolution mass spectral 
evaluation of the compounds detected. By using reference standards and published 
literature, the presence of active or marker compounds could be confirmed in the 
different plant extracts. The high mass accuracy of the TOF data also allowed for the 
tentative identification of extra compounds as well as the ability to differentiate 
between different formulations. Establishing the correct chemical profile of a plant 
before use as a food supplement or herbal formulation, would ensure the use of the 
correct plant species, but also detect any new compounds or contaminants such as 
pesticides or toxins which may be identified using UPLC-QTOF-MS technologies.
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10.1  Introduction

Historically the authentication of plant material was done by a skilled botanist, who 
specialised in the identification and characterisation of plants and collected plant 
specimens. The development of DNA fingerprinting added another level of  certainty 
to the identification process, but did not highlight the chemical components of a 
specific botanical sample. The chemical complexity of plant material can be studied 
with a variety of instrumental techniques. The most prominent techniques include 
spectrometry and spectroscopy technologies. Both these techniques can be applied 
to solid plant material but usually require the preparation of a representative extract 
of the plant material to allow for the more general application of these analytical 
techniques. All of these techniques will aid in the authentication of plant material 
but suffer the same fundamental flaw—the inability to separate the chemical 
 compounds prior to detection, characterization and identification.

The development of chromatography in all its forms allowed for the separation 
of compounds in solution for isolation, purification and characterization 
 applications. Gas chromatography and liquid chromatography allowed for the 
 separation of volatile and non-volatile compounds respectively, but still required a 
suitable detector for visualization. The rapid development of hyphenated/hybrid 
instrumentation offered the best of both techniques—chromatographic separation 
techniques combined with a choice of detectors. The use of liquid chromatography 
coupled to mass spectrometry has been successfully applied in chemical profiling 
(Kamatou et al. 2005; Nyiligira et al. 2008; Van Heerden et al. 2003), as well as 
forensic investigations (Steenkamp et al. 2002, 2004, 2006; Stoev et al. 2010). The 
recent developments in high performance liquid chromatography resulted in the 
development of ultra-high performance liquid chromatography (UPLC/UHPLC). 
Mass spectrometry developed in parallel take advantage of the superior resolution, 
speed and sensitivity offered by UPLC/UHPLC technologies. A recent thesis 
 submitted by Almalki (2015) highlighted the importance of combining good 
 chromatography with a time-of-flight (TOF) mass spectrometer to profile and 
 characterise a traditional Chinese medicine YANG XIN® formulation.

Chemical profiling of raw materials used in the formulation of food supplements 
and herbal remedies has recently become a necessity to ensure quality and to 
authenticate raw materials prior to formulation.

Six plants were used in the study performed by CSIR-Biosciences. Different 
parts of the plants were obtained through the PlantLIBRA collaboration. All the 
plants are used as traditional herbal medicines or ingredients of food supplements. 
Identification or authentication of the correct plant and plant parts are therefore 
crucial to avoid exposure of consumers to incorrect formulations, which may result 
in severe side-effects or may even be fatal. Furthermore, detection of contamination 
of the plant material, with for instance pesticides, will also be possible once the 
chemical profile of the plant extracts has been elucidated and will be detected as 
new compounds. Using the advantage of the separation power of UPLC as well 
accurate mass determination, these new compounds can be identified and  formulators 
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alerted of potential risks. The six plants used in the study (and described below) 
were: Harpagophytum procumbens, Peumus boldus, Passiflora incarnata, Boswellia 
serrata, Valeriana officinalis and Cinnamomum verum.

10.1.1  Harpagophytum procumbens

This plant is also referred to as Devil’s Claw, grapple plant or wood spider. The 
plant is native to Southern Africa and more specifically in the eastern and south 
eastern parts of Namibia, Southern Botswana and the Kalahari region of the 
Northern Cape (Raimondo and Donaldson 2002).

The potential uses come from the secondary tuberous roots, which are harvested, 
sliced and dried before use (Wegener 2000). The dried secondary tubers of the plant 
contain iridoid glycosides, particularly harpagoside (trans-cinnamoyl harpagide) 
including small amounts of trans-cinnamoyl harpagide, procumbide and plant 
 sterols, which are thought to have anti-inflammatory effects (Wichtl 2004). The 
plant extracts also have analgesic, sedative and diuretic properties as recognised by 
the British Herbal Pharmacopoeia and the European Pharmacopoeia recognises the 
herb as a component of a number of dietary supplements and over the counter 
 preparations for use as an anti-rheumatic.

The plant has found applications such as being used as an analgesic, treating 
complications relating to pregnancy and using the plant in the form of an ointment 
to treat skin disorders by the Khoisan people in the Kalahari Desert (Wegener 2000). 
For gastrointestinal disturbances such as dyspepsia, the bitter-tasting part of the 
plant is used (Mills and Bone 2000). In the form of an infusion it can be used to treat 
blood disorders and as an anti-inflammatory and analgesic it can be used to treat 
post-partum pain, as well as pain associated with dysmenorrhoea, rheumatism and 
general musculoskeletal pains (Tyler 1993; Gagnier et al. 2004; Tippler et al. 1996; 
Loew et  al. 2001). As an ointment it can be applied topically for sprains, sores, 
ulcers and boils (Mills and Bone 2000).

10.1.2  Peumus boldus

Peumus boldus is the only species in the genus Peumus and the tree is endemic to the 
central region of Chile (Heusser 1971). In South America the dried leaves of the plant 
have been used since the nineteenth century against diseases of the liver and  gallstones 
(Lanhers et al. 1991). In different pharmacognostical articles and pharmacopoeias the 
therapeutic uses of the plant are listed as cholagogue as it causes the discharge of bile 
from the system, and choleretic as it causes increased bile production from the liver. 
It is also used for digestive disturbances, and its effects as a diuretic, hepatic  stimulant, 
stomachic, anti-dyspeptic, sedative and antihelmintic (Speisky and Cassels 1994; 
Lanhers et al. 1991; Genest and Hughes 1968; Magistretti 1980). The leaves of the 
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plant have also been reported to be used for the treatment of headache, toothache, 
rheumatism and urinary tract inflammation (Speisky and Cassels 1994). Boldine 
seems to be an antioxidant and may protect the liver from toxins (Speisky and Cassels 
1994; Jimenez and Speisky 2000). According to an article by O’Brien et al. (2006), 
research in the 1990s led to the discovery that boldine is one of the most potent natural 
antioxidants. According to Quezada et al. (2004) the antioxidant activity of boldo leaf 
extracts came mainly from the flavonoid fraction (44.1%) followed by the alkaloid 
fraction (15.6%), with catechin and boldine being the main contributors of the anti-
oxidant activity of these two fractions (60.9% and 35.6% respectively) of the total 
activity. Besides the positive antioxidant properties contained in the plant, there is a 
huge concern about the suitability of the boldo leaves in traditional herbal medicinal 
products due to the presence of ascaridole, which is highly toxic. Furthermore, abor-
tifacient and teratogenic effects have been observed in rats when fed high doses of a 
dry ethanolic extract and boldine. Boldo oil will contain ascaridole and should there-
fore not be used internally or externally. Because ascaridole has a very low solubility 
in water, aqueous extracts may be acceptable in products such as herbal teas. An etha-
nolic extract of boldo leaves will however contain potentially toxic levels of the ascar-
idole (HMPC 2009).

10.1.3  Passiflora incarnata

Passiflora incarnata is also referred to as maypop, true passionflower and wild apri-
cot and is part of the Passifloraceae family. The plant is traditionally used in the 
fresh or dried form to treat nervous anxiety and insomnia in the form of a traditional 
European remedy (Handler 1962) or as a homeopathic formulation (Rawat 1987). 
In a report from 1787, Materia Medica Americana, it was highlighted that the plant 
can be used to treat epilepsy in the aged (Dhawan et al. 2004). Reports by Bartram 
(1995) and CSIR (1966a, b) indicated that the plant has properties which can be 
used in the treatment of spasmodic disorders and insomnia in the young and aged.

The FDA has listed Passiflora incarnata as a “safe herbal sedative” (HerbClip 
1996). Due to the fact that this species of plant contains some cyanogenic com-
pounds, Dhawan et al. (2004) stated that toxicity cannot be ruled out. Furthermore, 
Passiflora incarnata should be taken with caution along with other central nervous 
system depressants or stimulants (Felter and Lloyd 1983).

10.1.4  Boswellia serrata

Boswellia serrata is also known as Indian frankincense tree, Indian olibanum tree or 
salai in Hindi. The main product from the Boswellia tree is an aromatic resin called 
frankincense or olibanum. The bark of the tree is peeled and the sap collected to obtain 
the gum-like oleoresin in the form of hardened yellowish lumps [Steadyhealth.com].
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A number of chronic inflammatory diseases such as rheumatoid arthritis, 
 bronchial asthma, osteoarthritis, ulcerative colitis and Crohn’s disease have been 
treated with the extracts of the plant and have reported positive results (Ammon 
2006). A number of pharmacokinetic studies have been done on WokVel®, an extract 
from Boswellia (Sontakke et al. 2007; Kimmatkar et al. 2003; Sharma et al. 2004). 
Adbel-Tawab et al. (2011) indicated that the Boswellia serrata extract may promise 
to be an alternative to NSAIDs and should be tested further in formal  pharmacological 
studies and clinical trials.

The extract of Boswellia serrata has been used in the treatment of experimental 
primary and secondary brain tumors to test the anti-neoplastic activity in vitro (Pang 
et  al. 2009; Liu and Duan 2009) and in limited clinical research (Flavin 2007). 
Likewise Yadav et al. (2011) performed studies on the effect of Boswellia extract on 
human colorectal cancer, establishing that it inhibits growth of the cancer and also 
that it reduced metastasis. Researchers such as Lalithakumari et  al. (2006) and 
Sengupta et al. (2008) reported that no adverse or toxic effects were observed with 
5-Loxin which is a Boswellia serrata extract enriched with 3-O-acetyl-11-keto-
beta-boswellic acid (AKBA) during double-blind studies on the anti-inflammatory 
properties of the gum resin.

10.1.5  Valeriana officinalis

The genus, Valeriana, contains over 250 species and a large number of subspecies, 
but it is specifically Valeriana officinalis L. which is used as an herbal treatment in 
Europe and other parts of the world (Circosta et al. 2007). The plant contains more 
than 150 chemical compounds (Jiang et al. 2007) from different compound classes.

The underground parts of the plant, namely the roots and rhizomes, contain two 
main groups of compounds, (1) the sesquiterpenes which include valerenic acid and 
its derivatives, valeranone, valeranal and kessyl esters and (2) the valepotriates 
which include valtrate, didrovaltrate, acevaltrate and isovaleroxyhydroxyvaltrate. 
Other compounds in the plant are flavonoids, triterpenes, lignans and alkaloids 
(Goppel and Franz 2004).

The roots of the Valerian plant are used in herbal medicine and food  supplements. 
Valerenic acid and its derivatives (Stoll and Seebeck 1957) and the valepotriates 
(Thies 1966) are considered to be the most important compounds responsible for 
the sedative effect of the plant (Von Eikstedt and Rahman 1969; Hendriks et al. 
(1981, 1985). The roots of the plant are used as a natural or alternative treatment 
in medical conditions where benzodiazepines are normally used. The medical 
 conditions therefore which find advantages from Valerian are nervous tension, 
excitability, stress, intestinal colic and cramps (National Institutes of Health 2007; 
Hadley and Petry 2003; Schmitz and Jäckel 1998).

According to Bos et al. (2002), the valepotriates have been investigated for their 
pharmacological action, but they are unstable and are often not present in  commercial 
preparations. Based on the work by Bisset (1994) and Houghton (1999), the extracts 
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made from water alone or with alcohol tend to be sleep inducing and a sedative, 
while the extracts made with dilute alcohol have high levels of valepotriates which 
has a tranquilizing effect and reduces anxiety without causing drowsiness.

As reported by at least three articles, the valepotriates act as prodrugs and they 
are converted to homobaldrinal which has spasmolytic activity (Wagner et al. 1980; 
Schneider and Willems 1982; Veith et al. 1986). The two valepotriates, valtrate and 
didrovaltrate, were the first of the valerian compounds shown to have antispasmodic 
effects (Wagner and Jurcic 1979). Their effect is probably due to their influence on 
the influx of Ca2+ or their binding to the muscle.

Baldrinal and homobaldrinal are breakdown products from valtrate and isovaltrate 
respectively (Veith et al. 1986). These two breakdown products have been found to 
be mutagenic as well as having direct genotoxic effects (Von der Hude et al. 1986).

10.1.6  Cinnamomum verum (zeylanicum)

Cinnamon refers to a spice found in the inner bark of approximately a dozen species 
of trees from the genus Cinnamomum in the family Lauraceae. The species 
Cinnamomum verum (also classified as Cinnamomum zeylanicum) is the only spe-
cies cultivated in Sri Lanka, which is the island to which this species is native 
[Wikipedia/Cinnamon].

Cinnamon has been reported to be remarkable in the treatment of Type II diabe-
tes and insulin resistance (Khan et al. 2003; Verspohl et al. 2005; Couturier et al. 
2010). Couturier et al. (2010) found that cinnamon alters body composition in asso-
ciation with improved insulin sensitivity in rats fed on a high fat/high fructose diet. 
Taher et al. (2006) reported that it is the compound cinnamtannin B1 isolated from 
Cinnamomum zeylanicum, which causes the therapeutic effect on Type II diabetes 
with the exception of postmenopausal patients studied on Cinnamomum cassia 
(Vanschoonbeek et al. 2006). Other traditional uses of cinnamon include the treat-
ment of toothache, fighting bad breath, aiding in digestion and stave off the common 
cold (Hart-Davis 2007). The compounds—cinnamaldehyde, cinnamyl acetate, 
eugenol and anethole which are present in cinnamon leaf oil have been found to 
very effective in killing mosquito larvae (ScienceDaily 2004). Ranjbar et al. (2007) 
reported that the bark of Cinnamomum zeylanicum contains significant antioxidant 
potential and could therefore benefit humans by protecting them from oxidative 
stress which could lead to illness.

10.2  Materials and Methods

All chemicals including reference standards for UPLC-MS work were of ultra-pure 
LC-MS grade and purchased from Fluka (Steinheim, Germany) while ultra-pure 
solvents were purchase from Honeywell (Burdick & Jackson, Muskegon, USA). 
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Ultra-pure water was generated from a Millipore Elix 5 RO system and Millipore 
Advantage Milli-Q system (Millipore SAS, Molsheim, France). Plant material was 
sourced from the ECD unit of the CSIR (Dr. Marthinus Horak) locally while the 
PlantLIBRA plant material was supplied by Dr. Franz Chlodwig (PlantLIBRA).

10.2.1  Instrumentation and Analysis

For all the UPLC analysis the following instrument set-up was used: a Waters UPLC 
coupled in tandem to a Waters photodiode array (PDA) detector and a SYNAPT G1 
HDMS mass spectrometer was used to generate accurate mass data. Two analytical 
procedures were used to analyse the samples. Up to four column chemistries were 
evaluated, namely the Waters CSH C18, HSS T3 HSS C18 UPLC columns, CSH 
Phenyl-hexyl and BEH C8. All the columns were 150 mm × 2.1 mm × 1.7/8 μm in 
dimension and column temperature controlled at 60  °C.  The specific conditions 
used for each of the six plants are described separately below.

The SYNAPT G1 mass spectrometer was used in V-optics and operated in 
 electrospray mode to enable detection of alkaloids and flavonoids. Leucine 
enkephalin solution (50 pg/mL in (1:1) water:acetonitrile) was used as reference 
calibrant to obtain typical mass accuracies between 3 and 5  mDa. The mass 
 spectrometer was operated in positive and negative modes with a capillary 
 voltage of 2.0 kV, the sampling cone at 30 V and the extraction cone at 4 V. The 
scan time was 0.1 s covering the 100–1000 Da mass range. The source  temperature 
was 120 °C and the desolvation temperature was set at 400 °C. Nitrogen gas was 
used as the nebulisation gas at a flow rate of 800  L/h. The software used to 
 control the hyphenated system and to perform all data manipulation was 
MassLynx 4.1 (SCN 704).

Waters MarkerLynx XS (SCN 678) software was used to evaluate similarities 
and/or differences between plant extracts and to visualise the similarities/ differences 
in the chemical profile of plant material obtained from different sources.

10.2.2  Extraction and Chromatographic Conditions

10.2.2.1  Harpagophytum procumbens

In preliminary experimental work done on Harpagophytum procumbens, it was 
found that a 1:1 (v/v) mixture of methanol:acetonitrile (MeOH:ACN) produced a 
useful extract from dried plant material. This method was used by extracting 1 g of 
plant material with 10 mL of the solvent mixture in an ultrasonic bath. The samples 
were extracted four times and each extraction was sampled to determine the 
 completeness of the extraction process. The supernatants were combined and used 
as test sample to develop the chromatographic procedure.
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For the analysis, the HSS C18 column produced the best peak shape and was 
used to develop the chromatographic separation method. Chromatographic 
 separation of the pooled extraction samples was done utilising a Waters HSS C18 
column (150  mm  ×  2.1  mm, 1.8  μm) and the column temperature controlled at 
60 °C. A binary solvent mixture was used consisting of water (Eluent A) containing 
10  mM formic acid (natural pH of 2.3) and acetonitrile (Eluent B). The initial 
 conditions were 95% A at a flow rate of 0.4 mL/min and were maintained for 1 min, 
followed by a multi-level gradient as follows: 90% A at 3.5 min, 80% A at 4 min, 
75% A at 16 min, 40% A at 18 min and finally 10% A at 24 min. The conditions were 
kept constant for 3 min and then changed to the initial conditions. The runtime was 
30 min and the injection volume was 1 μL. The PDA detector was scanned between 
200 and 500 nm (1.2 nm resolution) while collecting 20 spectra per second.

10.2.2.2  Peumus boldus

A MeOH extract was prepared by extracting 1 g of plant material with 10 mL of 
MeOH in an ultrasonic bath. The sample was extracted four (4) times and each 
extraction was sampled to determine the completeness of the extraction process. 
The supernatants were combined and used as test sample to develop the chromato-
graphic procedure.

Optimisation of the chromatographic separation was done utilising a Waters HSS 
C18 column (150 mm × 2.1 mm, 1.8 μm) and the column temperature controlled at 
60 °C. A binary solvent mixture was used consisting of water (Eluent A) containing 
10 mM formic acid (natural pH of 2.3) and acetonitrile (Eluent B). The initial condi-
tions were 95% A at a flow rate of 0.5 mL/min and were maintained for 0.1 min, 
followed by a multi-level gradient as follows: 93% A at 1.5 min, 89% A2 at 4 min, 
87% A at 12 min, and finally 5% A at 26 min. The conditions were kept constant for 
2 min and then changed to the initial conditions. The runtime was 30 min and the 
injection volume was 1 μL. The PDA detector was scanned between 200 and 500 nm 
(1.2 nm resolution) while collecting 20 spectra per second.

10.2.2.3  Passiflora incarnata

The chromatographic separation of a 60% methanolic extract of the Passiflora 
incarnata leaf sample supplied, was evaluated in three UPLC column chemistries, 
namely HSS T3 C18, HSS C18 and CSH Phenyl-Hexyl. Optimisation of the chro-
matographic separation was done utilising a Waters CSH Phenyl-Hexyl column 
(150 mm × 2.1 mm, 1.7 μm) and the column temperature controlled at 60 °C. A 
binary solvent mixture was used consisting of water (Eluent A) containing 10 mM 
formic acid (natural pH of 2.3) and methanol (Eluent B). The initial conditions were 
82% A at a flow rate of 0.4 mL/min and were maintained for 1 min, followed by 
gradient to 87% A at 15 min, finishing at 5% A at 26 min. The conditions were kept 
constant for 2  min and then changed to the initial conditions. The runtime was 
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30 min and the injection volume was 1 μL. The PDA detector was scanned between 
200 and 500 nm (1.2 nm resolution) while collecting 20 spectra per second.

10.2.2.4  Boswellia serrata

An 80% MeOH extract was prepared by extracting 5 g of PlantLIBRA Boswellia 
 serrata resin material with 20 mL of 80% (v/v) MeOH in an ultrasonic bath. The 
sample was extracted four times to ensure complete extraction of the sample. The 
supernatants were combined and used as test sample to develop the chromato-
graphic procedure. Upon standing and subsequent evaporation, the supernatant 
became turbid and a precipitate formed. A portion of the precipitate was dissolved 
in methanol and analysed with the optimised method.

The chromatographic separation and peak shape of an 80% (v/v) methanolic 
extract of the Boswellia serrata resin sample supplied was evaluated in four UPLC 
column chemistries, namely CSH C18, T3 C18, HSS C18 and BEH C8. Optimisation 
of the chromatographic separation was done utilising a Waters BEH C8 column 
(150 mm × 2.1 mm, 1.7 μm) and the column temperature controlled at 60 °C. A 
binary solvent mixture was used consisting of water (Eluent A) containing 10 mM 
formic acid (natural pH of 2.3) and acetonitrile (Eluent B). The initial conditions 
were 50% A at a flow rate of 0.4 mL/min and were maintained for 1 min, followed 
by an initial gradient to 33% A at 19 min, followed by a second gradient to 5% A at 
26 min. The conditions were kept constant for 1 min and then changed to the initial 
conditions. The runtime was 30 min and the injection volume was 1 μL. The PDA 
detector was scanned between 200 and 500 nm (1.2 nm resolution) while collecting 
20 spectra per second.

10.2.2.5  Valeriana officinalis

Various extraction solvents were evaluated namely 40, 60, 80 and 100% (v/v) 
 methanol. Plant material extracted with 80% (v/v) methanol produced the most 
complex and diverse selection of compounds. The chromatographic separation and 
peak shape of the 80% methanolic extract of the Valerian root sample supplied (PL 
Reference) was evaluated using three UPLC column chemistries, namely HSS T3 
C18, HSS C18 and BEH C8. Optimisation of the chromatographic separation was 
done utilising a Waters BEH C8 column (150 mm × 2.1 mm, 1.7 μm) and the  column 
temperature controlled at 60 °C. A binary solvent mixture was used consisting of 
water (Eluent A) containing 10 mM formic acid (natural pH of 2.3) and methanol 
(Eluent B). The initial conditions were 90% A at a flow rate of 0.4 mL/min and were 
maintained for 0.1 min, followed by a gradient to 20% A at 34.5 min and finishing 
at 5% A at 35 min. The conditions were kept constant for 1 min and then changed 
to the initial conditions. The runtime was 40  min and the injection volume was 
1 μL. The PDA detector was scanned between 200 and 500 nm (1.2 nm resolution) 
while collecting 20 spectra per second.
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10.2.2.6  Cinnamomum verum

Various extraction solvents were evaluated namely 60, 80 and 100% (v/v) methanol. 
Plant material extracted with 60% (v/v) methanol produced the most complex and 
diverse selection of compounds. The chromatographic separation and peak shape of 
the 60% methanolic extract of a commercial cinnamon bark sample purchased 
(COM1) was evaluated using three UPLC column chemistries, namely HSS T3 
C18, HSS C18 and CSH Hexyl-Phenyl. Optimisation of the chromatographic sepa-
ration was done utilising a Waters CSH Hexyl-Phenyl column (150 mm × 2.1 mm, 
1.7 μm) and the column temperature controlled at 60 °C. A binary solvent mixture 
was used consisting of water (Eluent A) containing 10 mM formic acid (natural pH 
of 2.3) and acetonitrile (Eluent B). The initial conditions were 95% A at a flow rate 
of 0.4 mL/min and were maintained for 1 min, followed by multiple gradients to 
85% A at 4 min, 80% A at 8 min and 5% A at 35 min. The conditions were kept 
constant for 1 minute and then changed to the initial conditions. The runtime was 
30 min and the injection volume was 5 μL. The PDA detector was scanned between 
200 and 500 nm (1.2 nm resolution) while collecting 20 spectra per second.

10.3  Results and Discussion

10.3.1  Harpagophytum procumbens

A number of methods with different alcohol to water ratios were attempted in 
 preliminary extractions, but it was found that a mixture of 1:1 methanol:acetonitrile 
yielded an extract containing most of the major compounds identified by other  studies 
using HPLC or HPTLC either linked with DAD or MS (Günther and Schmidt 2005; 
Abdelouahab and Heard 2008; Karioti et al. 2011; Seger et al. 2005; Babili et al. 2012).

An evaluation of the raw data obtained from the analysis of the CSIR ECD 
 sample revealed that a large selection of the compounds listed in the Dictionary of 
Natural Products (DNP Ver.18.2) could be identified from the accurate mass data as 
presented in Fig. 10.1. To confirm the tentative identifications done from the mass 
spectral data, six reference standards were also analysed with the optimized method. 
Based on this data and the accurate mass data obtained from the TOF analysis, the 
identity of the six compounds could be positively confirmed. Figure 10.2 is a typical 
XIC mass chromatogram obtained from the analysis of the methanol extract using 
the optimized method. The compounds that were positively identified were labelled. 
Table 10.1 is a summary of the compounds detected and identified.

The UPLC method separated the major peaks and these could then be identified 
using reference standards. The presence of five compounds was confirmed namely 
harpagide, verbascoside, isoverbascoside, 6-acetylacteoside and harpagoside. The 
high mass accuracy of the TOF data also allowed for the tentative identification of 
three compounds, namely dihydrichinatrienone, totaratrienediol and a possible iso-
mer of 6-acetylacteoside.

P.A. Steenkamp et al.
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10.3.2  Peumus boldus

From the LC-MS spectra of the different solvent extracts of Peumus boldus the 
chemical complexity of extracts derived from Peumus boldus leaves was highlighted. 
The water extract displayed more polar compounds while the methanol extract 
 contained more of the apolar compounds. The 60% methanol extract represented the 
best of both extraction solvents and was used in all further development work.

An analysis of the mass spectrometric data of Fig.  10.3 (60% MeOH 
extract) revealed that at least 14 compounds could be tentatively identified—
five flavonoids and nine alkaloids (Table 10.2). The identity of five  compounds 
could be more  positively confirmed by a process that analyses collisionally 
activated dissociated (CAD) mass spectra, through the use of a systematic 
bond-disconnection approach. With this approach, a second data channel is 
generated during the mass  spectrometric analysis of the samples by running 
higher collision energies to invoke fragmentation of the molecules. By 
 evaluating the fragmentation mass spectra obtained, the  feasibility of the 
 proposed structures is evaluated to produce the fragmentation mass spectra 
observed. The drawback of this approach is the inability to differentiate 
between isomers. If the compounds under investigation have the same basic 
 structure with the only difference being the substitution pattern, this approach 
fails to deliver unambiguous results.

Without using certified reference standards for the expected compounds, it 
is very difficult to positively identify each of the compounds detected in the 
 methanolic extract. The process of identification without reference standards 
is also  complicated by the fact that electrospray ionisation (ESI) readily forms 
adducts resulting in more complex mass spectrometric data. By selectively 
extracting data according to the mass to charge ratio (m/z), some compounds 
can be easily detected and confirmed. Initially four m/z values were used to 
try and identify compounds. By selecting an m/z of 328.15 Dalton (Da), one 
major and five minor compounds are identified that contain a mass ion of 
328.15  Da. Selecting an m/z of 317.06  Da resulted in the  display of seven 
major and seven minor compounds. These complex situations do occur 
 frequently in crude plant extracts but is not the general norm. The selection of 
m/z 291.08 and m/z 609.18 Da resulted in the display of one major and two 
minor compounds (m/z 291.08) and one major and three minor compounds 
(m/z 609.18) respectively. The compound with an m/z of 291.0861 was 
 positively identified as catechin while the compound with an m/z of 609.1863 
was identified as isorhamnetin 3-dirhamnoside.

A selection of the expected masses was made and used to extract  compound-specific 
data from the analytical data obtained from the analysis of the crude 60% MeOH 
extract. The process of selecting only the masses of interest decreased the  complexity 
of the BPI chromatogram and generated a customised XIC chromatogram for 
Peumus boldus extracts that is specific to those compounds typically found in the 
plant material.

P.A. Steenkamp et al.
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It must be noted that some compounds could also be detected in the ESINeg 
 ionisation mode (Table 10.2) and greatly assisted in the positive identification of 
these compounds. The iFit (normalised) values obtained during the elemental 
 analysis is an indication of how well the predicted and actual isotope pattern of a 
compound correlate. The closer the value is to zero, the more likely the predicted 
elemental composition and related monoisotopic mass is the actual mass of the 

Table 10.2 Compounds detected in the 60% MeOH extract of Peumus boldus

Compound
Empirical 
formula

Accurate 
mass (Da)

Detected 
(Mode)

Retention 
time (min)

iFit 
error 
(mDa)

MassFrag 
confirmed

Catechin C15H14O6 290.2681 +/− 3.61 0.00
1.9

Yes

Boldine C19H21NO4 327. 1471 + (5.78 and 
6.65)
(8.85 
and12.45)

0.00
−0.3

No

Norisocorydine C19H21NO4 327.1471 + (5.78 and 
6.65)
(8.85 
and12.45)

N/A N/A

Reticuline C19H23NO4 329.3902 + 6.99 0.00
0.4

Yes

Isoboldine C19H21NO4 327.1471 + (5.78 and 
6.65)
(8.85 
and12.45)

N/A N/A

N-methyllaurotetanine C20H23NO4 341.4009 + 12.95 0.00
0.2

Yes

Isorhamnetin C16H12O7 316.0582 + Multiple N/A N/A
Isocorydine C20H23NO4 341.1627 + 9.64 0.00

−0.8
No

Laurotetanine C19H21NO4 327.1471 + (5.78 and 
6.65)
(8.85 
and12.45)

N/A N/A

Sinoacutine C19H21NO4 327.1471 + (5.78 and 
6.65)
(8.85 
and12.45)

N/A N/A

Peumoside C27H30O15 594.1585 +/− 12.73 0.00
1.0

Yes

Isorhamnetin 
3,7-diglycoside

C27H30O15 594.1585 +/− 10.52 0.00
−0.01

Yes

Kaempferol-3-
glucoside-7-
rhamnoside

C27H30O15 594.1585 +/− 10.91 0.00
0.00

Yes

Isorhamnetin 
3-dirhamnoside

C28H32O15 608.1741 +/− 16.72 0.00
0.8

Yes

P.A. Steenkamp et al.
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compound detected. This however, does not supply any final structure relating to the 
mass spectral data and structural calculations such as rings and double bond 
 equivalence (DBE).

By using the selected masses to generate a specific XIC chromatogram (Fig. 10.4) 
and by applying the knowledge gained from the literature and plant data bases, 11 
compounds could be tentatively identified. At least 20 other related compounds 
were also detected but could not be identified.

An evaluation of the BPI chromatograms of the crude extract revealed that at 
least 130 compounds could be visually detected with ease while the ESIPos XIC 
chromatogram displayed approximately 31 compounds (results not shown).

10.3.3  Passiflora incarnata

Results obtained (results not shown) with different solvent extractions clearly high-
light the chemical complexity of extracts derived from Passiflora incarnata leaves. 
The water extract displayed more polar compounds while the methanol extract con-
tained more of the apolar compounds. The 60% methanol extract represented the 
best of both extraction solvents and was used in all further development work.

Figure 10.6 represents the chemical diversity observed with the 60% methanol 
extract. According to literature Passiflora incarnata contains alkaloids and flavo-
noids that should be detectable by LC-MS. An analysis of the mass spectrometric 
data (Fig. 10.5) (60% methanol extract) revealed that at least 17 compounds could 
be tentatively identified—however no alkaloids could be detected.

A selection of the expected masses was made and used to extract compound-
specific data from the analytical data obtained from the analysis of the crude 60% 
MeOH extract. The process of selecting only the masses of interest decreased the 
complexity of the BPI chromatogram and generated a customised XIC  chromatogram 
for Passiflora incarnata extracts that is specific to those compounds typically found 
in the plant material. Utilising the mass spectral data and MassFragment software, 
an attempt was made to annotate the XIC chromatograms (results not shown) with 
the possible identities of some of the detected compounds. The annotation is only 
tentative for those compounds of which the fragmentation mass spectra could be 
related to the proposed structure found in ChemSpider or the Dictionary of Natural 
Products. It must be noted that some compounds could be detected in both the ioni-
sation modes (Table 10.3) and greatly assisted in the positive identification of these 
compounds.

Various Passiflora samples were received as part of this study and the samples 
were extracted as reported earlier. The extracts were analysed using the same ana-
lytical conditions and method as used for the initial Passiflora sample submitted 
(Passiflora incarnata leaves). The results indicated that although the various 
Passiflora leaf samples were in general similar, they did differ in their chemical 
profiles. The results are given in Table 10.4.

10 Profiling of Botanical Extracts for Authentication, Detection of Adulteration…
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Among the leaf samples the Maracuja sample visually appeared “different” to the 
other samples. The flower sample (SA Flower) clearly displayed significant  differences 
to the leaf samples as two known compounds, Vitexin-4′-O-α-L-rhamnopyranoside and 
Vitexin-2-O-rhamnoside were only detected in the flower sample. Two unknown com-
pounds with m/z 610.1533 (C27H30O16) and m/z 610.1897 (C28H34O15) could only be 
detected in the flower extract. Table 10.4 is a summary of the compounds detected in the 
various Passiflora samples. Most of the compounds could be detected in both ionisation 
modes except for hyperoside, luteolin, swertisin and vitexin-2-O-rhamnoside which 
could only be detected in ESINeg ionisation.

Table 10.3 Compounds detected in the 60% methanol extract of Passiflora incarnata

Compound
Empirical 
formula

Expected mass (Da)
Rt

Accurate 
mass (Da)ESI Pos ESINeg

1-Methyl-β-carboline C12H10N2 X X X 182.0843
7-Hydroxy-1-methyl-
β-carboline

C12H10N2O X X X 198.0793

7-Hydroxy-1-methyl-
β-carboline; 
3,4-dihydro

C12H12N2O X X X 200.0950

7-Hydroxy-1-methyl-β-
carboline; 3,4-dihydro, 
methyl ether

C13H14N2O X X X 214.1106

Orientin C21H20O11 449.1085 447.0927 Tentative 448.1006
Isoorientin C21H20O11 449.1092 447.0934 Tentative 448.1006
Isoorientin-2″-O-
glucopyranoside

C27H30O16 611.1473 609.1603 Tentative 610.1534

Schaftoside C26H28O14 565.1553 563.1417 Tentative 564.1479
Isoshaftoside C26H28O14 565.1563 563.1403 Tentative 564.1479
Vitexin-2″-O-β-
glucopyranoside

C27H30O15 595.1671 593.1522 Tentative 594.1585

Isovitexin-2″-O-β-
glucopyranoside

C27H30O15 595.1662 593.1513 Tentative 594.1585

Chlorogenic acid C16H18O9 X X X 354.0951
Hyperoside C21H20O12 X 463.0894 18.05 464.0955
Vitexin C21H20O10 433.1132 431.0994 17.03 432.1056
Isovitexin C21H20O10 433.1137 431.0993 15.35 432.1056
Caffeic acid C9H8O4 X X X 180.0422
Quercetin C15H10O7 X X X 302.0427
Luteolin C15H10O6 X 285.0421 20.70 286.0477
Rutin C27H30O16 611.1615 609.1467 4.54/8.79 610.1534
Scutellarin C21H18O12 X X X 462.0798
Vicenin-2 C27H30O15 595.1625 593.1508 6.97 594.5181
Swertisin C22H22O10 X 445.1129 18.13 446.1213
Vitexin-4′-O-α-L-
rhamnopyranoside

C27H30O14 579.1717 577.1544 13.20 578.1636

Vitexin-2-O-
rhamnoside (Tentative)

C27H32O14 579.1716 19.14 580.1792

P.A. Steenkamp et al.
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As visual comparisons tend to miss the smaller chemical differences between 
 samples, MarkerLynx software was utilised to highlight similarities and differences 
between the plant material listed in Table 10.4. Figure 10.6 represents the Scores Plot 
comparing the ESIPos data while Fig. 10.7 depicts the ESINeg data of the  various 
plant materials analysed. In both Scores Plots the SA Flower sample was positioned 
on its own while the leaf samples were loosely grouped together. The Maracuja sam-
ple displayed greater similarities to the SA Flower sample than the other leaf samples. 
The Scores Plot based on the ESINeg data resulted in a “leaf” cluster and a “flower” 
cluster with the Maracuja and France leaf samples displaying the greatest difference 
compared to the other leaf samples. Exclusion of the SA Flower sample and Maracuja 
leaf sample resulted in a tight cluster of the remaining samples (USA Leaves, Italy 
Leaves and PL Leaves) indicating significant similarity between these samples.

Methanol and methanol:water extracts of the dried leaves of Passiflora incarnata 
produced extracts rich in flavonoids and flavonoid glycosides but void of alkaloids. 
The unavailability of reference standards complicated the identification of 
c ompounds. The high mass accuracy of the TOF data allowed for the tentative 
 identification of 14 compounds. By using MassFragment software and a systematic 
bond-disconnection approach based on collisionally activated dissociated mass 
spectra, the identity of the 14 compounds could be tentatively confirmed. The 
 compounds include Orientin, Isoorientin, Isoorientin-2″-O-glucopyranoside, 
Schaftoside, Isoschaftoside, Vitexin-2″-O-β-glucopyranoside, Isovitexin-2″-O-β-
glucopyranoside, Hyperoside, Vitexin, Isovitexin, Luteolin, Rutin, Vicenin-2, 
Swertisin, Vitexin-4′-O-rhamnopyranoside and Vitexin-2-O-rhamnoside. The base 
peak intensity (BPI) full scan mass spectral chromatograms of the 60% methanol 
extracts produced complex chromatograms that could be simplified by applying a 
selected masses filter to the raw data (XIC) (Fig. 10.8).

10.3.4  Boswellia serrata

Due to the insolubility of boswellic acids and related triterpenoids in water, the percent-
age water was limited to 20% (v/v). Extracts of the Boswellia resin were analysed directly 
after preparation and filtered (0.2 μm) prior to analysis. The extract became turbid upon 
standing due to the evaporation of the methanol and resulted in the formation of a cream-
coloured, off-white precipitate. An initial evaluation of the data was made in an attempt 
to identify some of the compounds listed in literature, but it became clear that without 
reference standards, the true identity of these compounds as well as their chromato-
graphic retention times could not be established. This is especially true for the structural 
isomers that display similar mass spectra as well as MS/MS fragmentation. Due to the 
similar mass spectral data observed for the isomers, MassFragment software could not 
distinguish between them based on the systematic bond-disconnection approach utilised 
by the software. This dilemma is clearly illustrated by extracting an ESI negative mass 
ion chromatogram (XIC) at 455.352 Da which relates to the mass of α-boswellic acid, 
β-boswellic acid and lupeolic acid. By selecting those compounds displaying a 455.35 Da 
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pseudo-molecular ion, the similarity of the observed mass spectra can be clearly seen 
(Fig.  10.9). A closer inspection of the mass spectral data suggested that two related 
 compound classes might give rise to the mass spectra depicted in Fig. 10.9. Extracting a 
XIC mass chromatogram at 497.36, which relates to the expected pseudo-molecular ions 
of acetyl-α-boswellic acid, acetyl-β-boswellic acid and acetyl-lupeolic acid produced a 
chromatogram with three compounds (results not shown). A closer inspection of the 
fragmentation pattern observed for these compounds (results not shown), indicated that 
two of the compounds displayed similarities and can probably be assigned to acetyl-α-
boswellic acid and acetyl-β-boswellic acid. The remaining chromatographic peak could 
therefore by default be tentatively assigned to acetyl-lupeolic acid.

From the mass spectral analysis of the Boswellia serrata extract it appears that 
this species produces numerous isomers which make chromatographic peak 
 assignment extremely difficult. The results are summarised in Table 10.5 for the 
compounds identified in Boswellia.

Table 10.5 Compounds tentatively identified in the Boswellia serrata extract (PL TPA 70-12-1)

Compound
Empirical 
formula

Expected mass (Da)
Rt (min)

Accurate mass 
(Da)ESIPos ESINeg

Cembrenol C20H34O 291.268 289.253 17.76 290.2609
Incensole C20H34O2 307.263 305.248 12.10 306.2559
Incensole acetate C22H36O3 349.274 347.258 X 348.2665
12-Ursene-2-
diketone

C30H46O2 439.358 437.342 19.83 438.3498

12-Ursene-3,24-diol C30H50O2 443.389 441.373 19.39 442.3811
9,11-dehydro-α-
Boswellic acid

C30H46O3 455.352 453.336 11.19 454.3447

9,11-dehydro-β-
Boswellic acid

C30H46O3 455.352 453.336 16.88 454.3447

Lupeolic acid C30H48O4 457.368 455.352 Tentative 456.3603
α-Boswellic acid C30H48O3 457.368 455.352 Tentative 456.7003
β-Boswellic acid C30H48O3 457.368 455.352 Tentative 456.7003
11-Keto-β-Boswellic 
acid

C30H46O4 471.347 469.331 10.50 470.3396

Acetyl-9,11-
dehydro-α-
Boswellic acid

C32H48O4 497.363 495.347 24.85 496.3552

Acetyl-9,11-
dehydro-β-Boswellic 
acid

C32H48O4 497.363 495.347 25.40 496.3552

Acetyl-α-Boswellic 
acid

C32H50O4 499.378 497.363 25.09 498.3709

Acetyl-β-Boswellic 
acid

C32H50O4 499.378 497.363 25.23 498.3709

Acetyl-lupeolic acid C32H50O4 499.378 497.363 24.93 498.3709
Acetyl-11-keto-β-
Boswellic acid

C32H48O5 513.358 511.342 18.26 512.3502

P.A. Steenkamp et al.
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Two Boswellia serrata samples were received from PlantLIBRA. The first sam-
ple (Batch TPA 70-12-1) was a medium fine resin sample and has been discussed in 
detail above and used as a reference point. The second sample (Batch PL 109) was 
a coarse resin sample. A third Boswellia serrata extract sample was a formulated 
nutritional product in capsule form (SAS 1) (South Africa). The samples were pre-
pared as described above and analysed using the optimised method. From the 
ESIPos (Fig. 10.10) and ESINeg (Fig. 10.11) chromatographic data it is clear that 
the samples differ in chemical composition. This could be a severe challenge in the 
authentication of Boswellia serrata food supplements and formulations.

10.3.5  Valeriana officinalis

An analysis of the mass spectrometric data of the initial data (80% methanol extract) 
revealed that at least 20 compounds could be tentatively identified and this included 
alkaloids (Table 10.6). The identity of detected compounds could be more  positively 
confirmed by a process that analyses collisionally activated dissociated (CAD) mass 
spectra, through the use of a systematic bond-disconnection approach.

By selectively extracting the chromatographic data of the compounds listed in 
Table  10.6, an extracted mass chromatogram (XIC) can be generated for each 
 ionisation mode. Figures 10.12 and 10.13 represent the ESIPos and ESINeg XIC 
chromatograms for the 80% (v/v) methanol extract respectively. The XIC 
 chromatograms present a more simplified picture and can easily be used to 
 selectively monitor a selection of compounds present in Valeriana officinalis plant 
material. The base peak intensity (BPI) display format however would provide a 
superior data format to compare plant material for similarities or differences in 
chemical composition.

The unavailability of a full set of reference standards complicated the  identification 
of compounds. The high mass accuracy of the TOF data allowed for the tentative 
identification of 21 compounds. Four of the 21 compounds could be confirmed with 
reference standards and included valerenic acid, hydroxyvalerenic acid, 
 acetoxyvalerenic acid and hesperidin.

10.3.6  Cinnamomum verum

Products derived from Cinnamomum verum and Cinnamomum cassia are freely 
available. Two samples obtained through the PlantLIBRA network was extracted 
with 60% methanol but produced significantly different chemical profiles. A 
 commercially available product was purchased and a sample extracted using the 
same extraction protocol. Figures 10.14 and 10.15 represent the chemical diversity 
observed in ESIPos and ESINeg modes for the 60% methanol extracts of the three 
samples, respectively. Although the three samples displayed similarities when 
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Table 10.6 Compounds tentatively detected in the 80% methanol extract of Valeriana officinalis PL

Compound
Empirical 
formula

Expected mass (Da) Detected 
and Rt

Accurate 
mass (Da)ESIPos ESINeg

Actinidine; (S)-form C10H13N 148.1126 X 3.17 147.1048
3-Acetyl-2,7-naphthyridine C10H8N2O 173.0796 X 1.54 172.0637
2-Hydroxy-3-methylbutanoic 
acid

C10H18O4 X 201.1055 19.73 202.1205

Tamariscene C15H24 205.1956 X 23.18(T) 204.1878
1(9),10-Pacifigorgiadiene (+) C15H24 205.1956 X ? 204.1878
1(9),10-Pacifigorgiadiene (−) C15H24 205.1956 X ? 204.1878
Valerenol C15H24O 221.1905

220.1298
X
X

X
4.28(T;*)

220.1827

Valerenic acid C15H22O2 X 233.1542 28.01 234.1620
Isoeugenol isovalerate C15H20O3 249.1491 247.1334 17.90 248.1412
Valerenolic acid C15H22O3 X 249.1491 22.57 250.1569
N-(p-Hydroxyphenethyl)
actinidine

C18H22NO 269.1780 X 5.80 268.1701

6,7-Dihydro-4-
(hydroxymethyl)-2-(p-
hydroxyphenethyl)-7-methyl-
5H-2-pyrindinium

C18H22NO2 284.1622 X 3.74 284.1651

Acetylvalerenoic acid C17H24O4 293.1753 X 25.88 292.1675
Deacetylisovaltrate C20H28O7 X 379.1757 10.46(T;*) 380.1835
Valtrate C22H30O8

C22H28O8

X
421.1862

X
X

X
21.90

422.1941
420.1784

Kanokoside A C21H32O12 X 475.1816 9.05 476.1894
Berchemol-4-O-glucioside C26H34O12 X 537.1972 8.97 538.2050
Hesperidin C28H34O15 611.1976 609.1820 10.56 610.1898
Kanokoside D C27H44O16

C27H42O16

X
623.2551*

X
X

X
27.14

624.2629
622.2473

Kanokoside C C21H18O12 639.2500 X 19.45 638.2422
Possible molecules to be confirmed

Valerianine C11H15NO
C11H13NO

X
175.0997*

X
X

X
0.76

177.1154
175.0997

Madolin C15H22O2 – 233.1454 ? 234.1620
Volvalerenal B/Volvalerenal 
D/Volvalerenic acid A

C15H22O2 – 233.1454 ? 234.1620

Volvalerenal B C15H20O3 X 247.1266 17.87 248.1412
Volvalerenic acid B C17H24O4 X 291.1525 24.57 292.1675
Volvalerenic acid C C15H22O3 X 249.1426 22.39 250.1569
Volvalerenal E C17H24O3 277.1748 X 25.3–

25.9(T)
276.1725

Volvalernal A/Volvalerenal C C17H24O4 X 291.1511 24.44 292.1675

T tentative, * empirical formula calculation inconclusive

10 Profiling of Botanical Extracts for Authentication, Detection of Adulteration…
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Table 10.7 Compounds tentatively detected in the 60% methanol extracts of Cinnamomum samples

Compound Formula
Accurate 
mass (Da)

Detected mass (Da) RT 
(min)ESIPos ESINeg

Cinnamaldehyde C9H8O 132.0575 X X X
Cinnamyl alcohol C9H10O 134.0732 X X X
2-Methoxybenzaldehyde C8H8O2 136.0524 X 135.0358 4.40
Coumarin C9H6O2 146.0368 147.0488 X 6.80
Cinnamic acid C9H8O2 148.0524 X 147.0370 8.11
p-Menth-4(8)-en-1-ol C10H18O 154.1358 X X X
Methyl eugenol C11H14O2 178.0994 X X X
Epiafzelechin C15H14O5 274.2687 X X X
Epicatechin C15H14O6 290.0790 291.0884 289.0712 Multi
Epigallocatechin C15H14O7 306.0739 X 305.0620 10.94
Cinnzeylanol C20H32O7 384.2148 X X X
Cinnzeylanine C22H34O8 426.2254 X X X
Epicatechingallate C22H18O10 442.0900 X X X
Procyanidin A1 or Procyanidin A2 C30H24O12 576.1268 577.1346 575.1187 6.64
Unknown C30H24O12 576.1268 577.1380 575.1187 7.05
Unknown C30H24O12 576.1268 577.1311 575.1187 8.03
Procyanidin B1 C30H26O12 578.1424 579.1412 577.1312 3.84
Procyanidin B2 C30H26O12 578.1424 579.1412 577.1312 4.77
Epicatechin(2β → 7,4β → 8)
epicatechin(4β → 8)epicatechin

C45H36O18 864.1902 865.1839 863.1890 5.35

Epicatechin(2β → 7,4β → 8)
epicatechin(4α →8)epicatechin 
(Pavetannin B2; Cinnamtannin B1)

C45H36O18 864.1902 865.1810 863.1910 5.45

Unknown C45H36O18 864.1902 865.1810 863.1902 6.15
Procyanidin C1 C45H38O18 866.2058 867.1992 865.2019 4.81
Epicatechin(4β → 6)
epicatechin(2β → 7,4β → 8)
epicatechin(4β → 8)epicatechin 
(Pavetannin C1)

C60H48O24 1152.2536 1153.2266 1151.2609 4.42

Epicatechin(4β → 8)
epicatechin(2β → 7,4β → 8)
epicatechin(4β → 8)epicatechin 
(Cinnamtannin B2)

C60H48O24 1152.2536 1153.2280 1151.2667 5.70

Procyanidin D C60H50O24 1154.2692 1155.2522 1153.2853 5.07
[Epicatechin(4β → 
8)]2epicatechin(2β → 7,4β → 8)
epicatechin(4β → 8)epicatechin 
(Pavetannin D1)

C75H60O30 1440.3170 1442.2297 1439.3428 4.79

Unknown C75H60O30 1440.3170 1442.2430 1439.3339 4.99
Unknown C75H60O30 1440.3170 1442.2273 1439.3428 5.19

P.A. Steenkamp et al.
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comparing the detected compounds in the two ionisation modes, it was clear that 
PL036 and PL038 differed from the Commercial sample. An analysis of the mass 
spectrometric data of Figs. 10.14 and 10.15 (60% methanol extracts) revealed that a 
significant number of known compounds could be detected and tentatively identi-
fied (Table 10.7).

The evaluation of the three samples by extracting the masses listed in Table 10.7 
and larger than 570  Da, produced even more evidence that the samples differed 
significantly. PL038 and the Commercial sample displayed the greatest similarity 
while PL036 did not display any of the marker compounds observed in the other 
two samples (Figs. 10.16 and 10.17).

Due to the significant differences observed between PL036, PL038 and the 
Commercial sample, another “commercial” sample (PL316) was obtained from the 
PlantLIBRA network. The analysis of the two commercial products (PL316 and 
Commercial) produced interesting results (Figs. 10.18 and 10.19). These two sam-
ples were supposedly derived from Cinnamomum plant material but displayed sig-
nificant differences in chemical composition. The observed differences might be the 
result of different processing protocols employed by the manufacturers of these 
commercial products.

10.4  Conclusion

Using UPLC-MS for the authentication of food supplements, botanical formula-
tions, or extracts, and detecting the presence of new or possible contaminants, rep-
resents a challenging task due to the complexity of the plant-based products. It 
however provides improved capabilities as it is possible to separate the different 
compounds from each other and the high mass accuracy of the MS can aid in the 
tentative identification of the different compounds in the absence of reference 
standards.

The use of formulated samples, as illustrated in some of the examples, or even 
plant extracts from different global locations, highlights the challenges encountered 
during the chemical profiling of plant-based material. Some of the main reasons 
include the absence of marker compounds, the presence of new and unexpected 
compounds, or significant differences in concentration. The use of a number of 
major compounds always present in a specific species can be used as evidence of a 
specific plant extract being used. Careful examination of new peaks will be neces-
sary to determine if they are contaminants such as pesticides or if they are merely 
due to the location or origin of the plant extract. The power of accurate mass can 
also be extended to detect the presence of adulteration of plant material. The growth 
of spectral libraries in the UPLC-MS area will also be invaluable for the authentica-
tion of food supplements and herbal formulations and the detection of contaminants 
in plant-based products and formulations. The applicability of profiling plant 
extracts using UPLC-MS has been illustrated through the six plant examples 
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described and can be expanded by creating detailed dossiers of plants and plant 
extracts used as food supplements or in herbal formulations.
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Chapter 11
Classic/Recommended Methods 
and Development of new Methods to Control 
Residues and Contaminants of Botanicals
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Abstract A remarkably high number of analytical methods concerning bioactive 
compounds, contaminants and biomarkers of exposure in Plant Food Supplements 
(PFS) have been developed by different scientific groups.

The work present an update of classic and new developed methods for detection 
of several heavy metals, pesticides and mycotoxins from different samples. The 
advantages, the characteristics of different analytical procedures, as well as the pos-
sible interferences, were underlined.

Some of the novel methods, in particular biosensors, for heavy metal pesticide 
and mycotoxin analysis in PFS and microchip based tools (Screen Printed 
Electrodes) seems to be available for routine analytical tools in the near future.

Keywords Contaminants • Residues • Pesticides • Heavy Metals • Mycotoxins • 
Radiations

M. Badea (*) • L. Floroian • A. Marculescu • L. Gaceu • M. Moga 
“Transilvania” University of Brasov (UTBV), Brasov, Romania
e-mail: badeamihaela1973@gmail.com; lauraf@unitbv.ro;  
angela.marculescu@gmail.com; gaceul@unitbv.ro; moga.og@gmail.com 

L. Gaman 
“Carol Davila” University of Medicine and Pharmacy, Bucharest, Romania
e-mail: glauraelena@yahoo.com 

C. Cobzac 
“Babes-Bolyai” University of Cluj-Napoca, Cluj-Napoca, Romania
e-mail: codruta.cobzac@yahoo.com 

Q. Chang • J. Xue 
Institute of Medicinal Plant Development, Chinese Academy of Medical Sciences and Peking 
Union Medical College, Beijing, People’s Republic of China
e-mail: qchang@implad.ac.cn; jxue@implad.ac.cn 

P. Restani 
Department of Pharmacological and Biomolecular Sciences,  
Università degli Studi di Milano, Milan, Italy
e-mail: patrizia.restani@unimi.it

mailto:badeamihaela1973@gmail.com
mailto:lauraf@unitbv.ro
mailto:angela.marculescu@gmail.com
mailto:angela.marculescu@gmail.com
mailto:gaceul@unitbv.ro
mailto:moga.og@gmail.com
mailto:glauraelena@yahoo.com
mailto:codruta.cobzac@yahoo.com
mailto:qchang@implad.ac.cn
mailto:jxue@implad.ac.cn
mailto:patrizia.restani@unimi.it


350

11.1  Introduction

The observed substantial increase in the use of herbs/botanicals and their products, 
especially extracts for plant food supplements (PFS) over the last two decades was not 
always adequately accompanied by quality and safety control (Garcia-Alvarez et al. 
2014). Food supplements, first of all, belong to the food sector and must therefore 
 comply with all relevant requirements of EU food legislation concerning composition, 
quality and safety. This includes in particular identity/authenticity, contaminants, 
 residues (of e.g. pesticides) and other undesired substances (Sanzini et al. 2011).

Considering the multi-component nature and differentiated bioactivity of PFS, a 
proper and meaningful quality control must also include the analysis of a broad 
spectrum of potential contaminants or undesired substances in plants. This chapter 
will consider the most common contaminants and residues interesting the botanical 
market: heavy metals, pesticides and mycotoxins.

11.2  Heavy Metals

The scientific reviews performed for analysis of heavy metal from plants, showed 
that most data concerning the detection methods are available on cadmium, lead and 
mercury. Few data were available from systematic review for detection of thallium 
(Tl), chromium (Cr) and antimony (Sb) in plants and plant derivatives.

Because the concentration of heavy metals in plants (roots, leaves) are in the 
trace and ultra-trace range, the World Health Organization (WHO) established max-
imum concentration limits for these residues in botanicals, in order to be safety 
used. Suitable methods are necessary for their evaluation and most appropriate 
sample preparation methods are required. Zeiner and Cindric (2017) preformed an 
intensive review of the available reported methods underlining the inductively cou-
pled plasma atomic/optical emission spectrometry—ICP-AES/OES; inductively 
coupled plasma mass spectrometry—ICI-MS which are considered multi-elemental 
methods used to obtain good analytical data in a short time. Other representative 
methods are recommended: (flame) atomic absorption spectrometry ((F)AAS), 
electrochemical methods, charged particle induced activation analysis (CPAA), 
neutron activation analysis (NAA), X-ray fluorescence methods (total reflection, 
energy dispersive or particle induced X-ray emission), thin layer chromatography 
TLC), ion chromatography (IC) and Mossbauer spectrometry.

11.2.1  Detection by Atomic Absorption Spectrometry (AAS)

On the basis of the literature search, the most used methods for heavy metals  detection in 
plant food supplements are atomic absorption and emission methods. These are very 
sensitive methods, but very expensive, both to be acquired and exploited and need well 
trained personnel.
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11.2.1.1  Working Procedure

Sample preparation for analysis: The sample is processed properly (chopped, 
minced, grinded, homogenized) in order to obtain a uniform and homogeneous 
mass. To prepare the sample for analysis must be available a sample mass of at least 
200 g of edible parts of laboratory sample. Processed sample to be stored in plastic 
bags or hermetically sealed cans. Samples used for the experiments were obtained 
from a local market from Brasov: fresh and frozen sea-buckthorn—Hippophae 
rhamnoides; fresh bilberry—Vaccinum myrtillus. Some samples were purchased 
from Naturist shops from Brasov, Romania: Tinctura de senna- tincture of senna 
(Cassia angustifolia) (manufacturer Steaua Divina) and the leaves of senna (Cassia 
angustifolia) commercialized as Frunze Senna (manufacturer Phares Bio Vital)—
tea from medicinal plants. All chemicals used for the preparation of stock and stan-
dard solutions were of analytical reagent grade and purchased from Sigma-Aldrich 
or Merck. Standard solutions were of 1000 mg/L of metal concentrations.

Dry mineralization: The product (10–20 g) was dried and burned slowly on a hot-
plate until the stage of coal In the final phase of coal combustion ignition can occur. 
Attention should be given to the burning products or splash inflation tended to avoid 
losses during these operations. After completing of previous step (no smoke in the 
crucible), the crucible is inserted into furnace set at 450° ± 10 °C, where will remain 
a convenient time to complete calcination (10–16 h). The ash must have uniform 
colour (white or grey) and black dots contain no carbon. After cooling, the crucible 
is placed on the site of asbestos and expects them completely cool in order to add 
hydrochloric acid. If the sample is not completely moisten, the ash is treated with 
1–3 mL of deionized water or hydrogen peroxide. It will be placed back in the oven 
at no more than 200 °C and gradually increase the temperature up to at 450° ± 10 °C 
for 1–2 h or more.

For liquid samples the amount taken is about 100–200  mL, which will be 
weighted, evaporated to dryness and then will be used working protocol previously 
presented.

Sample mineralization: In the crucible with ash will be added 5 mL HCl 6 M, so 
that all ashes to contact with acid. Evaporate the acid using bath sand. Residue is 
then dissolved in an exact volume of nitric acid 0.1 M (10–30 mL). Cover with a 
watch glass and allow standing from 1–2 h. There were stirred the solution well in 
the crucible with a wand, filtered, moving the contents into a glass bowl, which will 
be used for direct determinations. If, in the analyzed sample the content of element 
is greater than the maximum standard calibration solution, then the solution is 
diluted page properly. Mineralized sample solution can be used to determine: Pb, 
Cd, Cu, Zn, Fe.

Determination of heavy metals from samples obtained by dry mineralization, 
using AAS. According to the specific program of the device (specific for each AAS 
equipment) are performed the steps of initiating, calibration and after reading anal-
ysed samples. The AAS analysis was performed using the collaboration of Sanitary 
Veterinary Direction and for Food Safety Direction of Brasov, Romania. Correction 
factor in drawing standard curve must be at least 0.9850. After reading each sample, 
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the aspiration route is washed with acid previous used to dilute sample (nitric acid). 
Instrumental parameters are listed in Table 11.1.

Calibration lines were obtained. Using interpolation procedure, there were 
 analysed real samples (plants, fruits, tea and tincture) (Table 11.2).

No level of Cd and low concentrations of Pb were detected in all samples. 
This procedure could be used for detection of heavy metals from different 
matrices and also for validation step for new developed methods for heavy 
metals detection.

11.2.2  Detection by Electrochemical Detection

New methods used in environmental monitoring use sensors and biosensors. Sensors 
are translating chemical or physical information into a measurable signal (electrical 
one). The most used sensors are electrochemical which translate redox reactions 
that are produced at surface of the working electrode immersed into an electro-
chemical cell. These methods are intended to be used for sensors development for 
heavy metals detection in plant extracts and plant food supplements as new methods 
(Buzea et al. 2012; Florescu et al. 2009).

Table 11.1 Instrumental 
parameters for detection of 
Cd and Pb using AAS

Detection of Cd Detection of Pb

System type Flame Flame
Flame type Air-acetylene Air-acetylene
Fuel flow 1.0 L/min 1.0 L/min
Oxidant flow 10 L/min 10 L/min
Lamp 
current

3.0 mA 5.0 mA

Wavelength 228.8 nm 217.0 nm
Read time 3.0 s 3.0 s
Replicated 3 3

Table 11.2 Concentration of Cd and Pb in tested samples

Sample type
Concentration of Cd 
(μg/mL)

Concentration of Pb 
(μg/mL)

Dried sea-buckthorn—Hippophae 
rhamnoides

0 0.034

Frozen sea-buckthorn—Hippophae 
rhamnoides

0 0.031

Fresh bilberry fruits—Vaccinum myrtillus 0 0.028
Tincture of senna—Cassia augistifolia 0 0.053
Leaves of senna—Cassia augistifolia 0 0.013
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Scientific literature indicated the use of biosensing systems based on well-known 
interactions between heavy metals and biomolecules (e.g. proteins, peptides, 
enzymes, antibodies, whole cells, and nucleic acids) (Mehta et al. 2016).

Enzyme-based biosensors are also indicated by scientific literature as possible 
method for detection of heavy metals as mercury (Wang et al. 2012), chromium 
(Michel et al. 2006) cadmium (David et al. 2011).

Specific studies were done to optimize the detection of heavy metals using free and 
immobilized Penaeus merguiensis alkaline phosphatase on gold nanorods (Homaei 
2017). Reliable results were obtained for pH11.0 and a temperature close to 60 °C.

Recent review studies highlights the major advances of DNA-based electro-
chemical biosensors for the detection of heavy metal ions such as Hg2+, Ag+, Cu2+ 
and Pb2+ (Saidur et al. 2017; Zhan et al. 2016).

11.2.3  Detection by Thin Layer Chromatography (TLC)

Scientific studies indicated Thin Layer Chromatography (TLC) as a simple and 
cheap method for heavy metals detection (Badea et al. 2009).

Other studies (Agarwal and Behari 2007) applied the method for screening the 
mercury in environmental samples (water and aqueous industrial effluent samples) 
and urine. Mercury was detected by complexation with dithizone followed by TLC, 
also in the presence of other heavy metals, including arsenic, cadmium, lead, cop-
per, iron, zinc, and nickel.

11.3  Mycotoxins

There is an increasing concern for mycotoxin contamination in foods and feeds, 
because they can be found in a wide range of commodities including cereals, spices, 
dried fruits, apple products, wine and coffee. Previous studies (Efuntoye 1999) have 
demonstrated that aromatic and/or medicinal herbs are susceptible to mycotoxin 
contamination. Fungal contamination may occur pre-harvest or as a result of poor 
production practices. The treatments used for reducing microbial load (irradiation 
or steam treatment) may not be suitable for mycotoxins destruction, if present. 
Nowadays, the consumption of medicinal and aromatic herbs is increasing, either 
for their therapeutic or natural properties, which may lead to an increase in the 
intake of mycotoxins (Sanzini et al. 2011).

The most important mycotoxins are aflatoxins (AFs), ochratoxin A (OTA), zeara-
lenone (ZEA), deoxynivalenol (DON), T-2 toxin and fumonisins (FBs), produced 
by different genus of fungi (Table 11.3).

Only few data on the occurrence and levels of mycotoxins in herbs and plant 
food supplements have been published. For EU regulated mycotoxins in food sam-
ples, are identified chromatographic and immunochemical methods for their detec-
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tion, with good analytical performances. Some new methods (fast, reliable, low 
costs) would be optimised and recommended. The EFSA Panel on Contaminants in 
the Food Chain (CONTAM Panel) carries out risk assessment on contaminants in 
food and feed and recommends intensive scientific research in order to identify if 
their presence could be associated with adverse health effects in the European popu-
lation. The presence of hazardous chemical contaminants or undesirable substances 
in food and feed is often unavoidable as these substances may occur ubiquitously or 
are of natural origin. Therefore, human and animal exposure to such substances is 
also unavoidable. The Rapid Alert System for Food and Feed (RASFF) (http://
ec.europa.eu/food/safety/rasff_en), managed by The Health and Consumers 
Directorate-General of the European Commission, consists essentially of clearly 
identified contact points in the Commission, EFSA, EEA and at national level in 
member countries, exchanging information in a clear and structured way by means 
of an online system, iRASFF. According to the seriousness of the risks identified 
and the distribution of the product on the market, the RASFF notification is classi-
fied after verification by the Commission contact point as alert, information or 
 border rejection notification before the Commission contact point transmits it to all 
network members.

According with recently published RASFF report (http://ec.europa.eu/food/
safety/docs/rasff_annual_report_2015.pdf), in 2015 there were 475 notifications on 
mycotoxins in food, most related to the presence of aflatoxins (421 notifications).

11.3.1  Detection by Chromatographic Methods

The detection and continuously monitoring of mycotoxins is important for the 
safety reason (Habibipour et al. 2016). Several procedures were optimized and rec-
ommended by the scientific research teams.

Table 11.3 Fungi producing 
mycotoxins from (Santos 
et al. 2009)

Mycotoxin Fungi producing mycotoxins

Aflatoxins Aspergillus flavus

Aspergillus parasiticus

Aspergillus nomius

Ochratoxin A (OTA) Penicillium verrucosum

Aspergillus ochraceus

Aspergillus carbonarius

Zearalenone (ZEA) Fusarium

Deoxynivalenol (DON)
T-2 toxin
Fumonisins (FBs)
Citrinin Penicillium citrinum

Penicillium expansum

Penicillium verrucosum

M. Badea et al.
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Depending on the detection systems used after HPLC separation, there were suc-
cessfully tested: quadrupole linear ion trap mass spectrometry (Xing et al. 2016). 
MS-MS (Li et al. 2016a, b), fluorescence detector (Chen et al. 2016), UV diode 
array detection (Urraca et al. 2016).

Different procedures for extraction and cleaning samples were tested also: clean- up 
methods-with BondElut Mycotoxin and MycoSep 227 columns (Bernhardt et  al. 
2016), multiple antibody immunoaffinity columns (Zhang et  al. 2016), magnetic 
molecularly imprinted polymers for selective extraction (Urraca et al. 2016), online 
solid phase extraction (Campone et al. 2016), solid bar microextraction (Al-Hadithi 
et al. 2015), liquid-liquid extraction (Kwaśniewska et al. 2015), enzyme-assisted 
extraction (Pietri et al. 2016).

A simple and efficient method for determining multiple mycotoxins was devel-
oped using a QuEChERS (quick, easy, cheap, effective, rugged and safe)-based 
extraction procedure in vegetable oils. Following this extraction step, high- 
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) 
was used for the quantification and confirmation of 16 chemically diversified myco-
toxins, in 62 vegetable oil samples (Zhao et al. 2017). Zearalenone (ZEN), aflatoxin 
B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1) and α-zearalenol (α-ZOL) 
were detected, with maximum concentrations of 0.59 (AFG1)-42.5 (ZEN) ng/g. 
The method developed has the advantages of high sensitivity, accuracy and selectiv-
ity, and it can be applied to the target screening of mycotoxins in real samples.

LC, HPLC and LC-MS/MS procedures offered the advantage of the quantifica-
tion of individual toxins in contrast to ELISA technique. HPLC and LC-MS/MS 
methodologies are able to identify greater number of contaminated samples in com-
parison to TLC and ELISA techniques. Furthermore, HPLC and LC-MS/MS tech-
niques offer an added advantage for the detection of aflatoxins in low concentration 
in cereals samples (Iqbal et al. 2014).

11.3.2  Detection by Sensors-Biosensors (Enzyme-Based 
Biosensors and Immunosensors)

In order to quantify the OTA concentration in beverage samples such as beer and 
wine, there were used fluorescence detection based on the analysis of the brightness 
and a, b for the color-opponent dimensions (L*a*b) and Hue, Saturation, Value 
(HSV) tests (Bueno et al. 2016).

Using their advantages of high sensitivity and rapidity, advanced sensors based 
on antibodies or aptamers are used in the mycotoxin detection. Having the possibil-
ity of miniaturization, low costs, these sensors are applicable to high-throughput 
modes. Optical and electrochemical sensing modes were used and it was underline 
in several studies the challenges and the future of antibody or aptamer-based sen-
sors (Rhouati et al. 2016; Xu et al. 2016).
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Impedimetric immunosensors for ochratoxin A (OTA) (Badea et al. 2016a) and 
respectively for aflatoxin B1 (Badea et al. 2016b) detection, were developed via the 
immobilization of monoclonal specific antibody on bovine serum albumin modified 
gold electrodes. A four-step reaction protocol was tested to modify the gold electrode 
and obtain the sensing substrate. All the steps of the immunosensor elaboration and 
also the immunochemical reaction between surface-bound antibody and ochratoxin 
A were analyzed using cyclic voltammetry and electrochemical impedance 
 spectroscopy. Modification of the impedance due to the specific antigen- antibody 
reaction at immunosensor surface, was used in order to detect ochratoxin A. Linear 
proportionality of the charge transfer resistance to the concentration of OTA allows 
ochratoxin A detection in the range of 2.5–100 ng/mL (Badea et al. 2016a).

The steps of the procedures for obtaining impedimetric immunosensor for aflatoxin 
B1 detection were followed using atomic force microscopy (AFM) and electrochemical 
impedance spectroscopy (EIS) (Badea et al. 2016b). The resistance to charge transfer 
(Rct) was the most sensitive parameter to changes induced to the interfacial properties 
of the immunosensor by the incubation with aflatoxin and varied linearly with aflatoxin 
concentration in the range 1–20  ng/mL.  The immunosensor was applied for the 
 detection of aflatoxin in spiked liquorice extracts with good recovery factors.

Other type of biosensors used recombinant cell fluorescence sensor was reported 
simple and rapid of DON and ZEN (Ji et al. 2016).

11.3.3  Detection by Surface Plasmon Resonance (SPR)

In Surface Plasmon Resonance the glass prism is coated with a gold film. In  conducting 
metals, such as Au, the free conduction electrons form periodic  oscillations, called plasma 
waves (https://nicoyalife.com/technology/surface-plasmon-resonance/how-surface-plas-
mon-resonance-works/). Like every periodic electromagnetic wave, this can also be 
described in a particle fashion. Like photons and phonons are the particle names for light 
and sound waves, respectively, a  plasmon is the particle name for the plasma wave 
(Vermeeren et al. 2009).

The binding of target by immobilized aptamers or antibodies determines the 
changes in the composition of the material at the interface between the Au and the 
buffer and will alter the momentum of the surface plasmons, and their associated 
evanescent wave. As a consequence, SPR no longer occurs at the previous incidence 
angle, and a SPR shift takes place. The shift in the resonance angle is directly pro-
portional to the change in mass at the Au surface (Fig. 11.1).

Recently, multiplex surface plasmon resonance biosensing were developed 
(Joshi et al. 2016a). Preliminary in-house validation of a portable nanostructured 
imaging surface plasmon resonance (iSPR) instrument showed that DON, T-2, ZEA 
and FB1 can be detected at the European Union regulatory limits, while for OTA 
and AFB1 sensitivities should be improved.

M. Badea et al.
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Analysis of mycotoxins were tested by different research teams which recom-
mend their detection in beer sample (Joshi et al. 2016b), wheat (Sanders et al. 2016), 
milk (Karczmarczyk et al. 2016), red yeast rice (Atar et al. 2015), wine and peanut 
oil (Zhu et al. 2015).

Commercially available, the analytical systems have exploited high affinity 
 polyclonal monoclonal and recombinant antibodies, conducting to rapid, accurate 
and sensitive means of determining of several mycotoxins. Combination of surface 
plasmon resonance with enzyme-derivatised sensors, molecularly imprinted 
 polymers, fluorescence spectroscopy and the use of gold nanoparticles for signal 
enhancement are indicated in several applications (Meneely and Elliott 2014).

11.3.4  Detection by Immunoassay

Different immunochemical strategies were optimised to detect contaminants and 
residues from food matrices and biological samples (Badea et al. 2010)

The four strains of Aspergillius and Penicillium isolated from plants matrices 
were evaluated for their ability to produce AFB1 and AFB2 and OTA. A flavus 
revealed production of 3.5 μg/kg AFB2 and 3.8 μg/kg OTA. A Flavus produced 
7.45 μg/kg AFB1 and A ochraceus produced 21.7 μg/kg AFB2 and 7.25 μg/kg OTA 
(Alwakel 2009).

Three detection methods were compared for OTA detection from soybeans: lat-
eral flow strip assay using strip with mimotope peptide, ELISA and lateral flow strip 
assay using strip with OTA–BSA (Lai et al. 2009).

A method using an immunochromatographic kit has been adopted as the official 
screening method in Japan, and criteria for the kit have been set (Yoshinari et al. 
2016). In order to confirm whether commercial immunochromatographic kits for 
detecting AFM1 satisfy these criteria, the performance of four kits was evaluated by 
performing spike-and-recovery experiments using AFM1-free milk samples and 
milk samples spiked at seven levels (100–700 ng/kg).

Fig. 11.1 Principle of 
detection using SPR 
(modified from Hodnik 
and Anderluh (2009))
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A multiplex lateral flow immunoassay (LFA) was developed for the  simultaneous 
on-site determination of three mycotoxins (aflatoxin B1, zearalenone and ochra-
toxin A) in corn, rice and peanut (Chen et al. 2017). There were optimised the prep-
aration of antibody-gold nanoparticle conjugates, the size of gold nanoparticle and 
the position of capture antigen. This developed LFA can obtain a visual detection 
limit of 10 μg/kg for aflatoxin B1, 50 μg/kg for zearalenone and 15 μg/kg for och-
ratoxin A. For quantitative analysis, the limits of detection were 0.10–0.13 μg/kg for 
aflatoxin B1, 0.42–0.46 μg/kg for zearalenone, and 0.19–0.24 μg/kg for ochratoxin 
A, which were far below the regulatory limits set by the European Commission.

Advantages of enzyme-linked immunosorbent assays with chemiluminescent 
(CL-ELISA) were demonstrated by comparison with ELISA with colorimetric 
detection (COL-ELISA) (Yu et al. 2011).

Some of the methods recommended by scientific literature for detection of aflatoxins 
and ochratoxin in soybeans, fennel, cinnamon and orange are presented in Table 11.4.

Cleaning procedures are sometimes reported in the scientific literature, using 
different columns for separations steps (Fig. 11.2).

Immunoaffinity columns (IAC) (Fig. 11.2a, b) are based on a specific antibody- 
analyte binding technology. Immunoaffinity columns contain a gel bed with toxin- 
specific antibodies coupled to the gel particles. These antibodies will capture a 
specific mycotoxin present in a sample and release them again after an elution step.

Molecularly imprinted polymers (MIPs) are highly stable crosslinked polymers 
that possess selective molecular recognition properties for specific molecules con-
sidered as template (imprint) molecules. The cavity which remains after the mole-
cule removal is used for a selective separation/clean-up/pre-concentration of 
molecule of interest from complex matrices (Saini and Kaur 2013). The method 
using MIP (molecularly imprinted solid phase extraction, MISPE) has the advan-
tages to be not only highly selective and specific, but also chemically and thermally 
stable, compatible with all solvents and cost effective.

Aptamers are short single-stranded oligonucleotides chains are synthesized by 
SELEX (systematic evolution of ligands by exponential enrichment) (McKeague 
et al. 2014). Aptamers columns are able to recognize and bind to targets with high 
affinity and selectivity through non-covalent interactions.

11.4  Pesticides

The effects of acute and chronic exposure to pesticides determine the scientists to 
propose and to optimize different detection methods for their analysis (Farcas 
et al. 2013).

In 2015, the number of RASFF notifications for pesticide residues decreased 
slightly further to 402 (http://ec.europa.eu/food/safety/docs/rasff_annual_
report_2015.pdf) and only 34 notifications are about products of EU origin. Seven 
of these notifications concerned feed. The possible explanation of the decrease of 
RASFF notifications is that entry points to the EU have reinforced border checks.

M. Badea et al.
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The number of alerts varied significantly from year to year. It can be observed 
that even if some of the pesticides are not allowed in the EU, there is evidence of 
their use (due to their report of RASFF). According to the percentage of citation in 
2015, these molecules are listed in Table 11.5. RASFF reported also the distribution 
of the reported pesticides residues in 2015  in different types of products (http://
ec.europa.eu/food/safety/docs/rasff_annual_report_2015.pdf).

In 2015 were reported 401 notifications of pesticides residues, with different 
distribution per country (Fig.  11.3) (http://ec.europa.eu/food/safety/docs/rasff_
annual_report_2015.pdf).

It was observed that the most reported pesticides residues were reported in 
2015 in Italy (77), France (38), Belgium (33), The Netherlands (28).

11.4.1  Detection by Chromatographic Methods

Several chromatographic methods were found in scientific literature. The detection 
of pesticides has been widely determined using various liquid  chromatography- mass 
spectrometry (LC–MS) techniques. However, many pesticides found to cause 
 residue problems are often only amenable to single residue methods (for example 
phenoxy-acetic acids) so this should also be borne in mind when only  multi- screening 
methods are considered.

In Table 11.6 are listed some of the references dealing with detection of  pesticides 
in different botanicals – tea, lemon, orange, soybean.

Using the advantages of a new vacuum ultraviolet (VUV) detector which was 
coupled with a gas chromatograph, qualitative and quantitative information for mul-
ticlass pesticide identification was obtained (Fan et  al. 2015). Using a spectral 
acquisition in a wavelength range of 115–240 nm, a number of 37 pesticides across 

Fig. 11.2 Immunoaffinity columns used for cleaning samples containing mycotoxins. (a) Aokin immu-
noclean C. (b) RIDA immunoaffinity column Ochratoxin A. (c) Affinimip SPE. (d) Aptamers column

M. Badea et al.
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Fig. 11.3 Notification of pesticides residues per country in 2015, according RASFF report (http://
ec.europa.eu/food/safety/docs/rasff_annual_report_2015.pdf)

Table 11.5 Decreasing order 
of RASFF notification in 
2015 for different pesticides

No Pesticide citation in RASFF, in 2015

1 Chlorpyrifos
2 Carbendazim
3 Acetamiprid
4 Dimethoate
5 Dichlorvos
6 Formetanate
7 Carbofuran
8 Imidacloprid
9 Profenofos
10 Antraquinone
11 Cypermethrin
12 Biphenyl
13 Ethophon
14 Methomyl
15 Malathion
16 Dithiocarbamates
17 Fipronil
18 Methamidophos
19 Omethoate
20 Acephate
21 Triazophos
22 Propargite
23 Monocrotophos
24 Hexaconazole
25 Clorfentazine
26 Ethion
27 Methidathione
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different classes were recorded. As a universal detector, VUV provides both. It 
offers high specificity, sensitivity (pg on-column detection limits), and a fast data 
acquisition rate, making it a powerful tool for multiclass pesticide screening when 
combined with gas chromatography.

11.4.2  Detection by Spectrophotometric Methods

It was demonstrated that Vis/NIR spectroscopy could be an appropriate, fast and 
non-destructive technology for safety control of intact cucumbers by the 
absence/presence of diazinon residues (Jamshidi et al. 2015). The samples were 
analysed at the range of 450–1000 nm, using partial least squares-discriminant 
analysis (PLS-DA) models, which were developed based on different spectral 
pre- processing techniques.

Based on the inhibitory effect of acetylcholinesterase (AChE) induced by inhib-
itors, including organophosphorus and carbamates pesticides, a colorimetric analy-
sis was used for detection of OPs with computer image analysis of color density in 
CMYK (cyan, magenta, yellow and black) color space and non-linear modeling (Li 
et al. 2016a, b). The quantitative analysis of dichlorvos was achieved by Artificial 
Neural Network (ANN) modeling, and the results showed that the established 
model had a good predictive ability between training sets and predictive sets. 
Accuracy, precision and repeatability and good correlation between colorimetry 
and gas chromatography (GC)  detection of dichlorvos from real cabbage samples 
was obtained.

A non-separative, fast and inexpensive spectrofluorimetric method based on the 
second order calibration of excitation-emission fluorescence matrices (EEMs) made 
possible to identify unequivocally three pesticides (carbaryl, carbendazim and 
1-naphthol) in dried lime tree flowers (Rubio et al. 2014).

Differentiation of aldrin, 1,2,3,4,6,7,8-heptachlorodibenzo-p-dioxin, chlorpyrifos, 
and dieldrin in the complex matrices of tissue fats and rendering oils is described using 
the advances of laser-induced breakdown spectroscopy (LIBS) (Multari et al. 2013). 
The technique of laser-induced breakdown spectroscopy (LIBS) consists in a series of 
powerful laser pulses, which are directed at a surface to form microplasmas from 
which light is collected and spectrally analyzed to identify the surface material In most 
cases, no sample preparation is needed, and results can be automated and made avail-
able within seconds to minutes. The pesticide concentrations in the tested samples 
ranged from 0.005 to 0.1 μg/g.

Ellman method is useful for detection of inhibition of free acetylcholinesterase 
in presence of different inhibitors as organophosphorus and carbamates pesticides. 
Depending on the sources of AChE, are indicated to be used commercial enzymes 
(from Electric eel) (Molchanova et  al. 2016) or mutants AChE from Drosophila 
melanogaster (Dm) (Badea et al. 2007).
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11.4.3  Detection by Sensors and Biosensors

Recently, a colorimetric sensor array consisting of citrate-capped 13 nm gold nanopar-
ticles (AuNPs) has been proposed for the detection and discrimination of several 
organophosphate pesticides (OPs) (Fahimi-Kashani and Hormozi-Nezhad 2016).

Qualitative and semiquantitative estimation with naked eyes and quantitative 
organophosphorus pesticide through image analysis was developed using a new 
paper-based biosensing approach has been developed for sensitive and rapid detec-
tion of acetylcholinesterase (AChE) inhibitors (Wu et al. 2017). The biomolecule of 
acetycholinesterase (AChE) was immobilized into two layers of biocompatible sol- 
gel- derived silica ink with a “sandwich” form. Indoxyl acetate (IDA) was used as a 
chromogenic substrate, which is colorless and can be catalytically hydrolyzed into 
blue-colored indigo dipolymer. The concentrations of paraoxon in apple juice sam-
ples were detected using this method, the results being confirmed with high- 
performance liquid chromatography, indicating the advantage for on-site detection 
of OPs in practical application.

There were developed an immunosensor was used for the conductometric sensing 
of atrazine. The detection of atrazine was achieved with a high sensor sensitivity (limit 
of detection = 0.01 nM) and specificity in the presence of diverse pesticides (e.g., endo-
sulfan, parathion, paraoxon, malathion, and monochrotophos) (Bhardwaj et al. 2015).

Determination of organophosphate and carbamate pesticides in spiked samples of 
tap water and fruit juices (orange) a biosensor with photothermal detection was opti-
mized for a LOD =2.8 ng/mL paraoxon in orange juice (Pogaanik and Franko 1999.

Enzyme based biosensors using different types of acetylcholinesterase  (commercial 
or mutants of Dm) were optimized by our research group for detection of different 
orgnophosphorus pesticides. There were used different immobilization methods as PVA 
and sol-gel method, and kinetical parameters of immobilized enzyme were compared 
with the similar ones of the free enzymes. After the  biosensor stability test, calibrations 
curves were constructed (using different  concentration of acetylthiocholine chloride – 
substrate for the enzyme), and the influence of the inhibitors were tested (different 
incubation times, different pesticides, different concentrations of the pesticide) (Badea 
et al. 2006, 2008a, b; Nunes et al. 2014).

Good results were obtained and the method could be successfully used as cheap 
and easy to do test for qualitative and quantitative data monitoring. Future studies 
are still in progress in order to try to use the detection systems for telemonitoring of 
different samples (Badea et al. 2011).

11.4.4  Immunoassay

Immunoassays are often used as an analytical method for the screening of several 
samples or quantitative analysis; detection is associated with enzymatic activity 
(Enzyme ImmunoAssay-EIA, Enzyme Linked ImmunoSorbent Assay-ELISA).
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Analysis of azinphos-methyl in fruit juices (orange) used a single residue 
method with a monoclonal antibody in ELISA format (Mercade and Montoya 
1997).

The development of a new multiplex immunoassay (microarray chip) for 
simultaneous detection of seven pesticides (triazophos, methyl-parathion, fen-
propathrin, carbofuran, thiacloprid, chlorothalonil, and carbendazim) used seven 
antigens immobilized on a nitrocellulose membrane (Lan et al. 2016). Nanogold 
was employed for labeling and signal amplification to obtain a sensitive colori-
metric immunoassay. The direct and indirect detection formats were further com-
pared using primary antibody-gold and secondary antibody-gold conjugates as 
tracers.

Recently were presented in scientific literature different immunoassays for sim-
ple, rapid and quantitative detections of phytoavailable neonicotinoid insecticides in 
cropland soils (Watanabe et al. 2016).

Sensitivity, affinity and matrix effect for detection of deoxynivalenol in wheat 
and wheat dust were compared using three different methods  - ELISA, Surface 
Plasmon Resonance (SPR) and Biolayer Interferometry (BLI) (Sanders et al. 2016). 
The preferred ELISA and BLI methods were validated according to the criteria 
established in Commission Regulation 519/2014/EC and Commission Decision 
2002/657/EC.

Simultaneous detection of imidacloprid and parathion by the dual-labeled time- 
resolved fluoroimmunoassay was developed (Shi et al. 2015). Europium (Eu(3+)) 
and samarium (Sm(3+)) were used as fluorescent labels. Comparing the obtained 
results with chromatographic methods, it was demonstrated that dual-labeled 
TRFIA is convenient and reliable to detect parathion and imidacloprid  simultaneously 
in food and environmental matrices.

11.5  Conclusions

The issue of the presence of undesirable contaminants in botanicals is a critical 
point both for raw material and final commercial products. The diffusion of the use 
of botanicals in developed countries requires new research and the development of 
analytical methods to ensure efficacy and safety of the most frequently used plants. 
Products must guarantee the highest quality standards to allow the consumers to 
receive benefits without toxicological risk. Nowadays, due to the market 
 globalization, most botanicals do not come from the country of origin but from third 
countries (WHO 2007). This raises new concerns about the presence of environ-
mental contaminants (chemicals and heavy metals), pesticides and mycotoxins, 
which must be strictly controlled. Traditional and novel methods are useful tools to 
detect and quantify these molecules, producing data necessary for the elaboration of 
a suitable risk and benefit assessment.
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Chapter 12
Classic/Recommended Methods 
and Development of new Methods to Control 
Adulteration and Counterfeits

Chiara Di Lorenzo, Francesca Colombo, Francesca Orgiu, 
Gianfranco Frigerio, Donatella Caruso, and Patrizia Restani

Abstract The control of adulterations and counterfeits requires suitable analytical 
methods, capable to identify and quantify illicit additions. Methods should be 
selected according to the objectives: in the first steps fast and simple methods are 
necessary for the screening, and Thin-Layer Chromatography (or High-Performance 
Thin-Layer Chromatography) can be the suitable approaches. To confirm the results 
obtaining during the screening, advanced techniques (GC/HPLC with different 
detectors including mass spectrometer) are required for a precise quantification. 
The reliability of analytical methods is also essential to guarantee the quality of 
results. Method application to real samples is not always simple due to the 
 complexity of matrix, as for example in food supplements. This chapter illustrates 
some cases of illicit additions and the analytical approaches used to identify the 
class of molecules involved.

Keywords Food supplements • Counterfeit • Adulteration • Screening by HPTLC

12.1  Introduction

Adulterations and counterfeits are quite common problems in the market of food 
supplements; the reasons of this phenomenon are numerous but the main objective 
of these illicit activities is always the increase of profits. Due to the large number of 
products on the market, it is objectively difficult to control the quality of all of them; 
moreover, parallel markets (internet, gym, etc.) escape easily to any kind of quality 
surveillance. Adulterations and counterfeits include: (1) the use of ingredients of 
lower quality and economical value (discussed in Chaps. 8–10); (2) the addition of 
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ingredients to enhance the physiological/pharmacological activity (addition of active 
amines, conventional drugs, hormones, etc.); and (3) the inclusion of  molecules 
helping in speeding the expected objective (drugs used for body weight loss). 
Obviously, the illicit addition is not declared in the label, so that their  identification 
can be difficult due to the presence of hundreds of potential adulterants.

12.2  General Aspects

In search for prohibited substances, analytical approaches could be in some cases 
limited to qualitative tests; however, in most cases the quantitation of illicit mole-
cules is required in order to assess the risk for consumers. In fact, a suitable risk 
assessment is based on the estimation of potential human exposure and, as a conse-
quence, the development of reliable and validated analytical methods is a crucial 
step to reach the goal. Even though the adulterations and counterfeits have been 
described in all categories of food supplements, some of them are more frequently 
object of illicit additions due to the specific results expected by the consumers: food 
supplements used for physical activity (body building, sport), for the body weight 
loss and for sexual performances.

Working in the area of illicit additions, the first decision to take is related to the 
class/classes of molecules to search for. In this step, screening methods are wel-
come, even though any analytical approach is normally insufficient to detect/
exclude the presence of thousands of possible chemical substances (Restani et al. 
2014; Sanzini et al. 2011). Thin-Layer Chromatography (TLC) and the more recent 
High-Performance Thin-Layer Chromatography (HPTLC) are often the best ana-
lytical approaches to screen a large number of samples, as in the case of actions 
against criminality performed by police or other institutional bodies.

TLC and HPTLC are simple, flexible, relatively inexpensive techniques and 
offer an efficient separation for qualitative, semi-quantitative or quantitative analy-
sis. The evolution of the technique in its “High performance variant” has allowed an 
optimization of the separation efficiency, thanks to the standardization of all steps in 
the procedure: a precise sample deposition, reproducible chromatographic separa-
tion and computerized data analysis.

Other analytical techniques have been developed and validated to confirm and 
quantify adulterants, e.g. high-performance liquid chromatography (HPLC) cou-
pled with UV or fluorimetric (FL) detector or HPLC plus mass spectrometry 
(HPLC-MS) using different ion sources and analyzers, including single quadruple, 
triple quadrupole, linear trap, Orbitrap (Fourier transform MS) and time of flight 
(TOF), among others. In addition, MS can be rearranged to a tandem (MS/MS) or a 
multistage (MSn) MS, improving its accuracy and resolution (Patel et al. 2014).

Other techniques used in detection of adulterants in plant food supplements 
(PFS) are based on spectroscopic methods (e.g. NMR) and bioassays (e.g. estrogen 
and mammalian reporter gene assays, ELISA test, etc.) (Rocha et al. 2016).
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The next sections illustrate some examples of cases faced by the authors of the 
chapter, where general and specific analytical strategies used in each problem will 
be described.

12.3  Food Supplements for the Improvement of Physical 
Performances (Products for Athletes)

12.3.1  Food Supplements Containing Active Amines

Active amines—mainly ephedrine and octopamine—are among the most usual 
compounds added as adulterants to food supplements aimed at improving physical 
performances and/or reducing body weight.

In 2004, FDA (US Food and Drug Administration) banned the use of  ephedrine 
in food supplements (FDA 2003; FDA 2004), due to the severe adverse  cardiovascular 
effects occurred to several athletes (Haller and Benowitz 2000). The ban was then 
extended to other continents, including Europe. This led to an increased use of 
Citrus aurantium as an alternative to Ephedra derivatives, with possible new risks 
for consumers. The most important active ingredients of C. aurantium are amines 
having adrenergic activity: synephrine, octopamine, tyramine and  N-methyl- tyramine. 
Since Citrus aurantium is an allowed ingredient, synephrine and other correlated 
amines are present in food supplements containing this botanical, but their level is 
regulated by national and international legislations. For example, in Italy, food 
 supplements containing C. aurantium must contain a daily dose of synephrine lower 
than 30  mg, while the sum of other amines (including octopamine) must be 
 approximately 1/8 (12.5%) of synephrine. Very high amounts of octopamine are 
associated with the addition of the purified molecule; this molecule is allowed as an 
ingredient in certain countries but it is considered doping in others. It is not rare the 
presence of ephedrine or high quantity of octopamine in food supplements for ath-
letes, coming from the parallel markets, such as gyms or internet shops. For this 
reason, the development of analytical protocols is important to have an efficient tool 
in challenging the criminality and protect the health of both athletes and general 
consumers.

12.3.1.1  Screening Analysis

At the beginning of the analytical control, methods useful for a quick screening are 
welcome and, as said above, HPTLC is usually suitable to reach this goal (Di 
Lorenzo et al. 2014). TLC and HPTLC have long tradition in the characterization of 
medicinal plants. This technique is usually applied for the preliminary identification 
of adulterations of herbal products with conventional drugs (Rocha et  al. 2016; 
Sanzini et al. 2011).
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One of the possible analytical protocols for the separation/semi-quantitation of 
active amines is described below.

Standard preparation. 5 mg of each standard - ephedrine, synephrine, octopamine, 
norephedrine, and pseudoephedrine (Sigma-Aldrich, Chemie, Schnnelldorf, 
Germany)—are solubilized in 5 mL of methanol in order to obtain a final concentra-
tion of 1 mg/mL.

Sample preparation. Ten tablets (or equivalent quantity) of food supplement sus-
pected for a possible illicit addition of active amines are randomly selected and then 
carefully mixed; 0.5 g of the resulting powder are added to 15 mL of methanol and 
the resulting solution is stirred with a magnetic bar for 15 min and filtered. Then, the 
solution is concentrated to 1 mL under dry nitrogen and loaded on the chromato-
graphic plate in parallel to the standard solutions (1 mg/mL).

Analytical procedure. The HPTLC equipment is from Camag (Muttenz, Switzerland); 
it consists of an automatic applicator Linomat 5 and of a TLC Visualizer. The Vision 
Cat software Camag is used for data acquisition and processing. Plates of silica gel 
with fluorimetric indicator 60-F254 are from Merck (Darmstadt, Germany).

The analytical procedure is based on the semi-automatic application on the plate 
of 5 μL of methanolic solution of sample or 10 μL of the standard solutions. The 
mobile phase contains chloroform:methanol:32% ammonia, 60:18:1.5 (v/v/v). The 
elution chamber is saturated with mobile phase for 20 min before each run. At the 
end of the chromatographic run, the plate is exposed at 254 nm; after derivatization 
with ninhydrin (0.2% in ethanol), the plate is dried in extractor wood at 110 °C for 
5 min. The compounds are then visualized at 366 nm and at visible light.

Validation. The limit of detection (LOD)  is calculated by applying decreasing con-
centrations of the standard solution on the plate. Compared to those at 254 and 
366 nm, the exposure at visible light is the most sensitive detection mode for active 
amines. Table 12.1 shows the limit of detection at visible light of molecules included 
in the assay.

Precision was evaluated loading onto the plate the same standard solutions in 
three different days and comparing the Rf (Ratio frontis) values obtained (Table 12.2).

Sample analysis. Figure 12.1 illustrates the results of the screening assay usually 
performed on food supplements aimed to improve physical activity and suspected 
for the presence of adrenergic amines either banned (ephedrine, pseudo-ephedrine, 

Table 12.1 LOD of active 
amines at visible light

Analyte LOD (ng)a LOD (μg/g)b

Ephedrine 150 60
Pseudoephedrine 200 80
Octopamine 40 16
Norephedrine 80 32
Synephrine 50 20

aAmount of analyte detectable on the plate
bConcentration calculated as μg/g of starting sample
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Table 12.2 Results of the precision test performed for active amines in three different days

Analyte Rf Day 1 Rf Day 2 Rf Day 3 Mean SDa

Ephedrine 0.29 0.24 0.23 0.25 0.03
Pseudoephedrine 0.32 0.29 0.25 0.29 0.03
Octopamine 0.17 0.14 0.12 0.14 0.02
Norephedrine 0.43 0.38 0.35 0.39 0.04
Synephrine 0.12 0.09 0.08 0.10 0.02

aStandard Deviation
Since standard deviation values were always below ±0.05, the method is precise

Fig. 12.1 HPTLC of food 
supplement (PFS) and 
standards of amines 
exposed at 254 nm (panel 
(a)); after derivatization 
with ninhydrin and 
exposure at 366 nm (panel 
(b)) or visible light (panel 
(c)). Arrows indicate bands 
at Rf = 0.26 corresponding 
to ephedrine. Legend: 
Syn = Synephrine, 
PFS = Food supplement, 
PsE = Pseudoephedrine, 
Oct = Octopamine, 
Eph = Ephedrine, 
PsE = Pseudoephedrine
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nor-ephedrine) or in concentrations above the limits (synephrine, octopamine, and 
other Citrus aurantium compounds).

The sample, used as an example, shows a band having the same Rf (0.26) of 
ephedrine (at any light exposure); this molecule can be used in medicinal products 
but it is prohibited in food supplements. It is important to underline that also  molecules 
having a very similar molecular structure, such as ephedrine,  pseudoephedrine and 
norephedrine, are well separated and easily identified by HPTLC.

12.3.1.2  Liquid Chromatography-Mass Spectrometry (LC-MS)

To confirm the presence of ephedrine, the sample was further analyzed by HPLC 
coupled with mass spectrometry (MS).

Standard preparation. 10 mg of each standard are solubilized in 10 mL 0.1 N HCl 
to obtain a final concentration of 1 mg/mL.

Sample preparation. 0.5 g of the homogenated sample are added to 50 mL of 0.1 N 
HCl and the resulting solution is stirred with a magnetic bar for 10 min, filtered with 
a 0.45 μm filter (VWR International, Fontenay Sous-Bois, France) and injected into 
the chromatoghraphic system.

Chromatographic conditions and MS parameters. The equipment includes a HPLC 
Surveyor MS Pump Plus coupled to an ion trap mass spectrometer LCQ Deca XP 
MAX (Thermo Electron Co, San Jose, CA, USA) and a Surveyor Autosampler Plus 
(Thermo Electron Co, San Jose, CA, USA). The software Excalibur® Release 2.0 
SR2 (Thermo Electron, San Jose, CA, USA) is used for integration. The column 
used is an ODS2 2.1 × 150 mm, particle size 5 μm, maintained at 24 °C.

The analysis is performed using a gradient elution at a flow rate of 0.2 mL/min 
in which mobile phases are (A) 0.1% formic acid in water (v/v) and (B) 0.1% formic 
acid in methanol. The gradient is programmed as follows: 0–13 min, from 90 to 0% 
A; 13–14 min, from 0 to 90% A.

The mass spectrometric technique uses ESI-IT-MSn (ESI-Ion Trap Multistage 
Tandem Mass Spectrometry); the source is an electrospray with positive (ESI+); 
nitrogen is the nebulized gas, vaporization temperature is set at 450 °C; helium is 
the collision gas, collision energy is set at 20 V and capillary temperature at 275 °C.

The identification process started by acquiring the mass spectrum of ephedrine, 
pseudoephedrine and norephedrine with ESI sources operating both in MS mode 
and in tandem mass spectrometry. The ESI+ ionisation has provided the most reli-
able results, so that analyzes were carried out with this type of ionization.

Pseudoephedrine and ephedrine have an identical spectrum with the molecular 
ion at m/z 166 and an ion at m/z 148, due to the loss of a molecule of water. The 
norephedrine, as expected, has the molecular ion at m/z 152 and an ion at m/z 134 
corresponding to the loss of a molecule of water.

Figure 12.2 shows the results obtained from the analysis of a mixture of the three 
standard molecules. Panel A shows the total ion current (TIC) profile, where the 
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whole range of masses are detected. Panel B1 shows the chromatogram of the 
 characteristic ion of ephedrine/pseudoephedrine at m/z 166, and panel B2 that of 
norephedrine. Panel C1 and C2 illustrate the mass spectra of ions shown in B1 and 
B2, respectively. Panel D illustrates the mass spectrum of the ion at m/z 166 identi-
fied in the sample chromatogram, confirming the presence of ephedrine or pseudo-
ephedrine. Taking into consideration the different Rfs observed in HPTLC, the 
compound present in the sample was definitively identified as ephedrine. The 
amount quantified by HPLC technique showed that the ephedrine concentration was 
high enough to produce a pharmacological activity with a possible risk for unaware 
consumers (data not shown).

Fig. 12.2 Analysis of the mixture of the three standard compounds (ephedrine, pseudoephedrine 
and norephedrine). A = total ion current profile. B1 and B2 = chromatograms of the ions at m/z 
166, characteristic of ephedrine and pseudoephedrine and at m/z 152, characteristic of norephed-
rine. C1 and C2 = corresponding mass spectra. D = mas spectrum of the ion at m/z 166 identified 
in the sample of food supplement
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12.3.2  Food Supplements Added with Steroid Hormones

Steroid hormones (e.g. androstenedione, nandrolone, stanozolol, testosterone, 
 testosterone enanthate) are often added illicitly to PFS to enhance physical 
 performances. The use of performance-enhancing drugs in sports (doping) is quite 
common, even though the practice is considered unethical by all international orga-
nizations and it can be seriously detrimental to athletes’ health (Restani et al. 2014). 
Among the adverse effects, associated with the use of anabolic steroids, there are 
cardiovascular and SNC effects, with an increased risk of cancer (Maravellas et al. 
2005). An example of this kind of adulteration and a relative analytical protocol is 
described below.

12.3.2.1  Screening Analysis

Also in the case of anabolic steroids, HPTLC is a useful method to screen samples 
under control.

Standard preparation. 10 mg of testosterone, androstenedione, dehydroepiandros-
terone, methandrostenolone, nandrolone (Sigma-Aldrich Chemie, Schnnelldorf), 
stanozolol and testosterone enanthate (Steroid S.p.A, Cologno Monzese, Milan) are 
solubilized in 10 mL of methanol to obtain a final concentration of 1 mg/mL.

Sample preparation. Ten tablets (or equivalent representative quantity) of the food 
supplement suspected of adulteration are mixed; 0.2 g of the resulting powder are 
added to 10 mL of methanol and the solution is stirred with a magnetic bar for 
15 min and filtered with a paper filter. Then, the solution is concentrated to 1 mL 
under nitrogen stream.

Analytical procedure. 5 μL of the sample methanolic solution or 10 μL of standard 
solutions are applied on silica gel plate 60-F254 (Merck, Darmstadt, Germany). The 
mobile phase contains chloroform:acetone 85:15 (v/v). The elution chamber is satu-
rated with mobile phase for 20 min before each run. At the end of the chromato-
graphic run, the plate is sprayed with sulphuric acid (5% in ethanol, v/v), dried and 
heated at 110 °C until development of spot staining. The compounds are visualized 
at 254 nm, 366 nm and at visible light.

Validation. The limit of detection (LOD)  is evaluated by applying decreasing con-
centration of the standard compounds on the plate.

Comparing the three exposure options, that at 366 nm shows the highest sensitivity; 
as a consequence only LODs calculated at this exposure light are reported in Table 12.3.

Precision was evaluated loading onto the plate the same standard solutions in 
three different days and comparing the Rf (Ratio frontis) values obtained (Table 12.4).

Sample analysis. Figure 12.3 illustrates the results of the assay performed to screen 
the presence/absence of forbidden hormonal compounds in the food  supplements 
under control. The sample, used as an example, shows a band having the same Rf 
(0.35) and staining of methandrostenolone (at any light exposure). The molecule is 
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Table 12.3 LOD of steroid 
hormones separated by 
HPTLC and exposed at 
366 nm

Analyte LOD (ng)a LOD (μg/g)b

Testosterone 6 6
Androstenedione 6 6
Dehydroepiandrosterone 9 9
Methandrostenolone 8 8
Nandrolone 9 9
Stanozolol 9 9
Testosterone enanthate 9 9

aAmount of analyte detectable on the plate
bConcentration calculated as μg/g of starting sample

Table 12.4 Results of the precision test performed by HPTLC for anabolic hormones

Analyte Rf Day 1 Rf Day 2 Rf Day 3 Mean SD

Testosterone 0.37 0.35 0.37 0.36 0.01
Androstenedione 0.58 0.58 0.57 0.58 0.01
Dehydroepiandrosterone 0.43 0.43 0.43 0.43 0.001
Methandrostenolone 0.33 0.35 0.34 0.34 0.01
Nandrolone 0.34 0.34 0.33 0.34 0.01
Stanozolol 0.12 0.13 0.12 0.12 0.01
Testosterone enanthate 0.74 0.71 0.71 0.72 0.02

Since standard deviation values were always below ±0.05, the method is precise

considered doping and, as a consequence, cannot be used in food  supplements. The 
sample was further analyzed by HPLC technique coupled with mass spectrometry 
(MS), to confirm the identification of forbidden molecule.

12.3.2.2  LC-MS

Standard preparation. 10 mg of each standard are solubilized in 10 mL of methanol 
to obtain a concentration of 1 mg/mL. The solutions are diluted (1:40 v/v) with 
methanol in order to obtain a final concentration of 25 μg/mL.

Sample preparation. 0.2 g of the homogenated tablets are added to 10 mL of metha-
nol and the resulting solution is stirred with magnetic bar for 15 minutes, filtered 
with a 0.45 μm filter (VWR International, Fontenay Sous-Bois, France), diluted 
(1:10 v/v) in methanol and injected into the chromatoghraphic system.

Chromatograpich condition and mass spectrometer parameters. The equipment 
includes a HPLC Surveyor MS Pump Plus coupled to an ion trap mass spectrometer 
LCQ Deca XP MAX (Thermo Electron Co, San Jose, CA, USA) and a Surveyor 
Autosampler Plus (Thermo Electron Co, San Jose, CA, USA).

The software Excalibur® Release 2.0 SR2 (Thermo Electron, San Jose, CA, 
USA) is used for integration. The column used is a Hypersil GOLD Aq 2.1 × 100 mm, 
particle size 3 mm, maintained at 24 °C.
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Fig. 12.3 HPTLC of food supplement and standards exposed at 254 nm (a), and after dervatiza-
tion with sulphuric acid at 366 nm (b) and visible light (c). Arrows indicate the bands at Rf = 0.35. 
Legend: N = Nandrolone, T = Testosterone, TE = Testosterone Enanthate, PFS = Food Supplement, 
M = Methandrostenolone, S = Stanozolol, A = Androstenedione, D = Dehydroepiandrostenedione
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The analysis is performed using a gradient elution at a flow rate of 0.25 mL/min; 
mobile phases were (A) 0.1% formic acid in water (v/v) and (B) 0.1% formic acid 
in methanol (v/v). The gradient program is: 0–1.5 min, 70% A; 1.5–10 min, from 70 
to 36% A; 10–20 min, from 36 to 1% A; 20–25 min, 1% A; 25–25.1 min, from 1 to 
70% A; 25.1–40 min, 70% A. Injected volume is 10 μL.

The mass spectrometric technique used is ESI-IT-MSn (ESI-Ion Trap Multistage 
Tandem Mass Sprectrometry); the source is an electrospray with positive ionization 
(ESI+), nitrogen is the nebulized gas, vaporization temperature is set at 450 °C, helium 
is the collision gas; collision energy is set at 20 V and capillary temperature at 275 °C.

Figure 12.4 shows the chromatogram of methandrostenolone standard analyzed 
in TIC (Total Ion Chromatography) (panel A) and the chromatogram of the molecu-
lar ion at m/z 301 (panel B). The retention time of the molecular ion is 13.63 min.

Fig. 12.4 Chromatogram of methandrostenolone standard analyzed in TIC (Total Ion 
Chromatography) (panel (a)) and chromatogram of the molecular ion at at m/z 301 (panel (b)). The 
retention time of the molecular ion is 13.63 min
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Figure 12.5 shows the MS and MS2 spectra of the molecular ion (m/z 301) of the 
 standard methandrostenolone (panel A and C, respectively) and the spectra of the methan-
drostenolone present in PFS sample (panel B and D). The identity was easily confirmed.

12.4  Food Supplements Added with Conventional Drug 
Aimed at Improving Sexual Performances

During the last years, the demand for phosphodiesterase type-5 enzyme (PDE-5) 
inhibitors (e.g. sildenafil, vardenafil, tadalafil) has been increasing worldwide to 
enhance the sexual performance. Even though these substances must be considered 
as prescription drugs, they are often used in improper ways. The reasons of the phe-
nomenon are: (1) the lack of correct information, (2) the higher cost of conventional 
drugs, (3) the availability from “private” accessible sources, such as Internet 
(Campbell et al. 2013). As a consequence, several recent studies have shown the 
illegal presence of PDE-5 inhibitors and/or its analogs in PFS and in parallel, 
Internet and television started advertising such products, as a “natural” resolution 
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Fig. 12.5 MS and MS2 spectra of molecular ion with m/z 301, corresponding to methandrosteno-
lone. Panel (a) and (c) illustrates the results obtained with the standard hormone, panel (b) and (d) 
the corresponding spectra of methandrostenolone in PFS under analysis. The most abundant ions 
in MS2 were m/z 121, 149, 173 and 282, in both standard and sample
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for sexual problems (Strano-Rossi et al. 2015). From 2010, FDA has reported more 
than 200 public alerts for dietary supplements due to the detection of approved 
PDE-5 inhibitors or its analogs (Rocha et al. 2016). A protocol for the identification 
and quantification of this class of molecules is reported below.

12.4.1  Screening Analysis

Standard preparation. One tablet of tadalafil (Cialis; Eli Lilly, Indianapolis; USA) 
containing 5 mg of active compound is homogenated and extracted with 5 mL of 
methanol. Then, the solution is filtered with a 0.45 μm filter (VWR International, 
Fontenay Sous-Bois, France).

Aliquots of 5 mg of pure sildenafil (Sequoia Research Products Inc., Pangbourne, 
UK) and vardenafil (Bayer HealthCare, Leverkusen, Germany), are solubilized in 
5 mL of methanol, in order to obtain a final concentration of 1 mg/mL.

Sample preparation. The food supplement, used here as an example is a liquid product 
reporting in the label the claim “all natural”. The sample is applied on the plate after 
suitable dilution. In order to verify the efficacy of the method and to confirm the pres-
ence of PDE-5 inhibitors, the sample is loaded onto the HPTLC plate, as such or 
spiked with the standard compounds at the final  concentration of 0.1 mg/mL.

Analytical procedure. Sample or standard solutions (10 μL)  are applied on the silica 
gel plate (60-F254, Merck, Darmstadt, Germany). The mobile phase  contains 
chloroform:methanol:32% ammonia 95:3:2 (v/v/v). The elution chamber is saturated 
with mobile phase for 20 minutes before each run. At the end of the chromatographic 
run, the plate is exposed at 254 and 366 nm, and then sprayed with sulphuric acid 
(5% in ethanol, v/v), dried and heated at 110 °C until  development of colour. The 
image of the plate is finally acquired after exposure at 366 nm.

Validation. The limit of detection (LOD) is obtained by applying onto the plate 
decreasing concentration of the standards (500 ng, 300 ng, 100 ng, 50 ng, 25 ng, 
12.5 ng, 6.2 ng, 3.1 ng). Results obtained after exposure at 254 nm, where the sen-
sitivity is higher, are listed in Table 12.5.

Figure 12.6 shows the HPTLC chromatografic separation of the food supplement 
without or with the internal addition of the standard compounds. A band with Rf 

Table 12.5 HPTLC chromatographic run (Rf) and LODs of different analytes included 
in the study

Standard Rf UV 254 nm (μg)a LOD (μg/g) (UV 254 nm)b

Sildenafil 0.13 0.12 12
Tadalafil 0.20 0.25 25
Vardenafil 0.10 0.12 12

aAmount of analyte detectable on the plate
bConcentration calculated as μg/g of starting sample
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corresponding to that of the sildenafil (0.13) was found in the food supplement, with 
and without internal addition. When the plate is exposed to the light at 366 without 
pre-derivatization the molecule of tadalafil is not visible (panel B), while it appears 
at the same wavelength after spraying the plate with 5% sulphuric acid in ethanol 
(panel C). In order to confirm the identification, the sample was further analyzed by 
HPLC coupled with mass spectrometry (MS).

12.4.1.1  LC-MS

Standard preparation. Two tablets of tadalafil (Cialis; Eli Lilly, Indianapolis; USA) 
are homogenated and extracted with 10 mL of 0.1 N HCl, obtaining a solution at 
1 mg/mL. Standard compounds (10 mg) of sildenafil and vardenafil are solubilized 
in 10 mL of 0.1 N HCl.

Sample preparation. Food supplement (0.250 g) is weighed and added to 5 mL of 
0.1 N HCl. The resulting solution is stirred with a magnetic bar for 30 min, centri-

Fig. 12.6 HPTLC of sample and standard compounds exposed at: 254 nm (panel A), 366 nm 
(panel B), and 366 nm after spraying sulphuric acid (panel C). Arrows indicate the band with 
Rf = 0.13 corresponding to sildenafil. Panel D shows the MS2 spectrum of sildenafil, which was 
confirmed in the sample. Legend: Vr = Vardenafil, Td = Tadalafil, Sl = Sildenafil, S = Food supple-
ment, S  +  Vr  =  Sample spiked with vardenafil, S  +  Sl  =  Sample spiked with sildenafil, 
S + Td = Sample spiked with tadalafil

C. Di Lorenzo et al.
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Table 12.6 Parameters used for MS2 analysis

Analyte Transition (m/z) Collision energy (%)

Acetildenafil* 467 → 297 58
Homosildenafil* 489 → 283 60
Hydroxyhomosildenafil* 505 → 487 35
Sildenafil 475 → 377; 311; 313; 283 52.7
Tadalafil 390 → 262; 268; 250; 135 22
Vardenafil 489 → 376; 169; 377; 299; 312 50

Data were obtained from Zhou et al. (2006)

fuged at 12,000  rpm for 5 min. The supernatant is filtered with a 0.45 μm filter 
(VWR International, Fontenay Sous-Bois, France) and injected into the chro-
matoghraphic system.

Chromatographic conditions and MS parameters. The equipment is a HPLC 
Surveyor MS Pump Plus coupled with an ion trap mass spectrometer LCQ Deca XP 
MAX (Thermo Electron Co, San Jose, CA, USA) and a Surveyor Autosampler Plus 
(Thermo Electron Co, San Jose, CA, USA).

The software Excalibur® Release 2.0 SR2 (Thermo Electron, San Jose, CA, USA) 
is used for integration. The column used is a Hypersil GOLD 3 × 100 mm, particle size  
3 μm. The analysis is performed using an isocratic elution at a flow rate of 0.5 mL/min; 
mobile phase contains 0.01 M ammonium formiate/acetonitrile 62:38 (v/v).

The mass spectrometric technique used is ESI-IT-MSn (ESI-Ion Trap Multistage 
Tandem Mass Spectrometry); the source is an electrospray with positive ionization 
(ESI+); nitrogen is the nebulized gas, helium the collision gas and capillary 
 temperature is set at 300 °C. The parameters used for MS2 analysis are listed in 
Table 12.6, and were described by Zou et al. (2006).

Figure 12.6 (panel D) shows the MS2 spectra of the molecular ion of standard 
sildenafil. The LC-MS analysis of the food supplement, here used as an example, 
identified a compound, characterized by m/z 475 (not shown), having a MS2 and 
MS3 fragmentation pattern corresponding to that of sildenafil, confirming the 
 previous identification by HPTLC.

12.5  Conclusions

According to the current legislation in EU countries and the U.S., dietary  supplements 
(including PFS) can be commercialized without any specific control on chemical 
composition or clinical study. Safety is guaranteed taking into consideration the dec-
laration by the producer and/or by dossiers containing data from the literature. This 
can facilitate criminal actions normally associated with the parallel market (mainly 
internet), where food supplements adulterated with pharmaceutical drugs are pre-
pared to increase product effectiveness. The request by consumers of quick results 
without strict diet (loss of body weight) or medical recommendation (improvement 
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of physical and sexual performances) makes consumers suitable  victim of “natural” 
remedies”. As a consequence, there is an increased need for more effective control 
of possible adulterations and the development of new and/or improved analytical 
methodologies is critical to protect public health and ensure the quality of dietary 
supplements. The recent evolution of screening methods, such as TLC and HPTLC, 
gives to laboratories involved in food control suitable tools for a rapid and relatively 
cheap identification of several classes of adulterants. The use of more expensive and 
sensitive techniques, such as HPLC coupled with different detectors, can be limited 
to the samples positive at screening, allowing wider control of the market.
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Chapter 13
Detection of Irradiated Herbal Ingredients 
of Plant Food Supplements 
by Thermoluminescence Technique

Concetta Boniglia, Brunella Carratù, Raffaella Gargiulo, 
and Emanuela Bortolin

Abstract In EU the treatment with ionizing radiation is allowed for dried aromatic 
herbs, spices and seasonings, but not for plant food supplements and their  ingredients. 
Nevertheless, checks carried out in EU show a large number of irradiated plant food 
supplements and herbal ingredients. Several methods to detect the radiation 
 treatment have been standardized by European Committee for Standardization 
(CEN) and among them the EN 1788 Thermoluminescence (TL) based method 
appears to be the most reliable to detect irradiation in herbal materials. In this paper 
the applicability of the thermoluminescence method to plant food supplements 
ingredients has been discussed on the basis of data reported in literature and the 
results obtained by the study carried out in the framework of the European project 
PlantLIBRA on twelve different not irradiated and irradiated raw materials. The 
data confirmed that the EN 1788 method can be successfully applied to PFS 
 ingredients, but has to be used with caution for the identification of plant food 
 supplements containing different components which could have been separately 
irradiated.

Keywords Irradiation • Thermoluminescence Method • Plant Food Supplements

13.1  General Aspects

The popularity of Plant Food Supplements (PFS) is on the rise in Europe and other 
parts of the world. They contain as ingredients plants (whole, fragmented or cut) in 
unprocessed, usually dried, form and/or botanical preparations (herbal extracts): 
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their beneficial effects are based on the bioactivity of the complex mixture of 
 phytochemicals. Unfortunately, plants are frequently contaminated and/or infested 
with organisms and their metabolites, which are harmful to public health. The 
 treatment of food with ionizing radiation has emerged as a leading method against 
microbial deterioration of foodstuffs, to preserve hygienic quality, ensure shelf life 
and hence to reduce public health threat (Arvanitoyannis et al. 2009). The safety and 
wholesomeness of irradiated foods have been extensively studied and international 
expert groups concluded that foods irradiated up to 10  kGy are both safe for 
 consumption and nutritionally adequate (WHO 1981, 1999; EFSA 2011). On these 
basis, an increasing number of countries all over the world has approved the 
 irradiation of different food items, ranging from spices and grains to fruit and 
 vegetables, meat, poultry and seafood (Kume et al. 2009). Within the EU a large 
variety of plant origin foods (dried aromatic herbs, spices, potatoes, onions, garlic, 
fresh and dried fruits) has been authorized for irradiation up to10 kGy, with the 
exception of plant food supplements and their ingredients (Directive 1999/2/EC and 
1999/3/EC). On the contrary in some extra European countries (USA, New Zeland, 
India, Argentina and others), the irradiation of some plant materials up to 30 kGy is 
accepted. European legislation states also that checks to detect products treated with 
ionizing radiation have to be performed by each member state every year; in 
 particular PFS and their ingredients are strongly recommended to be controlled as 
they have been found non-compliant with the directives during the surveys (Food 
Safety Authority of Ireland 2004; Boniglia et al. 2009) and the checks performed by 
the member states during the last years (http://ec.europa.eu/food/food/biosafety/
irradiation/reports_en).

Several methods to detect the radiation treatment have been standardized by European 
Committee for Standardization (CEN), each one applicable to a specific group of products 
(https://ec.europa.eu/food/safety/biosafety/irradiation/legislation_en).

On the basis of data reported in literature, the EN standards, which might be used 
to detect irradiation treatment in plants are: EN 1787:2000-Detection of irradiated 
food containing cellulose by ESR spectroscopy, EN 1788:2001-Thermoluminescence 
detection of irradiated food from which silicate minerals can be isolated, EN 
13783:2001-Detection of irradiated food using Direct Epifluorescent Filter 
Technique/Aerobic Plate Count (DEFT/APC) and EN 13751:2009-Detection of 
irradiated food using photostimulated luminescence. Indeed, these methods have 
been standardized for aromatic dried herbs, spices but their application to PFS and 
their ingredients is not always effective.

Two of the mentioned methods, EN 13751 based on photostimulated 
 luminescence (PSL) and EN 13783 (DEFT/APC) are screening methods and 
require a second analysis, by other standardized methods, to confirm all the sam-
ples screened as not negative. Both methods can give a large number of incorrect 
responses when applied to specific groups of products: PSL method fails in detect-
ing irradiated herbal extracts due to their low content of radiation markers (Bortolin 
et al. 2009), whereas EN 13783 (DEFT/APC) method can give false negatives if the 
same threshold value (4log units) is set for all the herbs (Wirtanen et al. 1993; Oh 
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et al. 2003). Furthermore, DEFT/APC, which is a not specific method able to detect 
also viable  microorganism reduction due to causes other than irradiation, can pro-
vide a large number of false positive results (about 40%) when applied to PFS and 
their  ingredients, as found by Leth et al. (2006) in a survey on 106 products. EN 
1787 (ESR) method is limited by the content of  cellulose and the life-time of the 
radiation- induced signals (often shorter than the shelf-life of the product) (Bortolin 
et al. 2006). Moreover, the ESR spectra of many herbs are complex and difficult to 
interpret: they often show several  components related to different, radiation-
induced as well as intrinsic,  radicals (Yordanov et al. 2009; Ahn et al. 2014). EN 
1788 Thermoluminescence (TL) based method appears to be the most reliable to 
detect irradiation in herbal  materials: it is applicable to raw materials as well as 
their extracts and allows the detection of irradiation treatment for long time (over 
the shelf-life of the product).

13.1.1  The Method

13.1.1.1  Principle

EN 1788 Standard specifies a method for the detection of irradiation treatment of 
food or food ingredients based on the luminescence properties of silicate minerals 
contaminating food. Silicates, in fact, largely present in the natural environment 
(dust, air particulate, soil, water), can keep track of the ionizing radiation exposure 
through charge trapping processes in the crystal defects and detect irradiation 
through the emission of thermally stimulated luminescence (Fig. 13.1).

In principle the method can be applied to all the agricultural products  (vegetables, 
fruit, cereals, plants, herbs, spices, etc.) which grow up being exposed to air (wind), 
as well as to seafood such as clams, mussels, shrimps and prawns, which hold sand 
in their intestine.

Conduction Band

shallow trap

ionising radiation

deep trap recombination with
luminescence emission

Valence Band
Valence Band

heating

Conduction Band

Fig. 13.1 Illustration of the principle of TL phenomenon. In the left side: formation of an  electron–
hole pair and trapping of the unpaired electron (hole) in a deep trap. In the right side:  recombination, 
after heating, of the electron and the hole leading to thermoluminescence. The traps (metastable 
levels) are due to the presence of impurities or defects in the crystalline lattice
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To avoid spurious signals due to the heating of organic materials, the silicate 
minerals have to be isolated from the foodstuffs and be as free of organic  constituents 
as possible. Thus, the first step of the analysis is the silicate extraction (Fig. 13.2) 
which includes a mineral preconcentration step, specific for each food category 
(herbs and spices, shellfish, fruit and vegetables), followed by a density separation 
with sodium polytungstate, as described in the EN 1788 Standard.

After the silicate extraction, a first thermoluminescence (TL) signal (Glow1) is 
recorded by heating the separated mineral extracts up to 350–500 °C (Fig. 13.3). 
Generally, irradiated samples show glow curves with intense peaks at T < 250 °C, 
well distinguishable from the weak geological residuals, with maximum intensity at 

Fig. 13.2 Silicate extraction in water from a sample of black pepper: (a) ultrasonic treatment to 
loosen the adhering minerals; (b) sieving to concentrate the minerals; (c) density separation with 
sodium polytungstate to eliminate the organic residuals; (d) silicate transfer, under nitrogen flux, 
in a stainless steel cup
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glow curve temperature of about 300  °C, typical of the not irradiated samples 
(Fig.  13.4). However, since quality and composition (quartz, feldspars etc.) of 
mineral extracts could exhibit very variable integrated TL intensities after irradiation, 
a second TL glow curve (Glow2) of the same sample after exposure to a fixed dose 
of radiation is necessary to normalize the TL response. The TL glow ratio of the 
 integrated Glow1 and Glow2 is used to indicate radiation treatment of the food, as 
the irradiated samples, on principle, yields higher TL glow ratios than those of not 
irradiated samples. Sample classification is based on the shape of Glow1 and on the 
value of glow ratio: the presence of a peak in the T < 250 °C region of Glow1 and a 
glow ratio > 0.1 indicate a radiation treatment. For sample containing only a part of 
irradiated food, e.g. food supplements containing one or more irradiated  ingredients, 
the TL glow ratio could be below the threshold of 0.1; in this case the shape of 
Glow1 indicates the status of the sample.

Figure 13.5 represents schematically the method described above applied to an 
irradiated sample.

Heat 
stimulation

Light conversion into 
an electrical signal
by a photomultiplier 
(PMT)

TL emission

Fig. 13.3 Schematic description of a TL measurement: the light emitted by the sample under heat 
stimulation is converted by a photomultiplier tube (PMT) into an electrical signal proportional to 
the luminescence intensity; the electrical signal is finally transmitted to a computer and processed 
by a specific software. The output is a curve (glow curve) which shows the thermoluminescence 
intensity vs. time (temperature). Some apparatus can hold a radiation (beta) source for sample 
calibration
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Fig. 13.4 Glow1 curve of Melissa Officinalis irradiated with a dose of 1 kGy and not irradiated
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13.1.1.2  Limitations

The effectiveness of the method relies on the quantity and composition of the 
 silicates isolated from the food; in particular, detection limit and stability depend on 
the amount and types of silicates collected. Generally, vegetable matrices such as 
herbs and spices are rich of minerals, however, some spices (pepper, nutmeg) (EN 
13751, 2009) and herbal extracts (Bortolin et  al. 2009) appear very “clean” and 
provide limited amount of silicates. The same problem occurred with some fruit and 
vegetables (Schreiber et al. 1993; Marchioni et al. 1999) as reported in EN 1788 
Standard. However, this does not represent a serious limitation since, in practise, it 
is possible to overcome the problem by using large sample volumes. Indeed, the 
method has been successfully tested in several inter-laboratory trials with herbs and 
spices, shellfish, potatoes and several types of fresh and dehydrated fruits and 
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Fig. 13.5 Scheme of the analysis procedure applied to an irradiated sample. A first TL measure-
ment (Glow1) is performed on the silicates isolated from the food. After laboratory irradiation the 
silicates are measured again (Glow2) for calibration purposes. Sample classification is based on 
the shape of Glow1 and on the value of glow ratio: the presence of a peak in the T < 250 °C region 
of Glow1 and a glow ratio, Glow1/Glow2, above the 0.1 threshold indicate a radiation treatment
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 vegetables, irradiated with different doses and analysed even after long time from 
irradiation.

In all the trials EN 1788 standard has been validated with samples wholly 
 irradiated or not irradiated but, in principle, it can be used also to detect minor irra-
diated components, such as few irradiated ingredients in plant food supplements. 
Beside the reduced content of irradiated silicates, another important limitation in 
this cases is represented by the presence of the minor geological components in the 
200–300 °C region which could hide the weak signal due to low percentages of 
irradiated component in the sample. The outcome of the analysis depends on the 
relative sensitivities of the irradiated and not irradiated components.

Concluding, EN 1788 is a reliable method, with very high percentages of success 
on a wide group of matrices, but it is time-consuming as it requires silicate extrac-
tion and a second measurement for calibration purpose. Thus, it is mainly recom-
mended as a confirmatory method after the screening analysis.

13.2  Application of EN 1788 Method to PFS and their 
Ingredients: State of art

EN 1788 method has been successfully applied to PFS ingredients, raw materials as 
well as herbal extracts.

Pal et  al. (2009) analysed, by different methods including EN 1788, twenty 
medicinal herbs consisting in root, rhizome, cortex, fruit, peel, flower, spike, ramu-
lus, folium and whole plant, purchased from local wholesale markets in Seul (South 
Korea). The samples were irradiated in the range (0–50) kGy with a Co-60 irradia-
tor. Due to the different quantity and quality of the silicate contaminants, some dif-
ferences were observed in the glow curve shape and intensity of the various herbal 
products, but in any case the responses (Glow1) of irradiated samples appeared very 
different from those obtained with the not irradiated ones. The glow ratios were 
below the 0.1 threshold for all the not irradiated samples and above 0.5 for all those 
irradiated. All the samples were correctly classified. In a more recent work Pal et al. 
(2010) analysed nineteen different herbs by using TL method and verified the appli-
cability of the method up to twelve weeks from irradiation. Glow1 curves were 
reproducible after storage under dark condition at about 23 °C and TL glow ratios 
of irradiated samples (1.223–3.059) were still found to be much higher than those 
of not irradiated controls (0.001–0.026) for all the nineteen samples.

Another extensive work was carried out by Kwon et al. (2013) on twenty teas 
(Camellia sinensis, Rosa canina, Thymus vulgaris, Mentha piperita, Ginkgo biloba, 
etc.) in both powdered and packed (bag) form, purchased from local wholesale 
markets in Daegu (South Korea). Not irradiated and irradiated (5, 10 kGy) samples 
were analysed. All the irradiated samples showed similar glow curves with a maximum 
at about 180 °C, but different intensities due to the different features of the mineral 
contaminants. The glow ratios of not irradiated tea samples were all below the 0.1 
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threshold, whereas the irradiated samples exhibited glow ratios typically higher 
than 0.1, in accordance with the EN 1788 Standard. The method not only allowed 
the discrimination between not irradiated and irradiated samples but also showed a 
clear difference in the intensity of the glow curves obtained at different doses.

Regarding herbal extracts, they are expected to be “clean”, e.g. with a reduced 
content of silicates, as a consequence of the procedure of production at the 
 manufacture stage. This is confirmed by the work of Bortolin et al. (2009), who 
analysed sixteen different herbal extracts and eight raw plants by both 
 photo-stimulated luminescence (PSL)  based EN 13751 and thermoluminescence 
based EN 1788 methods. In this work the authors also compared the results of eight 
extracts with those obtained with the corresponding raw materials: the data, 
 especially those of PSL method, which does not require pre-concentration of 
 minerals, clearly indicated a significant reduction of the signal intensity of the 
extract with respect to the corresponding raw material. Nevertheless, this did not 
prevent the correct identification of the herbal extracts by TL analysis, as, in this 
case, the lack of silicate contaminants can be easily overcome by the  pre-concentration 
of minerals during the sample preparation. Indeed, increasing the quantity of 
 product used for the extraction it was possible to collect a sufficient amount of 
 silicates from all the tested herbal extracts.

Detection of irradiated ingredients in PFS appears more complicate since, in this 
case, the problem is to identify minor irradiated components in a blend. The results 
depend on the irradiated component percentage as well as on the dose values.

Lee et al. (2010) investigated the applicability of TL method for the detection of 
different ratios of gamma irradiated turmeric. 1 and 10 kGy irradiated components 
were detected above 4% blending rate by the analysis of the Glow1 curve as the TL 
glow ratios were all below the 0.1 threshold.

Kim et al. (2012) report the results of a study carried out on different spice blends 
with small quantities of irradiated powder spices such as red pepper, garlic or gin-
ger. The glow ratios of the majority of the blends were below the 0.1 threshold. 
Nevertheless, the method allowed to detect 1% of 1–10 kGy irradiated spices and 
0.5% of 10 kGy irradiated garlic by the analysis of the Glow1 which showed the 
typical features of a positive response.

In the work of Ahn et  al. (2012) TL analysis was applied to identify gamma- 
irradiated garlic powder in Korean barbeque sauce before and after pasteurization 
(85 °C, 30 min) when blended in different ratios (1, 3 and 5%). The identification of 
sauce samples were more influenced by blending ratios than by irradiation doses, 
showing that 3 and 5% irradiated garlic produced the typical glow peaks in the (150–
250) °C range. After pasteurization TL glow intensity decreased but did not change 
its shape or temperature range which still allowed the detection of irradiation.

In a more recent work, Kim et al. (2015) report the results of an intercomparative 
test to verify the applicability of EN 1788 method for the detection of minor 
 irradiated component in blends. Blends of garlic and ginger containing 0, 0.5, 1, 5 
and 10% of 1 or 10 kGy irradiated product, and samples of curry powder and black 
bean sauce containing 0, 5, 10, 15 and 20% of 10 kGy irradiated garlic or ginger 
were analysed by four laboratories. The results indicated that the identification of 
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irradiated ingredients depends on the irradiation dose, food type and proportion of 
irradiated ingredients mixed with the food. Blends of garlic or ginger containing 
more than 5% of irradiated product showed positive Glow1, but the detection 
 sensitivity of the method decreased in complicate food matrices such curry powder 
or black bean. TL glow ratios were not always positive.

All these findings were confirmed by the results of the study recently carried out in 
the framework of the European project PlantLIBRA. Twelve different raw  materials, 
not irradiated and irradiated with a dose of 1  kGy, were analyzed with EN 1788 
method: Melissa officinalis, Peumus boldus, Matricaria recutita, Passiflora incarnata, 
Foeniculum dulcis fructus, Vitex agnus-castus, Silybum marianum  fructus, Citrus 
aurantium, Harpagophytum procumbens, Serenoa repens, Aloe ferox, Plantago ovata.

The procedure for the extraction of mineral silicates, described in the EN 
protocol, has proved to be inadequate only for Aloe ferox and Plantago ovata. 
In both cases the procedure was modified using ethanol (95%), instead of water, 
in the first step of extraction. TL measurements were carried out using a 
Harshaw 3500 TL reader in the 70–430 °C range with a heating rate of 6 °C/s. 
Samples irradiation was performed by using a Co-60 Gammacell facility. The 
whole PFS ingredients were packed in polyethylene bags and irradiated at the 
dose of 1 kGy, which is well below the minimum dose applied for the treatment 
of similar products such as herbs and spices. The products were irradiated and 
stored in containers protected from light. The silicates were irradiated, for 
 calibration purpose inside single stainless steel cups used for TL measurement. 
As regard to irradiated samples, they showed Glow1 curves characterized by 
intense glow peaks in the range (170–209) °C. The differences observed in the 
glow curve shape recorded with different samples are to be attributed to the 
variable composition of the minerals extracted from the plants grown up in 
 different environmental conditions. The glow ratios of the irradiated samples 
were all above the threshold (0.1) demonstrating the effectiveness of the CEN 
Standard 1788 protocol in detecting irradiation even at low doses (1 kGy). Not 
irradiated samples provided TL glow ratios, G1/G2, well below the 0.1  threshold, 
as required from the CEN Standard 1788 protocol. The Glow1 curves of the not 
irradiated samples showed a weak peak at about 300 °C due to the natural radia-
tion background (geological signal). In Fig.  13.6, as an example, the glow 
curves of not irradiated and totally irradiated samples of Melissa officinalis are 
reported. The differences between Glow1 and Glow2 of the irradiated sample 
are due to the fading effect during the storage: the low temperature portion of 
Glow1 tends to reduce with time which causes a shift of the whole curve towards 
the high temperature side. Measurements were also carried out to test the 
 applicability of the method for the detection of PFS containing minor irradiated 
components. To this purpose, an aliquot of irradiated (5 kGy) raw material was 
added to an aliquot of not irradiated sample to obtain a blend of 10% of  irradiated 
component. The plants used for the analyzed blends were: Aloe ferox, Citrus 
aurantium, Serenoa repens and Melissa officinalis. All the blends, containing 
10% of irradiated product, showed Glow1 curves with a visible glow peak at 
T < 250 °C; this glow peak, well distinguishable from the geological residual 
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visible in the untreated products, was due to the fraction of silicates  contaminating 
the irradiated component (10%) of the product. The presence of this glow peak 
in the T < 250 °C) allowed to correctly classify the  samples. The glow ratios 
were all above the threshold (0.1). In Fig. 13.6 the glow curves of a blend con-
taining a minor irradiated component is also reported.

The results of the study are summarized in the graph of Fig. 13.7. As can be seen, 
the two groups of not irradiated and irradiated samples appear well separated: all the 
irradiated ones, including the blends, lie above the curve corresponding to glow 
ratios = 0.1, whereas the not irradiated samples are localized below.

Concluding, EN 1788 method can be successfully applied to PFS ingredients, 
raw materials as well as herbal extracts but has to be used with caution for the iden-
tification of herbal supplements containing different components which could have 
been separately irradiated. On the basis of the results reported above, in fact, the 
detection of minor irradiated components in a blend is not always possible by TL 
method, depending on the irradiation dose, food matrix and proportion of irradiated 
ingredients mixed in the product.
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Chapter 14
Risk and Benefit Assessment: Methodologies 
and Scientific Acceptance

Antonella Guzzon and Luca Bucchini

Abstract Plant Food Supplements (PFSs) may present both risks and benefits. 
Methodologies for Risk-Benefit Assessment (RBA) of foods have been developed 
in the past two decades. As for risks, EFSA has published a guidance document on 
the safety assessment of botanicals and botanical preparations used in food 
 supplements (EFSA J 7:1249, 2009a). On the other hand, beneficial health effects 
of PFSs are often controversial. Regulation (EC) No. 1924/2006 on nutritional and 
health claims currently applies to the health effects claimed for PFS. So far, the few 
claims for botanicals examined by the EFSA Panel on Dietetic Products, Nutrition 
and Allergies (NDA) have not received a positive evaluation due to absence or poor 
quality data available; as traditional use is not accepted as an evaluation criterion, 
such assessments have been put on hold. Moreover, health benefits of botanicals are 
mostly not related to disease risk reduction, and therefore to standard measures of 
risks and benefits. Given the uncertainty in benefit assessment, an agreed procedure 
to perform an integrated risk-benefit assessment (RBA) of botanicals used in PFSs 
has not been put forward or applied. Based on a review of approaches applied to 
foods, and to herbal medicines, potential approaches are presented, taking into 
account the outcome of an expert workshop organized in the context of the 
PlantLIBRA project.

Keywords Risk and Benefits • Safety • Risk and Benefit Assessment • Botanicals 
• Plant Food Supplements (PFS)

14.1  Introduction

Plants, and also plant preparations, such as extracts, in liquid or powder form, have 
been part of the human diet for a long time. Water extracts of Camellia sinensis 
leaves or of Coffea arabica powdered beans are currently part of the diet of a large 
proportion of the world’s population (Weinberg and Bealer 2001). For at least 
3500  years, humans have been aware of the benefits of plants as a source of 
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 phytochemicals, but also of the toxicity of some plant species (Porter 2006). In modern 
times, depending on specific regulations of different  countries, some plants may be 
permitted for use in concentrated form in food (or dietary) supplements, a special 
category which falls under the scope of food legislation (as opposed to  medicine 
legislation). Such products are targeted to healthy  individuals who wish to obtain 
specific physiological benefits (e.g.,  maintaining normal cholesterol levels, relax-
ation, etc). Pre-market authorisation is not required in the US (Dietary Supplement 
Health and Education Act of 1994) and in the European Union (European Parliament 
and Council 2002).

In line with requirements for foods, Plant Food Supplements (PFSs) must be 
safe, like their plant constituents (botanicals). Consumption of foods and nutrients 
is not totally devoid of risks. Vitamins or minerals are indispensable for life, and yet 
pose demonstrable risks at high dietary exposure.

In the food sector, in the past two decades, there has been a growing 
demand for the concurrent assessment and management of risks and benefits 
of foods. In the late ’90s, for example, it has been highlighted that an exclu-
sive focus on the risks of mercury and other contaminants in fish, when trans-
lated in policy, could lead to an increased consumption of red meat, with a 
resulting negative health impact; the concept of countervailing risks emerged 
(Graham and Wiener 1997). Research projects (among others, the EC-funded 
BRAFO project (Hoekstra et  al. 2012) and regulatory opinions (US FDA 
2009; EFSA 2008) have started to look at the net balance between the risks 
and benefits of foods.

PFS are special foods. However, given that they do not provide nutrients and are 
not regulated as medicines (for which a regulatory framework  encompassing risks 
and benefits is in place), it is not clear whether benefits and risks of PFSs should be 
directly compared, or whether they should be assessed independently.

14.2  Risk-Benefit Assessment of Food

14.2.1  EFSA Guidance

In 2010, the European Food Safety Authority (EFSA) published a guidance  document 
on human health risk-benefit assessment of foods (EFSA 2010a),  outlining the 
authority’s approach to Risk-Benefits Assessment (RBA) and  summarizing the state- 
of- the art in the field.

According to EFSA, the purpose of a food RBA is to allow a risk-benefit  manager 
to weigh the probability of a health risk against the probability of a health benefit, 
by a qualitative and/or quantitative approach. Three parts in the assessment are 
 identified: risk assessment, benefit assessment and risk-benefit assessment.
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The structure for the benefit assessment (positive health effect identification, 
positive health effect characterisation, exposure assessment and benefit 
 characterisation) mirrors the risk assessment paradigm (hazard identification, 
 hazard characterisation, exposure assessment, and risk characterisation). The final 
stage of the RBA is the weighing of results of the risk assessment and of the benefit 
assessment, using a common scale.

EFSA devotes attention to situations that may require a RBA, many of which 
could theoretically be applicable to botanicals and PFSs. They include situa-
tions where a compound or food constituent has both positive and negative 
health effects occurring in the same population (zinc, vitamin A, iron, etc.) or 
in different populations (e.g. folic acid fortified food for prevention of neural 
tube defects in unborn child and potential hazards as masking vitamin B12 
 deficiency in elder people). In other cases, positive and negative health effects 
result from different components in the same food (e.g. fatty fish, where 
 positive effects from omega-3 fatty acids should be weighed against negative 
effects due to dioxins or PCBs). Other situations are related to levels of dietary 
exposures, or chemicals used to reduce microbial contamination.

EFSA also makes an important distinction: current approaches to RBA of foods 
restrict the risk-benefit assessment to net health effects without taking into 
 consideration other factors such as social, economic and legal ones, which may 
legitimately influence risk-benefit decisions.

EFSA’s approach has three steps http://onlinelibrary.wiley.com/doi/10.2903/j.
efsa.2010.1673/epdf:

Step 1: initial assessment,
Step 2: refined assessment,
Step 3: assessment using a composite metric.

In the initial assessment risks and benefits are estimated separately and their 
health effects are compared to assess whether risks far outweigh the benefits or vice 
versa, via two scenarios. In the “benefit scenario”, if benefits at low dietary exposure 
are much larger than risks at high exposure, the analysis will focus on benefits only, 
as risks may be minimal (e.g., if the ADI is not exceeded at all exposure levels). 
In the opposite “risk scenario”, if risks at low dietary exposure are much larger than 
benefits at high exposure, the analysis will focus on risks only, as it is clearly the key 
concern (e.g., if all exposure levels are below the effective dose). If risks and benefits 
do not clearly outweigh each other, then the assessment should be refined, as in step 
2, with a new  formulation of the problem (endpoints and populations to be consid-
ered, refined exposure assessment and potential for quantification). If after the refine-
ment of the assessment there is still no sufficient evidence for a net risk or a net 
benefit, additional refinement might be necessary (step 3).

Step 3 involves the comparison of risks and benefits using composite metrics 
(“common currencies” in this chapter), a single measure reflecting a number of 
dimensions of health (increases or decreases in morbidity, mortality, disease burden, 
quality of life). The outcome is therefore a single net health impact value.
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14.2.2  The BRAFO Approach

The EU-funded BRAFO research project has proposed another RBA framework 
for net benefit comparisons (Hoekstra et al. 2012), and applied it to natural foods 
(Watzl et al. 2012). It is also a stepwise process and consists of four tiers https://
www.ncbi.nlm.nih.gov/pubmed/20546818:

Tier 1: individual assessment of risks and benefits,
Tier 2: qualitative integration of risks and benefits,
Tier 3: deterministic computation of common health metric,
Tier 4: probabilistic computation.

The difference existing in the four tiers lies in the extent of integration of risks 
and benefits. In Tier 1 risk assessment and benefit assessment are performed 
independently while from Tier 2 to 4 risks and benefits are increasingly inte-
grated with incrementally sophisticated approaches. Uncertainty in the net health 
effects (no clear dominance of risks or benefits) is the trigger for transition from 
Tier 1 to 2.

In Tier 2 the comparison between risks and benefits is qualitative. It takes into 
consideration only the results of the positive health and hazard identification steps of 
Tier 1, using four health impact dimensions, i.e. incidence, severity of the health 
effect, duration and additional mortality caused by the effects. If Tier 2 provides an 
outcome with unacceptable uncertainty, then risks and benefits have to be integrated 
quantitatively in a common metric by a deterministic (Tier 3) or probabilistic 
approach (Tier 4). From Tier 3 composite metrics such as QALYs and DALYs are 
recommended.

This approach has been applied to farmed salmon and to soy protein (Watzl et al. 
2012). In the case of salmon, the current low fish consumption level in Europe is 
compared with a scenario of higher intake. Initially, positive health effects (those due 
to ω−3 long chain polyunsaturated fatty acids, selenium, iodine and vitamin D) and 
hazards (methyl mercury, PCBs and dioxin) were identified. Tier 1 was  inconclusive, 
but a comparison of intake and reference doses for benefits and risks at Tier 2 permitted 
to conclude that increased fish consumption would decrease the incidence of cardio-
vascular heart disease, outweighing risks. For soy protein, a  scenario of 25 g/day of 
soy protein intake was weighed against no intake. Potential benefits of soy proteins are 
related to risk reduction for breast and prostate cancer, for cardiovascular disease and 
improved bone health while potential risks are related to disruption of sex hormone 
levels and changes in reproductive function, impaired thyroid function and cognitive 
functions, increased breast cancer risk. The RBA was concluded at Tier 2.

A common feature of the two methods (Hoekstra et al. 2012; EFSA 2010a) is 
their stepwise nature: it is foreseen that the risk-benefit assessor, after completing 
each step, would discuss with the risk-benefit manager on whether the net health 
impact is beneficial or negative, taking into account the uncertainties, and decide 
whether to continue to refine the assessment, or not.

A more complex approach was applied to the net health impact of mandatory 
fortification of bread with folic acid in The Netherlands (against a scenario of no 
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bread fortification) (Hoekstra et al. 2008). The methodology tested by the authors 
consisted of:

 1. hazard and benefit identification (selection of adverse and positive health effects, 
selection of population)

 2. hazard and benefit characterisation through dose-response function.
 3. exposure assessment (selection of scenarios, computation of intake distributions)
 4. risk-benefit integration (calculation of prevented and/or additional incidence of 

diseases, expressing change in disease incidence in a common metric).

The beneficial effects identified were the prevention of neural tube defects in 
women of childbearing age and of megaloblastic anemia in all the population, while 
the hazard was the masking of vitamin B12 deficiency in the elderly. Possible effects 
of folate in carcinogenesis were also identified: a protective role of folate from 
colorectal cancer at high intake but increased risk of cancer at very high intake lev-
els. Four scenarios of levels of fortification were chosen (70, 140, 280, 420 μg folic 
acid/100 g bread) and compared against the reference scenario. As a common met-
ric, DALY was used. The risk-benefit assessment showed that fortification of 140 μg 
folic acid/100 g bread caused the maximum change in DALY, resulting in the most 
reasonable scenario for improving public health.

14.2.3  The use of Common Currencies

For quantitative assessments, an overview of the metrics used for risk-benefit assess-
ment is provided by EFSA (EFSA 2010a). DALYs (Disability Adjusted Life Years) 
and QALYs (Quality Adjusted Life Years) are the composite metrics commonly 
used to express risks and benefits in the food sector. DALY is a time-based measure 
of the overall burden of disease calculated as the sum of years of life lost due to 
premature mortality in the population and the years lost to disability weighed for the 
severity of disease. QALY is a metric for burden of disease adjusted for quality of 
life. To express a health adverse or beneficial effect using DALYs and QALYs four 
parameters are important; incidence, severity, duration of disease, the number of years 
of life lost for DALYs (and the number of healthy years for QALYs). The DALYs or 
QALYs of the population considered in the assessment are calculated by summing the 
DALYs/QALYs of all individuals.

14.2.4  Uncertainty in Food-Sector RBA

In RBA uncertainties are present and affect the estimated net health impact. Hoekstra 
et al. (2012) report a list of common sources of uncertainties that are:

 – Uncertainties affecting problem formulation.
 – Uncertainties affecting hazard and benefit identification.
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 – Uncertainties affecting intake assessment.
 – Uncertainties affecting dose/relationships estimated from animal data.
 – Uncertainties affecting dose/response relationships estimated from epidemio-

logical studies.
 – Uncertainties affecting the conversion to common health metrics.

Evaluation of uncertainties can be qualitative or quantitative. In many cases a 
qualitative description of uncertainties might provide an adequate basis for decision- 
making by risk-benefit managers.

14.3  Risk-Benefit Assessment of Vitamins

Renwick et  al. (2004) have significantly advanced approaches to RBA of 
micronutrients, using Recommended Dietary Allowances (RDA) and Upper 
Levels (UL) as reference values. Their approach relies on the coefficient of 
variation and its ability to substitute a genuine dose-response curve for  vitamins 
and minerals. The approach, however, may not work for plant compounds. On 
the other hand, the authors propose a useful  probability-based presentation of 
the assessment’s results to risk benefit managers.

14.4  Systematic Reviews and Meta-Analyses as Risk-Benefit 
Assessments

In recent years, systematic reviews and meta-analyses have become standard prac-
tice, not only in the field of medicine but also in that of food supplements (most 
famously and controversially, for antioxidant vitamins (Bjelakovic et al. 2007). To 
avoid pitfalls, efforts have been made to monitor and encourage use of standardized 
methodologies (Chung et al. 2009).

While meta-analyses and systematic reviews are conceptually distinct from risk 
assessments or risk benefit assessments, it is often claimed by their authors, also in 
the case of botanicals, that they allow conclusions about risks (Bent et al. 2006; 
Jepson and Craig 2008; Geng et al. 2010) and benefits (Bent et al. 2006; Schoop 
et  al. 2006; Reinhart et  al. 2009; Fernández-San-Martín et  al. 2010; Geng et  al. 
2010; Wei et al. 2009) (Table 14.1); in fact, they even include qualitative assess-
ments of uncertainty (Fernández-San-Martín et al. 2010; Geng et al. 2010). EFSA, 
in its assessment of health claims, has given  significant weight and scrutiny to meta- 
analyses which, when positive, with relevant studies and without significant publi-
cation bias, have generally resulted in positive opinions (EFSA 2010b, c, d, 2011). 
If meta-analyses or pooled analyses are accepted on the benefit side, they should 
also probably be considered on the risk arm of an RBA.
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In the future, such reviews, if properly standardized and conducted with an 
appropriate mandate, could substitute, or at least complement, current forms of 
assessments also in the regulatory domain. Meta-analyses have a powerful way to 
analyze data from studies, which often provide information on both benefits and 
risks, and offer quantitative estimates. Moreover, they are particularly  useful in 
defining the requirements of further research, can easily be  transposed into condi-
tions of use (i.e. those in the studies), and may need fewer assumptions than model- 
based risk-benefit assessments. Other sources of information, such as animal data or 
adverse effects, could be integrated into the conclusions of a meta-analysis, either 
qualitatively or quantitatively.

Table 14.1 Systematic reviews of botanicals used in some PFS which provide information of 
risks and benefits (see text for references)

Botanical
Beneficial 
effect Risk assessment Benefit assessment

Cranberry Urinary tract 
infection in 
women

“Side effects were 
common in all studies, 
and dropouts/
withdrawals in several of 
the studies were high”

“There is some evidence that 
cranberry juice may decrease the 
number of symptomatic UTIs 
[urinary tract infections] over a 
12 month period, particularly for 
women with recurrent UTIs”

Echinacea 
spp.

Reduction of 
risk of 
common cold

– “Standardized extracts of Echinacea 
were effective in the prevention of 
symptoms of the common cold after 
clinical inoculation”

Garlic Blood 
cholesterol 
reduction

– “Garlic reduces TC to a modest 
extent”

Ginseng Cognitive 
function

“No serious adverse 
events associated with 
ginseng were found”

“Results of the analysis suggested 
improvement of some aspects of 
cognitive function, behavior and 
quality of life” “Currently, there is a 
lack of convincing evidence to show 
a cognitive enhancing effect of 
Panax ginseng in healthy 
participants”

Psyllium Blood 
cholesterol 
reduction

– “psyllium could produce dose- and 
time-dependent serum cholesterol-
lowering effect in mild and moderate 
hypercholesterolemic patients”

Valerian Reduction of 
sleep onset 
latency

– “valerian would be effective for a 
subjective improvement of insomnia, 
although its effectiveness has not 
been demonstrated with quantitative 
or objective measurements”

Valerian Reduction of 
sleep onset 
latency

“without producing side 
effects”

“the available evidence suggests that 
valerian might improve sleep 
quality”
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14.5  Risk-Benefit Assessment of Herbal Traditional 
Medicinal Products

Risk-benefit assessment is a common concept in the field of medicines. The meth-
odology, however, is not standardized (EMA 2010a). As a consequence, the 
European Medicines Agency (EMA), which is responsible also for assessing herbal 
medicines in the EU (the regulatory framework of herbal medicines is discussed in 
Paper 1 of this supplement), has begun a process to update the application of 
risk- benefit assessment to medicines, including herbal medicines (which, like 
PFSs, are made of botanicals).

With a report which was concluded in 2007 (EMEA/CHMP 2007), EMA con-
cluded that RBA models could provide a series of important elements such as:

• RBA driven by the identification of the most important benefits and medically 
serious risks.

• Explicit weights assigned to individual benefits and risks depending on their 
importance.

• Strength of evidence and uncertainty identified and quantified.

The EMA report also suggested to:

• Use a structured and mainly qualitative approach.
• Describe explicitly the importance of benefits and risks in the specific therapeu-

tic context.
• Describe uncertainties and their impact on the benefit-risk assessment.

EMA has also concluded that a quantitative approach (Tiers 3 and 4 of BRAFO) 
is probably not useful for medicines, a conclusion which may be relevant for PFSs 
as well.

More recently, EMA has summarized possible methodological approaches, 
including some which are used in the food sector (probabilistic simulations, DALYs, 
QALYs) (EMA 2010b).

Even if methodological research is ongoing, in the EMA assessments of botan-
icals (herbal substances) and botanical (herbal) preparations, references to RBA 
are common, and the conclusions of the assessments describe risks and benefits. 
In this respect, EMA has declared that, even for traditional products for which no 
proof of efficacy is necessary (the concept of plausibility is used instead), any risk 
has to be balanced against the plausible efficacy/potential benefit for the con-
sumer  (EMEA/HMPC 2005). Since the same botanicals are used in herbal medi-
cines and PFSs, it is of interest to examine the methodology used by EMA in this 
context.

In comparing the approaches to RBA of EMA, as applied to herbal medicines, to the 
food-related RBA guidance of EFSA or BRAFO, it should be preliminarily noted that 
the separation of risk assessment and risk management does not seem a priority for 
herbal medicines as it is for food risk-benefit assessors. The EMA committee that 
assesses the risks of an herbal substance also makes a judgement of whether the risk is 
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acceptable, through an explicint recommendation to include a herbal preparation in the 
list of permitted herbal preparations and defining the conditions of its inclusion.

In terms of methodology, the EMA assessments are characterized by a qualitative 
approach; uncertainties are mentioned, but are not translated in figures or left to the 
managers to evaluate, in contrast for example with the proposal of Renwick et al. 
(2004). Quantitative estimates are rare, or absent, from the conclusions; the sub-
stance is safe, or not, and is efficacious, or not. Thanks to limiting, in a series of steps, 
the scope of the assessment and of the decision, to reduce uncertainty, the process 
always ends at EFSA’s step 1 or BRAFO’s Tier 1 (see above). This is similar to 
EFSA’s compendium-building process (EFSA 2009c), where plants with toxic com-
pounds are placed in an annex of plants with toxic, addictive, psychotropic or other 
substances that may be of concern, based on the presence of a hazard (if botanicals 
not on this list, an interpretation that EFSA discourages, were to be  considered safe, 
a hazard-only approach would have been applied). It should be recognized, however, 
that EMA assessments do sometimes address exposure and dose-response.

Exposure to herbal medicines and PFSs can be conceptualized in two key arms, 
composition and intake. Variability of composition is related to the exposure to 
toxic, and beneficial, compounds. EMA provides an interesting approach to the 
assessment of composition. Like EFSA’s ESCO PFS case studies (EFSA 2009b), 
segmentation is the primary tool used by EMA to address such variability. For 
example, in the case of leaves of Peumus boldus Molina (EMEA/HMPC 2007a), the 
herbal preparations are divided in two groups, with one with unacceptable risk 
 (ethanolic extract) and the other with acceptable risk (leaf water extract), due to 
 different levels of ascaridole.

As a rule, again in terms of composition, EMA assessments do not include a 
quantitative estimate or specification of expected levels of compounds or toxicants. 
For example, in the case of the leaves of Rosmarinus officinalis L. (EMEA/HMPC 
2009a), carnosol, carnosic acids and camphor are discussed in detail in the assess-
ment, while the expected values in the final products are not established. However, 
where beneficial well-established use is accepted (a higher standard of evidence, as 
opposed to traditional use), standardization is required in the specifications (EMEA/
HMPC 2007b, 2008a); also, well-established use status is not granted based on 
insufficient data on preparation and extract composition (EMEA/HMPC 2008b). 
Use in pregnancy is not recommended if the species is not clarified in the reference 
study (EMEA/HMPC 2008b).

Assessment of compounds present or added to foods is generally mediated by the 
establishment of a reference dose (an Acceptably Daily Intake, ADI, or a Tolerable 
Daily Intake, TDI, derived from a No Adverse Event Level, NOAEL, with  uncertainty 
factors); other approaches are proposed within this supplement (Chapter 7). The 
first step in both EFSA’s and BRAFO’s methodologies usually relies on these refer-
ence doses, including an effective dose for the benefit side of the assessment.

In this sense, EMA has not required an a priori establishment of a reference value 
for assessing toxicity; the necessity of a reference dose, and margins when compared 
to actual exposure, is sometimes excluded because of history of use. When a refer-
ence toxic dose can be estimated for a compound, it is used to confirm safety, and 
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considered not relevant when in conflict with the history of safe use (EMA/HMPC 
2009b); even when toxicity studies are reported, they are not used to derive a safe 
dose (EMA/HMPC 2009b, c). when reference values are used for individual com-
pounds, the calculated margins can be considered pivotal (EMA/HMPC 2008a), or 
of no relevance (EMA/HMPC 2009b) based on expert judgment; in some cases, the 
calculations are detailed (EMA/HMPC 2008b). Another relevant factor in exposure, 
duration, is often controlled via specifications, to reduce risks and uncertainty.

After segmentation of the variability in exposure, EMA makes a judgement of 
whether the toxicological profile is acceptable or not, a step which is similar to 
the hazard identification phase in food risk assessment. It is noteworthy 
(Table 14.2) that lack of data, or the highest level of uncertainty, does not  preclude 
a positive final evaluation if clinical data or history of use do not reveal serious 
adverse events. Save exceptions, only uncertainty on mutagenicity is overriding 
all other considerations.

In terms of human variability, subpopulations are addressed separately. For  children, 
adolescents, and pregnant women, EMA has a precautionary default; in case of lack or 
uncertain evidence use is not recommended. When clinical safety data are available for 
children, they are used down to the age in which serious adverse effects are reported 
(EMEA/HMPC 2008c). Pregnant women are included as  potential users only when a 
clinical trial has been conducted (EMEA/HMPC 2008a).

For other subpopulations, use is allowed in the absence of convincing evidence 
of risk, though precaution is exercised in some cases. For example, the possible 
interaction with anticoagulants is ruled out after examination of case-reports (EMA/
HMPC 2010a). At the same time, in the case of centaury (Centaurium erythraea) 
(EMEA/HMPC 2008d), textbook evidence (or evidence from compounds with 
 similar action (EMEA/HMPC 2007b; EMEA/HMPC 2008b) is used to exclude 
patient groups; in the case of dandelion leaves (Taraxacum officinale) (EMA/HMPC 
2008c), the theoretical possibility of hyperkalemia is used to advise against the use 
in patients with renal failure and/or diabetes, and/or heart failure.

More generally, the absence of adverse events related to the proposed  preparations, 
reported by surveillance systems or in the literature, is used as sufficient  information 
to conclude that a preparation is safe (EMA/HMPC 2009b), even in the absence of 
clinical studies. Adverse events related to combination products may not be 
 considered relevant (EMEA/HMPC 2008d). When information is available from 
studies, mild adverse effects are not considered relevant for questioning the 
 recommended use (EMEA/HMPC 2007b, 2008a).

One of the key differences between food sector assessments and those of EMA is 
in relation to uncertainty, lack of data, and precaution. In case of uncertainty, with the 
exception of mutagenicity and some vulnerable subpopulations, EMA generally 
accepts lack of robust evidence as an indication of absence of risk (EMA/HMPC 
2010b): in the single study cited, mild gastrointestinal symptoms were reported for 
62% of the 15 participants, and one more serious side effect required hospitalization. 
In the case of maté leaves (Ilex paraguariensis St. Hilaire) (EMA/HMPC 2008d), a 
favourable opinion is given even if aqueous extracts appear mutagenic in vitro, and 
there is epidemiological evidence that at least hot matè is carcinogenic to humans: the 
uncertainty in the information is used to argue that the data are not relevant.
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Botanical (herbal substance) Beneficial effect Eff Trad
Use

ClSaf Tox RBA

Root of Althaea officinalis L. Symptomatic treatment of oral or pharyngeal 

mucosa irritation and associated dry cough

MR, 

RU

Root of Althaea officinalis L. Symptomatic relief of mild gastrointestinal 

discomfort

MR, 

RU

Seeds of Aesculus hippocastanum L. Chronic venous insufficiency RU

Aerial part of Centaurium erythraea

Rafn s. L.

Dyspeptic/gastrointestinal disorders and in 

temporary loss of appetite

MR, 

RU

Root of Echinacea pallida (Nutt.) Supportive treatment of common cold MR, 

Nutt. RU

Root of Echinacea purpurea (L.) 

Moench,

Preventive or supportive treatment of common 

cold

RU

Seeds of Trigonella foenum-graecum

L., semen

Lack of appetite MR, 

RU

Leaves of Ilex paraguariensis St. 

Hilaire, folium

Increase the amount of urine as an adjuvant in 

minor urinary complaints

RU

Leaves of Ilex paraguariensis St. 

Hilaire

Fatigue and sensation of weakness RU

Aerial part Leonurus cardiaca L. Nervous tension MR, 

RU

Leaves of Urtica dioica L., Urtica 

urens L.

Relief of minor articular pain MR, 

RU

Leaves of Urtica dioica L., Urtica 

urens L.

Adjuvant in minor urinary complaints MR,R

U

Leaves of Ribes nigrum L. Inflammatory conditions MR,R

U

Leaves of and essential oil of 

Rosmarinus officinalis L.

Symptomatic relief of dyspepsia and mild 

spasmodic of the gastrointestinal tract

RU

Bark of Salix alba L. Symptomatic treatment of fever and pain RU

Bark of Salix alba L. Low back pain RU

Leaves of Taraxacum officinale 

Weber ex Wigg.

Diuresis stimulation RU

Essential oil of Thymus vulgaris L. Expectorant in cough associated with cold MR, 

RU

Table 14.2 Sample EMA assessment of botanicals; effect claimed; availability of data on clinical 
efficacy (Eff), traditional use/biochemical and animal evidence (Trad Use), clinical safety (ClSaf), 
toxicology (Tox); RBA outcome (RBA) [Explanations below]

Colors indicate authors’ estimate of uncertainty level (dark brown: no data; light brown: very 
 limited data; dark orange: limited data; light pink: sufficient data) and the outcome of the assess-
ment (green: benefits clearly outweigh risks). All the assessments appeared concluded at tier 1 
(BRAFO). MR mutagenicity data required to proceed with assessment; RU restrictions in use 
apply
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As for benefits, EMA relies on biochemical (related to individual compounds), 
or animal evidence to validate traditional use. In some cases, animal and in vitro 
evidence is available (EMEA/HMPC 2008b). In general, correspondence of 
 preparations and clinical endpoints between assessed preparations and studies is not 
required. For example, in the case of Rosmarinus officinalis L. (EMA/HMPC 
2009a), limited in vitro results, and not related to the preparations of interest, are 
used to validate a mild anti-spasmodic effect.

When well-established use, which requires stronger evidence, is accepted, 
 meta- analyses often play a prominent role (EMEA/HMPC 2008a). Though well- 
established use is normally based on RCT studies, sometimes indications resulting 
from open studies have been accepted (EMEA/HMPC 2007b).

In summary, what EMA terms “benefit-risk assessment” for herbal products is 
really a an expert statement in which, according to the assessment, there is no risk for 
the subpopulations for which use is allowed and, generally, in which traditional use 
and in vitro evidence is used to argue that a benefit exists. In only one case (EMA/
HMPC 2009c), a comparison is made with existing drugs (the leaves of Ribes nigrum 
L. are considered safer than other medicines, because of lack of reported side effects). 
EMA assessments are not actual comparisons of risks and benefits, but rather a use-
ful and necessary qualitative assessment of safety and of possible benefits.

On the other hand, an actual RBA for a plant substance, with a structured 
 comparison of the net health impact, has been carried out for ephedrine, a  compound 
from plants in the genus Ephedra, by the US FDA (Food and Drug Administration) 
in 2007 (US FDA US Food and Drug Administration 2007).

In this case the standard applied was a relative weighing of “known and 
 reasonably likely risks against its known and reasonably likely benefits”. The US 
FDA considered evidence from pharmacology of ephedrine alkaloids, peer-reviewed 
scientific literature on the effects of ephedrine alkaloids, and adverse events.

Since ephedrine alkaloids raise blood pressure and augment heart rate, increas-
ing the risk of serious adverse events such as stroke, heart attack, and death, the US 
FDA concluded that dietary supplements containing ephedrine alkaloids pose short- 
term and long-term risks. At the same time, according to the US FDA, on the benefit 
side, only a modest short-term weight loss is supported by the data, which is not 
sufficient to have a positive effect on cardiovascular risk factors or other health 
conditions associated with overweight or obesity. Other possible benefits were con-
sidered trivial in comparison to the health risk. The US FDA also concluded that 
labelling could not mitigate the risks.

14.6  Rationale and Approaches for Risk Benefit Assessment

Preparations of single or multiple botanicals, commercialized in supplement form, 
are popular with consumers, with apparent opposition to limitations or bans on their 
use. Thanks to their relatively long history of use, contrary to new or novel food- 
impacting technologies (GMOs, cloned animals, nanotechnology, etc), there does 
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not seem to be a demand, from the public, for a strongly precautionary approach. 
From a public health point of view, convincing evidence that all PFSs generally 
pose unreasonable health risks is not available. If misleading consumers with scien-
tifically unsubstantiated claims is of concern, then the EU legislative framework for 
herbal medicines—which should prevent or cure disease, and not maintain health—
does not provide a rationale for regulating botanicals exclusively as medicines, 
since for herbal medicines the standard of evidence is mainly tradition. Therefore, 
since an outright ban on all PFSs, would be unjustified, methodologies to assess 
risks and benefits, and to combine the assessments, are required (EFSA has pro-
posed a methodology to assess safety of botanicals (EFSA 2009c)).

In fact, regulators and their scientific advisers across the world need to allow, 
or not to allow, or continue to allow, the use of a specific plant species—in con-
centrated form—in food supplements. They, and scientists in industry, are also 
faced with the task of assessing benefits but also individual multi-ingredient 
supplements. While management and policy decisions may take into account a 
number of other factors (economic, legal, etc.), it is generally expected that these 
assessment should be restricted to health benefits and risks only, as outlined by 
EFSA (EFSA 2010a).

EFSA (EFSA 2009b) has tested its assessment guidance of botanicals in a 
series of real case studies. These case studies show that, for the botanicals consid-
ered (hydroalcoholic extract of dried peel of Citrus aurantium L. ssp. aurantium 
L., dried green tea extract of Camellia sinensis (L.) Kuntze; dried leaves extract 
of Ocimum tenuiflorum L., dried fruits water extract of Foeniculum vulgare Mill. 
ssp. vulgare var. vulgare, dried ripe seeds of Linum usitatissimum L., and wheat 
bran from Triticum aestivum L), which are well known and widely used plants 
(with the exception of O. tenuiflorum), the safety assessments required in all 
cases additional unavailable data, could not be completed, and the botanicals 
could not be declared safe.

This situation is not unique to PFSs. For other foods as well, datasets are incom-
plete, and the doses at which benefits are claimed, if not proved, overlap with those 
at which risks cannot be ruled out. The risk manager is not left with a risk-only, low 
uncertainty scenario, and has to evaluate a risk-benefit and uncertain situation. A 
RBA methodology of botanicals could help combine, qualitatively and perhaps 
quantitatively, risks and benefits, leaving to risk assessors individual assessments, 
to managers the role to decide if there is an acceptable balance of benefits and 
risks, and to society at large to instruct managers on what an acceptable net health 
effect is.

14.6.1  Botanicals as Agents in the RBA

When dealing with PFSs, risk managers may have different questions, which define 
the agent in a RBA. Defining the question with clarity has been stressed by EFSA 
(EFSA 2010a).
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In the case of PFSs, several EU countries (e.g. Italy, Belgium) have safety-based 
positive and negative lists of plant species, sometimes with the indication of the 
parts that can or cannot be used. Therefore, the obvious agent for the RBA are plants 
at the species level, with specification of the plant part used. However, the assess-
ment of such plants often involves the assessment of individual phytochemicals, and 
the setting of maximum levels for the compounds of concern.

In other cases, compounds or groups of compounds (e.g. polyphenols, flavones, 
etc) can be the target of an assessment, regardless of the plant species. In this case, 
exposures from the diet (i.e., excluding PFSs) to the compound of interest would 
need to be combined with that from different PFSs.

14.6.2  Potential Features of PFSs RBA

EFSA and BRAFO’s approaches to RBA include tiers, or steps, of increasing complexity; 
transition from a tier to the next is triggered by uncertainty in the net health effect. This 
seems a reasonable approach for assessing risks and benefits of PFSs as well.

Higher tiers of food-sector RBA involve quantification. On the contrary, 
RBA of medicines, including herbal medicines, remains mainly qualitative, 
while EMA stresses the importance of uncertainties, and focus on key hazards 
and health benefits (EMEA/CHMP 2007); consistency, transparency, and ease 
of audit are other important features. These features (uncertainty assessments, 
consistency, etc) should apply to PFSs as well; paucity of data, at least at spe-
cies level, limits the scope for quantitative assessments, and for probabilistic 
modelling.

At the same time, in the field of herbal medicines, the separation between assess-
ment and management is not emphasized. Given that this separation is the result of 
a long experience in the food sector, RBA of PFSs should be separated from man-
agement, as emphasized by EFSA’s guidance for RBA (EFSA 2010a).

EMA assessments (EMEA/HMPC 2007b, 2008a, b, c, d; EMA/HMPC 2008a, b, 
2009a, b, c, 2010a) and the EFSA compendium (EFSA 2009c) focus mainly or 
exclusively on hazard and positive health effect assessment. In the case of EMA, 
risk management measures are introduced (limiting the subpopulations of users, the 
duration of use, etc.) that not only control the risks but also reduce uncertainty in the 
assessments. This approach is applicable to PFSs as well; at the same time, a hazard- 
only approach does not appear in line with the current knowledge of health risks and 
methodologies for their assessment.

Chemical characterisation, and specifications, of the botanicals and their 
 preparations, including attending variability, may significantly contribute to 
 uncertainty in the assessment. Separate evaluation of different preparations is useful 
to reduce it. As experienced by EMA, it is likely that full characterisation would not 
be possible in all cases, and extrapolations across different preparations would be 
required, even if a rigorous approach to extrapolation could be recommended. 
Extrapolation from compounds, to botanicals, and vice versa, could be made with a 
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conservative default (in absence of specific data, the assessment would rely on the 
substance or preparation which appears most toxic).

Establishing a reference dose (an ADI, an effective dose, etc.) to assess risks and 
benefits is not required for herbal medicines. The alternative is reliance on history 
of safe use. Safety data from human studies should play a  prominent role, especially 
when conditions of use can be controlled.

EMA does provide an interest example in setting defaults to ensure precau-
tion when there is uncertainty. Adequate data are required to permit use in chil-
dren and other vulnerable groups. A requirement for data on mutagenicity is not 
negotiable. Outside these boundaries, the EMA approach does not apply precau-
tion consistently.

In terms of benefit assessment, EMA does not apply a consistent standard, but 
places emphasis on tradition, and non-human evidence, particularly biochemical 
data. Rigorously applied, extending the approach with a grading evidence system 
would leave to the policy-makers to decide what strength of evidence they deem 
appropriate, and potentially prescribe time-limited claim authorizations to enhance 
research.

Contrary to EMA’s reports, the FDA ephedrine assessment is an actual RBA 
study in which risks and benefits are compared, and corresponds to EFSA’s step 2 
or BRAFO’s Tier 2. It relates however to a compound (and not to a plant species) 
for which a considerable data set is available.

A RBA for food supplements should include, where applicable, an assessment of 
background exposure, unless it can be shown that its magnitude makes it irrelevant 
for the assessment. This is not the standard practice for herbal medicines.

The evaluation of synergistic effect is particularly complex, but should be taken 
into account on both sides of the assessment.

An RBA methodology for botanicals does not need to propose alternatives to 
existing guidance on the evaluation of safety and efficacy of botanicals. As noted, 
the EFSA guidance (EFSA 2009a) is a useful reference for the risk component of 
the assessment. However, a RBA methodology should be capable of producing an 
outcome even with sparse data, with a proportional level of uncertainty, and within 
a reasonable and defined timeline (EFSA 2010a). In this case, it would be up to the 
risk manager to accept or reject the level of uncertainty associated to the outcome.

The methodology should also create incentives in favour of the incremental 
 production of data and assessments. While it seems that existing EU regulation may 
have set a threshold for botanicals which is either too high, or  too low (herbal medi-
cines), and is  therefore failing to produce an increase in research, EMA’s requirement 
of testing for mutagenicity may result in further understanding of the risks.

The methodology needs to have discriminatory power, assuming that, at least for 
some botanicals, the net health benefit balance should be positive.

The ability to explore risk mitigation and benefit enhancement scenarios is also 
important for managers. Mandating minimum concentrations is, for example, a 
 benefit enhancement measure. On the other hand, restrictions on use via label 
 warnings may mitigate risks, and they should be explored in the assessments, much 
like EMA has done.
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Finally, a complementary approach that cannot be ruled out is the extension, 
standardization of systematic reviews, which could provide quantitative insights 
even without requiring the complexities of a probabilistic RBA.

14.7  Appropriateness of a Direct Risk-Benefit Assessment 
for Botanicals

In the light of the different opinions on the RBA of PFSs, a scientific debate day 
among scientists from the PlantLIBRA consortium and experts in the field was 
organized (Norwich, May 23, 2013). The aim of the debate was to discuss critical 
issues in relation to the risk-benefit assessment of botanicals, with the overall objec-
tive to achieve a shared view among experts. The starting point for the discussion 
was the concept of direct risk-benefit assessment and the appropriateness of its 
applicability to botanical preparations in PFSs.

The debate day gathered the views of academic, public, private experts in the 
field of toxicology, nutrition, biochemistry, risk and risk/benefit assessment, con-
sumer behavior, experts in the regulatory field and botanists. The experts addressed 
different aspects concerning the risk-benefit assessment of botanicals, including:

 1. Ethical and scientific appropriateness of a direct risk-benefit approach to PFSs.
 2. Regulatory framework in relation to the RBA of PFSs.
 3. Consumer behavior in relation to PFSs;
 4. Risk-benefit balancing: type of benefit and evidence needed for proving benefi-

cial health effects;
 5. Technical feasibility of a direct risk-benefit assessment and application of common 

currencies, including a comparison of qualitative versus quantitative approach.

The debate was organized in five different sessions, each one addressing one of 
the listed topics. One or more questions were formulated in each session and sub-
mitted to experts for comments. Experts discussed their different views and, at the 
end of each session, came to a shared view on the related topic.

14.7.1  Appropriateness of Direct Risk-Benefit Comparison 
for PFSs

Phytochemicals differ from vitamins; botanicals are not (taken) as a source of 
 nutrients. In this context, is a direct risk-benefit approach ethically and scientifically 
appropriate for botanicals? If there is some evidence of risk, can we really weigh 
risks against benefits related to well-being (and not disease prevention)?
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Experts agree that Currently RBA is common practice in many fields, not only 
nutrition. Thus, theoretically there would be no conceptual barriers in extending 
RBA application to the field of botanicals. In practice, when applying RBA method-
ology to botanicals some difficulties may arise, in view of the present regulatory 
framework and  limitations in available data for performing the assessment, specifi-
cally for the benefit- side of the evaluation. While there might be adequate evidence 
for assessing risks, data limitations on the beneficial effects of botanicals and, addi-
tionally,  interpretation of the available data, might represent major constraints. An 
option is to clearly and transparently explain dataset limitations for the beneficial 
effects, or for risks. Clearly highlighting any lack of data would represent a result of 
the assessment and, if this criterion is applied, botanicals might be assessed in a way 
similar to the RBA currently used for food.

Actually, the problem of insufficient available evidence for botanicals is generated 
by the fact that in the RBA framework of food evidence from randomized controlled 
trials is needed to prove health benefits. This requirement is too strict if applied to 
botanicals, because very few interventions studies have been conducted on botanicals 
addressing specific physiological effects in the general population. Most of the 
human studies have evaluated efficacy of botanical preparations in specific subgroups 
having a disease, and thus the result could not be extended to the general population. 
The simple application of the data requirement for food to botanicals would have as 
a result that no evidence would be available to demonstrate the efficacy of PFSs. 
Instead a decision should be made on the amount of information specifically required 
for proving health benefits of botanicals, in terms of number and type of studies (e.g. 
one in vitro or animal study or one human study or more than one).

The amount and quality of evidence depends on the level of confidence research-
ers have to achieve. Experts noted that setting the level of confidence is not respon-
sibility of scientists but is indeed a societal question, in the sense that has to be 
based on societal values. Scientists have the role to assess the relative level of con-
fidence obtained for a specific health impact given a certain amount of evidence, 
which in the end may be equal or not to the confidence level defined based on soci-
etal values. It is also necessary to develop a methodology to characterize the degree 
of certainty the evidence provides; an example is provided by EFSA that describes 
it in terms of probability (EFSA 2006).

The amount of evidence needed for proving benefits could also depend on the 
knowledge of risk, in the sense that a distinction in the approach to RBA between 
botanicals containing dangerous compounds and those which do not should be 
made. In case of botanicals containing toxic compounds, RBA is needed and the 
balance between risks and benefits with the related evidence should be well 
explained and, if there is a certain level of risk, then more evidence to prove the 
benefits would occur. An extreme case would be represented by a botanical for 
which there is evidence of risk, for example it contains a compound above TDI or a 
genotoxic carcinogen, and the benefit is not quantifiable; then the assessment should 
be stopped and the botanical or PFS not permitted. It is important to determine if, in 
case of a toxic compound in the botanical preparation, the compound giving the risk 
is the same providing the benefit. If so, then the risk and benefit assessment should 
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be performed. In case of compounds providing the risk and the benefit being two 
different molecules, a possible strategy to reduce the potential negative health 
impact is to avoid the toxic substances by regulating their levels. In addition, the 
whole preparation might be beneficial although there is one toxic compound. Some 
experts believe that the risk part of the assessment should not be based only on 
single compounds because experimental data for single compounds are obtained 
from studies in which the animal is treated with very high doses of the compound, 
which are not representative of concentrations in the preparations.

In case the product is substantially harmless because no compounds of concern 
are present, the amount of evidence required for the benefit would instead be lower.

14.7.2  Ethical Implications

The main ethical implication related to the RBA of botanical deals with the 
 individual’s freedom of choice between risks and benefits. There are also types of 
food or vitamins, that might have a risk, but they are marketed and the decision is 
left to the individual. In this context, consumers’ perceptions of possible risks asso-
ciated with PFSs consumption is an issue because they might be more focused on 
the putative benefit of the PFSs when buying the product while completing ignoring 
the risk. To make consumer able to take informed decisions, adequate information 
on both risks and benefits has to be provided.

14.7.3  Risk-Benefit Assessment in the Current Regulatory 
Framework for PFSs

Would a direct risk-benefit assessment for botanicals fit the current EU regulatory 
framework? Would it be more informative for decision-makers than separate risk 
and benefit assessments? It was remarked that at present there is no obligation in the 
European law to  perform RBA of botanicals. It is possible but it cannot fall within 
the remit of the European Food Safety Authority (EFSA) because it is not in the 
mandatory  framework of EFSA to perform risk benefit assessments. EFSA can per-
form it but only on self- tasking. If RBA has to be applied in the area of food law, it 
may within the European Commission rather than EsA. It would remain a scientific 
process but it would be more a risk-manager tool.

The general opinion was that direct RBA would be more informative for risk- 
managers than parallel assessment of risks and benefits. In a direct RBA, scientists 
are forced to make clear and transparent assumptions, which are then visible to 
people that can make judgments about the process undertaken and the uncertainties 
of the balance of risks and benefits. It is therefore more informative for the risk-
manager, since there is an objective comparison of risks and  benefits. In addition, 
leaving the decision up to risk manager might have  negative consequences. In all the 
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cases in which there are no proven benefits and very minor risks, the risk manager 
might adopt the precautionary principle with possible drawbacks for the PFSs on 
the market.

14.7.4  Consumers’ Perception of the Risk-Benefit Relationship 
in PFSs

Of relevance to any discussion on the application of RBA to botanicals is the  attitude 
of consumers. Specifically, consumers may be aware that botanicals may carry 
 benefits, risks, and be informed by both in their decisions.

While there is limited research on the behaviour of consumers in this area, if 
RBA is intended as a tool for risk-managers to make a decision which implies 
 balancing risks and benefits and then communicating the result to the risk manager, 
then the consumers would not have a role in the RBA.

As for risks, it is not conceivable for foods of uncertain safety to be put on the market. 
As for the benefit arm, the utility of an evidence grading system directly available to 
consumers (up to 3–4 grades) for the evidence of beneficial health impacts is debatable. 
Such systems have been used in the US and in the UK (e.g. traffic light system used for 
food). Nevertheless, grading of evidence to the final consumer may be considered.

Some issues were indeed identified in relation to the grading of the evidence for 
risk and benefit. First it was considered to be an imperfect representation of the 
degree of uncertainty around the benefits or the risks. There might be  studies belong-
ing to the same category of evidence (e.g., in vitro, animal, clinical) but with differ-
ent levels of uncertainty. In addition, grading of the evidence, even if perfect, would 
not be a solution because it might happen that the grade for risk and the grade for 
benefit are the same, thus not providing useful information The information needed 
concerns the levels of risks and benefits and the uncertainty around them.

There was agreement that was that more research is needed on the health  behaviour 
of consumers regarding PFSs; there is not yet evidence to answer the question 
regarding consumers’ role in RBA of PFSs. Actually, this approach is too  simplistic 
because the question of leaving the RBA to consumers depends on how much infor-
mation is provided. It has also to be remembered that  consumers when deciding on 
a product do not simply make a RBA but they consider a multitude of reasons for 
choosing a product.

14.7.5  Evidence for Health Benefits

Most botanicals in use have a long history of use, and are likely to present negli-
gible risks for consumers. Nevertheless, the evidence of proven health benefits is 
also missing in most cases, as few human trials have been conducted, and resources 
are unlikely to be available to investigate most botanicals in use through clinical 
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research in the near future. It should be noted that, in the European Union as well 
as in the United States of America, botanicals, when used in food (EU) or dietary 
(US) supplements, are required to be safe, but not effective as detemined in specific 
human studies. Risk benefit assessment has normally been used, in the context of 
foods, when risks and benefits are both believed to be significant.

In order to apply systematically RBA to botanicals, one would thus need to 
address a different scenario, in which most botanicals have very limited risk, and 
would thus be legally safe, and have no proven benefit. In this context, one may ask 
if freedom of choice and tradition could explicitly counted as a benefit. As noted 
above, EFSA (2010a, b, c, d) has recognized that other legitimate factors exist 
though they cannot be accounted for in a scientific risk assessment.

14.7.6  Feasibility of Direct Risk-Benefit Assessment 
for Botanical in Light of Limited Datasets

The datasets for many botanicals are limited. Often, the relevant plant, plant 
parts and preparations have not been characterized in terms of their natural com-
position. Data on biological effects may even be more sparse. As a consequence, 
an assessment of feasibility, given available data, should be performed on a case 
by case basis. In some cases, it may be necessary to conclude that an assessment 
is not possible. Several approaches exist to deal with paucity of data, such as 
expert elicitation.

14.7.7  The use of Common Currencies

Risks and benefits of foods are usually measured with different metrics. In the 
case of botanicals, risks are usually measured in relation to health guidance val-
ues, whereas benefits are measured in reference to results of human trials, or 
evaluated considering traditional uses. As in the case of risk benefit assessment of 
foods, the need for a common currency to compare risks and benefits arises. 
DALYs have been historically used for RBA of foods, more often than other com-
mon currencies.

However, DALYs require significant effort and large datasets to apply, and imply 
prevention of disease. The advantage of using DALYs as opposed to comparing 
qualitatively risk and benefits is that, in a qualitative assessment, the respective 
“weight” assigned to risks and benefits is not transparently stated. As weights for 
DALYs of several conditions associated with risks and benefits of botanicals, 
DALYs of similar conditions could be used. A major unresolved issue is how to 
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attribute a value to “quality of life”. DALYS are used especially for disease; in the 
case of botanicals, the focus is often not on disease but on a certain health state; the 
weights of such states is more difficult to assign. For example, a botanical that 
 contributes to maintaining normal cholesterol levels, a health benefit, may result in 
less cardiovascular events, and thus seems amenable to the use of DALYs; on the 
other hand, improved concentration is a beneficial physiological effect, but does not 
relate to prevention of a disease.

14.7.8  Qualitative Versus Quantitative RBA

From a theoretical standpoint, quantitative risk benefit assessment has the advan-
tage of highlighting and quantifying uncertainty. Following this logic, it can be 
argued that quantitative assessments should always be performed.

In the current context, however, risk assessment for foods is normally performed 
qualitatively, unless large datasets and sufficient resources are available, and the 
question appears sufficiently uncertain. However, there is a trend towards applying 
more quantitative approaches to exposure assessment or dose-response data (e.g., 
benchmark dose as opposed to NOAEL). On the other hand, the approach to 
 assessment of health benefits, for example in the case of health claims, is of a 
 qualitative nature. Therefore, risk benefit assessments for botanicals, in combining 
a risk and a benefit assessment, are likely to be of a qualitative nature, and such 
qualitative assessments should be more readily acceptable to the other risk  assessors, 
and risk managers.

14.8  Discussion and Conclusion

PFSs are among the situations for which EFSA’s risk benefit guidance (EFSA 
2010a) anticipates the need for a RBA (e.g., foods or compounds with both  beneficial 
and negative health effects in the same population). The step-wise general approach 
proposed by EFSA (EFSA 2010a) seems suitable for PFS.  However, existing 
 assessments of botanicals, made under the legislative framework of medicines, or 
the case studies prepared by EFSA’s working groups (EFSA 2009b) suggest that 
data will rarely allow to progress beyond step 1, or perhaps 2. Reference doses 
(ADI, etc.) may not be available or necessary, if a protective and scientifically 
 satisfactory methodology to use tradition and biochemical evidence (benefits) and 
history of use and clinical safety (risks) is found and accepted.

While no limitation was perceived by experts to perform RBA of PFSs on a theo-
retical level, much more difficulties were highlighted in practical terms. The risk-side 
of the assessment was considered to be feasible, instead experts were more hesitant 
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when considering the benefits, due mainly to data limitations. As a consequence of 
limited data, the uncertainty in the final assessment might be  unacceptable to the 
society or the decision-maker. The actual need is to decide the kind and amount of 
evidence needed to prove a benefit of a botanical. In addition, although current meth-
odologies for RBA do take into consideration only the health impact in the evalua-
tion, other factors may also have a role, especially on the benefit side. Some examples 
of factors that the assessor might include in the analysis are freedom of choice or 
tradition of use.

Looking instead at the risk-side of the assessment, the level of risk was considered 
by assembled experts as the trigger for performing the RBA. Various strategies may 
be applied in case of a botanical with significant risks, like banning the product in 
case the botanical contains a genotoxic compound, reducing the level of the toxic 
compound or look at the effect of the botanical preparation as a whole. It should be 
recognised that experts could not reach a consensus of the most suitable strategy to 
adopt; the decision would be better taken on a case by case basis. From an ethical 
point of view, in case of a very high risk product the suggestion would be that the 
decision-maker should take the decision of not permitting the product because PFSs 
on the market have to be safe. But when there is instead uncertainty on risks and 
benefits the decision may - from an ethical standpoint - be left to consumers.

From a regulatory point of view, it appeared clearly that there is no obligation to 
perform a RBA of botanicals; EFSA can perform RBA but under self-task. If the 
RBA should be performed, the process would be partially made scientifically but 
under the current regulatory framework it may be the Commission and not EFSA to 
perform such work. In this case, a direct RBA was considered to be more informative 
than parallel assessments or risks and benefits. The process would be much more 
transparent, because all the assumptions eventually made should be clearly stated by 
the risk-assessor. On the contrary, in the case of indepedent parallel assessments of 
risks and benefits, the decision would be taken by the decision-maker and he might 
make assumptions that would not be communicated because they are not part of the 
assessment. He may also tend to apply the precautionary principle in all cases of risks, 
with potential drawbacks for the PFSs market.

When considering communication to consumers in relation to the outcome of 
the RBA, experts did not come to an agreement. For some the outcome of the RBA 
should be communicated in the same way to the risk-manager and to consumers, 
while for others they should be differentiated, in the sense that only management 
measures, taken as a consequence of the assessment results, should be communi-
cated to consumers. Again in the context of communication to consumers, grading 
the evidence and its indication on the label was proposed as an approach to provide 
consumers with more information. Some hesitation regarding the grading of evi-
dence was anyway expressed,  especially in relation to grading of the risk. Consumers 
assume that products on the market are safe and an indication of the level of risk on 
the label could impact their behaviour; actually more research would be needed on 
this aspect. Finally, in relation to  consumers’ role in the RBA, experts agreed on the 
fact that RBA should not be left to consumers.

A. Guzzon and L. Bucchini



433

In conclusion, experts shared the view that RBA is technically feasible. The 
degree of uncertainty related to the evidence for risks and benefits and to the 
 outcome of the assessment should be communicated because it would be  informative. 
Common currencies (e.g. DALYs and QALYs) may also be applied tentatively but 
still some thinking has to be done. The suggestion would be to perform initially a 
qualitative assessment to evaluate if there is clear dominance of risks or benefits and 
then to proceed quantitatively.
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Chapter 15
Consumers’ Understanding of Plant Food 
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Abstract The popularity of plant food supplements continues to increase with research 
indicating that approximately 20% of the population consume such  products. This use 
may reflect disaffection with traditional models of medical care and a shift in focus to 
maintaining overall health and wellbeing. Consumers of plant food supplements tend, in 
the main, to be older, female, well-educated and with a higher than average income. 
Evidence indicates that plant food supplements are used for a variety of reasons but their 
principal roles are in the prevention of certain health conditions or the treatment of  specific 
problems. Consumers tend to perceive plant food supplements as natural  substances and 
consequently are often unaware of the potential risks associated with consumption of 
these products. These risks may include adverse effects, potential  interactions with pre-
scription or over-the-counter drugs and product—related issues. Furthermore consumers 
are often reluctant to discuss the use of supplements with  healthcare professionals and as 
a result are  reliant on a range of other sources of  information, including the internet, fam-
ily, friends and the mass media. Given the  complexity of the information environment 
consumers may struggle to distinguish between resources that are trustworthy,  reliable 
and underpinned by evidence. Further research is needed to examine the influences on 
consumers’ decision making and  behaviours in relation to  consumption of plant food 
supplements, with a view to informing policy makers and regulators.
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15.1  Introduction

In our increasingly health-literate society more and more people are turning to 
Complementary and Alternative Medicine (CAM) as a way of taking a more active 
role in looking after their health (Vos and Brennan 2010). These consumers are 
motivated by a desire to improve/maintain their health above and beyond disease 
prevention, with many users also engaging in healthy lifestyles (Schuster et  al. 
2004). Consumers are adopting a more holistic approach to their personal health 
and have moved from focusing on the absence of illness to perceiving health in 
terms of preventing illness and improving overall wellbeing. Associated with the 
increased usage of CAM in general, is a substantial increase in the use of dietary 
supplements (Ford 2001; Harnack et al. 2001; Kiely et al. 2001; Planta et al. 2000).

Industry sales data on supplements reveal that in the United States of America 
vitamins and dietary supplements continue to grow in popularity, reaching a value 
of 27.6 billion dollars in 2016 (Euromonitor 2016). Within that wider supplement 
market US herbal supplements sales reached 6.4 billion dollars in 2014 (Smith et al. 
2015). The dietary supplement market in Western Europe was valued at 5.4 billion 
euros in 2015 and is expected to grow by 6.3% by 2020 (Statista 2015).

In considering consumers’ use of supplements it is important at the outset to 
understand the terminology used. The term ‘dietary supplement’ is a broad one and 
encompasses a range of products, including vitamins, minerals, herbal and botani-
cal substances, fish oils, glucosamine, creatine and essential fatty acids. The 
European Union (EU) Directive on Food Supplements (2002/46/EC) defines dietary 
supplements (which include plant food supplements, PFS) as:

“food stuffs the purpose of which is to supplement the normal diet and which are 
concentrated sources of nutrients or other substances with a nutritional or physio-
logical effect, alone or in combination, marketed in dose form, namely forms such 
as capsules, pastilles, tablets, pills and other similar forms, sachets of powder, 
ampoules of liquids, drop dispensing bottles, and other similar forms of liquids and 
powders designed to be taken in measured small quantities”. Examples of com-
monly used plant food supplements include echinacea, ginkgo biloba, ginseng, 
green tea extract, St John’s Wort and valerian.

In the USA the Dietary Supplement Health Education Act (DSHEA) defines a 
dietary supplement as a “product other than tobacco that is intended to supplement 
the diet and bears or contains one or more of the following dietary ingredients: a 
vitamin, a mineral, an herb or other botanical, an amino acid, a dietary substance for 
use by man to supplement the diet by increasing the total daily intake, or a 
 concentrate, metabolite, constituent, extract or combination of these ingredients”. 
Furthermore a dietary supplement is intended for ingestion in pill, capsule, tablet or 
liquid form; is not represented for use as a conventional food or as the sole item of 
a meal or diet; and is labelled as a dietary supplement (DHSEA 1994).

Although available information about consumers’ use of dietary supplements in 
general is fairly extensive (Gunther et al. 2004) information relating specifically to 
the use of plant food supplements is surprisingly limited with research findings 
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often reported only within the broader topic of CAM use. Another difficulty in 
 identifying specific information about plant food supplements is the range of 
 terminology used to refer to them, with PFS interchangeably being referred to as 
‘plant foods’, plant extracts’, botanicals’, ‘herbals’ and/or ‘herbs’. PFS in the USA 
often exist as a sub-division of supplements known as ‘Non-Vitamin Non-Mineral 
(NVNM)’ in which botanicals, proteins, amino acids and shark cartilage, are 
included. A further complication arises due to certain plants being used as herbal 
medicines and not specifically as dietary supplements, even though the plants are 
one and the same.

In this chapter we examine consumer usage of plant food supplements with a 
particular focus on understanding how they perceive the benefits and risks  associated 
with them and how this may influence their decision to use such products.

15.2  Consumers’ Use of Plant Food Supplements:  
Benefits and Risks

15.2.1  Who Uses Plant Food Supplements?

The limited data available on plant food supplement usage largely derives from 
either academic literature or business reports. The majority of academic studies 
addressing the use of dietary supplements come from the USA where data is 
 available from a number of sources including the National Health and Nutrition 
Examination Surveys (NHANES), National Health Interview Surveys (NHIS) and 
Health and Diet Surveys.

Data from the 2007 NHIS Complementary and Alternative Medicine supple-
ments provided a picture of the use of CAM more broadly among US adults and 
children (Barnes et al. 2008). The most common types of CAM therapy used by 
adults in the previous 12 months were nonvitamin, nonmineral, natural products 
(17.7%); for children this was 3.9%. The NVNM products most commonly used 
were fish oil, omega-3 or DHA (docosahexaenoic acid) (37.4%), glucosamine 
(19.9%), echinacea (19.8%) flaxseed oil or pills (15.9%) and ginseng (14.1%). 
Another study similarly used data from the National Health Interview Survey 
(NHIS), but across three time points- 2002, 2007 and 2012, to provide national 
estimates of the use of complementary health approaches among US adults (Clarke 
et al. 2015). Again the use of NVNM dietary supplements proved to be the most 
popular approach across the time period- 18.9% in 2002, 17.7% in 2007–2012.

The total usage of dietary supplements may however be higher than reported in 
some surveys because they capture usage only in the 30 days prior to the  respondent’s 
interview and do not allow for seasonal or occasional variation; a point highlighted 
by Dickinson et al. (2014) with respect to data from NHANES. They reported on 
five years of data (2007–2011) from a series of consumer surveys that addressed 
usage, the products used and the health habits of users. These online surveys were 
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undertaken annually by the Council for Responsible Nutrition (CRN) with 2000 
respondents; a demographically representative sample of the US population. 
Nutritional or dietary supplements were defined as “vitamins, minerals, herbals, 
botanicals, sports nutrition or other speciality supplements”.

This study reported that the prevalence of supplement use varied from 64 to 69% 
from 2007 to 2011; the prevalence of regular use ranged from 48 to 53%. A more 
detailed analysis of the data from the 2011 survey revealed that vitamin or mineral 
supplements were used by 67% of all respondents, speciality supplements by 35%, 
herbals/botanicals by 23% and sport supplements by 17%. The finding of herbal or 
botanical supplement usage in the past year by 23% of respondents, was  comparable 
to the NHANES 2003–2006 finding that about 20% of adults reported use of a 
botanical in the previous month (Bailey et al. 2011). The National Health Interview 
Survey similarly reported that 18% of adults said that they used herbal supplements 
in the 2007 alternative medicine supplement (Wu et al. 2011).

Data on the use of dietary supplements generally and plant food supplements 
specifically elsewhere in the world are more limited. A representative population 
survey was conducted on the use of complementary and alternative medicine in 
South Australia in 2004, involving 3015 respondents and addressing the use, cost, 
beliefs and quality of life of users of CAM (MacLennan et al. 2006). The products 
used included herbal medicines, traditional medicines, vitamin, mineral and 
 nutritional supplements as well as homeopathic medicines and aromatherapy 
 products; CAM practices included a diverse range of therapies.

Results from the survey indicated that CAMs were used by 52.2% of the 
 population surveyed, in the past year. Vitamins were used most (39.2%) followed by 
herbal medicines (20.6%) and mineral supplements (13.6%). The greatest use was 
in women aged 25–44 years, with higher income and education levels. CAMs were 
used mostly to maintain general health with reasons for use varying with age, 
 marital status and education; although CAM users had lower quality of life scores 
than non-users.

The increasing use of dietary supplements in Europe was reported in a number 
of studies (Knudsen et al. 2002; Messerer et al. 2004; Ocké et al. 2005) but with 
limited information on the prevalence and types of supplements used. Information 
on dietary supplement use emerged from the European Prospective Investigation 
into Cancer (EPIC) and Nutrition calibration study in which specific questions were 
asked on dietary supplement use as part of single 24-h dietary recalls (Skeie et al. 
2009). The EPIC study included more than half a million participants in 10 European 
countries- Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, 
Spain, Sweden, and the United Kingdom (Riboli et al. 2002) Across all countries 
the crude mean percentage of supplement users varied from 2 to 51.8% for men and 
from 6.7 to 65.8% for women. There was a clear north-south gradient in use with the 
highest consumption in Scandinavian and the lowest in Mediterranean countries. 
Participants mainly reported the use of vitamins, minerals or combinations of the 
two with herbs/plant-based supplements representing 8–17% of the products used.

More recently Garcia-Alvarez and colleagues reported on the usage of plant food 
supplements across six European countries in the PlantLIBRA Consumer Survey 
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(Garcia-Alvarez et  al. 2014). Data on the usage of plant food supplements were 
 collected in a cross-sectional, retrospective survey of PFS consumers in Finland, 
Germany, Italy, Romania, Spain and the United Kingdom. Overall an estimated 
18.8% of screened survey respondents used at least one plant food supplement and 
across the countries 491 different botanicals were identified in the products used. 
Characteristics of supplement users included being older, well-educated, never 
 having smoked, and self-reporting their health status as good.

Other studies of dietary supplement use focus on specific populations, including 
pre- and post-menopausal women (Pakzad et  al. 2007), individuals with chronic 
conditions (Mehta et al. 2008) and older adults (Marinac et al. 2007). The latter 
study involved a survey of the use of herbal products and dietary supplements 
among American adults aged 60 years and older. A face to face survey was  conducted 
with 267 men and women in Kansas City metropolitan area with questions on usage, 
patterns of use, attitudes about and knowledge of herbal products and dietary 
 supplements. Results revealed that 21% of respondents were currently taking at 
least one herbal product or dietary supplement with glucosamine, garlic, echinacea 
and Gingko biloba being the most used products. The most common  reasons pro-
vided for use were to improve general wellness, to help manage arthritis, to help 
prevent or manage colds or to improve memory. White women with some college 
education were most likely to report usage but preservation of health was the most 
predicative factor for use.

Children are another of the specific populations studied. Data on the feeding of 
dietary botanical supplements and teas to infants in the United States were obtained 
from the Infant Feeding Practices Study II, a longitudinal survey of women studied 
from late pregnancy through their infant’s first year, conducted by the US Food and 
Drug Administration and the Center for Disease Control, between 2005 and 2007 
(Zhang et  al. 2011). Less than one tenth of infants (9%) were given botanical 
 supplements or teas in their first year, including infants as young as one month. 
Maternal herbal use, longer breastfeeding and being Hispanic were significantly 
associated with giving supplements. Sources of information included friends or 
family, health professionals and the media.

The prevalence and predictors of children’s dietary supplement use in the US 
were also examined using data from the Complementary and Alternative medicine 
supplement of the NHIS 2007 in which information was provided by proxies for 
children less than 18 years old (Dwyer et al. 2013). These results indicated that 37% 
used dietary supplements; 31% using multivitamin multimineral supplements 
exclusively and 2% using non vitamin, nonmineral products either singly or in 
 combination with other supplements. Users were more likely to be Asian, white or 
non- Hispanic; to belong to families with higher parental education, and income 
levels, to be in good, very good or excellent health and have private medical 
 insurance. Herbs and herbal medicines were used by 1.26%, more than twice as 
much use as in the next highest category of NVNM products.

In general higher use of dietary supplements has been associated with being 
female, better educated, having a higher income, being white and being older 
(Bailey et  al. 2011; Nayga and Reed 1999; Timbo et  al. 2006). The study by 
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Dickinson and colleagues, for example, reported that supplement use increased with 
age and was higher in women than in men (74% vs. 64%); higher in older age 
groups, (78% in those aged 55 and older, 69% in those aged 35–54 and 60% in those 
aged 18–34) and more prevalent in people with higher household income (73% in 
households with incomes of $50,000 or more per year and 64% in households with 
lower incomes). Alkhateeb et al. (2006) examined what factors influence consumer 
spending on herbal products in a survey of a stratified random sample of 1300 con-
sumers in the USA (18+). A total of 181 consumers reported using herbal products 
and the significant influences on spending were age, (older people spent more than 
younger people), over the counter (OTC) drug use, (positively associated with 
spending on herbals) and use of an herb professional as a source of information.

Other evidence shows that users of PFS are more likely than non-users to have 
better dietary patterns, exercise regularly, maintain a healthy weight and avoid 
tobacco products (Mackay and Dickinson 2014; Wiens et al. 2014).

15.2.2  Why Do Consumers Use Plant Food Supplements?

Numerous studies have addressed the question of why consumers use dietary 
 supplements and what benefits they are seeking. The overall conclusion is that 
 supplements are used primarily to improve or maintain overall health and wellbeing 
but motivations for use may also be condition –specific.

A study in a Southern US city explored the consumption patterns and behaviours 
of vitamin and herb users, employing both qualitative and quantitative methods 
(Peters et  al. 2003). Interviews were conducted with consumers of dietary 
 supplements and pharmacists and a survey distributed, via pharmacies, to 900 
 customers, who had consumed vitamins. Of the 225 survey respondents 76% 
reported taking vitamins on a daily basis and 27% taking herbs, flowers or roots. 
Consumers cited a wide range of reasons for using supplements, including curing an 
ailment, preventing chronic diseases, gaining “peace of mind”, supplementing a 
poor diet, saving money on medical care and achieving cosmetic benefits. For the 
majority of consumers treating a particular ailment was given as the primary reason 
for supplement use; several reported using vitamins and herbs to counteract the 
negative side effects of prescription drugs. Many participants expressed the opinion 
that taking supplements gave them an element of control over their health.

Similar findings have emerged from other studies conducted with both the 
 general population and specific groups. In a review of the use of herbs as medicines 
Winslow and Kroll concluded that consumption of herbal products could be 
 attributed to patients desiring greater autonomy in the management of their health, 
including the management and prevention of long –term conditions such as diabetes 
and arthritis (Winslow and Kroll 1998). In their analysis of the data from the Council 
for Responsible Nutrition survey of 2011 Dickinson and colleagues reported that 
the reasons most often cited for supplement use were overall health and wellness 
(58%) and to fill nutrient gaps in the diet (42%). Supplement users were  significantly 

B. Egan et al.



443

more likely than non-users to say that they tried to eat a balanced diet, visit their 
doctor regularly, get a good night’s sleep, exercise regularly and maintain a healthy 
weight (Dickinson and MacKay 2014).

In contrast other research has suggested that dietary supplement users may rely 
on supplements to compensate for the effects of poor lifestyle choices (Lonn 2012) 
or that supplement use may promote a licensing effect, allowing users to engage in 
risky or unhealthy behaviours (Chiou et al. 2011).

A survey of patients undergoing elective surgery was undertaken by Adusumilli 
et  al. (2004), using a self-administered questionnaire that examined self-health 
 perceptions, herbal medicine use, and communication of usage to surgical staff. 
Over half of respondents, (57%), had used herbal products at some point in their 
lives; 38% in the past two years. The most common products used were echinacea 
(48%), aloe vera (30%), ginseng (28%), garlic (27%), and Ginkgo biloba (22%). 
One in six patients continued to use these products during the month of surgery. 
Patients reported using herbal products for personal autonomy on health (26%), 
 dissatisfaction with conventional health care (17%), ease of availability (14%), and 
for spiritual and religious beliefs (5%). Some reported using these products for 
chronic medical problems (38%); other reasons included weight problems, to 
improve concentration, energy, memory and general health, to resolve stress and 
sleeping problems, to prevent the ageing process and cancer.

Similar results emerged from a study undertaken with users and non-users of 
PFS in Italy, Romania and the United Kingdom within the PlantLIBRA European 
project (Authors unpublished results). Users viewed PFS as being ‘natural’  products, 
unlikely to cause significant harm and an alternative to conventional medicine. In 
addition PFS were perceived as compensating in part for demanding and/or 
unhealthy lifestyles and addressing dietary deficiencies.

The reasons underlying the consumption of supplements may be more complex 
as evidenced by a number of studies in the UK that examined the use of dietary 
supplements in a cohort of women (Conner et  al. 2001, 2003). These studies 
employed the Theory of Planned Behaviour (Ajzen 1991) to investigate supplement 
use. Intentions emerged as a strong predictor of supplement use; health value and 
susceptibility to illness were also significant predictors. Users of supplements 
believed more strongly than non-users that taking dietary supplements would 
 prevent them getting ill and help them to be healthy.

15.2.3  What Risks Are Associated with the Consumption 
of Plant Food Supplements?

The increased use of dietary supplements has led to concerns about the safety of 
these products and the potential health risks associated with their usage. Consumers 
perceive that dietary supplements can be helpful in maintaining good health, 
 reducing health risk factors and preventing chronic diseases but problems may arise 
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for a variety of reasons including improper/inappropriate product use, adverse 
effects and product-related issues including poor quality, questionable composition, 
purity and strength.

Adverse effects have been reported for plant food supplements (Di Lorenzo 
et al. 2015; Lüde et al. 2016; Restani et al. 2016) and are described in detail in 
Chap. 5. Results from the US Health and Diet Survey of 2002 revealed that 73% of 
respondents had used a dietary supplement of which 4% had experienced an adverse 
event, that they believed might be related to the dietary supplement (Timbo et al. 
2006). A higher proportion of supplement users with adverse events than users 
without adverse events were taking supplements and prescription medicines 
 concurrently or were taking supplements instead of conventional medicines to treat 
or prevent a health condition.

There is evidence from numerous studies that consumers are unaware of the 
potential harmful interactions between medicines and dietary supplements 
(Eisenberg 2003;Tsen et al. 2000) and this is a cause for concern given the  finding 
that 16% of prescription drug users take one or more dietary supplement 
(Kaufman et al. 2002). An analysis of data from the 2002 NHIS survey revealed 
that 21% of adult prescription medication users reported using a nonvitamin 
dietary (NVD) supplement in the prior 12 months with the most commonly used 
supplements including echinacea, ginseng, ginkgo, garlic and glucosamine 
 chondroitin. Furthermore, of those using both prescription and NVDs 69% did 
not discuss their use of a combination of products with a conventional medical 
practitioner (Gardiner et al. 2006).

Studies with consumers reveal an unwillingness to report or discuss suspected 
adverse reactions with health care professionals or any official bodies. One such 
example is the study by Walji and colleagues that examined how consumers 
responded when they believed they had experienced Natural Health Product (NHP)-
related adverse drug reactions (Walji et  al. 2010). Qualitative, semi-structured 
 interviews with 12 consumers who had self-identified NHP-related adverse drug 
reactions revealed that generally they were not comfortable discussing their 
 suspected adverse reactions with their health care provider, preferring instead to do 
so with personnel from a health food store, friends or family and no one reported 
their reactions to a regulatory body.

A series of experimental studies were conducted by Lynch and Berry (2007) with 
convenience samples of the general population with a view to investigating their 
views about the efficacy and specific risks of herbal, over-the –counter (OTC), and 
prescribed medicines and their likelihood of taking a second, (herbal or OTC), 
 product in addition to a prescribed medicine. Participants believed herbal remedies 
to be less effective but safer than OTC and prescribed medicines and they were 
perceived as being less likely to give rise to adverse effects, to interact with other 
medicines and to lead to dependency. Results indicated that participants would be 
more likely to take a herbal medicine than an OTC medicine in addition to a 
 prescribed product and less likely to consult their doctor in advance.

In the study by MacLennan et al. (2006) in South Australia 49.7% of CAM users 
reported the use of conventional medicines on the same day and 57.2% did not 

B. Egan et al.



445

report the use of CAMs to their doctor. It emerged that about half of the respondents 
thought that CAMs were tested independently by a government agency- 74.8% 
believed they were tested for quality and safety, 21.8% for what they claimed and 
17.9% for efficacy.

These findings lead to consideration of the regulations for dietary supplements, 
which are very different from those for prescription and over-the-counter (OTC) 
drugs. An extensive legal framework is in place for pharmaceutical products; in 
Europe the European Medicines Agency (EMA) has responsibility for the  evaluation 
and monitoring of the safety and efficacy of pharmaceuticals and Directive 2001/83/
EC requires that all medicines are registered before they are placed on the European 
market (EC Directive 2001; Eussen et al. 2011).

Food supplements, in contrast, are regulated under food safety legislation by the 
Food Supplements Directive (2002/46/EC). Herbs and botanicals may occur as 
ingredients in certain dietary supplements i.e. in combination with vitamins and 
minerals but also constitute a distinct sub-group of supplements (EC Directive 
2002). A product containing herbs or botanicals may be considered a medicine, 
depending on the purpose of its use i.e. if presented as having properties for treating 
or preventing disease or when it is used to restore, correct or modify physiological 
functions by exerting a pharmacological, immunological or metabolic action (EC 
Directive 2004). This may lead to confusion on the part of the consumer as a  product 
with the same active ingredient(s) and in the same dosage may be marketed and sold 
as a medicine in some European countries but as a dietary supplement in others. The 
regulation of plant food supplements is dealt with in detail in Chap. 2.

In 1994 the introduction in the United States of the Dietary Supplement Health 
and Education Act (DSHEA) created a new structure for regulating dietary supple-
ments. Under the DSHEA it became the manufacturer’s responsibility to ensure the 
safety of a dietary supplement before it came to market and generally it was not 
necessary to register or gain approval from the Food and Drugs Administration, 
(FDA), before introducing products for sale. This allowed botanicals to be marketed 
with few regulatory controls, provided that no claims were made regarding disease 
prevention, cure or detection; instead so-called structure-function claims could 
relate to enhancing or maintaining normal physiological functions of the body. The 
introduction of the DSHEA resulted in a dramatic increase in the use of plant food 
supplements.

Subsequently a number of studies have examined how information about the 
regulation of dietary supplements can affect consumers’ beliefs about the safety and 
effectiveness of the supplements. In a study by Ashar et al. (2007) 335 physicians 
were tested on their knowledge of the FDA’s role in regulating dietary supplements - 
only 59% of questions were answered correctly. In a study by Dodge and Kaufman 
(2007) with a sample of college students (n = 262) results showed that individuals 
were not very knowledgeable about the FDA’s role in regulating dietary  supplements. 
Making participants explicitly aware that the FDA did not approve a dietary 
 supplement lowered the safety ratings of the product but had no effect on 
 effectiveness ratings. The addition of a structure- function disclaimer (which 
 specifically states that that the product is not intended to treat, cure, diagnose or 
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prevent a disease) had the opposite effect i.e. it lowered the effectiveness ratings but 
did not affect safety ratings.

Peters et  al. (2003) addressed the issue of over-consumption in their study of 
vitamin and herb consumption. Their interviews with consumers revealed that they 
could be segmented into two groups i.e. those who may be over-consuming dietary 
supplements because of confusion as to what constitutes an appropriate daily  dosage 
or those who make a conscious decision to take more than the recommended daily 
dosage on the package.

The former group of consumers expressed some concern about their  consumption 
and indicated that this was due to a lack of knowledge about supplements and 
appropriate dosages. They were often confused by the range of dosages available 
and the instruction to take one pill per day. The latter group of consumers expressed 
the opinion that supplements were not harmful and perceived that high dosages help 
to prevent and treat diseases.

Toxicity associated with PFS may arise also from problems with the produc-
tion of products, such as the misidentification or mislabeling of the botanical 
used in the product, use of incorrect parts of plants, contamination or adulteration 
with pharmaceutical agents or contamination with pesticides, herbicides, heavy 
metals or microbes (Van Breemen et al. 2008). To counter these problems there is 
a need for efficient and rigorous systems of quality control at all stages of product 
production.

15.3  What Influences Consumers’ Use of Plant Food 
Supplements

In striving to understand why consumers use plant food supplements it is important to 
recognise and examine what factors may affect their decision to use supplements. 
Indications from the literature are that a broad swathe of influences may have a role in 
informing consumer choice and affecting consumer behaviour, including health pro-
fessionals, family, friends and the mass media (Peters et al. 2003; Ritho et al. 2002). 
Given the broad range of factors, at different levels, that may be influencing  consumers, 
it is useful to utilise a social ecological model as a framework for the discussion An 
ecological framework recognises that behaviour is affected by  multiple levels of 
 influence, often including intrapersonal (biological,  psychological), interpersonal 
(social, cultural), organisational, community, physical environmental, and policy 
(Sallis et al. 2006).

Considering each of these levels we can examine the socioecological influences 
that may affect consumers’ decisions to use plant food supplements (Fig. 15.1).

The factors at individual level include knowledge, attitudes and beliefs and these 
have been dealt with to a large extent in Sect. 15.3.2 as have the social determinants 
of PFS consumption. The next level of influence represents an individual’s 
 interactions within their social networks such as family and friends. Several studies 
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with consumers of dietary supplements have cited family and friends as a source of 
recommendation, for example a study of US adults, 18 years and older revealed that 
family, friends and written materials were the leading sources of information 
(Harnack et al. 2001). Ritho and colleagues reported that friends were by far the 
most common source of information about herbs, used by 67.4% of participants in 
their survey of what influences consumer use of herbal therapies (Ritho et al. 2002). 
Family and friends were also mentioned in the study by Peters and colleagues and 
regarding family some consumers mentioned taking supplements on the advice of a 
family member and rarely questioned that advice (Peters et al. 2003).

The exosystem represents the wider community environment that influences 
access to and the consumption of plant food supplements. This is the society that the 
individual inhabits and we can identify some potentially key influences that con-
sumers may interact with and seek advice from i.e. manufacturers and retailers, the 
mass media and healthcare professionals.

15.3.1  Manufacturers and Retailers

The retail environment in which plant food supplements are purchased represents a 
significant influence on consumers. In the study by Ritho and colleagues grocery 
stores and health food stores were the most prevalent places where herbs were pur-
chased (44.9% and 44.2% respectively), followed by pharmacies (33%). Consumers 
refer in some instances to store displays as a source of information (Marinac et al. 
2007) and in a study of consumers in an urban health food store 41% relied on retail 

Macrosystem (Policies)
Legislation, policies, advertisement and marketing regulations, health claim regulations,

food safety standards

Exosystem (settings)
e.g businesses, mass media, health service organisations

Mesosystem
Links between systems

Microsystem
e.g. an individual’s social networks, social supports, families,

peers, friends, neighbours

Individual
e.g. an individual’s knowledge, skills, attitudes,

values, preferences, emotions, values, behaviour,
socio-economic status

Fig. 15.1 A socio-ecological model for understanding plant food supplement consumption. 
Adapted from McLeroy et al. (1988)
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staff for dietary supplement information (Archer and Boyle 2008). The availability 
of dietary supplements in supermarkets and other retail outlets has become more 
widespread, increasing access to these products for consumers but providing little 
in the way of advice on the appropriate use of these substances.

In a dynamic, competitive environment marketing of supplements needs to use 
an information strategy that is very clear and considers the segmentation of the 
market and the target groups, from medically skilled professionals to the mass 
 consumer market (Mark-Herbert 2003). The development and marketing of dietary 
supplements is directed by the needs of the new conscious consumer, careful to 
 follow healthy lifestyles, who wants correct information to facilitate choosing 
 products in a competent way (Ethan et al. 2015).

Given the constraints of the regulatory environment manufacturers and  retailers 
need to rely on how they promote their products and what information is presented 
on product packaging. Packaging is a vital tool in marketing and fulfils two 
 functions- to contain the product and to serve as the interface with the consumer 
(Sara 1990). Package design provides product category information and can 
 ‘position’ a product within a category (Ampuero and Vila 2006) as well as 
 communicating brand identity and values (Schoormans et  al. 2010). There is 
ample evidence that consumers’ product attitudes and purchase decisions are 
influenced by their preferences relating to package design (Creusen and 
Schoormans 2005) and that package graphics have the potential to influence 
 consumers’ product related behaviours (Westerman et al. 2013). However there 
has been little research to date on the effect of the different elements of packaging 
on consumers’ perceptions of plant food supplements.

Packaging was identified in the Plant LIBRA consumer survey as one of the 
 principal sources of information for consumers. A number of different studies within 
the PlantLIBRA project examined consumer responses to the packaging used for 
plant food supplements. In the previously mentioned focus groups, with users and 
non-users of PFS, in Italy, Romania and the UK it emerged that users had a strong 
preference for packaging that was simple, clear and informative (authors’  unpublished 
results). A further study examined the use of packaging cues to determine the 
 perceived risks and benefits of a particular plant food supplement, in this instance 
Ginkgo biloba. A sample of users and non-users of PFS, again in Italy, Romania and 
the UK, were presented with a series of product variants whereby certain product 
attributes, (product name, image used, claim type and warrant type) were varied and 
participants were asked to rate the anticipated benefit and risk for each product. The 
results indicated that 82% of participants’ judgements of  benefits were  influenced by 
packaging and 69% of their judgements of risks were also influenced by  packaging. 
Furthermore participants attended to different elements of the packaging to make 
 judgements of benefits and risks (Authors, unpublished results).

In addition to packaging marketing of supplements may rely on the use of  scientific 
jargon to persuade consumers to purchase supplements and may claim to promote 
health or prevent disease in ways that confuse the consumer (Bolton et al. 2008). 
Health claims have the potential to provide consumers with important  information 
regarding supplements; health claims are those that state, suggest or imply a 
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 relationship between a food or food category and health, with a requirement that the 
claim is scientifically proven (EC Regulation 2006). In the EU medical claims, i.e. 
claims for the prevention, treatment or cure of human diseases are reserved for 
 medical products whereas food supplements are subject to the Health Claims 
Regulation (EC) 1924/2006. It is within this regulatory environment that PFS 
 manufacturers and retailers have to communicate the benefits of their products.

Several studies have demonstrated that consumers do not always understand 
nutrition and health claims as they are intended (Bech-Larsen and Grunert 2003; 
Verhagen et al. 2010). In the United States structure/function claims were autho-
rized under the DSHEA (1994) to describe the effect of a dietary supplement on the 
 structure or function of the body. Such claims do not require FDA approval before 
being used on labels and must be accompanied by the following disclaimer: “This 
product is not intended to diagnose, treat, cure or prevent any disease”. In a US 
study the authors examined consumer beliefs derived from structure function claims 
and disease claims including how such claims were interpreted when accompanied 
by disclaimers (Russo France and Fitzgerald Bone 2005). In this study consumers 
made no distinction between structure -function claims and disease claims on a 
supplement label although consumers existing beliefs systematically biased 
 product- specific judgements regarding efficacy and scientific certainty. General 
beliefs about the supplement industry affected product specific efficacy judgements 
and consumers for whom disease prevention was important were more likely to 
place faith in both types of claims. Relatively little is known about the factors that 
may enhance the persuasiveness of the information used to promote dietary 
 supplements. A study by Haard and colleagues (Haard et al. 2004) examined the 
effect of the use of scientific jargon and attributed versus unattributed citations on 
message persuasiveness. Results indicated that the use of scientific jargon to create 
the impression of a sound scientific basis for claims increased message  persuasiveness 
status. In addition no effect was found for attributed versus unattributed citations.

15.3.2  The Mass Media

The mass media represents an important means of communication with consumers 
and for the majority of consumers will be the prime source of information on plant 
food supplements, (Weeks and Strudsholm 2008). With the rise in the use of dietary 
supplements over recent decades coverage in media sources has increased and 
 contributed to the growing awareness of plant food supplements, in part by  providing 
reports on the effects of botanicals (Chang 2000). A 2007 survey of Americans, 
aged 60 and over, revealed that 73% of participants reported television as the most 
common source of information, followed distantly by magazines and radio, 
 newspapers, friends and store displays (Marinac et  al. 2007). These findings 
reflected those from a study with women in an urban health clinic which revealed 
the most common sources of dietary supplement information to be radio and 
 television, followed by family, newspapers and magazines and friends. In the study 
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by Peters et  al. (2003) the media influences reported by participants included 
 advertisements, books, magazine articles, newspapers, television stories and the 
internet. Results from their survey indicated that the more products a consumer uses 
the more influence sources other than the doctor have on consumer‘s supplement 
use and that the media is particularly important.

Consumers of multiple supplements in this particular study emphasised the 
importance of self-education as medical staff were seen often to be lacking 
 knowledge about these products. Access to various media sources was seen as a 
means to facilitate this self-education with respondents confident that they only 
used valid, reliable sources. The authors questioned the ability of the public to 
 distinguish between truly independent research on dietary supplements from, for 
example, advertising which may appear scientific in its content and presentation.

Dietary supplements, including plant food supplements, are widely marketed 
and readily available for purchase online via internet retailers. In addition, a  plethora 
of non-retail websites provides information about these dietary supplements. The 
internet has contributed to the increased interest in and use of herbal supplements. 
Various studies have indicated that 36–55% of all internet users have accessed 
 medical information, with one US study revealing that 48% of those seeking 
 information on CAM had used the internet (Baker et al. 2003).

The extremely high number of adults using the internet to look for health-related 
information (approximately 83% of all American adults, Zickuhr 2010) has led to 
increased concerns with respect to the potential for inadequate labelling of dietary 
supplements, including exaggerated reports of efficacy and minimal safety warn-
ings. In fact, for many of these products there is little evidence of their use and 
information available online is often lacking, insufficient, or incorrect.

In 2014 researchers at Idaho State University published the results of a study that 
focused on the state of online information available for top selling herbal products 
according to the most recent US nationwide survey (include cranberry, Echinacea, 
flaxseed oil, ginseng, ginkgo biloba, garlic, green tea, grape seed extract, saw 
 palmetto, and soy) (Owens et  al. 2014). Researchers conducted two different 
searches (general and shopping) to analyse Web site content that would likely be 
encountered by the typical consumer going online to learn about or purchase an 
herbal product. The general search was used to evaluate information on nonretail 
sites and the shopping search to evaluate information on retail sites.

For the retail search, the researchers noted whether the site included the correct 
plant species name, statements regarding product standardization, the Food and 
Drug Administration (FDA) disclaimer, a list of potential adverse effects, medical 
contraindications, safety of use in certain circumstances (pregnancy, lactation, 
 pediatrics), known interactions, a recommendation to consult with a healthcare 
 professional before use, and also the presence of references or citations of medical 
or scientific literature. For the nonretail search, the safety information assessed was 
similar, but they also noted whether a mechanism of therapeutic action was included, 
as well as recommended dosage, and whether any indication of efficacy was 
mentioned.
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The study revealed that, of the 1179 websites examined, less than 8% provided 
information regarding adverse effects, drug interactions, or other safety  information. 
Only 10.5% of the sites recommended discussing the use of the herb with a 
 healthcare professional. Sites that sold products were less likely to recommend 
 consulting with a healthcare professional compared to sites that only provided 
information. Less than 3% of websites cited any scientific literature to back their 
claims. Fourteen percent of the retail websites included information that violated 
FDA criteria by making claims about diagnosing, treating, preventing, or curing a 
disease. These claims were more common for sites selling soy, black cohosh, and 
green tea extract with 20 to 38% of claims violating FDA criteria.

The authors thus concluded that retail sites continue to make illegal disease 
claims, but do so less commonly than 10 years ago, since just more than 13% of 
retail sites make such claims compared with 55% of sites in a previous analysis by 
Morris and Avorn (2003).

Nevertheless, not all herbal information on the internet is misleading; nonretail 
sites are frequently found when conducting an online general search for information 
on herbal products. A review of the most popular hits on a general search will 
include information from the NCCAM (National Centre for Complementary and 
Alternative Medicine), the Mayo Clinic, and other medical or educational  institution 
supported sources that more often provide balanced information with respect to 
efficacy and safety. There is often a recommendation on these websites sites for 
individuals to consult their healthcare providers before using a supplement.

However, it should be noted that there also are many sites that will be found in a 
general search that are administered by amateur herbalists and enthusiastic 
 proponents of these products. Such sites may appear to be or are portrayed as 
 “medical information” but in fact are maintained by individuals whose credentials 
are questionable or absent. Taken together, however, the information contained on 
many nonretail websites is more often referenced and at a minimum contains the 
warnings and safety precautions for special populations (pregnant women, children) 
which afford some consumer protection, when compared with information on retail 
sites. Many of these sites contain authoritative information that can help consumers 
make more informed decisions about the use of these products.

Among people using the internet for health-related information there are not 
only lay consumers but also physicians and other healthcare professionals; besides 
traditional sources of information, such as scientific publications and  medical sales 
representatives, they are increasingly using newsletters, company and nonretail 
websites and social media to remain constantly updated on this issue.

Another very important influence at this level are the interactions that consumers 
have with healthcare providers, be it a medical doctor or one of a range of other 
health professionals. Results from in depth interviews with dietary supplement 
users in the US indicated that a primary source of influence is their physician and 
other health professionals may also have a role, including dentists, nutritionists, 
pharmacists and personal trainers and several respondents valued their opinions 
more highly than those of their physician (Peters et al. 2003).
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15.3.3  Health Professionals

Given their potential role in advising consumers several studies have been 
 conducted among healthcare professionals addressing their attitudes, beliefs 
and knowledge regarding dietary supplements (Dickinson et al. 2009; Lederman 
et al. 2009; Ten Hove 2011). The majority of studies have focused on dieticians 
who are regarded as experts on healthy diet and lifestyle and thus may have a 
significant influence on consumers’ decisions regarding plant food 
supplements.

A study in Oregon examined the perceived knowledge, attitudes and 
 practices of licensed dietitians, (n  =  202), regarding the effectiveness and 
safety of functional foods, nutrient supplements and herbs as complementary 
medicine (Lee et al. 2000). More than 80% were confident of the effectiveness 
of functional foods and nutrient supplements for the prevention of illness and 
treatment of chronic illness and 89% were confident of their safety for these 
uses. However fewer than 75% considered herbs to be safe and only 50% had 
confidence in the effectiveness of herbs. Only 10% of respondents considered 
themselves knowledgeable about herbs for  prevention and treatment of 
illness.

Another study addressed the knowledge, attitudes, opinions, personal use 
and recommendations to clients about herbal supplements by Massachusetts 
registered dietitians (Cashman et  al. 2003). Results from the study indicated 
that 73% of respondents had little or no knowledge of herbal supplements 
although 22% had recommended herbs to clients in the past year. In the 
European context a study by Ten Hoeve (2011) examined the beliefs and 
 recommending practices of Dutch  dieticians. Herbal –based supplements were 
recommended by 13%; green tea mainly for all purposes (prevention, treatment 
or enhancement), followed by St John’s wort. The majority of respondents 
(94%) perceived dietary supplements to be at least moderately safe, 75% 
 considered supplements moderately effective in prevention, 91% for treatment 
and 59% for performance enhancement.

In the broader context Kemper et  al. (2006) conducted a cross-sectional 
 survey of physicians, pharmacists, nurses, dietitians and trainees about Herbs 
and Dietary Supplements (HDS) in 2004–2005, questioning knowledge, 
 confidence and communication practices. Results gave mean scores of 66% 
correct for knowledge; 53/95 on the confidence scale and 2.2 out of 10 on com-
munication practices. On average scores were lowest for those who used fewer 
HDS, trainees and nurses compared to physicians, pharmacists and dietitians. 
A previous survey by the same authors (Kemper et al. 2003) had also identified 
the need for significant improvement in levels of knowledge and confidence 
about herbs and dietary supplements as well as communication practices.

The final level in the model is that of policies, which are adopted and imple-
mented at the national or international level. The legislative and regulatory policies 
are detailed elsewhere in this book.
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15.4  Conclusions and Implications for Future Policy 
and Research

The use of plant food supplements continues to be popular among consumers with 
studies indicating that approximately 20% of the population consume such  products. 
This use is thought, in part, to reflect an increasing desire by individuals for greater 
autonomy over their health and a shift in focus from the absence of ill-health to the 
maintenance of both physical and mental wellbeing. The general profile of a  consumer 
of PFS is older, female, well-educated and with a higher than average income.

Consumers use plant food supplements for a variety of reasons but in the main 
they appear to be seeking to prevent certain health conditions occurring or 
 alternatively to treat specific problems. Traditionally pharmaceutical drugs were 
used to cure/treat disease but over time the use of medicines to reduce the risk of 
certain diseases has become normal practice. Concurrently there has been a rise in 
the use of dietary supplements and functional foods which occupy the middle 
ground on the continuum from foods to medicines. In contrast to functional foods 
dietary supplements are sold as pills, powders, capsules or liquids and are intended 
to supplement the diet but the evidence suggest that consumers do not view 
 supplements, particularly plant food supplements in this way. Consumers tend to 
perceive PFS as ‘natural’ substances and hence safe, and as potentially effective for 
a number of health problems, which is a cause for concern for stakeholders. However 
the reasons for use may be more complex and research needs to shift from simple, 
descriptive studies to exploring the use of socio-behavioural models that provide a 
better understanding of the reasons for PFS consumption.

As a consequence of the perception that PFS are safe consumers are often 
unaware of the risks associated with consumption of these products, both in terms 
of adverse effects and the potential for interactions between PFS and prescription or 
over-the-counter drugs. There is ample evidence that consumers do not discuss the 
use of PFS with their primary healthcare provider and consequently there is no 
means of monitoring usage of these products. There is further confusion in relation 
to how much of a product should be consumed and for how long, leading to the risk 
of over-consumption. Furthermore it becomes evident that the status of PFS as food 
is unknown to many consumers, who assume, wrongly, that these products are 
tested and regulated in the same manner as pharmaceutical drugs.

Consumers often regard their medical practitioners as lacking in knowledge 
regarding supplements and tend to rely on other sources of information. In the main 
consumers tend to rely on the internet and on family and friends for information on 
PFS; those who use these sources also tend to trust them. The consumer information 
environment is multilayered and it may be difficult for consumers to distinguish 
between those sources which are reliable and underpinned by sound scientific 
 evidence. This is a cause for concern for both stakeholders and some consumers who 
deplore the lack of qualified information and professionals’ involvement and who 
highlight the need for accessible trustworthy information. The provision by regula-
tory bodies, for example, of reliable internet resources on PFS may be one solution.
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It becomes apparent that consumers considering PFS are subject to a range of 
influences and policy makers may need to adopt a more holistic approach to policy 
development in this area, taking account of pre-existing beliefs and biases that affect 
consumers’ decision making and behaviours. Future research will need to suggest a 
solution for the misalignment between policies and consumer perceptions 
 (education, stricter regulation etc.)
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