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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
overview of 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 approach proposed by the European Food Safety Authority (EFSA), the Threshold of
Toxicological Concern (TTC) and the Margin of Exposure (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 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 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 supplements.1,2 The Scientific Committee of the European Food Safety
Authority (EFSA) issued a guidance in which a general framework for the safety assessment of botanicals and botanical
preparations was presented.3 In this opinion, it was recommended 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 preparations,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 quality with 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 to Chinese star anise (Illicium verum) used in many
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, and 22 people were hospitalized due to tonic-clonic insults.7,8
Electroencephalograms (EEGs) showed epileptiform abnormalities, 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 accidentally exchanged for the non-toxic Chinese star anise (Illicium

verum).7 After this incident and the detection of 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 contamination 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 preparation 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 incident 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.
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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

Food Funct., 2011, 2, 760–768 | 761

Published on 01 August 2011. Downloaded on 14/03/2016 11:11:03.

View Article Online

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 preparation 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 experimental 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 kg1 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 structurally-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 kg1 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 assessment 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 Furthermore, 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 mathematical 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 disadvantages connected to the use of qualitative and quantitative
approaches such as ALARA and low-dose cancer risk extrapolation, 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 exposure 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 exposure 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 corresponding to 0.0025 mg kg1 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 structurallyrelated 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 assessment 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 document 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/recommended 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 carcinogenic 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-containing 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 alkaloidcontaining plants in food, such as Senecio spp., Symhytym spp.,
Crotalaria spp. and Heliotropium spp.26–29 The use of pyrrolizidine 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 kg1.30 In Germany, the exposure to pyrrolizidine alkaloids
may not exceed 0.1 mg day1 when pyrrolizidine alkaloids containing 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 containing products.33
Alkenylbenzenes including apiole, b-asarone, elemicin, estragole, methyleugenol, myristicin and safrole (Fig. 2) are converted
by cytochromes P450 and sulfotransferase (SULT)-mediated
biotransformation to genotoxic and carcinogenic 10 -sulfooxymetabolites 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 prohibited within the EU because of their genotoxic and carcinogenic potentials, currently no harmonized restrictions have been
made in the EU with regard to the use of alkenylbenzene-containing 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 medicine. 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 activation 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 kg1, and
aristolochic acid II was found in 13 of these samples up to
444 mg kg1.39
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 pseudoephedrine, norephedrine, methylephedrine and norpseudoephedrine 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.

these compounds produce a sympathomimetic response, characterized by increased heart rhythm, hypertension (elevated
blood pressure) and central nervous system stimulation. p-Synephrine (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 Chihshih. 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 supplements 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 traditional 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. aurantium L.) peel is p-synephrine, not m-synephrine. The presence
of any amount of m-synephrine, higher amounts of the (+)-psynephrine stereoisomer or higher amounts of octopamine in
PFS, supposedly containing only extracts of bitter orange,

Fig. 3 The structural formulae of aristolichic acid I and II.

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 nontoxic Chinese star anise (Illicium verum),7 acts as a noncompetitive 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

Fig. 2 The structural formulae of important alkenylbenzenes.
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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-aminobutyric acid (GABA).45

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
kg1 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
other modes of action

Examples of PFS compounds of possible concern because of their
interactions with prescription drugs

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, dihydrokavain, methysticin, dihydromethysticin, yangonin and desmethoxy-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 antagonist.46,47 The major toxic side effects of kava kava are dermopathy 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-containing 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

PFS may contain compounds interacting with the pharmacokinetics 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 racemosa), 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

Fig. 4 The structural formula of ephedrine and its analogues
pseudoephedrine, norephedrine, methylephedrine, norpseudo-ephedrine
and p-synephrine.

Fig. 5 The structural formulae of anisatin, a-thujone and coumarin.
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Fig. 6 The structural formulae of the main kavalactones found in Piper methysticum.

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

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 -hydroxyestragole by a methanolic basil extract.64,65 This inhibition by
the basil extract was shown to occur at the level of the SULTmediated bioactivation of 10 -hydroxyestragole to 1-sulfoxyestragole and to be mediated by the flavonoid nevadensin
present in basil at a high level.64,65

Fig. 7 The structural formulae of important cyanogenic glycosides.
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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.
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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 restrictions on use (such as for estragole, methyleugenol, safrole and basarone), informing the public to be cautious and aware of
possible adverse side effects (as for kava kava-derived kavalactones) or taking specific plant varieties and/or their
compounds off the market (such as plants containing aristolochic 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 incidents. Besides, even when regulatory measures are in place, PFScontaining compounds of concern may still be offered for sale on
the internet, such as in case of the cyanogenic glycoside amygdalin (vitamin B17) or PFS containing high levels of alkenylbenzenes. 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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