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Nestlé, Nestlé Research Centre, PO Box 44, Vers-Chez-Les-Blanc, CH-1000 Lausanne 26, Switzerland
National Food Administration, Research and Development Department, Administration’s Toxicology Division, PO Box 622,
S-751 26 Uppsala, Sweden
c
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Abstract
There is a growing interest by both consumers and industry for the development of food products with ‘functional’ properties, or
health beneﬁts. These products may take the form of dietary supplements or of foods. The health beneﬁts are given by particular
ingredients, and in many cases these are derived from botanicals. The variety of plants providing these functions is large, ranging
from staple food sources such as cereals, fruits and vegetables, to herbals as used in traditional medicine. The food or ingredient
conferring health properties may consist of the plants themselves, extracts thereof, or more puriﬁed components. The scientiﬁc literature is abundant with articles not only on the beneﬁcial properties, but also on possible adverse health eﬀects of plants and their
components. The present report discusses the data required to determine the safe use of these types of ingredients, and provides
advice on the development of risk assessment strategies consistent with due diligence under existing food regulations. Product speciﬁcations, composition and characterisation of standardised and authentic materials, documented history of use and comparison
to existing products (taking into account the eﬀect of industrial processing), description of the intended use and consequent exposure are highlighted as key background information on which to base a risk evaluation. The extent of experimental investigation
required, such as in vitro, animal, and/or human studies, depends on the adequacy of this information. A decision tree is presented
as an aid to determine the extent of data requirements based on product comparison. The ultimate safety in use depends on the
establishment of an adequate safety margin between expected exposure and identiﬁed potential hazards. Health hazards may arise
from inherent toxicities or contaminants of the plant materials, including the mechanism of the intended beneﬁcial eﬀect. A lower
safety margin may therefore be expected than for food ingredients or additives where no physiological eﬀects are intended. In rare
cases, post launch monitoring programmes may be envisaged to conﬁrm expected exposures and adequacy of the safety margin.
This guidance document was elaborated by an expert group of the Natural Toxin Task Force of the European Branch of the
International Life Sciences Institute—ILSI Europe and discussed with a wider audience of scientists at a workshop held on 13–15
May 2002 in Marseille, France.
# 2003 ILSI. Published by Elsevier Ltd. All rights reserved.
Keywords: Botanical preparations; Health beneﬁts; Risk assessment; Margin of safety

* Corresponding author.
E-mail address: publications@ilsieurope.be (J. Kleiner).
0278-6915/$ - see front matter # 2003 ILSI. Published by Elsevier Ltd. All rights reserved.
doi:10.1016/S0278-6915(03)00221-7

1626

B. Schilter et al. / Food and Chemical Toxicology 41 (2003) 1625–1649

1. Introduction
There is an increasing number of products with perceived and real health beneﬁts available on the food
market. These products include foods, fortiﬁed foods
(with minerals, vitamins and/or botanical extracts) and
dietary supplements. The market for these health products is growing rapidly. In the USA, sales increased by
more than 40% between 1992 and 1996 to reach a global
value of more than 14 billion US dollars in 1996 (Greger,
2001). Similar trends were observed in Japan and
Western European countries (Greger, 2001).
The development of this market has been linked to
several drivers (Greger, 2001; NNB, 2002). Firstly,
consumers are increasingly taking charge of their health
and, therefore, there is a public demand for health-related
products. Secondly, the scientiﬁc understanding of the
beneﬁcial health impact of bioactive components of foods
and dietary supplements has improved signiﬁcantly and
has been extensively communicated to the public.
Thirdly, many food sectors, especially agricultural
production and processing, are suﬀering economic
diﬃculties; for many regions of the world the development of added-value crops and agricultural ingredients
with health applications is thought to be one of the
solutions to respond to this economic pressure.
Botanical products are an important part of the
health food market. Functional botanical products
cover a broad range of materials, and various types of
products have been developed and promoted (NNB,
2002). They include whole foods with beneﬁts beyond
basic nutrition, such as cranberry against urinary tract
infections or whole grain oats for cholesterol-lowering.
Others are dietary supplements, usually marketed in
pharmaceutical-like unit dose form such as tablets,
capsules, powders or drops. These products may be
derived from plants used as primary food sources such
as fruits, vegetables, cereals or legumes. Typical examples of such products would be soy extracts for estrogenic activity of isoﬂavones and tomato extracts
containing the antioxidant lycopene. Functional botanical ingredients may also be derived from plants used
as secondary food sources such as spices, tea, coﬀee or
cocoa. Typical products in this category would include
rosemary, green tea and garlic extracts. Other botanical
products consist of, or may be derived from, plants
traditionally applied for health maintenance purposes
such as herbal teas. In addition, there is an increasing
interest amongst consumers and product developers
regarding the use of traditional medicinal products from
all around the world (New Nutrition Business, 2002;
GAO, 2000). These plants are traditionally used in speciﬁc
cases of either reduced health or disease conditions.
Some of them have been considered for food applications (e.g. Ginkgo biloba, ginseng extract in beverages or
cereal bars, St. John’s wort or Echinacea). Materials

with no history of human exposure have also been used
as a source of functional ingredients. For example, stanols from paper industry by-products have been applied
in cholesterol-lowering products (Turnbull, 1999).
Although functional ingredients are intended to provide
health beneﬁts for consumers, their increasing use in
dietary supplements and food products has triggered
signiﬁcant concerns amongst scientiﬁc and regulatory
communities. These products often fall into a grey/
undeﬁned regulatory area between food and medicines
(Kwak and Jukes, 2001a,b). Furthermore, there is
debate regarding the information required to document
beneﬁcial eﬀects and how to communicate such beneﬁts
through claims (Clydesdale, 1998; Roberfroid, 1999).
There have been a number of recorded cases of intoxications with botanical products raising the issue of
their safety (Burkhard et al., 1999; Haller and Benowitz,
2000; Nortier et al., 2000; Ernst, 2002). However, there
have been few initiatives regarding the scientiﬁc data
necessary to establish the safety of functional botanical
products when used in food and dietary supplements.
Several cases of intoxication reported with botanical
products have been shown to result from contamination
with other plant species or through misidentiﬁcation of
species (e.g. see Nortier et al., 2000; De Smet, in press).
This indicates that species identiﬁcation is a critical factor, especially for botanicals where related and more
toxic species/genera are known. The part of the plant
used as a source material for the product has to be
deﬁned. This is of particular importance if toxic constituents are present in higher concentrations in a part
of the plant that is not normally consumed. For example, the roots of the comfrey plant (used in some herbal
preparations) contain much higher concentration of
pyrrolizidine alkaloids than the leaves (used to prepare
infusions) (Betz et al., 1994). The safety assessment of
plant preparations is complicated by important sources
of variability in composition, such as the natural biological variances in plant chemicals and the impact of
production processes. Various types of extraction can
be applied to raw materials resulting in signiﬁcant
changes in the quantities and proportions of key components aﬀecting safety and beneﬁt. In addition, the
component(s) responsible for the claimed beneﬁt may
not be the same as that (those) giving a risk of adverse
eﬀects, and each may be under diﬀerent metabolic
regulation within the plant, and be aﬀected diﬀerently
by environmental inﬂuences. Consequently, the safety
of the preparation may vary independently of the beneﬁt. The eﬀects of combinations of diﬀerent alkaloids
cannot be reliably predicted from the data for single
alkaloids (Couet et al., 1996). The problem of the compositional variability of botanical preparations was
recently highlighted in the case of ginseng dietary supplements (Harkey et al., 2001); diﬀerences in concentrations
of speciﬁc key chemical markers of up to 200-fold were
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observed among 25 products obtained in health food
stores.
The biological activity of functional botanical products
gives rise to other important safety considerations. There
are internationally accepted standard approaches for
the safety evaluation of food constituents such as food
additives and pesticide residues, which are generally
based on a series of in vitro and in vivo studies in animals
(WHO, 1987). This leads to the determination of
health-based guidance values indicating a safe level of
exposure to compounds in foods (e.g. the Acceptable
Daily Intake or ADI). The derivation of these values
incorporates the use of large uncertainty factors, and
provides a wide margin of safety. However, a similar
approach may not be appropriate in the case of functional foods, because the margin between adverse
physiological eﬀects, and the desired beneﬁcial eﬀect
may be lower than the usual safety margin and for
whole foods it may not be feasible to feed animals at
levels high enough to derive large safety factors as is possible with puriﬁed material. Other aspects that need consideration include the fact that a product with a
documented beneﬁt for a speciﬁc part of the population
may not necessarily be safe for another part of the population, raising the issue of how to control exposure to minimise the risk for other non-targeted population groups.
Also there have been many reports documenting clinically
signiﬁcant interactions between botanical products and
medicines.
Whatever the regulatory status or claim, products must
be safe for their intended use. Compared with other foodrelated materials, the safety assessment of functional
botanical products raises a series of speciﬁc issues. The
aim of this document is to provide a general framework
in which to establish the safety of functional botanical
products for human consumption. It is not intended to
address claim substantiation or regulatory issues.
The present guidance focuses both on botanical preparations as ingredients and on the actual food application.
The safety of botanicals bred with the assistance of
genetic engineering technology, or which would be classed
as Novel Foods are addressed by existing guidelines.
However, aspects of the present document would be
relevant when assessing the safety of such products with
physiological (or functional) health beneﬁts.
Substances that are intentionally added to food must
be demonstrated to be safe. The general paradigm of
risk assessment, namely (a) hazard identiﬁcation, (b)
hazard characterisation, (c) exposure (intake) assessment, and (d) risk characterisation has received wide
acceptance in the food area (Food Safety in Europe,
2002, Renwick et al., in press) and is considered a good
basis for the safety evaluation of botanical products
applied to food and dietary supplements. Most of the
botanical preparations (raw materials and sometimes
ﬁnished products) falling under the scope of the present
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guidelines are likely to have a certain history of human
exposure either from foods or from other sources, such
as health-related products (e.g. herbal teas, herbal medicines). It is proposed that the assessment of a botanical
preparation should exploit all existing knowledge and
should compare the material under study with one or
several adequate comparators with a history of human
use. Such an approach is considered as a good starting
point to identify potential hazards and to determine the
need for further information such as experimental toxicological data.
Comparison requires detailed background and compositional information on the new product and comparators, an assessment of the history of use of the traditional
products and a description of the intended use and consequent exposure of the new products. This approach
served as a framework to design the present guidelines.
The guidance paper was developed by an expert group of
the Natural Toxin Task Force of the European Branch of
the International Life Sciences Institute—ILSI Europe
and discussed with a wider audience at a workshop held
on 13–15 May 2002 in Marseille, France.

2. Product speciﬁcation/characterisation
The safety evaluation of food ingredients and additives requires data on the material of commerce, i.e. the
material that will be used in the ﬁnal food product or
food supplement for human consumption. It is essential
that the material should be well identiﬁed and characterised. There are three aspects to the production of a
consistent material:
1. Identiﬁcation of starting material
2. Process applied to starting material
3. Standardisation and nature of ﬁnal product
The extent of information necessary for an appropriate characterisation of the plant material should be
decided on a case-by-case basis, taking into account all
available relevant knowledge. The history of use of the
raw material, the history of food application, the manufacturing process, the expected exposure to the new
product and the anticipated levels of toxicants in the
ﬁnished product as consumed are key information
requirements to prioritise the type and extent of data
necessary.
The biological properties of botanical preparations
should be reproducible from batch to batch and, therefore, product standardisation is necessary. The composition of botanical preparations may need to be adjusted
with appropriate ingredients to comply with existing
standards. Standardisation may be based on a level of
one or several active constituents, on a phytochemical
marker that might not be responsible for the biological
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activity or on a ﬁxed plant/extract ratio (PER) (indicating
that the botanical preparation itself is regarded as the
active constituent). Constituents known to be responsible
for adverse eﬀects should be included as criteria for
standardisation. Markers that are not related to the
biological activity, either beneﬁcial or adverse, should be
characteristic and typical for the species. In cases where
appropriate marker compounds or active constituents
are not known, a chemical ﬁngerprint of the material
would be required with limits on the range of variability. A variety of analytical ‘ﬁngerprinting’ approaches
may be used to characterise a botanical preparation.
For chemically complex botanicals, several chemical
techniques are normally used to adequately characterise
the material. While some techniques, such as HPLC can
yield proﬁles of characteristic components, such techniques
are unlikely to be suﬃcient alone. For example, ginseng
which was selected for toxicological evaluation by the
US National Toxicology Program (NTP) was characterised by a battery of analytical techniques including:
water/volatile content, concentrations of organophosphate
insecticides, nitrosamines, total and individual amino
acids, selected anions, total and ethanol-soluble carbohydrate, simple sugars and disaccharides, molecular
weight distribution of the glycans, the identity of all
possible UV-detectable components by HPLC–MS,
ginsenoside proﬁle by HPLC–UV, the volatile organic
proﬁle by GC–FID and the identity of all possible
components by GC–MS (Graves et al., 2003). Fingerprinting should be applied in conjunction with historical
product data that deﬁne the normal range of variability
of the authentic material. Appropriate ﬁngerprint
methods can be used to conﬁrm authenticity and to
detect adulteration (see Technical Annex A).
2.1. Recommendations
Information appropriate to characterise adequately the
botanical preparation and end product is provided in
Table 1. Data should be obtained on a suﬃcient number
of batches to allow an evaluation of the natural variability
and the establishment of appropriate speciﬁcations.
Sampling plans should be designed with appropriate
consideration for analytical and inter-batch variability
in the botanical preparation and end-product.

factor to consider. In general, history of use includes
information on period, nature and objective of use. For
herbal products, two terms are distinguished: traditional
use for which limited scientiﬁc documentation are
available and established use, which are supported by
scientiﬁc publications (Bast et al., in press).
Most of the foods commonly eaten have not been
investigated systematically with respect to their impact
on consumer health. Generally, they are presumed safe
unless a signiﬁcant risk has been identiﬁed in humans.
However, it should be emphasised that the absence of
evidence of toxicity is not the same as evidence of the
absence of toxicity. Without speciﬁc investigations, only
acute and severe adverse eﬀects are likely to be identiﬁed.
To demonstrate the safety of a food requires speciﬁc
intake information together with data on health impact.
Although epidemiological observations, clinical and
other case reports and/or experimental human studies
may exist for a restricted number of foods e.g. coﬀee
(Schilter et al., 2001), health information is lacking for
most food plants.
For botanicals used for health purposes, information
obtained from historical or ethnographical sources
related to traditional applications usually refers to beneﬁcial and therapeutic eﬀects. Information can be
obtained either directly from observation using ethnological approaches or indirectly through the review of
traditional documents and speciﬁc monographs. This
information must be used with caution and requires
taking into account how health and disease are perceived and handled in the culture where the history of
use is documented. The information obtained may
indicate potential pharmacological activities, which
would need to be taken into account as part of the
safety assessment. In addition, information on adverse
health eﬀects such as poisoning may be provided in many
traditional documents and speciﬁc monographs as well as
in ethnopharmacology and ethnotoxicology literature.
Often such information is limited to acute toxicity, since
acute adverse eﬀects can be more easily related to the
recent use of the product. Because of the complexity of
associating the development of delayed toxic eﬀects with
the chronic use of a product it is, in general, very diﬃcult
to identify chronic toxicity using historical sources. For
some botanical products, epidemiological and clinical
human studies addressing both eﬃcacy and safety are
available (Di Carlo et al., 2001; Ernst, 2002).

3. History of use
3.1. Recommendations
The history of use (food or other) of the material
under consideration (raw material and ﬁnished product)
may provide valuable indications of safety. In fact the
EU Novel Foods Regulation deﬁnes a novel food as a
food without a history of use in the EU (EC, 1997b).
The traditional and/or established use of the botanical
preparation as a medicinal product is also an important

The history of use and the information on health eﬀects
should be reviewed for the product under consideration,
for relevant raw materials and for similar products. Important data to be searched for are listed in Table 2. Such
information may allow identiﬁcation of potential hazards
that may require further toxicological investigation.
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Table 1
Information relevant to ensure product identiﬁcation, characterisation and standardisation
Botanical source:
Identity
Scientiﬁc name (plant family, genus, species with name of authority, and if relevant, variety, and chemotype), common names
Part(s) of the plant used
Geographic origin (continent, country, region)
Growth conditions:
Wild or cultivated
Good agricultural practice
Site of collection, time of harvest, stage of growth
Drying, fermentation
Storage conditions
Pre- and post harvest phytosanitary treatments (e.g. use of pesticides)
Raw material (e.g. dried plant material):
Speciﬁcations according to standard reference (e.g. Pharmacopoeias) including:
identity tests (e.g. macroscopic examination, microscopy, FT-IR, TLC, HPLC, GC)
quantitative tests to determine
(i) constituents relevant for the beneﬁcial eﬀects
(ii) constituents of toxicological relevance
Process applied to starting material:
Steps of preparation (e.g. extraction process, solvents)
Methods used
Speciﬁc precautions (light, temperature sensitivity)
Botanical preparation:
Standardisation criteria (markers: toxic or physiologically active constituents, other relevant constituents; plant-extract ratio)
Speciﬁcations (level/range for markers)
Physico-chemical properties of the relevant constituents (stability)
Purity criteria (e.g. microbiological, mycotoxins, pesticides, heavy metals, residual solvents, other contaminants) either by chain control or analysis
Level and nature of excipients
Formulation methodology
Storage conditions
End product (food or supplement containing the botanical preparation):
Fate in food or formulated product (e.g. stability)
Industrial food processing
Preparation for consumption

4. Product comparison
Comparisons between the product under study and
adequate comparators are important in deﬁning further
data requirements. Several scenarios may result from
such comparisons. For example, in the case of a
traditional culinary herb or spice used as a supplement,
consideration would need to be given to the likely
intakes from the proposed new dietary application,
since a signiﬁcant increase in consumption might still
trigger safety questions even from a traditional source.
However, a situation where no increased exposure is
expected would usually preclude the need for further
safety data.
Another example would be if an extract or fraction of
a traditional culinary herb or spice or other food is to be
used as a food supplement. In this case, the fraction or
extract may be considered not to contain any component that was not already present in the original food
and the safety evaluation could focus on the eﬀects of

the fractionation process e.g. the qualitative nature and
concentrations of the components in the extract relative
to the traditional product. Again, the likely resultant
intakes and the bioavailability of the components may
need to be considered since extraction of a component
of a food from the plant matrix may have signiﬁcant
eﬀects on absorption from the gastrointestinal tract.
In the case where there is no history of food use for a
botanical, evidence of prior human exposure and possible beneﬁcial (eﬃcacious) or adverse eﬀects in relation
to herbal medicinal use may still provide valuable
information in evaluating safe levels of intake/exposure.
Such data may be useful in providing a rationale for
special studies.
4.1. Recommendations
Information on processing, chemical composition, product quality, product-mediated physiological eﬀects and
history of use and exposure should be used to compare the
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Table 2
Important data to be searched to evaluate the history of use and
exposure from food and food supplements
Information and characterisation of the product(s) for which there is a
history of use
Traditional usage:
Serving size/Daily intake/Doses
Frequency
Preparation
Duration
Purposes
Target population(s)
Known warnings (precautions, contraindications, adverse eﬀects.)
Potential reported pharmacological activity (or ‘Indications for use’)
Estimated dietary exposure of the active ingredient(s) via product and
habitual diet taking into account geographical/cultural variation
Period of use
Information on health/adverse eﬀects:
Epidemiological data
Clinical and other case reports
Experimental human studies
Evaluate the reliability and strength of data

product under investigation with adequate comparator(s).
Table 3 provides guidance on how product comparison
may be used to deﬁne safety data requirements.

5. Intended use, dietary exposure, dietary consequences
Botanicals and botanical preparations may be used as
such (e.g. in the form of capsules, tablets or softgel
form) or in food products (e.g. beverages, cereal bars).
They may be intended to be consumed over a long period of time (e.g. phytosterol ester-containing fat spread
for cholesterol control), or it may be advised that consumption should be of short duration (e.g. products for
weight control, stimulation of the immune system in

wintertime). The recommended intakes associated with
the intended beneﬁcial eﬀect should be established
based on tests in humans or based on history of use.
Some products will be designed for speciﬁc populations.
These diﬀerent product concepts may lead to highly
speciﬁc patterns of exposure, which have to be considered as part of the safety assessment.
Botanicals or botanical preparations may be present
in diﬀerent, not mutually exclusive, food products. For
example phytosterol esters may be added not only to fat
spreads, but also to other products such as sausages,
salad dressings or milk products. In addition, diﬀerent
botanicals or botanical products may have similar
mechanisms of action (e.g. phytosterol esters and phytostanols) or may act on the same physiological target
(e.g. reduction of blood cholesterol) through diﬀerent
modes of action. In these cases, the aggregate exposure
to the bioactive constituents should be taken into
account.
New applications of a botanical or preparation with a
history of use in the diet may result in a ‘signiﬁcant
increase in intake’, and this would trigger an evaluation
into the safety relevance of this increase. However, the
determination of what constitutes a ‘signiﬁcant increase’
needs further discussion.
A number of approaches already applied to chemical
substances deliberately added to the diet (e.g. food
additives, ﬂavouring materials) may provide useful
guidance in the deﬁnition of ‘signiﬁcantly’ increased
exposures for substances naturally present in botanicals
and already a part of the traditional diet. For example,
the consumption ratio approach (Stofberg and Kirschman,
1985) permits the comparison of the intakes of substances added as ﬂavouring materials with those consumed as part of the traditional diet. This approach can
serve as a useful tool with which to prioritise substances
for toxicological evaluation.
High consumption of food chemicals is generally
considered in the literature to be between the 90th and
95th percentile per capita intake. The use of maximum
intakes derived from dietary studies is generally not
considered due to the probable temporary nature of

Table 3
Guidance on how product comparison may be used to deﬁne safety data requirements
No diﬀerence in composition beyond natural variability from an accepted traditional food, food ingredient or food additive: proceed to intake
assessment (see Section 5)
One or a few well-deﬁned speciﬁc characteristics that are diﬀerent from an accepted traditional food, food ingredient or food additive: safety
assessment should focus on these characteristics (see Section 6)
The counterpart of the product under investigation is a traditional health product (medicinal product or food supplement). In this situation, the
relevance to the new food application of the safety data available on the existing product has to be assessed on a case-by-case basis. Further data to
ensure the safety of the food application of the product may be required
The product under investigation does not have any traditional food or health product counterparts. Such a product requires a comprehensive safety
assessment (see Decision Tree in Scheme 1)
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such high intakes (Kroes et al. 2002). Chambolle (1999)
proposed the 95th percentile as an appropriate representative high intake that did not give unsustainable
high intake values. When appropriate intake data is not
available, Chambolle (1999) estimates the 95th percentile
as three times the mean. The method of Bernier et al.
(1994) identiﬁed high consumption as three times the
mean, and very high as ﬁve times the mean (for an
habitual consumer of a particular food).
Using the above approaches, it might be possible for
example to use as a basis for comparison, high
consumption from traditional sources in a comparator
(sub)population, [not necessarily the target (sub)population], provided the (sub)populations are comparable (e.g. size of dataset, data compatibility, social
classes, level of healthcare, nutritional status, etc.).
However, it is impossible to use exposure considerations
only in determining the need for safety data as the shape
of the dose–response curve and the nature of any
adverse eﬀects will also determine what constitutes a
toxicologically signiﬁcant increase in intake. Therefore,
it is necessary to conduct such analyses on a case-bycase basis. In view of the scarcity of intake data for
botanicals in the diet, exposure calculations could be
particularly assisted by the use of probabilistic models
(see Kroes et al., 2002) that integrate both the variability
in food intake with the variation in amounts of botanicals
and their constituents in traditional foods.
5.1. Recommendations
Required information on the intended use of the product under consideration is listed in Table 4.
Table 4
Information required on the intended use of the product and consequent exposure
Intended use
Description of the product i.e. food or food supplement as
consumed
Product composition (list of ingredients, concentration of active
ingredients)
Purpose of the product, anticipated health eﬀects
Proposed use: frequency, duration, level of consumption,
population/deﬁned target groups
Dietary exposure
Estimated dietary exposure of the active ingredient(s) via product
and habitual diet taking into account geographical/cultural
variation
Estimated dietary exposure in non-target groups taking into
account geographical/cultural variation
Assessment of consequences of aggregate exposure (combined
exposure from other products in which the active ingredient(s)
is/are added and/or present naturally)
Dietary consequences
Assessment of the nutritional consequences of the introduction of
the new product
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6. Hazard identiﬁcation and characterisation
Hazard identiﬁcation (identiﬁcation of the inherent biological activity of the material) and hazard characterisation
(assessment of relevance to humans and dose–response
analysis) are necessary before the risk associated with a
particular exposure can be characterised. Information
on possible hazards may be obtained from a wide variety
of sources. A particular diﬃculty in the case of botanical
products will be a clear separation of those physiological
eﬀects that are beneﬁcial, those that are simple physiological changes without adverse eﬀects, and those that
represent a hazard and would be the basis for safety
evaluation. All data that are used to support the safety
in use of a botanical preparation should be of a high
standard, and if possible should comply with GAP
(good agricultural practice), GMP (good manufacturing
practice), GLP (good laboratory practice) and GCP
(good clinical practice).
Consideration of the nature of the material that was
studied, or will be studied, is essential prior to using
data for hazard identiﬁcation and characterisation.
6.1. Test material
The safety evaluation is focused on the material as
consumed and, therefore, data applicable to the ﬁnished
products are of critical importance. If the material of
commerce is not tested, then there should be suﬃcient
analytical data to give assurance that available toxicological test data on related preparations are relevant to
the ﬁnal product as it will be marketed. In designing
toxicity tests and considering the nature of the material
to be tested, it should be recognised that there may be
signiﬁcant diﬀerences in pharmacokinetic behaviour, such
as the rate or extent of absorption, and pharmacological/
toxic potency between a whole botanical and the
equivalent amount of an isolated active principle. As a
consequence, it is diﬃcult to extrapolate in quantitative
terms between the diﬀerent materials. An example of
this is preparations of Stevia rebaudiana, a botanical
material proposed for use as a sweetener, and of the
active principle, stevioside. Both the JECFA (1999) and
the SCF (1999) were unable to allocate an ADI to such
materials because of the lack of speciﬁcations and the
high variability of the material under consideration.
More recently, the SCF have had similar diﬃculties in
determining whether toxicological data on an active
principle, hypericin, could be used in the safety evaluation of extracts of Hypericum perforatum used for
ﬂavouring purposes (SCF, 2002).
6.1.1. Use of toxicity data on unreﬁned extracts
Data from toxicological testing on a less pure or
unreﬁned material have been used for the safety assessment of more pure/reﬁned preparations (e.g. toxicity
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data on turmeric oleoresin were used to establish the
ADI for curcumin, JECFA, 1996). Implicit in this
approach is the assumption that the toxicity of the
active ingredient is not reduced in the less pure preparation due to interactions with other constituents. An
interaction could occur if the matrix of the less reﬁned
material inﬂuenced the absorption of the active constituent, thereby altering its bioavailability and systemic
toxicity. Such questions could be resolved by appropriate ADME studies (see Technical Annex B).
6.1.2. Use of toxicity data on puriﬁed ingredients
It is possible that information may be available on a
known active constituent of a botanical preparation,
because of its clinical use as a therapeutic agent. The use
of such information for the assessment of a less pure
extract, would be a good starting point for safety
assessment, but is unlikely to be considered suﬃcient in
the absence of other data. Botanical extracts will normally contain a large number of plant non-nutrients;
some may have similar activities to the active constituent, while others may possess properties totally
unrelated to that of the isolated compound that had
been studied for its clinical use. Safety data on the puriﬁed active constituent could be used as the only source
of information provided that the production process
leaves negligible residues of all other potentially active
constituents, but the resulting product would be
equivalent to the therapeutic agent, and this would raise
issues related to its regulation. Interactions between
constituents will be extremely important when data for
highly puriﬁed preparations are used to assess relatively
unpuriﬁed material. Interactions could either reduce or
enhance toxicity, for example puriﬁcation might remove
an inhibitor of toxicity. In some cases such questions
could be resolved by appropriate ADME studies (see
Technical Annex B). All available toxicity data on
highly puriﬁed components, together with compositional data on the preparation of potential commercial
use, should be taken into account in determining
safety—but such data may not be suﬃcient without
additional toxicity data on the material of commerce.
In general, it will probably be more reliable to extrapolate from toxicity data on less pure preparations to more
reﬁned preparations, than to use data on highly puriﬁed
components and apply them to less pure materials.
6.2. Human data
Data from studies in humans may come from occupational health observations in the growers and producers
of the plant, or in the workers exposed during preparation
of a plant extract. Some botanicals and botanical preparations used for medicinal applications have well
established use, recognised eﬃcacy and an acceptable
level of safety, demonstrated by published literature.

Therefore no additional toxicity testing maybe required
unless there is a markedly increased intake as a result of
food or supplement use.
6.2.1. Experimental studies
The development of a new functional botanical product is likely to involve human studies to demonstrate
physiological activity (Diplock et al., 1999). For example,
the cholesterol-lowering property of phytosterol-esters
in fat spread was demonstrated in several human studies
(Weststrate and Meijer, 1998; Hendriks et al., 1999;
SCF, 2000). When human studies are conducted, they
should conform to the principles of GCP/GLP; any
deviations from this approach should be justiﬁed on an
individual study basis. The experimental design of such
studies should be decided on a case by case basis. It may
involve mechanistic, parallel, crossover or epidemiological intervention protocols. The appropriate study
design is governed by the beneﬁcial eﬀects to be tested.
Studies may determine either direct health endpoints or
biomarkers of health outcomes. These studies provide
important data for safety assessment such as active
dosages, conditions of use, anticipated consumer exposure
and possibly mechanism of action for the beneﬁcial
health eﬀect. In addition they can provide data relevant
to safety assessment related to adverse eﬀects detected
at high doses in animals as well as the identiﬁcation of
unexpected safety or nutritional issues. Unexpected
observations may have to be investigated further by
additional special studies. For example, investigations
on phytosterol-esters revealed a reduction in plasma
levels of lipid-soluble vitamins such as beta- carotene
(SCF, 2000). In addition, it was considered important to
conﬁrm that phytosterol-esters did not possess oestrogenic
activity (Waalkens-Berendsen et al., 1999) which had
been reported for some preparations of plant sterols.
Further special studies that integrated relevant speciﬁc
endpoints to address both concerns conﬁrmed the safety
of the product (Ayesh et al., 1999). This example highlights the usefulness of incorporating safety parameters in
human studies. Endpoints should be targeted on speciﬁc
questions raised by previous evaluations.
On a case-by-case basis, depending on previous
knowledge, special studies may have to be conducted to
address issues that cannot be solved adequately by nonhuman studies or by existing data. Examples include the
investigation of the eﬀects of the test material on appetite
or on the development of headaches. In the course of the
development of a fat spread containing phytosterol-esters,
studies were performed in human volunteers in order to
address the potential eﬀects of the product on faecal bile
acids (which may promote colon cancer) (Weststrate et
al., 1999) and gut microﬂora (some bacterial enzymes have
been implicated in colon cancer) (Ayesh et al., 1999).
Comparative toxicokinetic studies may assist in the
evaluation of the signiﬁcance to human health of toxico-
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logical and/or beneﬁcial eﬀects observed in animal
models. In addition, kinetic investigations may play an
essential role in addressing potential matrix eﬀects.
However, toxicokinetic studies can provide meaningful
data only when the constituents responsible for the
beneﬁcial and toxic eﬀects have been identiﬁed and are
measured.
To perform studies in human volunteers with newly
developed products raises ethical issues that must be
addressed before initiating a study (Stargel et al., 1996;
Dixon, 1998). Subjects must not be exposed to unreasonable risks and, therefore, adequate preclinical investigations, including toxicity tests in animals where
necessary, must have been completed and evaluated
before initiating any study in humans. If studies in
humans are necessary, these should be conducted with
the objective to conﬁrm and support the safety previously established by other means. They are clearly not
intended to characterise the toxicological properties of a
novel product.
The quality of evidence available from published
human studies should be analysed according to
Cochrane-type reviews (Cochrane Collaboration, 2002).
6.2.2. Recommendations
General recommendations regarding the justiﬁcation
and the generation of experimental human data are
provided on Table 5.
Data from studies in humans are only part of the
necessary database and additional data may be needed
based on structure, activity, metabolism and tests in
vivo on laboratory animals as indicated below and in
Table 6 and Technical Annex B (also see Decision Tree
in Scheme 1).
6.2.3. Epidemiological data
Epidemiological data can provide indirect evidence
for either beneﬁcial or adverse eﬀects in humans under
the conditions of the investigation. There are a number
of diﬀerent study designs that can be applied to establish a relationship between exposure and eﬀect. Speciﬁc
considerations and criteria necessary in the interpretation of epidemiological data include assessment of
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exposure, and consideration of possible bias and confounding factors. A possible example of confounding
was the assumption that the protective eﬀects of fruit
and vegetables in reducing the risk of cancer in heavy
smokers were due to the beta-carotene constituent, an
assumption not supported by supplementation studies,
which indicates that other plant constituents may be of
greater importance. Therefore data related to history of
use need to be evaluated carefully in relation to exposure, and also in relation to the sensitivity of the study
to detect adverse eﬀects. Providing that such data are
adequate, epidemiology can be an important source of
safety data (see section on history of use).
6.3. Animal data
In cases where there is insuﬃcient background information from existing human data to give an assurance
of safety in use, additional data may be needed. In vivo
tests with laboratory animals might be necessary for
hazard identiﬁcation and characterisation.
A range of studies is used for hazard identiﬁcation
and hazard characterisation of chemicals present in, or
added deliberately to, human food (see Technical Annex
B). There are internationally accepted guidelines for the
conduct of such studies (FDA, 1993; OECD, 1993). For
food additives, a battery of tests is required including
sub-acute/sub-chronic dietary studies, chronic toxicity/
carcinogenicity studies together with ADME studies,
genotoxicity, reproductive/developmental toxicity and
teratogenicity (WHO, 1987). The range of tests is
described in more detail in Technical Annex B. The list
is a guide to what may be required but is not a checklist,
and the studies that are necessary for risk characterisation have to be judged on a case-by-case basis. In some
cases, for example, compounds that are metabolised to
nutrients or are consumed at very low levels, not all of
the tests listed will be necessary, while in other cases,
additional tests may be considered essential to provide a
complete toxicological proﬁle. Where indicated by the
nature of the substance or the outcome of the routine
tests, special studies addressing the endpoints of immunotoxicity or neurotoxicity may also be required.

Table 5
General recommendations on the justiﬁcation of experimental human studies and generation of data (further details are provided in Technical
Annex C)
Scientiﬁc rationale and clear objectives have to be formulated
Information, including appropriate toxicity tests, dose-response data and appropriate markers of exposure should be available showing that no
adverse eﬀect is expected in the healthy volunteers enrolled in the study
Oﬃcial guidelines focusing on the protection of humans involved in scientiﬁc research and new product testing have to be strictly followed:
scientiﬁc and ethical review of the experimental protocol
application of the principle of informed consent
High scientiﬁc and quality standards (including adequate statistical power), should be included
Speciﬁc endpoints providing safety conﬁrmation should be considered. Endpoints should address speciﬁc questions raised by previous information
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Toxicity studies are normally conducted on rodents or
other small laboratory animal species. They serve two
purposes (WHO, 1987); hazard identiﬁcation, which
requires the use of very large doses in order to optimise
the detection of adverse biological properties, and
hazard characterisation, the aim of which is the determination of a dosage level on a body weight basis (the
no observed adverse eﬀect level or NOAEL) that does
not produce the eﬀects detected at higher exposures. A
problem with the use of high dose levels for hazard
identiﬁcation of compounds with low inherent toxicity
is that major eﬀects may be produced on the overall
nutritional quality of the diet due to incorporation of
the test material. If this situation arises, it may be diﬃcult
to distinguish between toxic and nutritional eﬀects. To
minimise nutritional imbalances, the maximum dose of a
non-toxic substance that would be tested is normally 5%
by weight in the diet of the test animals. To reduce the
likelihood of non-speciﬁc eﬀects, it is usual to set the
highest dose level tested in chronic toxicity studies as
that which produces a 10% or less decrement in body
weight or growth rate; this is called the maximum tolerated dose or MTD. In addition to the toxicity tests,
food additives would normally be subjected to comparative ADME studies in the test species and humans.
The NOAEL that is used as the basis for the safety
assessment is usually derived from the most sensitive
test and species, and the acceptable daily intake (ADI)
for a food additive (WHO, 1987) or pesticide (WHO,
1990) is usually set at an intake 100 times lower than the
NOAEL. Clearly, a diﬀerent approach is required for
the evaluation of novel foods and macro-ingredients,
because it is not feasible to incorporate such materials
into the diet of experimental animals at 100 times the
potential human intake without causing nutritional
imbalance and physiological disturbances not related to
toxicity (Allison et al., 1999). For such foods, the SCF has
adopted a decision tree approach (EC, 1997a). The logic
behind the application of a 100-fold uncertainty factor
and its application to botanicals are discussed below.
Not all of the studies in Technical Annex B are considered necessary for chemicals that are present in the
diet at very low concentrations, for example packaging
migrants (Matthews and Machuga, 1995) and ﬂavouring
substances (Munro et al., 1999). A simpliﬁed safety
assessment is adopted for ﬂavours, in which the metabolism and potential for toxicity, using data for structural
analogues, are weighed against the very low human
exposures. In the case of botanicals and botanical preparations, although the average per capita exposure on
a weight basis could in some cases be very low (e.g. in the
microgram range for a particularly potent preparation), it
would be reasonable to assume that such an intake
would produce beneﬁcial biological eﬀects. The absence
of other unwanted eﬀects cannot be assumed at biologically active doses, and speciﬁc risk characterisation

will always be necessary for botanicals and botanical
preparations.
Data on adverse eﬀects in animals may arise from
observations in animals consuming the plant as a part
of their diet, or as a result of planned laboratory
experiments. Guidelines have been proposed for the
pre-clinical testing of botanicals proposed for use as
medicinal products by, for example, WHO (1993), and
European Medicines Evaluation Agency (EMEA,
1999); the FDA in the USA and others are currently
working on guidelines. These guidelines relate to the use
of botanical products as medicinal products, and give
standard methods for non-clinical toxicological studies
related to assessing the safety of herbal products. Not
all tests are necessarily required for each herbal product
(WHO, 1993; EMEA, 1999), and the need for each
toxicity test should be evaluated depending on the amount
of literature data related to quality, safety, eﬃcacy,
established and traditional uses, and intended uses.
Toxicity studies on potential medicinal products involve
giving exaggerated dosages of the product to laboratory
animals. For dose-response assessment of chronic
eﬀects of therapeutic drugs, the top dose in animal
studies is usually set as the MTD, or it can be based on
the plasma concentrations of the active constituent in
test animals and humans receiving therapeutic doses. In
either case a signiﬁcant margin of safety would be
expected before large-scale clinical trials could proceed
on a medicine for treatment of a minor ailment. It
would be reasonable to expect that similar considerations, including an adequate margin of safety, would
apply to the incorporation of a botanical preparation
into foods or food supplements. Indeed, a high standard
of safety should be available given the potential for
uncontrolled or unrecognised intake if the same plant or
plant preparation were to be present in more than one
type of food. The available human data and results
from animal studies should be considered as complementary, because data from studies in humans may
make some animal studies redundant, while hazards
identiﬁed during animal studies may trigger the need for
additional human investigations.
Comprehensive safety data should be available for a
botanical or a botanical preparation used in foods or
food supplements, which are suﬃcient to allow assurance
of safety in relation to the anticipated intake and
expected duration of intake. When appropriate, the
available safety data should cover potentially vulnerable
life stages such as pregnancy. In the absence of adequate
data following human exposure, special studies may be
necessary in animals to ﬁll any data gaps relating to
speciﬁc life stages. The nature of the beneﬁcial eﬀect and
its mode of action can act as a trigger for additional
special studies, for example at higher intakes or with
speciﬁc sub-groups or life stages. Acute toxicity tests
may be required for botanicals that contain active prin-

B. Schilter et al. / Food and Chemical Toxicology 41 (2003) 1625–1649

ciples that are likely to have adverse side eﬀects in the
short term.
It is not possible to provide a speciﬁc checklist of tests
for diverse botanical preparations, since the testing
strategy will depend in part on the availability of existing
background data on history of use, and compositional
and nutritional data. A decision tree (Scheme 1) has
been proposed to allow a logical decision on the nature
and extent of testing necessary for diﬀerent types of
botanical preparation.
6.4. Other considerations
A number of other issues need special consideration
in the hazard characterisation of botanicals and botanical
preparations.
6.4.1. Matrix eﬀects
The elucidation of possible matrix eﬀects on the
bioavailability and biological activity of key constituents may play a critical role in the safety assessment
of a botanical preparation. Botanicals and botanical
preparations are likely to consist of a complex mixture
of components such as macromolecules, ﬂavour compounds and other secondary metabolites, some of which
may be responsible for adverse and/or beneﬁcial health
eﬀects. In addition to naturally occurring constituents,
other components may be generated as a result of processing. For example, metabolic transformation by
plant enzymes may activate or detoxify toxic compounds. An important matrix eﬀect would be where the
complex matrix, or one constituent, alters the absorption of an active principle, particularly when there is a
lower than normal safety margin. Slow and possibly
incomplete release of the active principle from the
matrix may result in a low bioavailability of a constituent from a complex matrix compared with the
absorption of the pure compound. Such an interaction
would raise serious questions about the use of toxicity
data of the complex material compared with a more
puriﬁed preparation (questions that could be addressed
by comparative ADME studies). ADME and toxicokinetic studies performed on individual active principles
in botanicals can provide valuable information for
safety assessment, but such measurements are not readily
applied to complex biological materials, for example the
complex mixture of polyphenols (theaﬂavins, theacitrins
and thearubigins) in black tea infusions. However, some
indication of the bioavailability of such substances
would be valuable in the assessment of both eﬃcacy and
safety. This may be particularly important where the
toxicity data are on a diﬀerent preparation to the material of commerce. Where direct measurement of the
substances in vivo is not feasible, surrogate biomarkers of
absorption and internal exposure might be appropriate
(e.g. total antioxidant activity in blood).
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6.4.2. Interactions between diﬀerent constituents of a
botanical preparation
In principle, interactions can arise when one constituent
aﬀects the toxicokinetics (absorption, distribution and
elimination), or toxicodynamics (mode of action) of
another constituent (Dybing et al., 2002). Interactions
could result in increased or decreased biological activities
(adverse or beneﬁcial) when a combination is given.
Probably the most important toxicokinetic interaction is
through an eﬀect on xenobiotic metabolising systems
(either inhibition or induction). Toxicodynamic interactions are most important for compounds that share
the same target organ and/or mode of action (Dybing et
al., 2002). The issue of interactions may be important
for functional botanical products, because biologically
active components in a preparation may consist of a
family of similar substances that may share a common
mode or site of action and, therefore, may interact.
Since some constituents are present in botanical preparations at levels associated with physiological eﬀects
in the consumer, the chances of biologically important
interactions is likely to be higher than other classes of
chemicals, such as food additives and pesticide residues
which are usually present in food at levels devoid of any
biological activity.
6.4.3. Modes or mechanisms of toxicity
Identiﬁcation of the mode(s) of toxic action may be
very useful for inter-species comparison and extrapolation from animals to humans. A mechanism observed in
the animal model used for the toxicological studies
might not be relevant for the human situation. Such a
case was observed with limonene, which induces kidney
tumors in male Sprague Dawley rats through a
mechanism involving the a-2u-globulin (Hard and
Whysner, 1994). Studies have indicated that this mechanism
was highly speciﬁc for this animal species and sex, and
that it was not relevant for other species including
humans. Mechanistic information can be used to reﬁne
the uncertainty factor, or margin of safety, used to deﬁne
an acceptable level of intake for humans (see below).
6.5. Recommendations
General recommendations regarding the rationale
and need for studies in animals are provided in Table 6.

7. Risk characterisation
A review of risk characterisation as the ﬁnal step in
risk assessment of exposures to food chemicals is provided by Renwick et al. (in press). In principle, risk
characterisation can either provide a quantitative estimate of the risk of a particular adverse eﬀect associated
with a particular exposure, or it can identify a level of
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exposure that would be without signiﬁcant adverse
health eﬀects. The latter is the approach adopted to
derive an ADI (for an additive or a pesticide) or a TDI
(tolerable daily intake; for a contaminant). In the case
of botanicals and botanical preparations, the overall
database should provide an adequate assurance of
safety for the intakes and duration of anticipated uses.
As indicated in the Codex paradigm, the overall assessment of safety/risk (risk characterisation) requires a
knowledge or estimate of potential human exposure as a
result of use in food or as food supplements, and adequate dose–response data for the adverse eﬀect(s).
A major issue in the case of botanicals added intentionally to food will be the determination of a suitable
margin of safety between doses producing adverse
eﬀects (in animals or humans) and the intake from
foods or food supplements. The evaluation of the safety
margin should account for the possibility of high
intakes by some consumers.
In principle, all compounds added intentionally to
foods undergo a risk characterisation process that
ensures an adequate margin of safety between human
intakes and doses producing adverse toxic eﬀects. For
food additives and pesticide residues a large uncertainty
factor is applied to the NOAEL from studies in animals
(usually 100-fold) or studies in humans (usually 10-fold)
(WHO, 1987, 1990). The use of such factors has been
the subject of numerous reviews, which have generally
supported these values as being appropriate default
values to allow for species diﬀerences and human variability in toxicokinetics and toxicodynamics (Renwick,
1991, 1993; Naumann and Weidemann, 1995; Hattis and
Minkowitz, 1996; Renwick and Lazarus, 1998; Silvermann et al., 1999). Clearly, there would be no health concerns if there were an adequate toxicity database on a
botanical and the margin of safety was 100 or more.

Because an eﬀect on consumer physiology is the
rationale for the addition of a botanical to human food,
the margin between the exposure corresponding to an
intake expected to be physiologically active and the ‘‘safe’’
level of intake is likely to be smaller than the classical
safety factor of 100. Therefore, the approach of applying
a large default safety factor to the NOAEL for a botanical may result in a ‘‘safe’’ level of exposure too low to
give any useful intended biological activity and the
material would not be a functional botanical product.
A lower uncertainty factor could be justiﬁed if there
was adequate toxicokinetic or toxicodynamic data. The
use of such data to move away from default factors has
been recognised by the International Programme on
Chemical Safety (IPCS), and a scheme developed by
which chemical-speciﬁc data can be used to replace part
of the 10-fold interspecies, or human variability factors.
Critical to the development of this approach was the
subdivision of each 10-fold factor into appropriately
weighted factors for toxicokinetics and toxicodynamics
(WHO, 1994). This subdivision is illustrated in Fig. 1
(WHO, 2001). The aim of this approach is that chemicalspeciﬁc data on one aspect of uncertainty, for example
diﬀerences in toxicokinetics between test animals and
humans, could be used to calculate a chemical-speciﬁc
adjustment factor, which would then replace the appropriate default uncertainty factor (4.0 in this case) in
Fig. 1. The total factor applied to the NOAEL from the
animal study would be the product of the chemical-speciﬁc adjustment factor and the remaining default values.
The scheme was developed primarily as a reﬁnement to
the use of uncertainty factors in the risk assessment of
single chemicals, and it will be less readily applicable to
botanicals that contain more than one active constituent. The main advantage of this approach is that
the product of all four defaults is the usual value of 100-

Table 6
Recommendations regarding the rationale and need for experimental animal studies for hazard identiﬁcation and characterisation
The extent of experimental investigation necessary depends on the adequacy of the history of use and the product comparability to traditional foods
or food ingredients
The modes of action of beneﬁcial and adverse eﬀects should be assessed to identify possible safety issues including the possibility of interactions
between the botanical product and other biologically active ingested compounds
Special studies may be necessary depending on the history of use and the mode of action
Safety studies should normally be performed on the characterised product of commerce as consumed, at a range of doses including those that
produce adverse eﬀects
Studies (in vitro and in vivo) on speciﬁc biologically active sub-fractions can provide valuable information for the design of safety studies and/or the
interpretation of relevant endpoints
The inﬂuence of the matrix on the rate and extent of absorption of active constituents should be studied, especially when extrapolating from one
level of puriﬁcation to another
Studies based on purer preparations may underestimate or overestimate the potential for adverse eﬀects of less pure preparations
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4. obtain toxicokinetic data to reﬁne the risk
assessment for species-diﬀerences and inter-individual variability (to develop a chemical-speciﬁc
toxicokinetic adjustment factor).

Fig. 1. Chemical speciﬁc data can be used to replace a default uncertainty factor (UF) by an adjustment factor (AF). ADUF – interspecies
toxicodynamic uncertainty factor; AKUF – interspecies toxicokinetic
uncertainty factor; HDUF – human variability toxicodynamic uncertainty factor; HKUF – human variability toxicokinetic uncertainty
factor.

fold, so that the approach reverts back to the current
default in the absence of toxicokinetic or toxicodynamic
data. While the introduction of chemical-speciﬁc data
could give a value lower than the 100-fold overall
default, it is also possible that the composite value
would be greater than 100-fold. This may well be the
case with some botanicals for which the active constituent is an alkaloid, because an alkaloid could well be
a substrate for CYP2D6 and other enzymes showing
genetic polymorphism. Substrates for such enzymes
show very large interindividual variability and the
default factor for human variability in toxicokinetics
(3.2) could be considered too low (Dorne et al., 2002).
The adequacy of the default factor will depend on the
extent of involvement of the polymorphic pathway in
the overall elimination of the alkaloid (Dorne et al.,
2002). This possibility could be studied by in vitro
expressed enzyme systems and by molecular modelling,
providing that the identities and structures of all active
constituents were known.
In cases where application of the default 100-fold
factor, or chemical-speciﬁc factor results in an intake
devoid of physiological eﬀects, or comparison of the
human adverse eﬀect data with potential intakes results
in an inadequate margin of safety, then consideration
would have to be given to other strategies such as:
1. modify the material to reduce its toxic potential
2. obtain human data to address speciﬁc endpoints
3. obtain mechanistic data to allow a better interpretation of the relevance of certain endpoints (to
develop a chemical-speciﬁc toxicodynamic
adjustment factor)

An alternative approach to the use of pre-determined
default uncertainty or safety factors is to compare the
available dose–response data for the adverse eﬀect(s)
with the predicted or known human exposure. The ratio
between the two estimates is termed the margin of
safety. In reality, this is essentially what is done by the
application of a 100-fold uncertainty factor (margin of
safety) to the NOAEL derived from an animal study in
order to deﬁne an intake considered to be without signiﬁcant adverse health eﬀects if consumed daily over a
lifetime (the ADI). This ‘‘safety margin’’ of 100-fold
would therefore provide a suitable starting point for
consideration of the adequacy of any margin of safety
for a botanical product added to food or used in food
supplements. A smaller safety margin might be justiﬁed
if the beneﬁcial eﬀect was substantial and the adverse
eﬀect was both minor, and reversible on cessation of
intake. However, it should be appreciated that weighing
the risk against the beneﬁt moves the risk assessment
approach away from that usually adopted for substances added to food and towards the approach adopted for an herbal medicinal product.
The establishment of a suitable margin of safety may
be particularly diﬃcult for functional botanical-derived
products added to food, because an adverse eﬀect for
one individual (e.g. a lowering of blood pressure in an
elderly subject) could be a beneﬁt for another (e.g. a
subject with marginal hypertension). However in such
cases the hazards could be addressed by indicating
contraindications in product literature or labels. An
important issue for botanicals will be clear hazard
characterisation, and the separation of adverse eﬀects
from physiological adaptation.
Other risk characterisation considerations may be
necessary in the case of botanicals and botanical preparations because the intakes can be expected to be
associated with biological activities, and because intake
may not be restricted to individuals who consume it
intentionally for the beneﬁcial biological activity.
There are a number of other considerations that need
to be taken into account as part of risk characterisation.
7.1. Nature of the food to which the botanical is added
In addition to an investigation of stability, it could be
important to establish that the food matrix did not
aﬀect the rate or extent of absorption of either beneﬁcial
or potentially toxic constituents, compared with the
formulation/material that was used in animal or human
studies, or for which there was an adequate history of
safe use.
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7.2. Interactions with drugs
Many components of the diet can aﬀect the pharmacokinetics or pharmacodynamics of prescribed medicines, and any eﬀects are usually investigated in premarketing drug studies. For example grapefruit juice is
known to contain an inhibitor of cytochrome P450 isoenzymes (Fuhr, 1998), which are responsible for the
oxidation of most drugs in the body. Because of the
biological activities of botanicals, pharmacodynamic
interactions between botanicals and therapeutic drugs
would be considerably more likely than between, for
example, a food additive and a drug. Cases of detrimental interactions between botanical products and
medicines have been recently recognised, for example
St. John’s Wort (Di Carlo et al., 2001). According to the
biological properties of the botanical product under
consideration, the potential for interactions with drugs
should be addressed. Eﬀects on the activity of key
xenobiotic metabolising enzymes may be addressed by
in vitro and in vivo studies in both animals and humans.
Eﬀects on expression of drug metabolizing enzymes may
also be worth investigation in experimental systems.
7.3. Special target populations
A physiological eﬀect mediated by a botanical product may be considered as beneﬁcial for one group of
individuals, but adverse for another sector of the population. The identiﬁcation of potential sensitive subgroups is, therefore, important and can be based on the
known eﬀects of the product: for example, based on an
understanding of its mechanism of action (both beneﬁcial
and adverse), or on the metabolism and toxicokinetics of
the active constituents. For example, phytoestrogens
may have a beneﬁcial eﬀect in post-menopausal women,
but represent a possible risk to others (Setchell, 2001).
7.4. Mechanism of beneﬁt
For botanical-derived products established to produce
beneﬁcial physiological eﬀects on consumers, the elucidation of the mechanism involved and its signiﬁcance for
safety may be critical for risk characterisation. It may
allow the design of special studies to address speciﬁc
issues. The example of functional products aimed at
reducing blood cholesterol illustrates the importance of
identifying the mechanisms involved. Cholesterollowering products may act through diﬀerent basic
mechanisms. An inhibition of dietary cholesterol
absorption has been identiﬁed for some food products
such as phytosterol esters, for which toxicological studies
did not raise any signiﬁcant safety issues except a possible eﬀect on absorption of fat-soluble vitamins (SCF,
2000). Another reported mechanism to reduce blood
cholesterol involves an inhibition of its biosynthesis.

Based on data for therapeutic drugs, the liver is the key
organ in the regulation of blood cholesterol concentration. Eﬃcient regulatory mechanisms acting through
the modulation of synthesis, excretion and uptake from
the blood allow this organ to maintain adequate levels of
cholesterol in the blood. It is known that certain organs,
such as the brain, may not utilise blood cholesterol, and
depend for their cholesterol supply on in situ biosynthesis (Morell and Jurevics, 1996; Turley et al., 1996). In
addition, it has been documented that an inhibition of
cholesterol synthesis in muscle cells is associated with
myotoxicity (Tobert et al., 1990). Consequently, a cholesterol-lowering botanical product acting through an
inhibition of cholesterol biosynthesis, especially if the
eﬀects were not restricted to the liver, would raise signiﬁcantly higher safety concerns than a product aﬀecting
absorption from the intestine (Saheki et al., 1994;
Reijneveld et al., 1996; Tobert et al., 1990).
7.5. Special intake considerations
The nature of the exposed population and subgroups
may be particularly important, because the food will be
selected by consumers who are seeking a beneﬁt from
the presence of the product, and by deﬁnition these may
probably not be healthy adults. However, it should be
recognised as part of risk characterisation that once a
food containing a botanical enters the home, it may be
consumed by members of non-target population groups.
7.6. Recommendations
Some of the aspects that need to be considered as part
of risk characterisation and the determination of an
adequate margin of safety are given in Table 7.

8. Post launch monitoring and subsequent
investigations
8.1. Post launch monitoring (PLM)
PLM has received much attention in the context of
genetically modiﬁed crops and functional foods. In the
European Union (EU), PLM can be requested as suggested in the Novel Foods Regulation (EC, 1997a,b).
The objective and justiﬁcation of PLM should not be to
replace or reduce pre-market safety studies. The conventional ‘reasonable certainty of no harm’ criterion
should apply before launch and indeed, it would be
ethically unacceptable to launch a product where there
was a large degree of uncertainty with respect to human
adverse health eﬀects. Similarly, PLM is not a risk
management tool.
Signiﬁcant diﬀerences may exist between subjects
studied in an institutional setting or in a nutritional
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Table 7
Elements of risk characterisation and establishment of the margin of
safety
All available relevant data should be considered in assessment of the
adequacy of the diﬀerence between NOAELs in the database and
projected intakes (the margin of safety)
The nature of any toxicity should be taken into account in assessing
the adequacy of the margin of safety
It should be recognised that the available margin of safety may be
limited if the nature of the eﬀect may change with increase in dose, i.e.
the eﬀect may be beneﬁcial at low doses but be adverse at higher doses
The margin of safety should take into account both intentional and
non-intentional consumers
For botanicals incorporated into food, consideration of the margin of
safety should take into account known or predicted human variability,
and potentially sensitive subgroups, such as infants and children
Special studies on toxicokinetics or toxicodynamics (mode of action)
may provide a rationale for the establishment of the appropriate
margin of safety
The possibility of adverse eﬀects should be considered in population
subgroups who may be exposed but in whom the physiological eﬀect
may not be beneﬁcial

research facility and free-living individuals where dietary behaviour patterns are less controlled. For these and
other reasons, it may be advisable to conﬁrm through
PLM the absence of adverse eﬀects resulting from the
consumption of certain new products. However, it has
to be kept in mind that linking health eﬀects with the
introduction of a new product is extremely diﬃcult due
to many confounding factors. To monitor for acute and
severe health eﬀects or for endpoints triggered by concerns
identiﬁed in premarketing investigations is possible, but
to address potential long-term or delayed eﬀects is much
more diﬃcult.
Two types of PLM can be deﬁned: passive collection
of data and active surveillance targeting consumers
(Borzelleca, 1995; Slough et al., 2001). Passive-type
post-launch monitoring of food products has been
compared with pharmacovigilance. For medicines, several
governmental and company reporting schemes exist,
stimulated by the expectation of side eﬀects, and facilitated by the fact that products are frequently used under
medical supervision. Adverse reactions to foods are, by
deﬁnition, excluded but unlicensed medicines and in
certain countries, such as the USA, special nutritional
products (deﬁned as dietary supplements, infant formulae
and medical foods) are included.
Procedures within food companies to handle consumer
complaints and/or contacts may allow the identiﬁcation
of post-launch safety issues. These procedures include
recording, analysis and categorisation of the complaints
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and/or contacts. They also cover recall procedures, corrective actions, follow-up and archiving aspects. The
eﬃciency of these procedures to identify adverse health
eﬀects resulting from the launch of a new product is
diﬃcult to evaluate. In the past they have been designed
to address quality issues and extrinsic safety problems
(e.g. product contaminations). They are not intended to
deal with the intrinsic safety of ingredients or novel
foods. In addition, complaint data may not provide
reliable information since they are highly dependent
upon complaint habits, which vary signiﬁcantly according
to country and culture. The complaint handling would
probably pick-up relatively severe adverse eﬀects occurring
within a short period after the consumption of implicated products. The value of conventional passive surveillance programs and spontaneous complaint
reporting may be enhanced by the incorporation of
carefully designed procedures for data collection.
Until recently, the application of formal passive and/
or active PLM programmes for food products had not
been judged necessary, except in rare cases such as for
the artiﬁcial sweetener aspartame (Butchko et al., 1994)
and the fat replacer Olestra (Allgood et al. 2001; Slough
et al., 2001). In contrast to drugs, intrinsic risks are not
tolerated for foods, whatever the beneﬁt from its consumption may be. New food products are introduced on
the market only if a reasonable certainty of no harm for
the consumers is demonstrated through pre-market
investigations. In consequence, most of the approved
new food products pose few safety concerns and do not
justify any post-marketing surveillance. The situation
may be diﬀerent for functional botanical products that
may contain potent active constituents.
This issue was recently raised within the EU and
active PLM programmes were recommended such as for
the use of phytosterol esters in cholesterol-lowering fat
spreads (SCF, 2000).
Notably, the information demanded of such postlaunch studies was very speciﬁc, informed by the review
of pre-clinical and clinical trial data furnished by the
manufacturers. Two objectives were proposed: collection
of consumption data and investigation of ‘possible
health eﬀects’ especially the eﬀect on plasma b-carotene
levels.
8.2. Recommendations
There are no general rules on how to conduct PLM in
the food context. Pre-launch animal and human studies
can be used to identify targets for PLM, the need for and
nature of which necessitate a case-by-case evaluation.
Table 8 provides some guidance to decide on the need
for PLM.
Under exceptional circumstances further investigations may be necessary (Table 9). This may arise from
anecdotal evidence or when PLM studies generate new
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Table 8
Criteria to decide the need for post-launch monitoring (PLM)
There may be a need to reconsider predicted use and exposure scenarios
applied in the pre-launch assessment:
If there is evidence of inappropriate patterns of consumption
If aggregate exposure from other dietary sources is likely
If there is evidence of consumption by non-target populations
considered at increased risk of adverse eﬀects
There may be a need to conﬁrm the absence of adverse eﬀects of a new
product under actual conditions of use:
Under some circumstances where the establishment of a large safety
margin is impractical due to technical limitations of animal study
design or inherent activity of test materiala
Where there are prior indications of possible adverse nutritional
consequences due to the introduction of the product
If previous considerations (e.g. allergenicity as suggested by
composition, novelty or by analogy with known products) indicate
the possibility of any hypothetical adverse eﬀects
a

There are practical limitations as to how much material can be fed
to animals without distorting the nutritional properties of the diet
(Dybing et al., 2002; Raiten, 1999).

Table 9
Rationale for further studies based on post launch monitoring results
To investigate validity of anecdotal evidence
To investigate in laboratory, clinical and/or epidemiological studies, as
appropriate, possible mechanisms and occurrence of unanticipated
adverse eﬀects possibly associated with the product
To investigate in laboratory, clinical and/or epidemiological studies, as
appropriate, possible mechanisms to explain a marked unanticipated
variability in response to the product
To investigate new scientiﬁc evidence that may be relevant to the
safety assessment of the product

questions that cannot be answered by analysis of existing
clinical and non-clinical data or by additional PLM
studies. Occasionally media reports may inﬂuence consumer behaviour and perception of a product that may
be expressed in complaint or enquiry data.

9. The decision tree approach
A decision tree has been designed as a guidance tool
to assist in determining the information that needs to be
considered for the safety evaluation of functional botanical ingredients or products (Scheme 1). It is not
intended as a mandatory checklist. The decision tree
allows the classiﬁcation of new products or ingredients
according to their previous history of human uses:
botanicals with a traditional food use, extracts from
botanicals with traditional food use, botanicals or
botanical preparations with a history of medicinal
applications, botanicals with no history of human

exposure. For each case, key general information
required to demonstrate safety is deﬁned.
The ﬁrst question (box 1) identiﬁes botanical ingredients or products used traditionally in food and which
are used as such without signiﬁcant processing. For such
ingredients or products, the key question is whether the
intake resulting from the new application is comparable
with the intake from traditional use (box 2). If the
intake is within the 95th percentile of the intake from
traditional use, the information necessary to provide
assurance of safety consists in an appropriate characterisation of the ingredient or product and documentation
of the traditional uses and resulting intake. If the intake
is signiﬁcantly higher than the 95th percentile of the
intake from traditional food use, additional information
allowing nutritional and toxicological assessment is
required.
The second set of questions deals with extracts
derived from botanicals traditionally used in food
(box 3). In such a case, the key question is to compare
the intakes of relevant constituents of the extract with
the intakes resulting from traditional food products
(box 4). Since the extraction of a component from the
food matrix may alter signiﬁcantly its absorption, bioavailability may also be an important aspect to consider.
If the intakes of the key components are within the 95th
percentile of the intakes from traditional food products
and if no signiﬁcant increased bioavailability is expected,
the information necessary to provide assurance of safety
consists in an appropriate characterisation of the ingredient or product including a thorough description of the
extraction process, and documentation of the traditional uses and resulting intakes of key components. If
the intake of one or several key components is signiﬁcantly higher than the 95th percentile of the intake
from traditional products, additional information
allowing nutritional and toxicological assessment is
required. In addition, on a case-by-case basis, ancillary
data to assess the safety signiﬁcance of the desired
beneﬁcial eﬀects may be needed.
The next steps of the decision tree refer to products or
ingredients, which do not have any history of food
application. If the new product or ingredient has no
history of human use but is comparable with a traditional food product except for speciﬁed diﬀerences
(box 5), information should be available to permit an
assessment of the safety signiﬁcance of such diﬀerences.
If the new product or ingredient is a plant, or a portion
or extract of a plant with no history of food use but
with a history of application as a herbal medicine
(box 6), information on the identity of the active principles is considered necessary to conduct a proper safety
assessment (box 7). If not available, such information
should be generated. For products or ingredients suﬃciently characterised, information on the potential side
eﬀects associated with medicinal applications should be
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Scheme 1. Decision tree to assist in determining the information that needs to be considered for the safety evaluation of a botanical ingredient
or product. Information required on herbal product as indicated by exit point of decision tree: A – I, II, III, IV; B – I, II, III, IV, VI, VII, VIII, (IX);
C – I, II, III, IV, V; D – I, II, III, IV, V, VI, VII, VIII (IX); E – I, II, III, IV, V, VI, VII, VIII, IX (particular emphasis on the reasons for, and
signiﬁcance of, the diﬀerences from traditional comparator e.g. changes due to process); F – I, II, III, IV, V, VI, VII, VIII, IX; G – The product
needs to be characterised before a speciﬁcation can be produced and a safety assessment made for its use in a food or as a food supplement; H – Do
not add to food or use in supplements at intakes comparable to medicinal use without a comprehensive risk: beneﬁt analysis. Summary of information required to demonstrate safety of botanical food supplements: I – Speciﬁcation of the ingredient or product; II – Details of the source organism
(Genus, species, portion of the plant consumed); III – Evidence from previous human exposure through food and/or other sources; IV – Extent of
use and estimated intake; V – Technical details of any processing and stability in formulation; VI – Nutritional assessment (including assessment of
any eﬀects of the active principles on the bioavailability of other dietary components); VII – Toxicological assessment (including assessment of any
eﬀects of other dietary components on the bioavailability of the active components); there is not a check-list of essential toxicity tests, and the studies
performed should be selected on a case-by-case basis; VIII – Human clinical data including variability of response, adverse eﬀect reports and contraindications; IX – Ancillary data (mode of action of beneﬁcial eﬀect to allow consideration of special studies, aggregate exposure, susceptible groups
etc).

critically analysed (box 8). If no side eﬀect has been
reported, the full package of information relevant for
safety (speciﬁcation, evidence of previous human exposure, extent of use and estimated intake, processing,
nutritional and toxicological information, human clinical data and ancillary data) should be thoroughly

reviewed to ensure that it fully supports the safety of the
speciﬁc new food application. In case of documented
side eﬀects, the botanical preparation should not be
added to food or food supplements at intakes comparable to medicinal use without a comprehensive risk:
beneﬁt analysis.
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For botanicals with no history of human exposure
(box 6), a complete package of information is necessary
to demonstrate safety.

10. Conclusions
There is an increasing number of products with perceived health beneﬁts available on the food market and
eﬀorts are made to develop new concepts. Botanical
products are an important part of the health food market.
The present document provides guidance on the data
necessary to establish their safety for human consumption. Although it is not intended to address regulatory
issues, it can provide scientiﬁc advice on the development of a risk assessment strategy consistent with due
diligence under existing food legislation. In addition, the
procedure developed may be used as a basis to undertake risk assessment for existing products identiﬁed as
having potential safety issues.
It is not possible to give a simple checklist of tests and
studies that will be appropriate for establishing the
safety of any compound or material added to foods,
whether it is a food additive, processing aid or a botanical product with health beneﬁts. A decision tree
approach is however suggested as an aid in guiding the
safety evaluation process.
The guidelines and studies that are recognised internationally as appropriate for the testing of a food additive are designed to study all life stages, and to ensure
that an intake can be established which can be consumed daily throughout life without appreciable health
risk. Studies are undertaken to investigate eﬀects on
reproduction and development, as well as long-term
eﬀects that would be seen in older animals at the end of
a chronic study. In addition, special studies may be
required depending on the eﬀects detected in acute, subchronic, chronic and reproductive and developmental
studies, as well as the biological properties of structural
analogues. Hazard characterisation is undertaken
against a background of an absence of previous data or
prior human exposure, and when there is no direct
health beneﬁt to the exposed individual. Large uncertainty factors are applied to toxicity data in order to
provide an adequate margin of safety, and to calculate
an acceptable daily intake.
In principle, consumers should be able to expect the
same degree of safety for both foods containing botanicals
and botanical preparations and food supplements, but the
situation is diﬀerent in that there is probably a history of
prior human exposure and experience, and the material
will be consumed for a health beneﬁt to the individual
consumer. It addition, it is anticipated that the material
will produce physiological or metabolic changes as part

of the beneﬁcial eﬀect, and therefore the wide safety
margins used to establish an ADI for an additive will
not be available. Hazard identiﬁcation and characterisation should consider all available animal and human
data to ensure that there is adequate information to
cover all relevant life stages and all potential biological
properties of the botanical material. This may entail the
undertaking of special studies in experimental animals
to investigate life stages for which there are inadequate
human data, or of special epidemiology investigations
to study the relevance of eﬀects revealed in animal
studies. In general data from human studies would be
used in preference to animal data, providing that the
methods and endpoints measured were appropriate. In
addition the mode of action giving rise to the health
beneﬁt may give rise to speciﬁc safety questions that
would need to be addressed.
Risk characterisation of botanicals and botanical
preparations for use in food and food supplements
should assess all of the available hazard characterisation
data in relation to the potential or predicted human
intake, both the daily intake and the duration of intake.
At this stage, special attention may need to be given to
aspects such as non-target groups, and possible interactions with medicines, which are aspects that would not
normally be considered in relation to a food additive.
The assessment of botanicals and botanical preparations under food regulations requires the establishment
of adequate safety, and any health beneﬁt to the individual would not be taken into account, as this would
make the risk characterisation equivalent to a medicinal
botanical product. Because of their inherent biological
activity, i.e. the beneﬁt, it is unlikely that a wide safety
margin will be available for botanicals and botanical
preparations, and therefore the advice to risk managers
may not be as the equivalent of an ADI, but may take
the form of speciﬁc advice on the safety margin available for speciﬁc groups of the population in relation to
intake, duration and contraindications.
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Technical Annex A. Characterisation and quality control
of the material
Several analytical methods are available for a correct
identiﬁcation of the raw material. They include macroscopic and microscopic examinations, chemical identity
tests, chromatographic techniques, such as thin layer
chromatography (TLC), high-pressure liquid chromatography (HPLC), gas chromatography (GC), etc. If the
intact plant material is available DNA-based techniques,
such as RAPD (randomly ampliﬁed polymorphic DNA)
ﬁngerprinting can be used to identify or characterise
(genetically) the plant.
Methods available to determine the quality and the
purity of extracts include:
 Determination of ash and moisture values.
 Analysis for foreign matter of mineral, animal or
other vegetable origins.
 Analysis for potential adulterants which may
involve analysis for extraneous toxic substances,
in particular, alkaloids.
 Analysis for pesticide residues, heavy metals,
radionuclides and mycotoxins.
 Analysis of residual solvents.
 Analysis for microbiological contaminants.
 Chemical and microbial analyses following a
decontamination operation such as sterilisation,
irradiation (before the treatment, immediately
after and later).
 Evaluation of the loss on drying.
The chemical analysis may be performed on the botanicals that are used to produce standardised extract and
on the extract itself. The analytical techniques chosen to
establish chemical proﬁles should be the most suitable,
taking into account the composition of the material.
Chromatographic techniques are most frequently used:
thin layer chromatography (qualitative and semi quantitative), combined or not with densitometry, gas chromatography, high-pressure liquid chromatography, etc.
Quantitative data can be obtained by various approaches
such as spectrophotometric techniques or by chromatographic methods (HPLC or GC), and sometimes also by
more traditional chemical techniques. The choice
depends on the nature of the constituents that are present.
The chemical proﬁle (‘‘ﬁngerprint’’) of the raw material,
of the intermediate product (speciﬁc extract) and of the
ﬁnished product may serve as a reference to deﬁne rigorously the preparations. Such an approach can be applied
in routine testing to ensure the quality of the product.
When powdered vegetable is involved as a constituent
of the ﬁnished product, a chemical proﬁle may be
obtained, for example, by extraction with successive
solvents of increasing polarity, allowing the detection of
most of the constituents present.

Technical Annex B. Toxicological information
Many oﬃcial guidelines have been established for
toxicity testing (e.g. FDA, 1993; OECD, 1993). The
following section is not an attempt to redeﬁne guidelines
but to provide summarised information on the types of
experimental protocols available to characterise the
toxic potential of chemicals.
Mutagenicity/genotoxicity
Short-term tests designed to determine activity at a
variety of end-points; utilise both bacterial and mammalian systems. Assessment of mutagenicity in vitro,
e.g. reverse mutation test, chromosomal aberration test,
micronucleus test. These tests may not be feasible on the
botanical directly and may need to be performed on
appropriate extracts or individual principles. Where
there are positive indications in vitro, these tests may
need to be supplemented with in vivo tests such as
Unscheduled DNA Synthesis (UDS), mouse micronucleus assay, bone marrow clastogenicity.
Acute oral toxicity
Single dose studies are used to deﬁne the extent of
toxicity in the absence of other data. Assessment of
acute oral toxicity. Acute toxicity may be estimated by a
tiered approach or as a simple limit assay. Data on
acute toxicity would only usually be necessary for supplements if they contained potent biologically active
components and the margin of safety is relatively small.
The LD50 is not considered appropriate.
Sub-acute toxicity
Repeated daily doses for 14–28 days; provide useful
indicators of toxic potential when allied to sensitive
clinical and pathology tests. Assessment of sub-acute
oral toxicity for 1–4 weeks in rodents, with the following
parameters:
 Food intake.
 Body weight.
 Weight of essential organs (e.g. brain, heart,
liver, kidneys, thyroid gland, spleen, gonads).
 Macroscopic pathology of essential organs (e.g.
brain, gastrointestinal tract, liver, kidneys, thyroid gland, spleen, gonads).
Sub-chronic toxicity
Assessment of sub-chronic systemic toxicity for 90
days in rodents or 1 year in non-rodents provide information on major site(s) of toxicity and eﬀects; useful for
designing chronic studies
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 Food intake
 Body weight
 Weight of essential organs (e.g. brain, heart,
liver, kidneys, thyroid gland, spleen, gonads)
 Macroscopic pathology of essential organs (e.g.
brain, heart, liver, kidneys, thyroid gland, spleen,
gastrointestinal tract, gonads)
 Histopathological examination of essential
organs (e.g. brain, peripheral nerve, heart, liver,
kidneys, thyroid gland, spleen, gonads, sections of
gastrointestinal tract, bone marrow (femur) etc.)
 Haematological examination (RBC, Hb, leucocytes, diﬀerential count, prothrombin time etc.)
Chronic toxicity
Two years in rodents; data from these studies are frequently the basis of risk assessment. Assessment of
chronic toxicity would normally be by 2-year studies in
rodents. (Carcinogenicity is usually assessed during the
same studies, but this would not be needed in cases where
there is no suspicion of carcinogenic potential or chronic
accumulation and where there are no proliferative changes
in the 90-day study.). Chronic organ toxicity leading to
proliferative changes can result in cancer during longterm studies, and apparently reversible eﬀects, such as
veno-occlusive liver damage with pyrrolizidine alkaloids
found in short-term tests, may be linked to cancer in the
same organ during a life-time study.
Reproductive and developmental toxicity
Repeated daily doses before, during, and after gestation to determine eﬀects on the developing foetus and
neonate and possible inheritable eﬀects. Assessment of
reproductive toxicity and teratogenicity (developmental
toxicity) is important for all chemicals added to human
food. Segments II and III testing is normally only
required if the product is indicated for use during pregnancy and lactation; however, in the case of food supplements it must be assumed that exposure might occur
at all life stages, including during pregnancy).
Segment I. Study on administration of the test substance prior to and in the early stages of pregnancy.
Segment II. Study on administration of the test substance during the period of organogenesis.
Segment III. Study on administration of the test
substance during the perinatal and lactation periods.
ADME studies
Studies on absorption, distribution, metabolism and
excretion (ADME) should be performed on structurally
identiﬁed active principles. Such studies should deﬁne
the extent of absorption of the compound from the
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intestine, tissue distribution (especially to any organs
adversely aﬀected), and the rate and principal routes of
elimination. The use of a radio-labelled compound can
provide valuable information on the formation and
nature of metabolites; such information can be particularly important when metabolites are responsible for, or
contribute to, the biological eﬀects. Studies on the
plasma concentration-time relationship for the active
principle can provide valuable toxicokinetic parameters,
such as bioavailability (the fraction of the dose absorbed
into the general circulation as the parent compound), the
plasma clearance and the half-life (which can be used to
predict accumulation). The plasma concentrations and
eﬀects of a compound can be inﬂuenced by the matrix in
which it is given, and this could inﬂuence the validity of
extrapolating toxicity data from one dosage form to
another. Appropriate toxicokinetic data can be used to
extrapolate across dosage forms, and if human data are
available between species.
Special studies
Special studies are those that are not a normal part of
toxicity screening, but are undertaken to investigate in
detail some ﬁnding, or concern, that has arisen during
literature reviews and general toxicity studies. Such
studies are usually hypothesis driven and are designed
to provide data that can aid in the interpretation of
toxicological phenomena. Special studies on immunotoxicity or neurotoxicity may be a focus of attention if
the botanical or a related species is known to show such
biological activities. Investigations on the structure and/
or functioning of the tissues and cells responsible for the
activity and integrity of the immune response can be
integrated into short-term and sub-chronic studies.
Investigations of structure and functioning of the nervous
system, e.g. tests of behaviour are also integrated into
short-term and subchronic studies; developmental neurotoxicity studies are of increasing importance. In cases
where the toxicity of the active principle has been characterised in animal studies, there may be questions
about the relevance of eﬀects to humans because of
biochemical or physiological diﬀerences; studies on the
activity of the compound on the relevant system could
aid inter-species extrapolation. Biomarkers of toxicity
can be particularly useful in special studies. In cases
where a botanical is known to produce toxicity at high
doses, the role of a postulated active component could
be assessed by studying the dose–biomarker response
relationship at diﬀerent levels of puriﬁcation of the
botanical. Similarly dose–biomarker response data for
an active principle could change as a botanical product
was reﬁned during processing because of the removal of
another compound that potentiated or inhibited the
actions of the main active principle. For some botanicals
dose–response data on the main physiological eﬀect,

1646

B. Schilter et al. / Food and Chemical Toxicology 41 (2003) 1625–1649

such as a cardiovascular response, may be an important
part of risk characterisation for the whole population.
Knowledge of the biological actions of related botanical
species may also indicate the need for special studies.

Use of appropriate biomarkers of exposure and eﬀect
in stored biological examples may be useful to elucidate
previous patterns of exposure. The potential value of
archiving samples from larger clinical studies should
always be considered.

Technical Annex C. Human data
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Glossary
ADI: Acceptable Daily Intake; An estimate of the
amount of a substance in food or drinking water,
expressed on a body weight basis, that can be
ingested daily over a lifetime without appreciable
health risk
ADME studies: studies conducted to examine the
absorption, distribution, metabolism and excretion
of a substance in vivo either in humans or animals
Biomarker: measurement conducted on a biological
system that can be used to give an estimate of the
exposure, biological eﬀects or susceptibility to a
substance
Botanical: of or deriving from plants
Cochrane reviews: system for conducting systematic
reviews named after the British epidemiologist
Archie Cochrane
Comparator product: traditional product with well
documented established use that can be used as a
reference to guide the safety evaluation of a novel
food product
Culinary ingredient/product: material added during food
manufacture or preparation to modify the technological or sensory properties of the food product
EMEA: European Medicines Evaluation Agency
Exposure assessment: The quantitative or semi-quantitative evaluation of the likely exposure of man and/
or the environment to risk sources from one or
more media
Well-Established Use: Products that have an established
eﬃcacy and an acceptable level of safety as
demonstrated by published scientiﬁc data
Food: ‘‘Any substance, whether processed, semi-processed or raw, which is intended for human consumption, and includes drink, chewing gum and
any substance which has been used in the manufacture, preparation or treatment of ‘food’ but does
not include cosmetics or tobacco or substances
used only as drugs’’ (Codex Alimentarius Commission, 2000)
Food/dietary supplement: Food product usually containing concentrated sources of nutrients and other
ingredients alone or in combination and marketed
in dose form and consumed for health maintenance
purposes
Functional ingredient/product: ingredient or product
with the capacity to produce positive health eﬀects
beyond those associated with good nutrition
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Genotoxicity: capacity to produce damage by direct
action against DNA molecules
Good Agricultural Practice (GAP): auditable system
using work instructions, speciﬁc documented procedures (standard operating procedures), corrective
actions etc for the safe/hygienic production of
foods at farm level
Good Clinical Practice (GCP): system of good practices
certiﬁcation for which a clinical institution is
generally subject to a successful inspection/audit by
a national regulatory authority
Good Laboratory Practice (GLP): system of good
practices certiﬁcation for which a laboratory is
generally subject to a successful inspection/audit by
a national regulatory authority
Good Manufacturing Practice (GMP): auditable system
using work instructions and speciﬁc documented
procedures (standard operating procedures), corrective actions etc for the safe/hygienic manufacture of foods
Hazard characterisation: The quantitative or semiquantitative evaluation of the nature of the adverse
health eﬀects to humans and/or the environment
following exposure to a risk source(s). This must
where possible include a dose–response relationship
Hazard identiﬁcation: The identiﬁcation of a risk source(s)
capable ofcausing adverse eﬀect(s)/event(s) to humans
or the environment, together with a qualitative
description of the nature of these eﬀect(s)/event(s)
Herb: Non-woody plant; plant of which leaves etc are
used for food, medicine, scent, ﬂavour, etc.
JECFA: Joint FAO/WHO Expert Committee for Food
Additives
Margin of safety: factor derived by dividing exposure
demonstrated to be safe from a combination of
clinical and pre-clinical studies by exposure in use
Material of commerce: product as purchased and used
by the consumer
Medicinal products/medicines/drugs: substances used to
diagnose, cure or mitigate disease
MTD: Maximum Tolerated Dose; normally deﬁned as
the dose that produces a reduction in body weight
of 10% in the absence of other toxic eﬀects
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Mutagenicity: capacity to produce a heritable change in
the genetic code (DNA) of somatic or germ cells
NOAEL: No Observed Adverse Eﬀect Level; describing
the highest dose in an animal or human study that
does not produce an adverse eﬀect
Plant-Extract ratio (PER): A relative measure of the
concentration of active principle(s) in an extract
normally expressed as the ratio of the weight of
plant material to the weight of extract. Unfortunately, the use of the term is not standardised and
caution is necessary in its interpretation and use
Post-launch monitoring: (normally) observational studies of food products following market launch
Risk assessment: A process of evaluation including the
identiﬁcation of the attendant uncertainties, of the
likelihood and severity of an adverse eﬀect(s)/
event(s) occurring to man or the environment following exposure under deﬁned conditions to a risk
source(s). A risk assessment comprises hazard
identiﬁcation, hazard characterisation, exposure
assessment and risk characterisation
Risk characterisation: The quantitative or semi-quantitative estimate, including attendant uncertainties,
of the probability of occurrence and severity of
adverse eﬀect(s)/event(s)in a given population
under deﬁned exposure conditions based on hazard
identiﬁcation, hazard characterisation and exposure assessment
SCF: EC Scientiﬁc Committee on Food
Toxicodynamics: studies of the elicitation of toxic eﬀects
by a substance
Toxicokinetic studies: studies to determine the rates of
absorption, metabolic, distribution and excretion
processes of a substance
Traditional Use: used to describe products with a long
history of use (decades), sometimes in a limited
geographical region, and for which limited published scientiﬁc data may be available
Uncertainty factor: safety factor applied to the NOAEL
to allow for inter-species (animal to human) and
intra-species (human to human) variability in toxic
responses. In absence of speciﬁc data a default
uncertainty factor of 100 is normally applied

