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2.1

Introduction

The Joint FAO/WHO Expert Committee on Food Additives met in
Geneva from 9 to 18 June 1998. The meeting was opened by Dr M.
Younes, Chief, Assessment of Risks and Methodology, International
Programme on Chemical Safety, WHO, on behalf of the Directors-
General of the Food and Agriculture Organization of the United
Nations and the World Health Organization. Dr Younes noted the
increasing importance in the work of the Committee of intake
assessments, which are carried out in response to requests for advice
by the Codex Committee on Food Additives and Contaminants in
the course of its development of the General Standard for Food
Additives and the General Standard for Contaminants and Toxins in
Food.

General considerations

As a result of the recommendations of the first Joint FAO/WHO
Conference on Food Additives, held in September 1955 (1), there
have been 50 previous meetings of the Expert Committee (Annex 1).
The present meeting was convened on the basis of the recommen-
dation made at the forty-ninth meeting (Annex 1, reference 731).

The tasks before the Committee were:

— to elaborate further principles for evaluating the safety of food
additives and contaminants (section 2);

— to undertake toxicological evaluations of certain food additives
and flavouring agents (sections 3 and 4 and Annex 2);

— to assess the intake of certain food additives (section 5 and Annex
2); and

— to review and prepare specifications for selected food additives
and flavouring agents (sections 3 and 6 and Annex 2).

Modification of the agenda

Montanic acid esters were removed from the agenda because data
were not submitted. Methylmercury was removed because some of
the relevant studies needed for the evaluation had not yet been
completed. Furfural was added to the agenda at the request of an
international organization. (—)-Menthol ethylene glycol carbonate,
a mixture of (—)-menthol 1- and 2-propylene glycol carbonate,
(-)-menthone 12-glycerol ketal, (*)-menthone 1,2-glycerol ketal,
mono-menthyl succinate and 1-ethylhexyl tiglate (octen-3-yl 2-methyl-
2-butenoate) were also added to the agenda at the present meeting.



22

On the basis of comments received at the Thirtieth Session of the
Codex Committee on Food Additives and Contaminants (2), 11
substances were added to the agenda for review of the specifications
only: citric acid, carthamus yellow, calcium propionate, sucrose esters
of fatty acids, potassium sorbate, sodium sorbate, calcium sorbate,
aluminium powder, talc, microcrystalline cellulose and gum arabic.

Six substances were added to the agenda for review of the specifi-
cations only at the initiative of FAO, by the Committee itself, or in
response to requests of other interested parties: ferrous sulfate, fur-
furyl alcohol, polydextroses, sorbitan monolaurate, xanthan gum, and
tartaric, acetic and fatty acid esters of glycerol, mixed (DATEM).

Principles governing the toxicological evaluation of
compounds on the agenda

In making recommendations on the safety of food additives and
contaminants, the Committee took into consideration the principles
established and contained in Environmental Health Criteria, No. 70,
Principles for the safety assessment of food additives and contaminants
in food (Annex 1, reference 76), as well as the principles elaborated
subsequently at meetings of the Committee (Annex 1, references 77,
83, 88, 94, 101, 107, 116, 122 and 131), including the present one.
Environmental Health Criteria, No. 70 (Annex 1, reference 76) em-
braces the major observations, comments and recommendations on
the safety assessment of food additives and contaminants contained,
up to the time of its publication, in the reports of the Committee and
other associated bodies. The Committee noted that the document
reaffirms the validity of recommendations that are still appropriate,
and points out the problems associated with those that are no longer
valid in the light of modern technical advances.

2.2.1 Prediction of metabolism of flavouring agents into innocuous

products

Comprehensive metabolism data were not available for most of the
flavouring agents evaluated at the present meeting. However, data
were available for at least one member of each group of flavouring
agents, and the response to question 2 of the Procedure for the Safety
Evaluation of Flavouring Agents (Fig. 1) “Can the substance be
predicted to be metabolized to innocuous products?” was based on
knowledge of the substrate specificities of the enzymes involved in the
different metabolic pathways, and on the fates and toxicological
profiles of structural analogues. The Committee recognized that the
Procedure for the Safety Evaluation of Flavouring Agents requires
scientific judgement of the predicted metabolic fates of the
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compounds under evaluation and the possible toxicological conse-
quences. Such judgements are inherent in the adoption of the Proce-
dure, and are considered acceptable only because of the low intakes
of the flavouring agents, and the conservative assumptions made in
defining the thresholds of concern for the different structural classes.
In many cases, the prediction of the metabolic fates for individual
members of the groups of flavouring agents considered at the present
meeting was based on extrapolation from data on compounds with
analogous structures, rather than from data on the individual fla-
vouring agent per se. Accordingly, the Committee recognized that
there are limitations in the extent to which reliable predictions of
metabolic fate can be made. For instance, it is unlikely that the me-
tabolism of pulegone into a menthofuran capable of oxidation to a
hepatotoxic epoxide (3) would have been predicted. In consequence,
steps B3, B4 and B5 of the Procedure should be used when the
metabolic fate of a flavouring agent and its toxicological consequen-
ces cannot be predicted with confidence. Whenever flavouring agents
are predicted to be metabolized to innocuous products, the validity of
this conclusion should be checked by comparison with available toxi-
cological data on the agent and/or its structural analogues.

All safety evaluations are based on the information available at
the time. New data, including information on novel pathways of
metabolic bioactivation, should be the stimulus for a re-evaluation of
flavouring agents.

2.2.2 Literature surveys

2.3

The Committee expects sponsors of food additives to include in their
dossiers relevant published papers that they have identified in litera-
ture surveys. However, the extent to which the literature has been
surveyed is not always clear from the information submitted. Spon-
sors should perform comprehensive literature searches and indicate
their origin and extent. They should specify the databases scanned,
the years covered and the search strategy employed, including the key
words used. This will permit authors of working papers and those
doing independent literature surveys for the Committee to focus their
own searches more productively.

Principles governing intake assessments

Important considerations underlie the procedures for evaluating as-
sessments of intake of (or dietary exposure to) food additives and
contaminants. Intake assessments may be part of an assessment of
total exposure that includes water and other non-dietary sources of
chemicals, where relevant. Exposure assessments are an integral part



of the risk assessment process which includes four stages: hazard
identification, hazard characterization, exposure assessment and risk
characterization (4).

Intake assessments can be requested by the Expert Committee, Mem-
ber States, the Codex Committee on Food Additives and Contami-
nants, Codex commodity committees or international organizations.
When substances are evaluated toxicologically by the Expert Com-
mittee, intake should also be assessed. All relevant information
should be submitted and the purpose and scope of the intake assess-
ment should be described.

To ensure that the submitted data are uniform, the Committee re-
quests that data be collected using standardized methods as detailed
in Table 1. Information about assessments of national intake is gen-
erally based on five methods: “poundage” (disappearance) data; food
balance sheet data; household economic surveys or retail sales sur-
veys; model diets; and individual dietary records. Countries are requ-
ested to submit information on dietary intake obtained using one or
more of these methods, chosen on the basis of the availability of data.

General considerations

* Whenever a substance undergoes toxicological evaluation, the
Committee should assess its intake so that the risk can be
characterized.

* Intake assessments should be undertaken in a transparent and
consistent manner.

* The budget method should be used at the international level as a
screening tool to identify food additives requiring detailed intake
assessments.

* Intake assessments should integrate data on food consumption with
data on the level of chemicals in food to enable the intake of the
chemical to be estimated.

e Estimates of chronic (long-term) intake should generally be derived
for the population group to which the Acceptable Daily Intake
(ADI) for a food additive or the Provisional Tolerable Weekly
Intake (PTWI) for a contaminant applies.

e The estimate of chronic intake is adjusted for body weight and
then compared with the ADI for a food additive or PTWI for a
contaminant, where established by the Committee (3).

* Estimates of acute (short-term) intake can be derived when

regarded as necessary because of potential acute adverse effects on
health.
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e Additional assessments of intake for a specific population subgroup
can be undertaken when the Committee has identified the groups
that are potentially susceptible or at risk for toxicological reasons.

e When a number of compounds have a group ADI, the intake
assessment should cover the whole group of compounds.

* A body weight of 60kg for entire populations is used for intake
assessments unless alternative body weights are provided by
countries for use with national data.

Data used in evaluations
e The Committee uses the data on intake assessments submitted by
countries to undertake additional calculations, where appropriate.

» Data on food consumption are collected at the national, household
or individual level (Table 1).

e Data on food consumption should be representative of the
population group to which the ADI or PTWI refers.

» Intake assessments are based on three types of data: maximum
levels of use from the proposed draft General Standard for
Food Additives or the proposed draft General Standard for
Contaminants and Toxins in Food, national food standards, and
measured levels, where available.

¢ Intake assessments based on national data on food consumption
and maximum levels of use specified in the draft General Standard
for Food Additives should state whether all the food categories
proposed in the General Standard have been considered or only
those food categories permitted in national standards.

e Food intakes reported on an “as consumed” basis should be
grouped for assessments of intake of a food additive according to
the food classification system used in the draft General Standard
for Food Additives (Annex 4), and for assessments of intake of
contaminants according to the General Standard for Contaminants
and Toxins in Food.

Evaluations

e Evaluations of national estimates of intake should include
comments on the quality, uncertainty and variability of the data.
All data sources should be documented.

» Assessments of chronic intake should be presented as means,
percentiles or distributions for the entire population studied and
for actual consumers of foods containing the food chemical of



interest. Assessments of chronic intake should be expressed as a
percentage of the ADI or PTWL

» Intake estimates represent the intake of the additive or contami-
nant from the total diet. They include both average and high in-
takes of the additive or contaminant.

* Food groups that account for a high proportion of the total esti-
mated mean intake of a food chemical by consumers should be
identified in the evaluation, where possible.

Variability and uncertainty

It is important to distinguish between the relative contributions of
variability and uncertainty to the accuracy and precision of intake
estimates (5). In evaluating intake estimates based on “poundage”
data, food balance sheet data, household economic surveys or retail
sales surveys, model diets or individual dietary records, it is important
to note that the data may not be strictly comparable even among
countries using any one approach to estimate intakes due to
differences in the following:

— duration of the survey;

— number of individuals surveyed;

— population groups selected, such as age/sex groupings;

— average body weights;

— definition of “high-intake consumers™;

— chemical levels (depending on whether the maximum levels
specified in the draft General Standard for Food Additives, the
draft General Standard for Contaminants and Toxins in Food, or
national food standards are used, or levels are measured); and

— assumptions made about how to assign foods reported on an “as
consumed” basis in the food classification systems used in the draft
General Standard for Food Additives, the draft General Standard
for Contaminants and Toxins in Food or national standards.

In addition, the use of certain methods of data collection, data sets
and assumptions in estimating consumption of food and/or food
chemicals may result in different estimates of the intake of additives
or contaminants. Potential sources of uncertainty and variability are
detailed in Table 2.

Recommendations

In making recommendations based on the evaluation of national
assessments of intake, it is essential that information on the reliability,
variability and uncertainty of data used in the assessments be
provided. In cases where data are insufficient for the purpose of the
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2.4

evaluation, recommendations will be made for the submission of
additional data.

Recommendations will be accompanied by relevant supporting infor-
mation that may be important for Codex committees when consider-
ing various options for risk management. For example, informa-
tion may be included on alternative food additives that serve the same
technological function. For contaminants, information may be
included on the feasibility of reducing contaminant levels in specific
foods, monitoring levels in foods and the availability of suitable
methods of analysis. '

Principles governing the establishment and revision of
specifications

2.4.1 Specifications and the ADI

For easy reference the Committee decided to indicate in all speci-
fications the status of the ADI of the substance.

2.4.2 Microbiological criteria in specifications monographs for food
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additives

In some instances, particularly for products of natural origin, the
Committee has included microbiological criteria in the specifications
monograph. At its present meeting, the Committee agreed on the
appropriateness of establishing a policy for setting microbiological
criteria. The Committee therefore established the following policy.

Policy on microbiological criteria

In general, manufacturers of food additives are expected to use good
manufacturing practices and to establish microbiological controls in
production processes as necessary. This is to ensure that food
additives are not contaminated with pathogenic or other undesirable
organisms or with microbial metabolites and that the food additive is
suitable for its intended use. Such a requirement will be included in
the specifications monograph when the Committee recognizes the
need for microbiological criteria for an individual substance.

The Committee will consider, on a case-by-case basis, the following
factors when developing microbiological criteria for food additives:

— the origin of the food additive (plant, animal or natural mineral
source or microbially derived via fermentation);

— evidence of a health hazard or potential health hazard based on
epidemiological data, hazard analysis or specific populations that
may be at risk;



— the nature of the natural and commonly acquired microorganisms
that contaminate the food additive and the ability of the food
additive to support their growth;

— the effect of further processing on the microorganisms that con-
taminate the food additive;

— the potential for microbial contamination and/or growth in a food
additive during its procurement, processing, handling, storage and
distribution;

— the state in which the food additive is packaged, stored and
distributed (e.g. frozen, refrigerated, heat-processed); and

— the potential for direct use by consumers.

Any one of these factors may signal the need to consider establishing
microbiological criteria for a food additive.

2.4.3 Specifications for flavouring agents

The Committee considered the specifications for 232 flavouring
agents at the present meeting. These included 224 substances that
were on the original agenda (nos 139 and 219-442) and a further
eight that were added to the agenda at the meeting (nos 443-448,
450 and 451). No information was provided on substance no. 436 (3-
(L-menthoxy)propane-1,2-diol), which was not considered further.
The specifications considered included a number of substances that
were previously described in separate monographs. The new
specifications replace these monographs for flavouring uses of the
substances.

Sixty-eight specifications were classified as tentative because not all
the necessary relevant information had been provided. Many of the
flavouring agents examined at the present meeting were more
complex than those considered previously, and the sponsors were
asked to examine specifications carefully in the future to ensure that
all relevant information is available and to correct any information
that does not accurately represent flavouring agents that are on the
market.

As at previous meetings, identification of most of the flavouring
agents was based on infrared spectra. However, this may not always
be the method of choice because the infrared spectra of closely re-
lated substances may be indistinguishable, even in the fingerprint
region. The Committee would welcome further comments on this
point, in particular on the possible merits of using more sophisti-
cated methods such as mass spectrometry and/or nuclear magnetic
resonance.

13



2.4.4 Specifications for vitamins and minerals

At its present meeting, the Committee was requested by FAO to
develop food-grade specifications for ferrous sulfate for use in food
fortification. Vitamins and minerals do not fall within the scope of
the Committee’s traditional definition of the term “food additive”;'
nonetheless, FAO receives repeated requests for food-grade speci-
fications for substances used in food fortification.

Although the Committee has prepared specifications for approxi-
mately 40 traditional food additives that also have incidental uses as
vitamins and minerals, more than 60 substances remain for which
internationally recognized food-grade specifications are lacking (7). It
was agreed that such substances would normally be on the agenda for
the development of specifications only. In certain cases, however, it
may be necessary to undertake toxicological evaluations as well, for
example when novel forms of nutrients are involved.”

2.4.5 Enzyme preparations derived from genetically modified

14

microorganisms

At the thirty-seventh meeting of the Committee (Annex 1, reference
94), an addendum to the “General specifications for enzymes used in
food processing” (Annex 1, reference 96) was prepared. This add-
endum addressed issues relating to enzyme preparations derived from
genetically modified microorganisms. The text is published in
Appendix B (General considerations and specifications for enzymes
from genetically manipulated microorganisms) to Annex 1 (General
specifications for enzyme preparations used in food processing) of the
Compendium of food additive specifications (Annex 1, reference 96).

At its present meeting, the Committee concluded that the first part of
Appendix B (General considerations) should be revised as follows.

For the proper evaluation of enzyme preparations derived from
genetically modified microorganisms, information should be provided
on the host microorganism, the genetic material introduced into the

At its first meeting in 1956, the Committee defined the term food additives as “non-
nutritive substances added intentionally to food, generally in small quantities, to improve
its appearance, flavour, texture or storage properties” (Annex 1, reference 7). The
Committee later expanded its scope to include food contaminants as well as certain
nutritive substances consumed in high amounts (Annex 1, reference 76).

N

Such a case occurred at the forty-first meeting when the Committee evaluated the safety
of the use of sodium iron EDTA (ethylenediamine tetraacetate or edetate) in supervised
food fortification programmes in populations in which iron-deficiency anaemia is
endemic (Annex 1, reference 107). The Committee expressed concern about the
potential for over-fortification of food because of the enhanced bicavailability of iron in
this form.



host microorganism and the recombinant production microorganism.
Annex 1 of the Compendium of food additive specifications (Annex 1,
reference 96) addresses factors relevant to all microbial sources
(conventional and recombinant) used in the production of enzyme
preparations and to fermentation and recovery procedures. The
following points need emphasis when the production of enzyme
preparations derived from genetically modified microorganisms is
considered:

* The host microorganism should be taxonomically and genetically
characterized.

e Documentation demonstrating that the host microorganism is non-
pathogenic and non-toxicogenic should be provided.

e The genetic material (i.e. the expression vector or plasmid) in-
tended for introduction into the host microorganism should be
characterized and a description of its construction provided. As
appropriate, it should be demonstrated that the genetic material
does not contain genes coding for virulence factors, protein toxins
or enzymes that may be involved in the synthesis of mycotoxins or
any other toxic or undesirable substances. The source of the DNA
encoding the enzyme of interest should be identified where
possible.

¢ The production microorganism should be characterized with
respect to the introduced DNA, its genetic stability and its growth
properties.

» If the production microorganism is capable of producing proteins
that inactivate clinically useful antibiotics, documentation should
be provided that the finished enzyme preparation contains neither
antibiotic-inactivating proteins at concentrations that would inter-
fere with antibiotic treatment nor DNA that is capable of transfor-
ming microorganisms, which potentially could lead to the spread of
antibiotic resistance.

* All enzyme preparations should be evaluated for their potential to
elicit allergic reactions. As a general rule, if a food is known to
cause an allergic reaction in humans, its use as a source of DNA
encoding the enzyme of interest should be avoided. In exceptional
cases, where there is a demonstrated need to use an allergenic
source of DNA, documentation should be provided indicating that
the enzyme is not associated with the allergic reaction. Worldwide
the most common allergenic foods are fish, crustaceans, peanuts,
tree nuts, soybeans, milk, eggs and wheat.

15
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The above points cover the major issues pertinent to the development
of enzyme preparations derived from genetically modified microor-
ganisms. These points emphasize and supplement the issues that
must be considered in the safety evaluation of such enzyme pre-
parations which in general relate to the avoidance of undesirable
impurities.

The following properties might be useful in characterizing enzymes
from recombinant microorganisms: relative molecular mass, isoelec-
tric point, substrate specificity, reaction kinetics, activity as a
function of pH and temperature, amino acid composition, amino acid
sequence, a peptide map and the sequence of DNA bases coding for
the enzyme.

In revising the second part of Appendix B (Specifications for enzymes
from genetically manipulated microorganisms), the Committee re-
moved the tentative designation. The revised section on specifications
to be published in the specifications monograph focuses on the sec-
tion of the monographs that deals with the host microorganism for
enzymes from genetically modified microorganisms. It notes that any
microbial strain that meets the general considerations for enzymes
specified in Annex 1 of the Compendium of food additive specifica-
tions (Annex 1, reference 96) should be a safe and suitable host for
the introduced DNA. Citation of the genus and species of the host
and donor organisms is usually adequate for microorganisms that
have been determined to be safe and suitable. The citation of the
strain is appropriate where a non-pathogenic and non-toxicogenic
strain belongs to a species that also encompasses pathogenic and
toxicogenic strains. Citation of the specific expression plasmids is
generally unnecessary where the plasmid vector is well characterized
and documentation on the production microorganism, including the
introduced DNA, can be used to Verlfy the appropriateness of the
expression plasmid selected.

The Committee requested comments on the revised text of Appendix
B, which will be published as an Annex in the specifications
monograph.

The Committee also amended the “General notices applying to the
standards, tests and assays of the specifications prepared by the Joint
FAO/WHO Expert Committee on Food Additives” in the Compen-
dium of food additive specifications (Annex 1, reference 96) to align
the text on the source of enzyme preparations with the revision of
Appendix B to Annex 1, as described above.



2.4.6 Limit test for heavy metals

3.1
3.1.1

The Committee reaffirmed the decision taken at its forty-ninth meet-
ing (Annex 1, reference 131) to replace, as appropriate, the general
test for heavy metals in the specifications with tests for specific metals,
particularly for lead, cadmium, mercury and arsenic.

In order to confirm the limits for heavy metals, the Committee would
require confirmation of the actual levels determined in the food addi-
tives in question from sponsors.

The Committee will endeavour to establish guidelines for setting
limits for specific heavy metals. At its present meeting, the Committee
confirmed that it would aim to set limits that were as low as
practicable for those elements of concern.

The Committee adopted a general limit for lead of 2mg/kg. When
an additive was known to be used in substantial amounts, a limit of
1mg/kg was chosen. In a few cases where there was evidence that the
lead content of the product could not be reduced to these levels, a
limit of Smg/kg was specified.

Specific food additives

The Committee evaluated four food additives for the first time and
re-evaluated 12 food additives considered at previous meetings. In
addition, the Committee evaluated a large number of flavouring
agents using the Procedure for the Safety Assessment of Flavouring
Agents (see section 4). Information on the evaluations and on
specifications is summarized in Annex 2. Details of further
toxicological studies and other information required for certain
substances are given in Annex 3.

Enzyme preparations
o-Acetolactate decarboxylase

o-Acetolactate decarboxylase derived from a genetically modified
organism was previously reviewed by the Committee at its forty-
ninth meeting (Annex 1, reference 131), when a temporary ADI “not
specified” was established. The ADI was designated as “temporary”
because the specifications were tentative.

At its present meeting, the Committee prepared specifications that
are consistent with the specifications for the product that was tested
toxicologically. Therefore, the Committee removed the temporary
qualification and established an ADI “not specified”.

17



A toxicological monograph was not prepared. The existing specifi-
cations were revised in accordance with the revised Appendix B
(General considerations and specifications for enzymes from geneti-
cally manipulated microorganisms) to Annex 1 (General speci-
fications for enzyme preparations used in food processing) of the
Compendium of food additive specifications (Annex 1, reference 96) as
described in section 2.4.5 and the “tentative” designation was deleted.

3.1.2 Maltogenic amylase

3.2
3.2.1

18

Maltogenic amylase derived from a genetically modified organism
was previously reviewed by the Committee at its forty-ninth meeting
(Annex 1, reference 137), when a temporary ADI “not specified” was
established. The ADI was designated as “temporary” because the
specifications were tentative.

At its present meeting, the Committee prepared specifications that
are consistent with the specifications for the product that was tested
toxicologically. Therefore, the Committee removed the temporary
qualification and established an ADI “not specified”.

A toxicological monograph was not prepared. The existing speci-
fications were revised in accordance with the revised Appendix B
(General considerations and specifications for enzymes from geneti-
cally manipulated microorganisms) to Annex 1 (General specifi-
cations for enzyme preparations used in food processing) of the
Compendium of food additive specifications (Annex 1, reference 96) as
described in section 2.4.5 and the “tentative” designation was deleted.

Flavouring agents
trans-Anethole

trans-Anethole was first evaluated by the Committee at its eleventh
meeting (Annex 1, reference /4) and re-evaluated at its twenty-third
meeting (Annex 1, reference 50), when a temporary ADI of 0-2.5mg/
kg of body weight was allocated. At the thirty-third meeting (Annex
1, reference 83), the temporary ADI was reduced to 0-1.2mg/kg of
body weight on account of the tumorigenic effects observed in the
liver of female rats in a 27-month study. At that time, the Committee
requested further details of the long-term study in rats and the results
of metabolic studies, and further noted that a long-term study in mice
and an epidemiological study might be required. At the thirty-seventh
meeting (Annex 1, reference 94), the temporary ADI for trans-
anethole was reduced to 0-0.6mg/kg of body weight after considera-
tion of the results of three independent reviews of the histological
changes in the liver of rats in the long-term study. At that time, a



recommendation was made for further metabolic and pharmaco-
kinetic studies, chromosomal aberration studies and in vitro tests for
gene mutations in mammalian cells. At its thirty-ninth and forty-ninth
meetings (Annex 1, references 101 and 137), the Committee further
extended the temporary ADI of 0-0.6mg/kg of body weight, pending
completion of the recommended studies.

At its present meeting, the Committee evaluated the results of new
90-day studies in rats and mice, together with those of studies on the
metabolism of frans-anethole in mice and rats, studies on the effects
on hepatic enzyme induction in these species of short-term
administration of frans-anethole in the diet, in vitro cytotoxicity and
genotoxicity studies and some epidemiological data which had
become available since the thirty-seventh meeting. These studies
provided information on the significance to humans of the results of
the long-term study in rats. In addition, studies on reproductive
toxicity and immunotoxicity were reviewed. A long-term study in
mice, which had been requested at the thirty-ninth meeting, was not
available.

The no-observed-effect level (NOEL) from the previously reviewed
long-term study in rats was 2.5 g/kg (0.25%) in the diet (equivalent to
125mg/kg of body weight per day), based on an increased incidence of
hepatic focal nodular hyperplasia in animals of both sexes at higher
doses. Administration of trans-anethole to 30 female CD-1 mice for
12 months at 4.6 g/kg (0.46%) in the diet (equivalent to 700mg/kg of
body weight per day) did not result in the induction of hepatomas in
any of the animals up to 18 months after the feeding of trans-anethole
had been initiated; the related alkenylbenzenes, safrole and estragole,
induced hepatomas in the same assay.

Most of the evidence on genotoxicity and DNA interactions of trans-
anethole reviewed at the present meeting suggested that it is not
genotoxic. Under standard assay conditions, rrans-anethole was not
mutagenic in Salmonella typhimurium, and negative results were
obtained in tests for induction of chromosomal aberrations in Chinese
hamster ovary cells in vitro, induction of micronuclei in mice in vivo
and unscheduled DNA synthesis in vitro and in vivo. The only posi-
tive results were obtained for mutation at the ¢tk locus in mouse
lymphoma cells in both studies performed and in three assays in S.
typhimurium when a microsomal activation system with enhanced
protein content or when the co-factor 3’-phosphoadenosine-5’-
phosphosulfate (PAPS) was added. The rate of formation of adducts
in hepatic DNA from adult and weanling mice exposed to trans-
anethole was very low in comparison with the rate after exposure to
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the hepatocarcinogenic alkylbenzenes, safrole, estragole and methyl-
eugenol.

The potential of metabolites of trans-anethole to induce unscheduled
DNA synthesis in rat hepatocytes in vifro was also investigated.
Neither the initial w-oxidation product, 3’-hydroxy anethole, nor the
epoxide products, anethole 1,2-oxide and its metabolite, anethole 1,2-
diol, induced unscheduled DNA synthesis. Anethole 1,2-oxide was
cytotoxic, while anethole 1,2-diol exhibited little cytotoxicity. Agents
that prevented further metabolism of the epoxide markedly enhanced
the cytotoxicity of trans-anethole.

The metabolism of frans-anethole proceeds via O-demethylation, side-
chain w-oxidation and epoxidation of the side chain. These pathways
of metabolism occur in rats, mice and humans, but the proportion
of the dose metabolized by different routes is species- and dose-
dependent. O-Demethylation and w-oxidation are the major path-
ways in rats and mice receiving single doses of 200-300mg/kg of
body weight (similar to those administered in the toxicity studies),
and also in humans receiving a single dose of 1mg (equivalent to
0.015mg/kg of body weight). The formation of the cytotoxic epoxide
metabolite has been deduced from the urinary excretion of the iso-
meric diols and of the N-acetylcysteine metabolite derived from con-
jugation with glutathione. The total amounts of these metabolites
excreted by rats (about 15-20%) were higher than those excreted by
mice (about 5-10%) or humans (about 3%). However, in this respect,
the human data have been described adequately for only two subjects
given ["*C] trans-anethole. The available data indicate that rats given
single doses of 200-300mg/kg of body weight metabolize propor-
tionally more trans-anethole to the cytotoxic metabolite than do
humans given a single dose of 1 mg. The metabolic data from humans
were considered by the Committee to be too limited to permit accu-
rate quantitative comparisons of formation of anethole epoxide in
rats and humans.

Recently conducted 90-day feeding studies in CD-1 mice and
Sprague-Dawley rats were reviewed, together with preliminary 28-
day range-finding studies. Most of the observed effects were related
to inanition resulting from decreased food consumption by the
treated animals. The effects of diet rejection were much more appar-
ent in mice and were reflected in the much lower dietary levels toler-
ated. In contrast, in studies in which single doses were given by
gavage, mice appeared to tolerate higher doses of trans-anethole than
did rats. The doses used in the 90-day studies were 30-240mg/kg of
body weight per day for mice and 150-900mg/kg of body weight per



day for rats. In both species, the major indications of inanition were
large decrements in body weight, depletion of hepatic glycogen and
decreased organ weights, while enlarged livers and hypertrophy of the
centrilobular hepatocytes were suggestive of hepatic enzyme induc-
tion. The NOEL in the study in mice was 120mg/kg of body weight
per day, based on decrements in body weight of greater than 10% in
males at the highest dose.

Toxicologically significant effects were apparent from the results of
the 28-day and 90-day studies in rats. In both male and female rats a
hepatotoxic effect of trans-anethole was suggested by elevated serum
activity of y-glutamyl transferase in the 90-day study at doses of 600 or
900mg/kg of body weight per day, and by a reduction of serum
protein and albumin concentrations at a dose of 900mg/kg of body
weight per day. However, no proliferative or other toxicologically
significant lesions were apparent on histopathological examination of
the livers. There was no evidence of a similar effect in mice over the
lower dose range necessitated by their lower tolerance to trans-
anethole in the diet. The NOEL was 300mg/kg of body weight per
day, based on the elevated y-glutamyl transferase activity in both male
and female rats and decrements in body weight exceeding 10% in the
males at higher doses.

Studies of reproductive toxicity in rats given frans-anethole were
conducted over one or four generations. In the 1-generation study,
litter effects (reduced viability of pups. pup survival and pup body
weights) were noted only at doses that were toxic to the dams. The
NOEL for maternal toxicity was 175mg/kg of body weight per day,
based on reduced food consumption and body-weight gain and
overall poor condition in the dams. In the 4-generation study, in
which treated groups received tfrans-anethole at a dose of 10g/kg
(1%) in the diet (equal to 700-1400mg/kg of body weight per day),
the only effect seen in the pups was a reduction in body-weight gain.
A cross-fostering experiment conducted as part of the 4-generation
dietary study indicated that the reduced body-weight gain observed in
pups in the treated groups was related to exposure during lactation,
rather than during the gestation period.

trans-Anethole was not immunotoxic when tested in the sheep eryth-
rocyte plaque-forming assay or a challenge assayv with Listeria mono-
cytogenes.

The data reviewed at the present meeting indicated that trans-
anethole and its metabolites are unlikely to be genotoxic in vivo and
suggested that a cytotoxic metabolite, anethole epoxide, is the pos-
sible causative agent of the hepatotoxic effects noted in the liver of
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rats. Since trans-anethole is metabolized along the same three major
pathways in mice, rats and humans, hepatotoxicity in rats was
considered an appropriate end-point on which to base the ADI.
Because the 90-day study in rats was well conducted by current
standards and the hepatic effects observed were consistent with the
hepatotoxicity observed in the long-term study, it was used to derive
the ADI. The NOEL was 300mg/kg of body weight per day on the
basis of alterations in serum parameters considered to be indicators of
hepatotoxicity. Because of the low tolerance of mice for trans-
anethole administered in the diet, they could not be fed doses com-
parable to those that were toxic to rats. It is therefore unlikely that
a new long-term study in mice could include sufficiently high doses
to induce effects in the liver uncomplicated by inanition.

Because of limitations in the long-term studies in rats and mice, the
Committee concluded that the recent 90-day study in rats provided
the most reliable data for the determination of the NOEL for adverse
effects in the liver. Application of the usual safety factor of 100 to the
NOEL from the 90-day study was considered inappropriate because
of the limitations in the long-term studies. An overall safety factor of
200 was considered adequate to allow for deficiencies in the long-term
studies and to provide a suitable safety margin for the maternal
toxicity observed in reproductive toxicity studies as well as for the
effects seen in the 90-day study in mice.

The Committee allocated an ADI of 0-2mg/kg of body weight on
the basis of the NOEL of 300mg/kg of body weight per day in the
90-day study in rats, to which a safety factor of 200 was applied. The
ADI was rounded to one significant figure, in accordance with usual
practice.

An addendum to the toxicological monograph was prepared. The
existing specifications included in the list of flavouring agents in the
Compendium of food additive specifications, addendum 5 (Annex 1,
reference 133) were maintained.

3.2.2 Furfural
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Furfural was previously evaluated at the thirty-ninth meeting of
the Committee (Annex 1, reference 101). An ADI was not estab-
lished because of evidence available to the Committee regarding the
genotoxicity and carcinogenicity of furfural. At that time, the Com-
mittee considered that the direct addition of furfural as a flavour was
not appropriate, and that its use as a solvent should be restricted to
situations in which alternatives were not available. The Committee
also considered that transfer of furfural into food should be reduced



to the lowest extent technically feasible. At its present meeting, the
Committee considered furfural as a flavouring agent.

Furfural is used as a flavouring agent in a variety of food products and
alcoholic and non-alcoholic beverages. Furfural and many of its
derivatives occur widely as natural constituents of food.

Since the last evaluation additional data, including those from studies
of the metabolism of furfural, its potential genotoxicity and hepato-
toxicity, have become available.

In both humans and rodents, furfural is efficiently metabolized by
oxidation of the aldehyde functional group to furoic acid, most of
which is conjugated with glycine and excreted. A minor proportion
(<5%) of furoic acid is condensed with acetyl coenzyme A to form
2-furanacryloyl coenzyme A, which is conjugated with glycine and
excreted in the urine. About 5% of [“*COOHJfurfural is eliminated
by rats and mice as radiolabelled carbon dioxide. The metabolic
pathway, which could involve either direct decarboxylation or
epoxidation and opening of the carbon ring, has not been defined.

In short-term studies, furfural was clearly hepatotoxic at doses at and
above 90mg/kg of body weight per day and 150mg/kg of body weight
per day in male rats and male mice, respectively. Minor changes were
reported in the liver of male rats given furfural at lower doses in corn
oil by gavage for 13 weeks and were also present to a lesser extent in
controls given corn oil by gavage. In a study of developmental toxicity
furfural was not toxic in rats at doses of up to 150mg/kg of body
weight per day, the highest dose tolerated.

Furfural, like other aldehydes such as endogenous acetaldehyde, is
a reactive aldehyde; it is reported to bind to soluble proteins and
protein components of cell membranes. Various metabolic processes
(i.e. oxidation, conjugation and condensation) will effectively elimi-
nate the reactive aldehyde functional group when these metabolic
pathways are not saturated by high, non-physiological doses.

Furfural was not genotoxic in most tests in vitro. Positive results were
reported at relatively high concentrations in only three of 16 reverse
mutation assays in Salmonella typhimurium and in one of three rec
assays in Bacillus subtilis. A few chromosomal aberrations were seen
in Chinese hamster ovary cells exposed to relatively high concen-
trations. Sister chromatid exchanges and forward mutations were
induced in mouse lvmphoma cells. This weak activity of furfural in
vitro in some tests for genotoxicity might be explained by the
reactivity of its aldehyde group. Recent studies of unscheduled DNA
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synthesis in hepatocytes of rats treated in vivo and in human liver
treated in vitro gave negative results. Negative results were obtained
in tests for genotoxicity in vivo, except in Drosophila melanogaster
injected with furfural.

In a 2-year study of carcinogenicity in rats given furfural in corn oil by
gavage at doses of 30 or 60mg/kg of body weight per day, hyperplasia
of the bile duct and cholangiofibrosis were seen in essentially all rats
in all groups (treatment and control); the incidence was highest in the
control groups. Mild hepatocellular necrosis was seen in all groups;
however, the rates in males were higher in all treated groups.
Cholangiocarcinomas were observed in two of S0 males at the highest

dose, but the incidence was not statistically significant.

In mice, the combined incidence of adenomas and carcinomas of the
liver (64%) was significantly increased (p <0.01) in males given the
highest dose (175mg/kg of body weight per day), but not in females.
Hepatocellular adenomas and carcinomas also occurred in the
controls and in animals that received the lowest dose (50mg/kg of
body weight per day) and in those given the intermediate dose
(100mg/kg of body weight per day), at incidences of 34-44% in males
and 6-14% in females. The incidences in historical controls were
38% (14-50%) in males and 6.2% (0-30%) in females. Hepato-
toxicity, manifested by features such as focal and multifocal nec-
rosis and chronic inflammation, was seen in all groups, including the
controls, but was considerably more frequent in mice given the high-
est dose.

Studies of oncogene activation in samples of liver tumours in this
study revealed some differences in the pattern of mutations in the
oncogenes observed in treated mice and controls. As it was not
possible to identify the animals from which the tumours originated
and since hepatotoxicity was seen at the intermediate and highest
doses, it was not possible to determine whether a direct genotoxic
event or a secondary genotoxic pathway was involved.

Because of concern about the tumours observed in male mice given
furfural and the fact that no NOEL was identified for hepatotoxicity
in rats, the Committee was unable to allocate an ADI. Before
reviewing this substance again, the Committee would wish to review
the results of studies of DNA binding or adduct formation in vivo to
clarify whether furfural interacts with DNA in the liver of mice. The
Committee also requested the results of a 90-day study of toxicity in
rats to identify a NOEL for hepatotoxicity.

A toxicological monograph was prepared. The existing specifications
for furfural were revised and, as the only direct food-related use of



furfural is as a flavouring agent, they were transferred to the list of
flavouring agents in the specifications monograph.

3.2.3 Menthol

Menthol was first evaluated at the eleventh meeting of the Committee
(Annex 1, reference /4), when it was allocated an unconditional ADI
of 0-0.2mg/kg of body weight and a conditional ADI of 0.2-2mg/kg
of body weight. At the eighteenth meeting, an ADI of 0-0.2mg/kg of
body weight was established (Annex 1, reference 35). Menthol was
re-evaluated at the twentieth meeting of the Committee (Annex 1,
reference 41), when the previous ADI was maintained. At that
meeting, the Committee considered it desirable to evaluate the results
of long-term studies of toxicity and carcinogenicity in rats,
information on the average and likely maximum levels of intake of
menthol, clinical observations on subjects with a higher than average
intake of menthol and the results of studies on metabolism (Annex 1,
reference 42). Since that time, new studies have become available,
principally, 2-year studies of carcinogenicity in mice and rats.

Menthol exists as two optical isomers: (+)-menthol, (—)-menthol and
the racemic mixture ((+)-menthol). The (-)-and (£)-forms are used as
flavouring agents.

Menthol is readily absorbed. Up to 100% of an ingested dose appears
to be absorbed as measured by the elimination of menthol meta-
bolites in the faeces and urine. Absorbed menthol is known to be
eliminated largely as glucuronides; 70-80% of an oral dose is elimin-
ated in the urine and faeces within 48 hours of ingestion. Metabolic
studies indicate that oral doses of menthol are metabolized mainly
in the liver and excreted via the kidneys and in the bile. Men-
thol is efficiently metabolized by normal metabolic pathways. The
metabolites are simple glucuronic acid conjugates and oxidation
products. Mammals can efficiently metabolize menthol by pathways
that do not create hazardous metabolites.

In 13-week toxicity studies in which (£)-menthol was given in the diet,
the NOEL was 560mg/kg of body weight per day in mice and 750mg/
kg of body weight per day in rats on the basis of slightly increased
incidences of interstitial nephritis at higher doses.

In a 2-year study of toxicity and carcinogenicity in mice, (£)-menthol
was administered in the diet at levels equivalent to 300 or 600mg/kg
of body weight per day. The incidences of hepatocellular tumours in
males and lung tumours in females at the higher dose level were not
significantly different from those in concurrent or historical controls.
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The survival rate was decreased in female mice but remained within
the range of historical controls. The NOEL was 600mg/kg of body
weight per day. In a 2-year toxicity/carcinogenicity study in rats given
(£)-menthol in the diet at concentrations equivalent to 190 or 380mg/
kg of body weight per day, the NOEL was 380mg/kg of body weight
per day.

Neither menthol nor its metabolites were genotoxic in in vitro or in
vivo studies.

While no reproductive toxicity studies were available for (£)-
menthol, (-)-menthol was tested at doses of up to 190-430mg/kg of
body weight per day for teratogenicity in mice, rats, hamsters and
rabbits; no teratogenic effects were observed.

The limited data available on metabolism and toxicity provided no
indication of a difference in the toxicity of (-)-menthol and (%)-
menthol. Therefore, the Committee concluded that an ADI could be
established for the two optical isomers of menthol.

The Committee noted that the highest dose of (£)-menthol used in
the long-term studies in mice and rats caused no specific toxic effects.
As survival was reduced in mice given a dose of 600mg/kg of body
weight per day, the Committee allocated an ADI for menthol of 0—
4mg/kg of body weight, based on the NOEL of 380mg/kg of body
weight per day in the long-term study in rats and a safety factor of 100.
The ADI was rounded to one significant figure, in accordance with
usual practice.

A toxicological monograph was prepared. The existing specifications
for (+)-menthol and (-)-menthol were revised and replaced by a
single set of specifications for menthol, which was added to the list of
flavouring agents in the specifications monograph.

Food colours
Curcumin

Turmeric oleoresin and curcumin (the main colouring component of
turmeric oleoresin) were evaluated previously by the Committee at
its thirteenth, eighteenth, twenty-second, twenty-fourth, twenty-sixth,
thirtieth, thirty-fifth, thirty-ninth and forty-fourth meetings (Annex 1,
references 19, 35, 47, 53, 59, 73, 88, 101 and 116). At the eighteenth
meeting, a temporary ADI of 0-0.1mg/kg of body weight was
established for curcumin, based on the ADI for turmeric oleoresin
(0-2.5mg/kg of body weight per day) and an assumed average
concentration of 3% curcumin in turmeric. The temporary ADI for
curcumin was extended at the twenty-second, twenty-fourth, twenty-



sixth, thirtieth, thirty-fifth and thirty-ninth meetings. At the thirty-
ninth meeting, the Committee requested the results of carcinogenicity
studies in mice and rats fed turmeric oleoresin (which were known to
have been completed) and the results of a study of reproductive
toxicity and teratogenicity with curcumin.

At its forty-fourth meeting, the Committee evaluated the results of
the carcinogenicity studies on turmeric oleoresin in rats and mice,
together with new biochemical and genotoxicity data. The Committee
concluded that teratogenicity data on curcumin were no longer
required but reiterated the request for a reproductive toxicity study.
On the basis of a NOEL of 220mg/kg of body weight per day in the
carcinogenicity study in mice and a safety factor of 200, the Com-
mittee increased the temporary ADI to 0-1mg/kg of body weight and
extended it, pending the submission of the results of a reproductive
toxicity study with curcumin for review in 1998.

At its present meeting, the Committee evaluated the results of
fertility studies with turmeric oleoresin given in the diet at levels
equal to 0, 120, 650 or 3300mg/kg of body weight per day in female
rats; 0, 80, 430 or 2200mg/kg of body weight per day in male rats; 0,
220, 1100 or 5500mg/kg of body weight per day in female mice; and 0,
210, 1100 or 5500mg/kg of body weight per day in male mice. The
curcumin content of the turmeric oleoresin was 68-76.5%. In mice
low rates of survival of pups (44% or less) were seen in all treated
groups, the lowest rate occurring at the highest dose. The highest-
dose group also showed a decrease in mean litter size. In rats there
were no effects on the survival of parents or their F, offspring, but
pregnancy rates were decreased in all groups, and were lower in
treated than in control groups. Decreased body-weight gain of pups
was observed at the intermediate and highest doses on days 0-14
postpartum. Because of the low survival rate of pups in the study in
mice, and the low rates of pregnancy observed in rats, the Committee
was unable to evaluate with confidence the significance of the repro-
ductive effects observed in the two studies.

The Committee concluded that the studies of fertility in rats and mice
provided very limited data on the effects of curcumin on this end-
point and that these studies did not provide assurance that the
potential reproductive effects of curcumin have been adequately
investigated. The Committee again requested the results of a
reproductive toxicity study on a substance complying with the
specifications for curcumin.

The temporary ADI of 0-1mg/kg of body weight per day for
curcumin was extended until 2001, pending the submission of data
from a reproductive toxicity study.
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A toxicological monograph was not prepared. The existing speci-
fications were revised and designated as “tentative”, pending the receipt
of information on the need and technological justification for alterna-
tive solvents for use in the current manufacturing processes of curcumin,
which was required for evaluation in 2001.

3.3.2 Riboflavin from genetically modified Bacillus subtilis

28

Riboflavin derived from a fermentation process using a genetically
modified strain of Bacillus subtilis has not been previously evaluated
by the Committee. Synthetic riboflavin was evaluated previously by
the Committee at its thirteenth meeting (Annex 1, reference 19),
when an ADI of 0-0.5mg/kg of body weight was allocated on the basis
of a limited database. It was re-evaluated at the twenty-fifth meeting
(Annex 1, reference 56), when a group ADI of 0-0.5mg/kg of body
weight was allocated to riboflavin and riboflavin-5’-phosphate,
expressed as riboflavin. The data reviewed at that time included
information on reproductive toxicity.

The strain of B. subtilis used in riboflavin production has been
genetically modified to overproduce riboflavin by amplification of the
chromosomal region of the riboflavin operon containing suitable
promoters and flanked by pUC19 and antibiotic resistance marker
genes. The lack of pathogenicity and toxicity of the strain of B. subtilis
from which the genetic information encoding riboflavin was cloned is
extensively and well documented, and the methods for genetic
modification have been well described. The production strain of B.
subtilis was shown to be genetically stable during fermentation. It
was convincingly established that the final product is riboflavin of
a purity comparable to, or greater than, that produced by conven-
tional methods and is free of DNA from the production organism.
Thus, antibiotic resistance marker genes are not present in the final
product.

In a 90-day study of toxicity, rats were fed diets containing either
98% pure food-grade riboflavin produced by fermentation from
genetically modified B. subtilis or 98% pure riboflavin derived by
chemical synthesis. The doses tested were 0, 20, 50 or 200mg/kg of
body weight per day. Some animals in the highest-dose groups had
reduced weight gain, but the reduction was generally less than 10%,
and the efficiency of food conversion was not affected. In the group
fed the highest dose of fermentation-derived riboflavin some minor
changes in red blood cell parameters were observed, but they were
not considered relevant. The NOEL for 98% pure riboflavin
produced by fermentation was 200mg/kg of body weight per day,
which was the same- as that for chemically synthesized riboflavin.



3.4

Fermentation-derived riboflavin and the degradation product 8a-
hydroxyriboflavin did not induce gene mutations in bacteria in vitro in
either the presence or absence of metabolic activation.

The Committee concluded that the recombinant DNA techniques
used to derive the production strain of B. subtilis were well
characterized, providing assurance that no DNA is present in the end-
product. On the basis of molecular biological data and chemical
analytical research, it can be concluded that fermentation-derived
riboflavin from genetically modified B. subtilis is substantially
equivalent to synthetic riboflavin.

For 98% pure riboflavin produced by fermentation for use in food,
the NOEL in the 90-day toxicity study in rats was 200mg/kg of body
weight per day, the highest dose tested. Riboflavin produced by
fermentation was evaluated on the basis of its substantial equivalence
to synthetic riboflavin. Therefore, the Committee included riboflavin
derived from a production strain of genetically modified B. subtilis
with the previously established group ADI of 0-0.5mg/kg of body
weight for synthetic riboflavin and riboflavin-5’-phosphate.

A toxicological monograph and new specifications were prepared.

Glazing agents: mineral oils (medium- and low-viscosity)

Mineral oils' were previously considered by the Committee at its
thirty-seventh and forty-fourth meetings (Annex 1, references 94 and
116). At the latter meeting, the Committee allocated a temporary
group ADI of 0-0.01mg/kg of body weight to class II mineral oils
(including the medium-viscosity oils N70(H) and N70(A)) and to
class III mineral oils (including the low-viscosity oils P15(H), N15(H)
and N10(A)) and a temporary ADI of 0-1mg/kg of body weight
to class I mineral oils (including the medium-viscosity oil P70(H)),
based on the results of 90-day toxicity studies in Fischer 344 (F344)
rats.

At its forty-fourth meeting, the Committee requested more informa-
tion about the compositional factors in mineral oils that influence
their absorption and toxicity for review in 1998. It also requested a
study of at least 1 year’s duration of one of these materials in F344

' Oils may be obtained from crude oil sources of naphinenic (N) or paraffinic (P) origin
and by either the conventioral acic- (cieum) Treatment prosess {A) or the hydrogenation
or hydrotreatment process (H). Their viscosity rangss frcm 10 to 100 centistokes (¢cSt)
(10-100mm?s). Thus a P100{H} oil refers 10 & paraffinic oi! with a viscosity of 100 cSt
produced by the hydrogenation process and an N10(A) oil 1o & naphthenic oii with a
viscosity of 10 cSt produced by the acid-treatment process.
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rats, including an assessment of immune function at appropriate time
periods (with a reversal period of 1 year), and an investigation of the
kinetics of accumulation of the material, and particularly whether a
plateau is reached.

Only some of the requested information was available at the present
meeting. The new information indicated that Fischer rats are more
sensitive to mineral oils with respect to granuloma formation than
other strains and species. An adequate long-term bioassay in Fischer
rats given mineral oils at concentrations of 25 or 50 g/kg (2.5 or 5%) in
the diet (equal to 1000 or 2000mg/kg of body weight per day) did not
show any carcinogenic potential for the materials studied, which were
comparable to the medium-viscosity oils P70(H) and N70(H). The
Committee understood that research on the pharmacokinetics of
white mineral oils and their potential effects on immune function was
still in progress, and that the requested long-term feeding study with
a 1-year reversal period would not be available before January 2001.

The additional data did not provide a basis for changing the
previously established temporary ADIs, which were extended to
2002, pending the review of reports of the requested studies.

A toxicological monograph was not prepared. The existing speci-
fications were revised, with minor changes.

Preservatives: sulfur dioxide and sulfites

Sulfur dioxide and sulfites were evaluated at the sixth, eighth, ninth
and seventeenth meetings of the Committee (Annex 1, references 6,
8, 11 and 32). An ADI of 0-0.7mg/kg of body weight was allocated at
the seventeenth meeting to sulfur dioxide and to sulfur dioxide
equivalents arising from sodium and potassium metabisulfite, sodium
sulfite and sodium hydrogen sulfite. At subsequent meetings,
potassium and calcium hydrogen sulfite and sodium thiosulfate were
included in the group ADI (Annex 1, references 41, 47 and 62).

At its thirtieth meeting, the Committee retained the ADI of 0-0.7mg/
kg of body weight allocated to this group of compounds (Annex 1,
reference 73). The ADI was based on long-term studies in rats,
including a 3-generation study of reproductive toxicity, with a NOEL
of 2.5g/kg (0.25%) sodium metabisulfite in the diet (supplemented
with thiamine, as treatment of foods with sulfites reduces their
thiamine content), equivalent to 70mg/kg of body weight per day of
sulfur dioxide equivalents. At doses at or above 10g/kg (1%) in the
diet, local irritation of the stomach was observed, with inflammatory
changes and hyperplasia, and occult blood was detected in the facces.



The histopathological changes were limited to the stomach; the inci-
dence of neoplasms was not increased at any site or at any dose. A
safety factor of 100 was used. Similar local changes in the stomach
were observed in pigs fed thiamine-supplemented diets to which
sodium metabisulfite was added. The Committee also reviewed case
studies and challenge tests for idiosyncratic sensitivity to sulfiting
agents, and noted the life-threatening nature of the adverse effects
in some cases. It recommended that, where a suitable alternative
method of preservation exists, its use should be encouraged, particu-
larly in those applications in which the use of sulfites may lead to high
levels of acute intake. The Committee also reiterated the view
expressed at its twenty-seventh meeting (Annex 1, reference 62,
section 2.4) that appropriate labelling was the only feasible means of
protecting individuals who cannot tolerate certain food additives. At
its thirtieth meeting, the Committee recommended that the situation
with regard to the frequency of idiosyncratic adverse reactions and
the relative toxic effects of free and bound sulfur dioxide should be
kept under review. It also requested information on the chemical
forms of sulfur dioxide in food.

At its present meeting, the Committee identified two issues pertain-
ing to the toxicological evaluation of sulfites: general toxicity and
idiosyncratic intolerance. Idiosyncratic intolerance did not appear to
be related to deficiency of sulfite oxidase in humans. Since idiosyn-
cratic intolerance and general toxicity appeared to be unrelated they
were considered separately.

General toxicity

Studies performed since the thirtieth meeting of the Committee have
demonstrated the quantitative conversion of sulfite ions to sulfate
ions. The release of reduced glutathione by both isolated hepatocytes
and perfused liver is probably due to sulfitolysis of oxidized gluta-
thione by sulfite ions. The other product of sulfitolysis, glutathione -
sulfonate, was found to be a strong competitive inhibitor of both
microsomal and cytosolic glutathione S-transferase in rat lung and
liver cells and tumour cells from human lungs. These results suggested
that sulfite ions could interfere with the glutathione pathway through
their reaction with oxidized glutathione. In a study in rats, administra-
tion of 25g/kg (2.5%) metabisulfite in the diet for 5 weeks increased
the level of three disaccharidases involved in carbohydrate metabo-
lism and of alkaline phosphatase in the brush-border membrane of
cells of the small intestine.

The toxicity of bound and free forms of sulfite (acetaldehyde hy-
droxysulfonate and sodium metabisulfite, respectively) administered
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in drinking-water was assessed in normal rats and rats made deficient
in sulfite oxidase by administration of tungstate ions in drinking-water
for 8 weeks. The rats deficient in sulfite oxidase were considered to be
a better model for humans than the conventional rat model, which has
an estimated 10-20 times higher concentration of this enzyme in the
liver. Acetaldehyde hydroxysulfonate is a major bound form of sulfite
in wines and other fermented foods and beverages and is considered
to be a very stable form of bound sulfite. The doses of bound and free
sulfite chosen were calculated to deliver the same dose in terms of
sulfur dioxide equivalents (7, 70 or 350 mg/kg of body weight per day,
the highest dose being reduced to 175mg/kg of body weight per day
after 3 weeks). The effects on body weight, food consumption and
water intake were most marked in rats that received free rather than
bound sulfite and in enzyme-deficient rats as compared with normal
rats. The concentrations of sulfite and thiosulfate in urine and of
S-sulfonates in plasma were elevated in untreated rats deficient in
sulfite oxidase. Administration of bound sulfite to these rats resulted
in increased excretion of sulfite in the urine, while administration of
free sulfite was associated with increases in the concentrations of
urinary thiosulfate and plasma S-sulfonates. The measured concen-
trations were variable, and were not clearly related to the dose.
Histopathological lesions of the forestomach and glandular stomach
were detected in all groups of rats treated at the highest dose. The
severity and frequency of the gastric lesions were greater in the rats
deficient in sulfite oxidase. Hepatic lesions were observed in animals
receiving acetaldehyde hydroxysulfonate, and the NOEL was lower
in the rats deficient in sulfite oxidase than in normal rats (7mg and
70mg of sulfur dioxide equivalents’kg of body weight per day,
respectively). The effect may be due to the acetaldehyde that was
formed after dissociation. The results showed that the gastric toxicity
of bound sulfites, in the form of acetaldehyde hydroxysulfonate, was
equivalent to that of free sulfite. Although the enzyme-deficient rats
were more sensitive at doses above the NOEL, the NOEL was the
same as that in normal rats.

Three assays of in vitro genotoxicity were reviewed; the results con-
firmed the previously noted observation that sulfites are genotoxic in
vitro but not in vivo. This conclusion is consistent with the high
reactivity of sulfite and its rapid inactivation in mammals. Two studies
of teratogenicity in which sulfite was fed in the diet were available:
neither was conducted in a completely satisfactory manner, as treat-
ment did not cover the entire period of organogenesis. Maternal
toxicity was demonstrated in both studies at doses equivalent to
840mg of sulfur dioxide equivalents/kg of body weight per day and



above. No teratogenic effects were noted at intakes below this
concentration.

The results of a study of the effects of ingested sulfite on the rat
kidney demonstrated that administration of sodium metabisulfite by
gavage at a dose of Smg/kg of body weight per day (3.4mg of sulfur
dioxide equivalents/kg of body weight per day) for up to 2 weeks
reduced alkaline phosphatase activity in kidney tissue and con-
comitantly increased the concentrations of the enzyme in serum and
urine; these effects occurred after the first dose. The activity of lactate
dehydrogenase was likewise decreased in kidney tissue and increased
in urine but not in serum. Urinary excretion of protein was increased
10-fold by the end of 2 weeks. These effects appear not to be related
to treatment, as sulfite is quickly and quantitatively metabolized to
sulfate and no sulfite was detected in urine nor were lesions of the
kidney detected in normal rats after 8 weeks of treatment with a 20—
50 times higher dose of sulfite in drinking-water.

Thus, the previous NOEL in studies of animals that ingested sulfite
was confirmed in an 8-week study in rats in which the NOEL for
gastric lesions was 70mg of sulfur dioxide equivalents/kg of body
weight per day in both normal rats and those deficient in sulfite
oxidase, whether they were fed free sulfite or acetaldehyde hydroxy-
sulfonate, which is a stable and prevalent form of bound sulfite. These
gastric effects of sulfite, which were reported in rats and pigs, arise
from local irritant effects. These effects would therefore be de-
pendent on concentration rather than dose and a numerical ADI
might not be appropriate. The Committee considered that the role of
acetaldehyde in the reported effects of acetaldehyde hydroxy-
sulfonate on the liver needed to be resolved before a re-evaluation of
the safety of sulfur dioxide and sulfites could be completed. In view of
these reservations, the previously established ADI of 0-0.7mg/kg
of body weight was maintained.

Idiosyncratic reactions in humans

A number of case studies in humans were available in which sus-
pected hypersensitivity to sulfites based on adverse reactions to foods
was confirmed by administration of single- or double-blind oral
challenges with sulfites in solution or capsule form. While many of the
cases involved individuals with chronic asthma whose response was
primarily respiratory, a number of reports described adverse allergic-
type responses in people without asthma, which did not involve
respiratory symptoms. Some of these individuals had chronic allergic
conditions. These responses were consistent with self-reported
reactions documented by the Adverse Reaction Monitoring System
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of the United States Food and Drug Administration. Evidence for an
allergic basis for the adverse reactions to free and bound sulfites was
provided in a number of the case reports. In studies in which only
skin-prick testing had been attempted, allergy could not be ruled out,
as further testing had not been done. Challenges with various food
commodities containing sulfites also resulted in positive responses. In
a double-blind study, lettuce treated with sulfites elicited the most
consistent responses; sulfites in sulfite-treated lettuce are considered
to be present mostly as free sulfite. While the mechanism by which
sulfite ingestion precipitates idiosyncratic adverse reactions has not
been established, there was some evidence of a mechanism involving
the action of nitric oxide on parasympathetic receptors.

The prevalence of sulfite sensitivity was determined in groups of
asthmatic adults and children who were either dependent or not
dependent on steroids: In adults, the prevalence among those
dependent on steroids was 4-8% and appeared to be less than 1% in
those who were not dependent on steroids. The prevalence in the
total population of asthmatic adults has been estimated to be 4%. The
prevalence in asthmatic children was higher, approximately 20-30%,
following double-blind challenges to children who were either
dependent or not dependent on steroids.

The Committee reiterated the recommendation made at its thirtieth
meeting (Annex 1, reference 73) that, where a suitable alternative
method of preservation exists, its use should be encouraged,
particularly in those applications (e.g. control of enzymic browning in
fresh salad vegetables) in which the use of sulfites may lead to high
levels of acute intake and which have most commonly been associated
with life-threatening adverse reactions. The Committee considered
that appropriate labelling would help to alert individuals who cannot
tolerate sulfites.

The intake of sulfites is assessed in section 5.4.

An addendum to the toxicological monograph was prepared. The
existing specifications for potassium metabisulfite, potassium sulfite,
sodium hydrogen sulfite, sodium metabisulfite, sodium- sulfite and
sodium thiosulfate were revised and designated as. “tentative”,
pending the receipt of information regarding the test for selenium.
The existing specifications include a limit for selenium for which
the test method is no longer feasible because of a lack of availability
of the required reagents. The Committee also questioned the need for
a limit for selenium because new processes by which sulfur is pro-
duced as a by-product of the oil industry have replaced extraction
methods from sulfur mines. The Committee noted that the limit for
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selenium may no longer be necessary and requested information in
this regard.

The existing specifications for calcium hydrogen sulfite were main-
tained and designated as “tentative”. Information was requested
regarding a modified name for calcium hydrogen sulfite that would be
more reflective of its physical properties, the extent and functionality
of its use as a food additive, and the need for limits for selenium and
arsenic and associated analytical methods.

The existing specifications for sulfur dioxide were revised.

No information was made available to the Committee regarding
calcium metabisulfite, calcium sulfite and potassium hydrogen sulfite.
No specifications were prepared for these substances.

Sweetening agent: stevioside

Stevioside is a sweet glycoside of the diterpene derivative steviol (ent-
13-hydroxykaur-16-en-18-oic acid). It is a natural constituent of the
plant Stevia rebaudiana Bertoni, belonging to the Compositae family.
Stevioside has not been previously evaluated by the Committee.

After oral administration to rats, stevioside is not readily absorbed
from the upper small intestine but is hydrolysed to the aglycone,
steviol, before absorption from the gut. Steviol is completely
absorbed and is excreted in the bile as conjugates; only a very small
fraction is detectable in urine. After biliary excretion, the conjugates
are hydrolysed, and steviol undergoes enterohepatic circulation; its
elimination half-life is 24 hours. Steviol is the only faecal metabolite
of stevioside that has been identified, and excretion in the faeces is the
major route. After intravenous administration, stevioside is rapidly
distributed throughout the body, partially secreted by the renal
tubular epithelium, and excreted in the urine.

At high concentrations, stevioside affected a variety of biochemical
parameters in rat tissues in vitro. It weakly inhibited oxidative phos-
phorylation; steviol was about 30 times more potent in this respect.
The most likely mechanism for this effect is inhibition of the
mitochondrial translocation of adenine nucleotides. Steviol also
inhibited glucose absorption from rat gut by reducing the ATP
content of the intestinal mucosa. Stevioside may also act as a calcium
antagonist, showing a hypotensive effect and inducing diuresis,
natriuresis and a fall in reabsorption of glucose in the renal tubules.
Stevioside may not. however, be able to penetrate cell membranes.
Although most of these studies were performed after intravenous
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injection of stevioside, oral administration of extracts of S. rebaudiana
to rats caused similar effects (hypotension and diuresis).

Stevioside has very low acute oral toxicity. Oral administration of
stevioside at a concentration of 25g/kg (2.5%) in the diet to rats for 2
years, equal to 970 and 1100mg/kg of body weight per day in males
and females, respectively, had no significant effect. Reduced body-
weight gain and survival rate were observed at a level of 50g/kg (5%)
in the diet. There was no indication of carcinogenic potential in the
long-term study and no evidence of potential to promote tumours of
the urinary bladder in a separate bioassay.

In reproductive toxicity studies, administration of stevioside at doses
of up to 2500mg/kg of body weight per day to hamsters and 3000 mg/
kg of body weight per day torats had no effect. Although an aqueous
infusion of S. rebaudiana administered orally to female rats was
reported to cause a severe, long-lasting reduction in fertility, the
contraceptive effect was probably not due to stevioside. Neither
teratogenic nor embryotoxic effects were observed in rats given stevio-
side at doses of up to 1000mg/kg of body weight per day by gavage.

The results of genotoxicity tests with stevioside in various in vitro
systems were uniformly negative.

The aglycone, steviol, exhibited greater acute toxicity than stevioside
in hamsters but not in rats. Steviol was clearly genotoxic after
metabolic activation, inducing forward mutations in bacteria and
gene mutations and chromosomal aberrations in lung fibroblasts of
Chinese hamsters. Several mechanistic studies indicated that the
structural features necessary for the expression of mutagenic activity
include a hydroxyl group at position C13 and an unsaturated bond
joining the C16 and C17 carbon atoms of steviol. The fact that
stevioside is glycosylated at position C13 could explain the absence
of mutagenicity. The active metabolite of steviol responsible for its
mutagenic activity is not known. While some data suggest that
epoxidation may be involved in the metabolic activation of steviol,
other data indicate that the active metabolite is not an epoxide.
Preliminary data indicate that steviol may be activated to a mutagenic
metabolite by human liver microsomes.

The Committee noted a number of shortcomings in the informa-
tion available on stevioside. In several studies, the material tested
(stevioside or steviol) was poorly specified or of variable quality, and
no information was available on other constituents or contaminants.
Furthermore, no studies of metabolism of stevioside and steviol in
humans were available. In addition, data on long-term toxicity and
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carcinogenicity were available for stevioside in only one species. The
mutagenic potential of steviol has been tested sufficiently only in
vitro.

In view of the absence of information for the elaboration of specifi-
cations for stevioside and since the evaluation of the available toxico-
logical data revealed several limitations, the Committee was unable to
relate the results of the toxicological investigations to the commercial
product and could not allocate an ADI to stevioside.

Before reviewing stevioside again, the Committee considered that it
would be necessary to develop specifications to ensure that the
material tested was representative of the commercial product.
Further information on the nature of the substance that was tested,
data on the metabolism of stevioside in humans and the results
of suitable in vivo genotoxicity studies with steviol would also be
necessary.

A toxicological monograph was prepared. No specifications were
prepared as no information was forthcoming.

Thickening agents
Carrageenan

Carrageenan is a sulfated polygalactan with an average relative mo-
lecular mass well above 100000 derived from a number of sea-
weeds of the class Rhodophyceae. It has no nutritive value and is used
in food preparation for its gelling, thickening and emulsifying pro-
perties. Three main types of carrageenan, known as 1-, k- and A-car-
rageenan, are used commercially in the food industry. These names
do not reflect definitive chemical structures but only generalized
differences in the composition and degree of sulfation at specific
locations in the polymer.

Carrageenan was previously reviewed by the Committee at its
thirteenth, seventeenth and twenty-eighth meetings (Annex 1, refer-
ences 19, 32 and 66). At the twenty-eighth meeting, an ADI “not
specified” was allocated on the basis of the results of a number of
toxicological studies on carrageenans obtained from various species
of seaweed. The studies included a 3-generation study of reproductive
toxicity, short-term and long-term toxicity studies in rats at levels of
up to 50g/kg (5%) in the diet, and short- and long-term toxicity
studies in hamsters, guinea-pigs and monkeys. In general, the only
effect observed was soft stools or diarrhoea at high doses, except in
two studies in which material, identified as being i-carrageenan,
administered at 10g/1 (1%) in the drinking-water or 50g/kg (5%) in
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the diet, produced ulceration in the gastrointestinal tract of guinea-
pigs. Degraded carrageenans can produce this effect; they are not,
however, used as food additives. At its twenty-eighth meeting, the
Committee pointed out that degraded carrageenans and ‘“semi-
refined carrageenan” (or “processed Eucheuma seaweed”) were not
included in the specifications for the food-grade material. At its forty-
fourth meeting, in reviewing the data on processed Eucheuma
seaweed obtained from E. cottonii, the Committee concluded that a
complete review of data on carrageenan should be undertaken in
1998, particular attention being paid to the identity of the source
materials and to the specifications of the products that have been
tested (Annex 1, reference 110).

At its present meeting, the Committee considered studies published
since the review at the twenty-eighth meeting and, for earlier studies,
indicated the identity of the source material and the type of car-
rageenan, when these could be identified.

Most of the toxicological studies of the carrageenans in which an
identifiable type of carrageenan and an identifiable seaweed species
were used were undertaken with k- or ¥/A-carrageenan from Chon-
drus crispus. There have been a few parallel studies, the results of
which do not suggest that there are large differences between the
effects of various forms of carrageenan or between the effects of
carrageenans prepared from different species of seaweed.

The carrageenans are dietary fibres, generally of a high relative
molecular mass, which are not broken down to very small molecules
in the gastrointestinal tract. At high levels of intake, these properties
can cause adverse effects through their physical action on the
gastrointestinal tract. As mentioned above, ulceration has been
observed in the gastrointestinal tract of guinea-pigs given high
levels of 1-carrageenan. These effects were not observed in a recent
well conducted 90-day study in which rats were fed diets containing
50g/kg (5.0%) of conventionally processed ti-carrageenan from
E. spinosum or x-carrageenan from E. cottonii. The changes that
occurred during the study, most notably an increase in the relative
weight of the full and empty caecum, were considered to be the
consequence of the accumulation of poorly absorbed material in the
caecum and to be without toxicological significance. The partial
reversal of the caecal weight changes during the 28-day recovery
phase of the study and the absence of histopathological changes
support this conclusion.

Studies of the carcinogenicity of carrageenan in rats have failed to
demonstrate any effect. In addition, assays of the genotoxicity of



carrageenan have been negative. A proliferative response of the mu-
cosa of the gastrointestinal tract of rats fed two forms of carrageenan
at 26 g/kg (2.6%) or 50g/kg (5.0%) in the diet has been reported; the
response was reversible in the study in which carrageenan was given
at 50g/kg in the diet. This response might explain the promotion of
the action of known experimental colon carcinogens administered to
rats given carrageenans at 25g/kg (2.5%) or 60g/kg (6%) in the diet.
The Committee was aware of an abstract of a conference report which
indicated that tumour promotion does not occur in rats in which the
intestinal microflora are derived from human donors who have been
“adapted” to the presence of carrageenan in the gastrointestinal tract.
This would suggest that promotion of colon carcinogenesis in the rat
is dependent on the presence of the normal microflora of the gas-
trointestinal tract.

Early reports of the detection of carrageenan in parenteral tissues
after dietary intake are probably unreliable. The presence of
carrageenans in the macrophages found in the walls of the caecum
and colon may reflect the relative molecular mass distribution of the
preparation used in the study. Maintenance of a restriction on
the relative molecular mass distribution in the specifications for
carrageenan for food use provides protection against the adverse
effects of carageenans of low relative molecular mass.

Some data suggest that carrageenan affects the immune response of
the gastrointestinal tract; however, no validated tests for assessing the
nature and potential consequences of such an effect were available. A
short communication relating to an epidemiological study did not
indicate that carrageenan was immunotoxic in neonates receiving
milk preparations containing carrageenan. The Committee reiterated
its previous statement that the ADI should not be considered
applicable to neonates and young infants below the age of 12 weeks.

The Committee extended the previous ADI “not specified” for
carrageenan to include processed Eucheumna seaweed in a group ADI
“not specified”. It expressed concern about the potential promotion
of colon carcinogenesis by carrageenans and processed Eucheuma
scaweed and therefore made the group ADI “not specified”
temporary, pending clarification of the significance of the promotion
of colon cancer observed in studies in rats. The Committee requires
this information for evaluation in 2001.

An addendum to the toxicological monograph was prepared. The
existing specifications were revised in order to improve both the
description and the definition of the materials covered. The test
methods were modified by introduction of the methods initially
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prepared for processed Eucheuma seaweed. Microbiological criteria
were also added.

3.7.2 Processed Eucheuma seaweed

40

Processed Eucheuma seaweed was previously considered by the
Committee at its thirtieth, thirty-ninth, forty-first and forty-fourth
meetings (Annex 1, references 73, 101, 107 and 116). At its thirtieth
and thirty-ninth meetings, the Committee was unable to evaluate the
use of processed Eucheuma seaweed in food because no relevant
toxicological data were available. At its forty-first meeting, the
Committee considered a 90-day feeding study in rats, for which
complete details were not available, and a series of genotoxicity
studies on processed Eucheuma seaweed from E. cottonii. The Com-
mittee allocated a temporary ADI of 0-20mg/kg of body weight to
processed Eucheuma seaweed from E. cottonii, pending submission of
the complete details from the 90-day study, including histopatho-
logical data for individual animals. At its forty-fourth meeting, the
Committee reviewed these data and the results of new genotoxicity
and cytotoxicity assays. Because of the chemical relationship between
processed Fucheuma seaweed and traditionally refined carrageenan,
the Committee considered that toxicological data on the latter were
relevant to the safety assessment of the carrageenan polysaccharide
constituents of processed Eucheuma seaweed, but could not replace
adequate toxicological studies on processed Eucheuma seaweed
itself. Although the data for individual animals in the 90-day feeding
study in rats confirmed the accuracy of the summary data and the
conclusions derived from them, the Committee expressed reser-
vations about the design, conduct and documentation of the study.
Additionally, none of the available genotoxicity studies was con-
sidered to be adequate because of deficiencies in conduct or repor-
ting. The Committee therefore extended the temporary ADI,
pending submission of the results of a new 90-day feeding study in rats
and an appropriate battery of genotoxicity studies, all meeting
present-day standards, for processed Eucheuma seaweed derived
from E. cofttonii.

At the forty-fourth meeting, a request was made to amend the
specifications to include E. spinosum as a source material for
processed Eucheuma seaweed. In recognition of the fact that
ulcerative lesions in the caecum had been noted in toxicity studies in
guinea-pigs given t-carrageenan, the major component of E.
spinosum, the Committee concluded that a separate 90-day feeding
study in rodents and a separate battery of genotoxicity studies were
required for processed Eucheuma seaweed derived from E. spinosum,



if the specifications were to be expanded to include processed
Eucheuma seaweed derived from this species. The Committee also
concluded that a complete review of all data on carrageenan should
be undertaken in 1998, particular attention being paid to the identity
of the source materials and to the specifications of the products that
have been tested.

At its present meeting, the Committee reviewed the results of a new
90-day toxicity study in rats fed processed Eucheuma seaweed from
two sources, E. cottonii and E. spinosum, at concentrations of 0 g/kg,
5g/kg (0.5%), 15g/kg (1.5%) or 50g/kg (5%) in the diet, or conven-
tionally processed carrageenan from these two sources at 50g/kg in
the diet. At the highest concentrations, the intake of the processed
Eucheuma seaweeds was equal to 4300 and 5000mg/kg of body weight
per day, respectively, for male and female rats fed the material de-
rived from E. cottonii and to 4500 and 5100mg/kg of body weight per
day, respectively, for male and female rats fed the material from
E. spinosum. No adverse effects were noted in the study. The changes
observed in rats receiving the highest concentrations of processed
Eucheuma seaweed from these two sources, most notably an increase
in the relative weight of the full and empty caecum, were considered
to be the consequence of the accumulation of poorly absorbed
material in the caecum and to be without toxicological significance.
There was no indication that the effects of the processed Eucheuma
seaweeds differ from those of conventionally prepared carrageenans
from the same seaweed species.

Processed Eucheuma seaweed derived from either E. cottonii or
E. spinosum was not mutagenic in well conducted assays for reverse
mutation in Salmonella typhimurium strains. The Committee consi-
dered that no further studies of genotoxicity were required.

In view of the lack of toxicity of processed Eucheuma seaweeds
derived from either E. cottonii or E. spinosum, the Committee deter-
mined that both these species could be included in the specifica-
tions for processed Eucheuma seaweeds. Additionally, because of the
similarities in the nature of the processed Euchewma seaweeds and
the conventionally processed carrageenans and in the effects that
they caused in the recent 90-day toxicity study in rats, the Commit-
tee included carrageenans and processed Eucheuma seaweed in a
temporary group ADI “not specified”, to be reviewed in 2001 (see
section 3.7.1).

An addendum to the toxicological monograph was prepared. The
existing specifications were revised and E. spinosum was included as
a source material.
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3.7.3 Sodium carboxymethyl cellulose, enzymatically hydrolysed
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Sodium carboxymethyl cellulose, enzymatically hydrolysed, is a
water-soluble dietary fibre with a relative molecular mass in the range
of about 800-10000. It acts mainly as a stabilizer with fat-extending
properties. It can be used in formulating low-fat and reduced-fat
foods and soft drinks.

Sodium carboxymethyl cellulose, enzymatically hydrolysed, is pre-
pared from regular, food-grade sodium carboxymethyl cellulose by
partial enzymatic hydrolysis under mildly acidic conditions using a
food-grade cellulase enzyme from Trichoderma longibrachiatum.

Sodium carboxymethyl cellulose was allocated an ADI “not
specified” at the thirty-fifth meeting of the Committee (Annex 1,
reference 88). The cellulase enzyme was allocated an ADI “not
specified” at the thirty-ninth meeting (Annex 1, reference 101).
Sodium carboxymethyl cellulose, enzymatically hydrolysed, has not
been previously evaluated by the Committee.

At its present meeting, the Committee reviewed two studies in which
the properties of carboxymethyl cellulose, enzymatically hydrolysed,
were compared with those of the parent material, carboxymethyl
cellulose. The first was a 90-day study of toxicity in which male and
female rats reccived diets containing 0g/kg, 25g/kg (2.5%), 50g/kg
(5.0%) or 100g/kg (10%) of either sodium carboxymethyl cellulose,
enzymatically hydrolysed, or sodium carboxymethyl cellulose. The
second was a comparative study of the absorption, distribution and
excretion of these two materials in rats.

In the 90-day study in rats receiving either sodium carboxymethyl
cellulose, enzymatically hydrolysed, or carboxymethyl cellulose
histopathological changes in the kidney and urinary bladder were
reported. These were associated with changes in kidney weight,
increased urine volume and increased excretion of some ionic
substances in the urine. Caecal enlargement was also reported. For
comparison, the Committee considered the toxicity studies on sodium
carboxymethyl cellulose that had been reviewed at its thirty-fifth
meeting (Annex 1, reference 88). It noted that, in early studies that
appeared to be comparable with regard to species, dietary concentra-
tion of sodium carboxymethyl cellulose and duration of exposure, no
changes of organ weight or histopathological appearance were found
that were comparable to those reported in the 90-day study reviewed
at the present meeting.

Since the morphological changes in the kidney occurred only in males

- receiving the highest dose of sodium carboxymethyl cellulose,

enzymatically hydrolysed, and the lowest dose of carboxymethyl



cellulose, the Committee was not convinced that the response was of
toxicological concern. The observed epithelial hyperplasia of the
urinary bladder was generally graded as slight or very slight and
occurred in male rats given either sodium carboxymethyl cellulose,
enzymatically hydrolysed, or carboxymethyl cellulose at 100g/kg
(10%) in the diet. The Committee considered that this represented a
response to a high intake of sodium ions by rats of the strain used in
the new study. Administration in the diet of additional sodium
(approximately four times that available in the diet of the control
group) could have led to the observed histopathological changes and
changes in urinary excretion. Also, the caecal enlargement, diarrhoea
and other secondary changes were considered to be the consequence
of the accumulation of poorly absorbed, water-soluble material in
the caecum and colon and to be without toxicological significance.
The NOELSs for sodium carboxymethyl cellulose, enzymatically hy-
drolysed, were equal to 6000 and 6600mg/kg of body weight per
day in male and female rats, respectively.

The metabolic study showed that passage of carboxymethyl cellulose
through the gastrointestinal tract results in partial breakdown of the
bonds between monomeric units to result in a material with a relative
molecular mass equivalent to that of carboxymethyl cellulose, enzy-
matically hydrolysed. The amounts of radioactivity excreted in the
faeces, urine and expired air after administration of radiolabelled
carboxymethyl cellulose and sodium carboxymethyl cellulose, enzy-
matically hydrolysed, were quantitatively almost identical, providing
additional evidence that in rats, the end-products of digestion of the
two products are similar.

The Committee concluded that these similarities are consistent with
the absence of any toxicologically significant difference between
carboxymethyl cellulose and carboxymethyl cellulose, enzymatically
hydrolysed. Therefore, the Committee included carboxymethyl cellu-
lose, enzymatically hydrolysed, in the group ADI “not specified” with
ethyl cellulose, ethyl hydroxyethyl cellulose. hydroxypropyl cellulose,
hydroxypropyl methyl cellulose, methyl cellulose, methyl ethyl cellu-
lose and sodium carboxyvmethyl cellulose.

A toxicological monograph was prepared. The existing tentative spe-
cifications were revised and the “tentative™ designation was deleted.

3.8 Miscellaneous substances
3.8.1 y-Cyclodextrin

v-Cyclodextrin is a ring-shaped molecule made up of eight glucose
units linked by o-1,4 bonds. It is produced by the action of the enzyme
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cyclomaltodextrin glucanotransferase (cyclodextrin-glycosyl transferase;
EC 2.4.1.19) on hydrolysed starch syrups. The circular structure of -
cyclodextrin provides a hydrophobic cavity that allows complexes to
be formed with a variety of organic molecules, while the hydrophilic
outer surface makes y-cyclodextrin water-soluble. Because of these
properties, y-cyclodextrin can be used in a variety of ways in food with
potential intakes of the order of grams per person per day.

v-Cyclodextrin has not been previously evaluated by the Committee;
however, the structurally related B-cyclodextrin (seven glucose units)
was evaluated at the forty-first and forty-fourth meetings of the
Committee (Annex 1, references 107 and 116). The Committee noted
that the close structural similarity between y-cyclodextrin and B-
cyclodextrin allows some comparisons to be made of the metabolism
and the toxicity of these two compounds.

The metabolism of y-cyclodextrin is different from that of B-cyclo-
dextrin, as demonstrated in both in vitro and in vivo studies. In in vivo
studies in rats, y-cyclodextrin (at single doses of up to 1000mg/kg of
body weight) was rapidly metabolized to glucose, presumably by the
luminal and/or epithelial enzymes of the gastrointestinal tract. In
contrast to the metabolism of B-cyclodextrin, there was little involve-
ment of the gastrointestinal microflora. Similarly, in contrast to B-
cyclodextrin, much less y-cyclodextrin was absorbed and only very low
levels could be detected in the urine. After intravenous injection, y-
cyclodextrin (at single doses of up to 600mg/kg of body weight) was
rapidly cleared from the blood and was excreted, largely unchanged,
in the urine. Although no studies of metabolism in humans in vivo

“were available, y-cyclodextrin, unlike B-cyclodextrin, can be readily

hydrolysed by human salivary and pancreatic amylases in vitro.

Short-term (28- and 90-day) toxicity studies indicate that y-cyclo-
dextrin has little toxicity when given intravenously or orally to rats or
orally to dogs. After administration of a very high concentration
(200g/kg or 20%) in the diet, caecal enlargement and associated
changes were seen in both species. This effect is likely to result from
the presence of a high concentration of an osmotically active sub-
stance in the large intestine. This result suggests that the metabolism
of y-cyclodextrin is less efficient at doses higher than those used in the

“studies of metabolism. The results of the studies in rats treated intra-

venously indicate that y-cyclodextrin is well tolerated when given
systemically, and may be less toxic than B-cyclodextrin.

Studies conducted in rats and rabbits with y-cyclodextrin at doses of
up to 200g/kg (20%) in the diet did not indicate any teratogenic
effects. Similarly, the results of a battery of genotoxicity studies were



negative. No long-term studies of toxicity, carcinogenicity or repro-
ductive toxicity have been conducted, but, given the rapid metabolism
of y-cyclodextrin to glucose and its lack of genotoxicity, the Commit-
tee concluded that such studies were not required for an evaluation of
this substance.

In in vitro studies, y-cyclodextrin, like B-cyclodextrin, sequestered
components of the membranes of erythrocytes, causing haemolysis.
The threshold concentration for this effect was, however, higher than
that of B-cyclodextrin. Furthermore, y-cyclodextrin was not detected
in blood after dietary administration of high doses to animals.

It was considered unlikely that interaction of y-cyclodextrin with
lipophilic vitamins would impair their bioavailability because of the
rapid metabolism of y-cyclodextrin in vivo. Also, there was no
evidence that vitamin deficiency was induced in experimental animals
given high doses of y-cyclodextrin.

The Committee considered studies on the short-term toxicity and
genotoxicity of the enzyme, cyclomaltodextrin glucanotransferase,
used in the production of cyclodextrins, and of the complexant, y-
cyclohexadecen-1-one, used to optimize formation of y-cyclodextrin.
The toxicological data indicated that these substances are unlikely to
be of toxicological concern in the final preparation of y-cyclodextrin
complying with the specifications. The Committee also reviewed
information on the genetic modification of the organism used to
produce the enzyme, which did not raise any concerns.

Although no study of human tolerance to Yy-cyclodextrin was
submitted before the meeting, the Committee was aware that such a
study was available. Although it was unable to review the data, the
Committee noted that the toxicity of this compound is relatively low
in animals and that it is less toxic than B-cvclodextrin, for which
studies of human tolerance were available. Also, its rapid metabolism
to maltose, maltotriose and glucose in vitro by human salivary and
pancreatic amylases supports the conclusion that, as in laboratory
animals, it would be metabolized to innocuous metabolites before
absorption.

The Committee concluded that there were sufficient data to allocate
a temporary ADI “not specified”, but that the study of human
tolerance known to have been conducted should be reviewed in order
to confirm the absence of adverse effects on the gastrointestinal tract
at normal levels of intake. These data should be submitted for
consideration by the Committee by 1999.

A toxicological monograph and new specifications for y-cyclodextrin
were prepared.
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3.8.2 Glucono-5-lactone, and the calcium, magnesium, potassium and
sodium salts of gluconic acid

Glucono-d-lactone was previously evaluated by the Committee at its
tenth, eighteenth and thirtieth meetings (Annex 1, references 13, 35
and 73). At its eighteenth meeting, the Committee established an
ADI of 0-50mg/kg of body weight for glucono-8-lactone. At the
thirtieth meeting, the Committee changed the ADI for glucono-3-
lactone to an ADI “not specified” on the basis of biochemical and
metabolic data on glucono-8-lactone and gluconic acid, noting that in
an aqueous medium glucono-d-lactone exists in equilibrium with b-
gluconic acid. These compounds are intermediates in the oxidation of
glucose through the pentose phosphate cycle. Data from studies that
were evaluated previously by the Committee showed no evidence of
carcinogenicity, teratogenicity or genotoxicity caused by glucono-6-

lactone.

Since the last toxicological evaluation of glucono-8-lactone, a new
acute toxicity study and two new 28-day oral toxicity studies on
sodium gluconate in rats have become available. These studies were
evaluated in order to determine whether the current ADI “not
specified” for glucono-d-lactone could be extended to a group ADI
“not specified” for glucono-8-lactone and the calcium, magnesium,

potassium and sodium salts of gluconic acid.

Calcium, magnesium, potassium and sodium gluconate were pre-
viously evaluated by the Committee as individual compounds or in
other group categories as inorganic salts and salts of organic acids
(Annex 1, references 32, 50 and 70). The Committee concluded that
they were freely ionizable and that it was appropriate to allocate
ADIs on the basis of data on their corresponding anion (gluconic

acid).

The results of the new acute toxicity study showed no evidence of
toxicity in rats that were given single doses of 500, 1000 or 2000mg of

sodium gluconate/kg of body weight by gavage.

In the two new 28-day studies in rats, sodium gluconate was adminis-
tered orally either by gavage at doses of 0, 500, 1000 or 2000 mg/kg of
‘body weight per day or in the feed at doses of Og/kg, 12.5g/kg
(1.25%), 25g/kg (2.5%) or 50g/kg (5.0%) (equal to 0, 1000, 2000 and
4100mg/kg of body weight per day, respectively). A control group
received sodium chloride at 13.5g/kg (1.35%) in the feed (equal to
1100mg/kg of body weight per day), which was equivalent to the
concentration of sodium in the sodium gluconate given to the highest-

dose group.
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In the gavage study, there was a significant increase in the relative
weight of the kidneys (unilateral) in the males that received 1000
and 2000mg of sodium gluconate/kg of body weight per day. No
treatment-related or dose-related effects were observed on any of the
other parameters examined in this study.

The effects observed in the feeding study, i.e. increased water intake,
prothrombin time and relative kidney weights, were not dose-related.

Qualitative analysis of urine revealed effects in both 28-day studies
that were considered by the Committee to be related to the high
sodium intake arising from the sodium gluconate.

On the basis of a re-evaluation of the data previously considered by
the Committee and the new short-term toxicity data on sodium
gluconate, the Committee extended the previous ADI “not specified”
for glucono-d-lactone to a group ADI for glucono-d-lactone and the
calcium, magnesium, potassium and sodium salts of gluconic acid.

An addendum to the toxicological monograph was prepared. The
existing specifications for glucono-6-lactone, calcium gluconate,
potassium gluconate and sodium gluconate were revised. The
specifications for magnesium gluconate were revised and designated
as “tentative”, with a request for information on the need for
maintaining the microbiological criteria included in the specifications,
and for introducing maximum limits for sulfate and chloride.

3.8.3 Polyglycitol syrup

Polyglycitol syrup has not previously been evaluated by the Commit-
tee. Since its components are the same as those of maltitol syrup,
differing only in the relative proportions of sorbitol, maltitol and
higher-order polyols, the evaluation conducted for maltitol syrup at
the forty-ninth meeting (Annex 1. reference /3/) in order to accom-
modate a wide range of starch hydrogenation products would also
apply to polyglycitol syrup.

At the forty-ninth meeting, toxicological data in support of new
specifications for maltitol syrup were reviewed. Since an ADI “not
specified” had been established for both sorbitol and maltitol, the
toxicological review concentrated only on the consequences of the
higher-order hvdrogenated saccharides. The Committee concluded at
its forty-sixth meeting (Annex 1, reference 722, section 2.2.4) that the
occurrence of proliferative lesions of the adrenal medulla in rats fed
polyols (including sorbitol and maltitol) and lactose was a species-
specific response and was not relevant to the toxicological evaluation
of these substances for humans. Several short-term studies in which
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rats and dogs were given materials with a higher-order polyol content
exceeding 80% of the syrup were reviewed at the forty-ninth meeting,
as were data on the metabolic fate of higher-order polyols.

At its present meeting, the Committee reviewed new data relating to
digestibility in vitro, a short-term toxicity study in rats given material
with a higher-order polyol content of 78%, and a study on the effects
of hydrogenated starch hydrolysates on the glycaemic response in
diabetic and non-diabetic individuals.

Hydrolysis of a polyglycitol syrup composed of 14% sorbitol, 8%
maltitol and 78% higher-order polyols resulted in the production of
more glucose and less sorbitol than did hydrolysis of products
conforming to the specifications for maltitol syrup. This is consistent
with the relative proportion of glucose released on hydrolysis of
each component. The greater digestibility of the hydrogenated starch
hydrolysates with the highest content of highly polymerized sac-
charides was considered to be the consequence of a greater activity of
digestive enzymes or a higher affinity for glucose—glucose bonds than
for glucose—sorbitol bonds. Data on the disposition of maltitol syrup
reviewed at the forty-ninth meeting indicated that the higher-order
polyols would be completely hydrolysed to glucose and maltitol, with
a considerable portion undergoing fermentation in the lower gut.
Bacterial fermentation was demonstrated by detection of an in-
creased amount of hydrogen in the air expired by human subjects in
studies reviewed at the present meeting.

Inclusion of a polyglycitol syrup (composed of 14% sorbitol, 8%
maltitol and 78% higher-order polyols) and two maltitol syrups (one
containing 7% sorbitol, 60% maltitol and 33% higher-order polyols
and the other 7% sorbitol, 52% maltitol and 41% higher-order
polyols) in the diet of rats at doses of up to 200g/kg (20%), equal to
13 g/kg of body weight per day, for 13 weeks, was not associated with
adverse effects. The only effects observed — increased weight of the
empty caecum and increased excretion of calcium in the urine in the
absence of elevated levels of serum calcium — were considered to be
the consequence of the accumulation of poorly absorbed material in
the caecum and were without toxicological significance.

In studies of diabetic and non-diabetic human subjects, ingestion of
maltitol syrup resulted in a lower glycaemic response than with
polyglycitol syrup, which in turn was lower than the response ob-
served with glucose. These results reflect the relative proportion of
glucose released following hydrolysis of each material.

On the basis of the data on hydrogenated oligo- and polysaccharides
reviewed at the forty-ninth meeting and the present one, the



Committee allocated a group ADI “not specified” to materials con-
forming to the specifications for polyglycitol syrup and maltitol syrup.

A toxicological monograph and new specifications were prepared.

Substances evaluated using the Procedure
for the Safety Evaluation of Flavouring Agents

Seven groups of flavouring agents were evaluated using the Proce-
dure for the Safety Evaluation of Flavouring Agents as outlined in
Fig. 1 (see section 2.2.1; Annex 1, references 116, 122 and 131 ).

The Committee noted that in applying the Procedure, the substance
is first assigned to a structural class as identified at the forty-sixth
meeting of the Committee (Annex 1, reference 122). The structural
classes are as follows:

* Class I. Substances that have simple chemical structures and
efficient modes of metabolism which would suggest a low order of
oral toxicity.

* Class II. Substances that have structural features that are less
innocuous than those of substances in Class I, but are not suggestive
of toxicity. Substances in this class may contain reactive functional
groups.

* Class IIT. Substances that have structural features that permit no
strong initial presumption of safety, or may even suggest significant
toxicity.

A key element of the Procedure involves determining whether a
flavouring agent and the product(s) of its metabolism are innocuous
and/or endogenous substances. For the purpose of the evaluations,
the Committee used the following definitions, adapted from the
report of its forty-sixth meeting:

Innocuous metabolic products are defined as products that are known
or readily predicted to be harmless to humans at the estimated intake
of the flavouring agent.

Endogenous substances are intermediary metabolites normally
present in human tissues and fluids, whether free or conjugated:
hormones and other substances with biochemical or physiological
regulatory functions are not included. The estimated intake of a
flavouring agent that is, or is metabolized to, an endogenous
substance should be judged not to give rise to perturbations outside
the physiological range.
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4.1
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Intake data ,

Intake estimates were derived from surveys in Europe and the USA.
Estimates of the intake of flavouring agents by populations typically
involve the acquisition of data on the amounts used in food. In the
USA, a series of surveys was conducted between 1970 and 1987 by the
National Academy of Sciences National Research Council (under
contract to the Food and Drug Administration) in which information
was obtained from ingredient manufacturers and food processors on
the amount of each substance destined for addition to the food supply
and on the usual and maximal levels at which each substance was
added in a number of broad food categories. In Europe, a survey was
conducted in 1995 by the International Organization of the Flavour
Industry, in which flavour manufacturers reported the total amount of
each flavouring agent incorporated into food sold in the European
Union during the previous year. Manufacturers were requested to
exclude use of flavouring agents in pharmaceutical, tobacco or
cosmetic products.

In using these survey data to estimate intakes of flavouring agents, it
was assumed that only 60% of the total amount used is reported and
that the total amount used in food is consumed by only 10% of the
population.

Intake Annual volume of production (kg) x 10° (ng/kg)

(ug/person per day) Population of consumers x 0.6 x 365 days

The population of consumers was assumed to be 32 X 10° in Europe
and 24 x 10° in the USA.

General aspects of metabolism

The flavouring agents evaluated at the present meeting share a num-
ber of functional groups, e.g. linear, branched, alicyclic and unsatur-
ated alkyl chains, and alcohol, ester and ketone groups. Therefore,
they have a number of common and interrelated metabolic features,
and data on one or more members of a group under evaluation could
be used to predict the metabolic fate of analogues for which there
were no data. Metabolic pathways common to the groups of
flavouring agents evaluated at the present meeting are:

— hydrolysis of esters;

— oxidation of alcohols and aldehydes;
— conjugation of alcohols;

— reduction of ketones;

— reduction of double bonds;

— oxidation of side-chains;



— oxidation of alicyclics; and
— conjugation with glutathione.

4.1.1 Hydrolysis of esters

The hydrolysis of ethyl, isoamyl and allyl esters was considered at the
forty-sixth meeting of the Committee (Annex 1, reference 122). Most
esters are hydrolysed rapidly by enzymes present in the gut lumen,
intestinal wall and liver to yield the corresponding acids and alcohols.

A wide range of enzymes (carboxyesterases and carboxylic acid
hydrolases) is capable of hydrolysing esters into their constituent
alcohols and acids. Carboxyesterases are found in many tissues, and
there is high esterase activity in the intestinal tract, blood, liver,
kidney, lung, brain and pancreas. The multiplicity of esterases and
their wide distribution in the tissues result in the rapid hydrolysis of
esters in vivo. This extensive metabolic activity is the basis for the
development by the pharmaceutical industry of prodrugs, which are
carboxylic acid esters of therapeutically active agents. The esters
considered at the present meeting contain larger and more com-
plex alkyl constituents in both the alcohol and acid moieties, and
there were only limited data on their in vitro hydrolysis, but the data
were comparable to those considered at the forty-sixth meeting
of the Committee. Isopropyl phenylacetate and isopropyl butyrate
(isopropyl butanoate) underwent 40% hydrolysis after 2 hours’
incubation with pancreatin, a value similar to that for some of
the esters considered at the forty-sixth meeting. Essentially com-
plete hydrolysis of isopropyl palmitate (isopropyl hexadecanoate),
isopropyl oleate or isopropyl stearate (isopropyl octadecanoate)
radiolabelled in the fatty acid moiety was demonstrated in vivo in rats
by the detection of over 95% of the radioactivity in the triglyceride
fraction of blood. n-Octyl esters would be expected to undergo very
rapid hydrolysis on the basis of the relationship between an increase
in chain length (in the range C1-C8) and an increase in V,, (maxi-
mal rate of reaction) and a decrease in K,, (Michaelis constant), as
discussed at the forty-sixth meeting. The hydrolysis of branched-
chain octyl esters and esters of longer chain length would probably
be slower than that of the corresponding rn-alkyl analogues, and
absorption of the intact ester is possible.

The hydrolysis of esters with larger alcohol substituents, such as are
present in the linalyl, terpinyl, carvyl and menthyl esters evaluated
at the present meeting, has been the subject of only limited study.
Linalyl acetate was hydrolysed rapidly in water and in artificial gastric
and pancreatic fluids, and the mean half-lives for hydrolysis were
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5.5 minutes in artificial gastric fluid and 52.5 minutes in artificial
pancreatic fluid, values comparable to those considered at the forty-
sixth meeting. Allyl tiglate and benzyl tiglate were not hydrolysed
by artificial gastric or pancreatic fluid, but were hydrolysed exten-
sively on incubation with intestinal tissue and would be predicted
to be completely hydrolysed by the liver, both in vitro and in vivo.
(-)-Menthol ethylene glycol carbonate and (-)-menthol propylene
glycol carbonate were hydrolysed slowly on incubation with rat
liver homogenate for 4 hours, with 85% hydrolysis to menthol for
(-)-menthol ethylene glycol carbonate and 75% for (-)-menthol
propylene glycol carbonate. The structurally related flavouring agent
bornyl acetate was excreted largely as the glucuronic acid conjugate
of borneol after oral administration to rabbits, which is consistent
with extensive hydrolysis in vivo. More than 80% of radiolabelled
cyclandelate, a trimethyl cyclohexyl ester, was hydrolysed after 20
minutes of incubation with rat hepatic microsomes. In an in vivo
study in which methyl cinnamate was administered orally to rats, it
was hydrolysed only slowly in the intestinal lumen, but underwent
essentially complete first-pass hydrolysis, because none of the parent
compound could be detected in the systemic circulation. In contrast,
propyl anthranilate was not completely hydrolysed during absorption,
and the intact ester was detected in the peripheral blood and urine.
These findings are similar to the hydrolysis data considered at the
forty-sixth meeting.

These results indicate that hydrolysis would be the major pathway for
all of the esters evaluated at the present meeting; however, first-pass
metabolism may be incomplete for a few of the esters in some groups.
In general, esters that reach the systemic circulation intact would be
expected to be hydrolysed extensively by tissue esterases into their
constituent acids and alcohols.

4.1.2 Oxidation of alcohols and aldehydes
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Primary alcohols and aldehydes

Primary aliphatic alcohols (attached to linear, branched or
unsaturated alkyl chains) and their corresponding aldehydes are
efficiently oxidized to the corresponding carboxylic acids by high-
capacity enzyme pathways. NAD/NADH-dependent alcobol dehy-
drogenase catalyses the oxidation of primary aliphatic saturated and
unsaturated alcohols to their corresponding aldehydes. A comparison
of the alcohol structure with the enzyme-binding affinity of alcohol
dehydrogenase indicates that increased binding (lower K,,) occurs
with increasing chain length (C1-C6) of the substrate and the
presence of unsaturation. Maximum rates of oxidation were



essentially constant regardless of the alcohol structure, suggesting
that alcohol-enzyme binding is not the rate-limiting step for oxida-
tion; the activity of the enzyme appears to be dependent on
the lipophilic character of the alcohol substrate. The three classes of
alcohol dehydrogenase present in human liver show a decrease in K,
with an increase in chain length from C2 to C8; the alcohol groups of
12-hydroxydodecanoic acid and 16-hydroxyhexadecanoic acid show
K., values similar to that of hexanol, indicating rapid oxidation of
alcohols arising from w-oxidation reactions (see p. 57, section 4.1.6).

Similarly, aldehyde dehydrogenase, which is present predominantly
in liver cytosol, has a broad substrate specificity for the oxidation
of aldehydes to carboxylic acids. Aldehyde dehydrogenase is more
active for aldehydes of high relative molecular mass. Three iso-
enzymes of aldehyde dehydrogenase, with overlapping substrate
specificities, are present in human liver. They oxidize a range
of naturally occurring aldehydes, such as vy-butyraldehyde, 3.4-
dihydroxyphenylacetaldehyde, S-hydroxyindoleacetaldehyde and
acrolein. Alkyl aldehydes (C1-C6) have K, values which are similar
to those for these naturally occurring aldehydes, and the K, decreases
with an increase in chain length. Xanthine oxidase and alde-
hyde oxidase also catalyse oxidation of a wide range of aldehydes to
their corresponding unsaturated acids. Before oxidation to the corre-
sponding acid, the aldehyde may be conjugated with sulfhydryl
groups such as glutathione to yield thiohemiacetals. Oxidation of
aldehydes with low relative molecular masses requires glutathione,
which implies that the substrate for aldehvde dehydrogenase-
mediated oxidation may be the thiohemiacetal.

Branched-chain aliphatic primary alcohols and aldehydes are sub-
strates for alcohol dehydrogenase and aldehyde dehydrogenase, al-
though the rates of oxidation are lower than those for linear primary
alcohols and aldehydes. Unsaturated, linear and branched-chain pri-
mary alcohols are better substrates than the saturated analogues, but
the reverse is true of aldehydes. Citral, a mixture of two unsaturated
branched-chain aldehydes (neral and geranial), was not oxidized to
the corresponding acid by aldehyde dehydrogenase in rat liver prepa-
rations in vitro but was reduced by alcohol dehydrogenase in the
presence of NADH; oxidation is a major metabolic pathway in vivo,
producing acid metabolites.

Secondary and tertiary alcohols
Secondary alcohol groups (such as those present in carveol and -
ionol) undergo reversible oxidation to the corresponding ketone (see
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section 4.1.4); the alcohol is the more important form in vivo because
of its removal from the equilibrium by conjugation with glucuronic
acid. Tertiary alcohol groups (such as those present in linalool and
terpineol) do not undergo oxidative metabolism, and tertiary alcohols
are eliminated by conjugation.

4.1.3 Conjugation of alcohols

Conjugation represents the major pathway of metabolism for both
secondary and tertiary alcohols. Secondary and tertiary alcohols are
metabolized extensively by conjugation with glucuronic acid followed
by excretion primarily in the urine or the bile, depending on the
relative molecular mass and the animal species. Both the liver and the
intestinal wall have a high capacity for glucuronic acid conjugation
with a wide range of substrates. Sulfate conjugation of alcohols occurs
in many tissues, especially the liver, and results in the formation of
highly polar, water-soluble excretory products. The urine is the main
route of elimination of sulfate conjugates of alcohols resulting from
the metabolism of the flavouring agents evaluated at the present
meeting.

Conjugation with glucuronic acid followed by excretion in the urine
and facces represents the primary route of elimination of linalool.
Conjugation with glucuronic acid represents the major pathway of
metabolism of menthol. In rodents, the glucuronic acid conjugates
of linalool and menthol are excreted primarily via the bile into the
intestine, where they may be hydrolysed to yield the free alcohol,
which undergoes reabsorption and subsequent oxidative metabolism.
The metabolites of menthol are eliminated in the urine and faeces
either unchanged or conjugated with glucuronic acid. Bicyclic tertiary
alcohols are relatively stable in vivo, and in rabbits thujyl alcohol and
B-santenol (2,3,7-trimethyl bicyclo[2.2.1]-heptan-2-ol) are extensively
conjugated with glucuronic acid.

4.1.4 Reduction of ketones
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Aliphatic ketones are metabolized primarily via reduction to the
corresponding secondary alcohol. The reduction of aliphatic ket-
ones is mediated by alcohol dehydrogenases and NADH/NADPH-
dependent cytosolic carbonyl reductases. The reaction catalysed by
carbonyl reductase is stereoselective and favours formation of the
S-enantiomer of the alcohol. The reaction is reversible under
physiological conditions, and oxidation of the secondary alcohol may
lead to the formation of the corresponding ketone in vivo. Ketones
have been shown to undergo reduction to alcohols in human hepatic



microsomes. Three reductases have been purified from human
liver cytosol: two aldehyde reductases, which can reduce aliphatic
aldehydes, alicyclic ketones and o-diketones, and a carbonyl reduc-
tase that is active with a broad range of aldehyde and ketone sub-
strates. The activity of carbonyl reductase in human liver showed
limited variability between individuals, and the enzyme reduced both
4-nitrobenzaldehyde and 4-nitroacetophenone.

Alicyclic monoketones, such as cyclohexanone, are reduced to their
corresponding alcohols or undergo a-hydroxylation and reduction to
yield diols, which are excreted as the glucuronic acid conjugates.

Unsaturated ketones, such as menthone, dihydrocarvone and
carvone, undergo extensive reduction of the ketone functional
group to yield the corresponding secondary alcohols (pulegone,
dihydrocarveol and carveol), which are conjugated mainly with
glucuronic acid and then excreted in the urine or bile. In rodents, but
probably not in humans, the conjugate is excreted primarily in the
bile, following which it may be hydrolysed to yield the free alcohol,
which may then undergo enterohepatic recirculation and finally
be excreted by the kidney. Conjugates with relative molecular
masses below about 500, such as the glucuronides of menthan-2-ol,
dihydrocarveol and carveol, would be eliminated by humans in the
urine; the absence of significant biliary excretion would reduce the
extent of secondary oxidative metabolism.

In general, alicyclic a-diketones are metabolized via the reduction
pathway. Methyl-substituted diketones may be reduced to the
corresponding hydroxyketones and diols, which are excreted in the
urine as glucuronic acid conjugates. a-Hydroxyketones or their diol
metabolites may be excreted as glucuronic acid conjugates. Excretion
as glucuronic acid conjugates is favoured at elevated concentrations
of a-hydroxyketones and diols in vivo, especially for ketones of long
chain length. If the carbonyl functional group is located elsewhere on
the chain, reduction is the predominant pathway of detoxification.

4.1.5 Reduction of double bonds

Reduction of endocyclic and exocyclic double bonds occurs with
some of the flavouring agents evaluated at the present meeting. For
example, the endocyclic double bond of carvone is reduced to form
dihydrocarvone and dihydrocarveol and the exocyclic double bond in
B-ionone is reduced to give dihvdro-B-ionol. The enzymes involved
in these reactions have not been characterized, and the intestinal
microflora may be involved either prior to absorption or following
biliary excretion. -
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4.1.6 Oxidation of side-chains
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The position and size of substituents in carboxylic acids influences the
route of metabolism. As chain length and lipophilicity increase, ®-
oxidation becomes more important than p-oxidative cleavage.

B-Oxidation

Linear and branched-chain saturated carboxylic acids are substrates
for B-oxidative cleavage to yield acetyl coenzyme A (acetyl CoA)
and a new CoA thioester of the carboxylic acid, which has been
reduced by two carbon atoms. This process continues to give com-
plete oxidation or until a branch point is reached. Acids with an even
number of carbon atoms continue to be cleaved to yield acetyl CoA,
while acids with an odd number of carbon atoms yield acetyl CoA
and propionyl CoA. Acetyl CoA enters the citric acid cycle directly,
whereas propionyl CoA is transformed into succinyl CoA which then
enters the citric acid cycle. Acids with a methyl substituent located
at an even-numbered carbon (e.g. 2-methylpentanoic acid and 4-
methyldecanoic acid) are metabolized to carbon dioxide via B-
oxidative cleavage in the fatty acid pathway. If the methyl group is
located at the C3 position, B-oxidation is inhibited and w-oxidation
predominates, leading primarily to polar diacid metabolites that are
excreted in the urine. Ethyl or propyl substituents located at the a- or
B-position in relation to the carboxylic acid group inhibit metabolism
to carbon dioxide, in which case there is direct conjugation of the acid
with glucuronic acid or w-oxidation followed by conjugation.

Linear unsaturated carboxylic acids participate in normal fatty acid
metabolism. In this pathway, the saturated fatty acid is condensed
with CoA, which then undergoes catalytic dehydrogenation mediated
by acyl-CoA dehydrogenase. The resulting trans-2,3-unsaturated
ester (trans-A>-enoyl CoA) is converted to the 3-ketothioester, which
undergoes B-oxidative cleavage to yield an acetyl CoA fragment and
a new thioester reduced by two carbons. Cleavage of acetyl CoA units
continues along the carbon chain until the position of unsaturation is
reached. If unsaturation begins at an even-numbered carbon,
fragmentation of acetyl CoA units yields a A*-enoyl CoA product
which is a substrate for further fatty acid oxidation. If unsaturation
begins at an odd-numbered carbon, fragmentation of acetyl CoA
units will eventually yield A’-enoyl CoA, which cannot enter the fatty
acid cycle until it is isomerized to the frans-A’-enoyl CoA by enoyl
CoA isomerase. If the stereochemistry of the double bond is cis, it is
isomerized to the trans double bond by the action of 3-hydroxyacyl
CoA epimerase before entering the fatty acid oxidation path-
way. Short-chain acids containing terminal unsaturation may be



metabolized via desaturation to yield a substrate which may par-
ticipate in the fatty acid pathway. For example, 4-pentenoic acid is
converted into the CoA thioester, which is dehydrogenated to yield
trans-2,4-pentadienoyl CoA, which undergoes NADPH-dependent
enzyme-catalysed reduction of the A’alkene to trans-2-pentenoic
acid, which then participates in normal fatty acid oxidation. A second
but minor pathway involves -oxidation to yield 3-keto-4-pentenoyl
CoA.

w-Oxidation and (w-1)-oxidation

®-Oxidation and (®-1)-oxidation are important in the elimination of
compounds with long and/or complex alkyl chains, because they
eventually yield polar acid metabolites that are eliminated in the
urine. w-Oxidation results in the formation of a primary alcohol,
which may undergo further oxidation to the corresponding carboxylic
acid, which may then be excreted in the urine. For example, linalool
undergoes cytochrome P450-mediated oxidation to form 8-
hydroxylinalool and 8-carboxylinalool, whereas geraniol is oxidized
to 8-hydroxygeraniol, 8-carboxygeraniol and the dibasic acid,
Hilderandt’s acid (3,7-dimethyl-2,6-octadienedioic acid). Citral, the
aldehyde analogue of geraniol, undergoes oxidation of the aldehyde
group in vivo followed by w-oxidation to yield a mixture of diacids
and hydroxy acids. Menthol undergoes w-oxidation of the side-chain
substituents to yield various polyols and hydroxyacids; the (-)-isomer
undergoes more extensive oxidation than the (+)-isomer.

Short-chain (containing four or fewer carbon atoms) ketones that con-
tain a carbonyl functional group at the C2-position (e.g. butanone)
and o-diketones, such as acetoin, may undergo w-oxidation of the
terminal methyl group to give a diketocarboxvlic acid, which would
undergo decarboxylation to vield an o-ketocarboxylic acid. As inter-
mediary metabolites, o-ketoacids undergo oxidative decarboxylation
to yield carbon dioxide and a simple aliphatic carboxylic acid, which
may be completely metabolized via the fatty acid pathway and citric
acid cycle. Almost one-half of a dose of radiolabelled acetoin, admin-
istered by intravenous injection to rats, was eliminated as carbon
dioxide in the expired air and about 20% was eliminated as un-
identified urinary metabolites. rans-Methyl styryl ketone undergoes
essentially complete metabolism of the methyl group after oral ad-
ministration to rats; the glvcine conjugates of phenylacetic and ben-
zoic acid were the major metabolites in the urine.

o-Oxidation of ketones yields hydroxyketones that may be further
reduced to diols and excreted in the urine as glucuronic acid
conjugates. Participation in these pathways depends on chain length,
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the position of the carbonyl functional group, and the dose. Longer-
chain aliphatic ketones (containing five or more carbon atoms) are
metabolized primarily via reduction, but ®-oxidation and/or (®-1)-
oxidation are competing pathways at high aliphatic ketone con-
centrations, which yield ketoacids and diketones, respectively.

A number of the flavouring agents evaluated at the present meeting
are alicyclic ketones containing an alkyl or alkenyl side-chain; these
undergo oxidation of the side-chain (probably by cytochrome P450)
to form polar metabolites that are excreted as the glucuronic acid or
sulfate conjugates in the urine and, to a lesser extent, in the faeces.

Oxidation of double bonds

Oxidation of double bonds, via an epoxide intermediate, to form diols
is probably only a minor pathway of metabolism for the flavouring
agents considered at the present meeting. For example, o-terpineol is
oxidized by cytochrome P450 in rats, via an epoxide intermediate, to
a 1,2-dihydroxy metabolite; this diol metabolite has been detected in
humans following ingestion of o-terpineol.

4.1.7 Oxidation of alicyclics

Cyclohexane and cyclohexene rings, which are present in the carvone
and ionone groups of flavouring agents considered at the present
meeting, are rapidly oxidized in vivo by ring hydroxylation, even
when other pathways of elimination are present. For example, the
main pathways of elimination of cyclohexane are in the expired air (as
the unchanged substance) and in the urine as glucuronic acid
conjugates of cyclohexanol and cyclohexane-1,2-diol. Cyclohexyl-
amine is highly water-soluble, and is excreted in the urine as both the
parent compound and as the glucuronic acid conjugates formed via
ring hydroxylation, together with small amounts of cyclohexane-1,2-
diol formed via deamination and ring hydroxylation. Ring oxidation,
which is catalysed by cytochrome P450 (isoenzyme CYP3A4), is a
major pathway of metabolism for the substituted cyclohexene ring
moieties that are present in vitamin A and its metabolites such as
13-cis- and all-trans-retinoic acid, as well as the ionone group of
flavouring agents. Oxidation of the substituted cyclohexene rings
present in retinoids and ionones occurs on the carbon atoms adjacent
to the double bond.

4.1.8 Conjugation with glutathione

The vast majority of the flavouring agents evaluated at the present
meeting are metabolized by the pathways described in sections 4.1.1-
4.1.7. The possible exceptions are carvone, carveol (and its esters) and
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4.2

some members of the ionone group in which a ketone group, or a
precursor secondary alcohol group, are adjacent to a double bond or
conjugated double bonds (o.B-unsaturated ketone). Glutathione
conjugation is an important pathway for detoxification, especially for
reactive compounds. The products of conjugation with glutathione
are usually eliminated in the bile as the glutathione conjugate per se,
and in the urine as the N-acetylcysteine metabolite produced from the
glutathione conjugate. Glutathione conjugates may also be split by
C-S (carbon-sulfur) lyases (B-lyases) in the kidney and intestinal
microflora to give a thiol compound: this reaction represents a
bioactivation process for some chemicals. Only limited data on me-
tabolism were available on the ionone group of flavouring agents, and
glutathione conjugation products have not been reported as urinary
metabolites of ionones or of carvone. Oral administration of carvone
by gavage in corn oil to mice at a dose of 20mg per animal for 3
successive days caused a reduction in the concentration of glutathione
in the liver, and an increase in glutathione transferase activity. How-
ever, these effects may not have been due to the o,B-unsaturated
ketone moiety, because the decrease in glutathione was not found
with o,B-unsaturated carvone analogues lacking the exocyclic allyl
group, while the increase in glutathione transferase was detected with
compounds such as p-menthan-2-one, which contain neither an o,f3-
unsaturated ketone moiety nor an exocyclic allyl group.

The potential for non-enzymatic interaction with glutathione has
been shown by in vitro studies. The greatest reactivity with
glutathione was found with the simplest o,B-unsaturated ketone
(butenone), which showed a rate of reaction about 1000 times that of
oct-2-ene-4-one. Damascenone, the 1,3-endocyclic diene analogue
of damascone and carvone, which were evaluated at the present
meeting, showed rates of reaction that were 17000, 11000 and 320000
times slower than butenone, which indicates a low reactivity.

Overall, the flavouring agents with an o.,-unsaturated ketone moiety
which were evaluated at the present meeting showed a low reactivity,
and conjugation with glutathione would not be a major route of
metabolism. The low reactivity predicted is supported by the
toxicological data on the ionones and carvone.

Saturated aliphatic acyclic secondary alcohols, ketones and
related saturated and unsaturated esters

The Committee evaluated 39 saturated aliphatic acyclic secondary
alcohols, ketones and related saturated and unsaturated esters (Table
3) using the Procedure for the Safety Evaluation of Flavouring
Agents (Fig. 1).
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The Committee had evaluated five members of this group previ-
ously. Acetone (propan-2-one) was evaluated as an extraction solvent
at the fourteenth meeting (Annex 1, reference 22), when the
Committee considered that, with good manufacturing practice, the
residues in food would be toxicologically insignificant. The evalua-
tion was tentative owing to a lack of relevant data. Isopropyl alcohol
(2-propanol) was evaluated at the fourteenth and twenty-fifth meet-
ings (Annex 1, references 22 and 56); an ADI was not allocated
because of a lack of data. Isopropyl acetate was evaluated at the
twenty-third meeting (Annex 1, reference 50); the Committee was
unable to establish an ADI because of a lack of data on hydrolysis
and other toxicological end-points. Isopropyl myristate (isopropyl
tetradecanoate), evaluated at the twenty-third meeting (Annex
1, reference 50), was not allocated an ADI owing to a lack of
data. 2-Butanone (ethyl methyl ketone) was evaluated at the twenty-
third and twenty-fifth meetings (Annex 1, references 50 and 56),
when the Committee concluded that the data available were not
sufficient for evaluation of the substance, and no ADI was
allocated.

Estimated daily per capita intake

The total annual volume of production of the 39 saturated aliphatic
acyclic secondary alcohols, ketones and related esters in this group is
approximately 750 tonnes in Europe and 240 tonnes in the USA. In
Europe, 92% of the total annual volume is accounted for by isopropyl
alcohol (no. 277) alone. In the USA, 98% of the total annual volume
is accounted for by acetone (no. 139) and isopropyl alcohol. On the
basis of the reported annual volumes of production, the estimated
daily per capita intake of acetone resulting from its use as a flavouring
agent is approximately 7.1mg in Europe and 36mg in the USA.
Similarly, the total estimated daily per capita intake of isopropyl
alcohol and its nine esters in this group (nos 304-312) resulting from
their use as flavouring agents is about 99mg in Europe and 10mg in
the USA.

Saturated aliphatic acyclic secondary alcohols, ketones and related
esters are the main flavouring components of alcoholic beverages and
occur naturally in a wide variety of fruits. Quantitative data on natural
occurrence have been reported for 22 of the 39 substances in this
group. In the USA, the intake of 20 of these 22 substances from
natural sources exceeds the intake from their use as flavouring agents;
for the two remaining substances, acetone (no. 139) and 3-octanol
(no. 291), the intake from their use as flavouring agents exceeds that
from natural sources.
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Absorption, metabolism and elimination

In general, saturated aliphatic acyclic secondary alcohols and ketones
are absorbed through the gastrointestinal tract. The esters in this
group of flavouring agents are anticipated to be hydrolysed to their
component secondary alcohols and aliphatic, saturated and
unsaturated carboxylic acids, which are also readily absorbed.

Three of the esters in this group (3-octyl acetate (no. 313), 1-
ethylhexyl tiglate (octen-3-yl 2-methyl-2-butenoate; no. 448) and
isopropyl tiglate (isopropyl 2-methyl-2-butenoate; no. 312)) may not
be completely hydrolysed in the gastrointestinal tract, but these esters
and other esters in this group of flavouring agents that reach the
general circulation intact would be expected to be hydrolysed by
tissue esterases to their component alcohols and carboxylic acids. The
metabolism of these flavouring agents is primarily by oxidation,
reduction and/or conjugation (see section 4.1).

Two of the substances in this group, 3-heptanone (no. 285) and 3-
heptanol (no. 286) meet the special structural requirements for pos-
sible oxidation to form neurotoxic y-diketone metabolites.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (Fig. 1) to the above-mentioned saturated
aliphatic acyclic secondary alcohols, ketones and related esters, the
Committee assigned 28 of the 39 substances to structural class I. The
remaining 11 substances, which included acyclic aliphatic 2-alkanones
(nos 283, 288, 292, 296, 298, 299 and 301), 3-alkanones (nos 285, 290
and 294) and a 4-alkanone (no. 302) with four or more carbons on
either side of the keto group, were assigned to structural class II.

Step 2. The available data indicated that 26 of the 28 saturated
aliphatic acyclic secondary alcohols and ketones would be predicted
to be metabolized to or are innocuous substances. The 11 esters in this
group are anticipated to be hydrolysed to their component secondary
alcohols (isopropyl alcohol or 3-octanol) and carboxylic acids
(aliphatic saturated acids or the unsaturated tiglic acid). These
hydrolysis products are either endogenous compounds or can be
predicted to be metabolized to innocuous substances. At current
levels of per capita intake, 37 of the 39 flavouring agents in this group
would not be expected to saturate the metabolic pathways and were
considered to be metabolized to innocuous products. The evaluation
of these substances therefore proceeded via the left-hand side of the
decision-tree. The remaining two substances, 3-heptanone (no. 285)
and 3-heptanol (no. 286), may undergo oxidation to neurotoxic Y-



diketones. The evaluation of these substances therefore proceeded
via the right-hand side of the decision-tree.

Step A3. The estimated daily per capita intakes of 26 of the 28 sub-
stances in class I were below the threshold for class I (1800ug),
indicating that they pose no safety concern when used at current
levels of estimated intake as flavouring agents. Only acetone (no. 139)
and isopropyl alcohol (no. 277) had estimated intakes greater than the
threshold for class I. The evaluation of these two substances therefore
proceeded to step A4.

The total estimated daily per capita intake of isopropyl alcohol
(no. 277) and its nine esters from their use as flavouring agents (99mg
in Europe and 10mg in the USA) is greater than the threshold for
human intake for class I. The intake of three additional esters of
isopropyl alcohol (isopropyl benzoate, isopropyl cinnamate and
isopropyl phenylacetate), which were not evaluated as part of this
group, would contribute approximately an additional 15ug per day in
Europe and 5ug per day in the USA to the total intake of isopropyl
alcohol. This potential additional intake is relatively minor and would
not alter the safety evaluation.

The estimated daily per capita intakes of all 11 substances in class II
were below the threshold for class II (540ug), indicating that they
pose no safety concern when used at current levels of estimated
intake as flavouring agents.

Step A4. Acetone (no. 139) and isopropyl alcohol (no. 277) are both
endogenous components of fatty acid and carbohydrate metabolism
and have been detected in the blood. Therefore, these substances
were determined to be of no safety concern when used at current
levels of intake as flavouring agents.

Step B3. The estimated daily per capita intakes of 3-heptanol
(no. 286) and 3-heptanone (no. 285) were below the threshold for
structural classes I and II, respectively. Accordingly, the evaluation of
these substances proceeded to step B4.

Step B4. On the basis of neurotoxic effects seen in a limited study in
which 3-heptanone (no. 285) was administered orally to male rats, the
NOEL was 1000mg/kg of bodv weight per dayv. This NOEL provides
a large safety margin (>1000000 for 3-heptanone and even higher for
3-heptanol (no. 286)) when compared with the current levels of
estimated intake of 3-heptanone and 3-heptanol (which might be
metabolized to 3-heptanone). Therefore, these substances were
determined to be of no safety concern when used at current levels of
intake as flavouring agents.
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Table 3 summarizes the stepwise evaluations of the 39 saturated
aliphatic acyclic secondary alcohols, ketones and related esters used
as flavouring agents.

Consideration of combined intakes

In the unlikely event that all foods containing all 28 saturated ali-
phatic acyclic secondary alcohols, ketones and related esters of satu-
rated and unsaturated carboxylic acids in structural class I were
consumed concomitantly on a daily basis, the estimated total daily per
capita intake of these substances in Europe and the USA would
exceed the threshold for class I.

In the unlikely event that all foods containing all 11 saturated ali-
phatic acyclic secondary ketones in structural class IT were consumed
concomitantly on a daily basis, the estimated total daily per capita
intake of these substances in Europe and the USA would exceed the
threshold for class II.

Of the 39 substances, 37 are expected to be metabolized via well-
known biochemical pathways to innocuous metabolic and/or
endogenous substances; in the opinion of the Committee, the
endogenous levels of these metabolites would not give rise to
perturbations outside the physiological range. Accordingly, even a
combined theoretical intake would be of no safety concern. For the
remaining two substances that could potentially form y-diketones, the
combined intake would also be of no safety concern.

Conclusion ,
The Committee concluded that the substances in this group would not
present safety concerns at the current levels of estimated intake.

No toxicity data were required for application of the Procedure to 37 of
the 39 substances in this group. However, the Committee noted that
where toxicity data were available, they were consistent with the results
of the Procedure. For the remaining two substances, 3-heptanone (no.
285) and 3-heptanol (no. 286), the toxicity data were also consistent
with the results of the safety evaluation using the Procedure.

A monograph summarizing the safety data on this group of flavouring
agents was prepared.

Linear and branched-chain aliphatic unsaturated, unconju-
gated alcohols, aldehydes, acids and related esters

The Committee evaluated a group of 42 flavouring agents that in-
cluded linear and branched-chain aliphatic unsaturated, unconju-
gated alcohols, aldehydes, acids and related esters (Table 4) using the
Procedure for the Safety Evaluation of Flavouring Agents (Fig. 1).



The Committee had evaluated one member of the group, oleic acid,
previously. At its twenty-ninth meeting (Annex 1, reference 70), the
Committee noted that the safety evaluation of fatty acids, including
oleic acid, is based on knowledge of their metabolism and excretion
and on their occurrence in edible fats and oils that have a long history
of use as foods or food components. At the thirty-third meeting, ADIs
“not specified” were allocated to the calcium, potassium and sodium
salts of oleic acid (Annex 1, reference 83).

Estimated daily per capita intake

The total annual volume of production of the 42 linear and branched-
chain aliphatic unsaturated, unconjugated alcohols, aldehydes,
carboxylic acids and related esters is approximately 39 tonnes in
Europe and 13 tonnes in the USA. Three substances in the group, cis-
3-hexen-1-ol (no. 315), linoleic acid (no. 332) and oleic acid (no. 333)
account for about 96% of the total annual volume in Europe. Four
substances in the group, cis-3-hexen-1-ol, oleic acid, 2,6-dimethyl-5-
heptenal (no. 349) and a mixture of hexyl 2-methyl-3-pentenoate and
hexyl 2-methyl-4-pentenoate (no. 352) account for about 91% of the
total annual volume in the USA. On the basis of the reported annual
volumes of production, the estimated daily per capita intake of cis-3-
hexen-1-ol, linoleic acid and oleic acid from their use as flavouring
agents is approximately 4300ng (72ug/kg of body weight per day),
130pg (2ug/kg of body weight per day) and 970ug (16 ug/kg of body
weight per day), respectively, in Europe. Similarly, the estimated
daily per capita intake of cis-3-hexen-1-ol, oleic acid, 2,6-dimethyl-5-
heptenal and the mixture of hexyl 2-methyl-3-pentenoate and hexyl
2-methyl-4-pentenoate from their use as flavouring agents is approxi-
mately 1100 g (18 ug/kg of body weight per day), 440ug (7 pg/kg of
body weight per day), 250pug (4ug/kg of body weight per day) and
530ug (9ug/kg of body weight per day), respectively, in the USA.
Of the 42 aliphatic unsaturated primary alcohols and unconjugated
aldehydes, acids and related esters in this group, 27 are reported
to occur naturally in a wide variety of foods, including fruits and
vegetables, dairy products, fish and alcoholic beverages. Oleic and
linoleic acids (nos 333 and 332) are some of the most common
unsaturated fatty acids found in vegetable oils and animal fats, often
constituting more than 50% of the total concentration of fatty acids.

Absorption, metabolism and elimination

The metabolism of flavouring agents in this group involves common
pathways of intermediary metabolism which are discussed in section
4.1.
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Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the above-mentioned linear and branched-
chain aliphatic unsaturated, unconjugated alcohols, aldehydes, acids
and related esters, the Committee assigned all 42 substances to struc-
tural class I.

Step 2. The metabolic fates of the linear and branched-chain aliphatic
unsaturated, unconjugated alcohols, aldehydes, carboxylic acids and
related esters in this group of flavouring agents can (with the excep-
tion of ethyl 2-methyl-3,4-pentadienoate (no. 353)) be predicted
readily because of their close structural relationship to endogenous
substrates and the broad substrate specificity of the relevant enzymes.
The prediction that the metabolites would be innocuous was sup-
ported by available toxicity data on members of this group. The
Committee considered that the available data were inadequate to
predict the metabolism of ethyl 2-methyl-3,4-pentadienoate because
of its terminal diene structure.

At current levels of intake, the remaining 41 substances in this group
would not be expected to saturate the metabolic pathways, and all of
them are predicted to be metabolized to innocuous products (see
section 4.1). The evaluation of these substances therefore proceeded
via the left-hand side of the decision-tree.

Since it could not be predicted to be metabolized to innocuous prod-
ucts, the evaluation of ethyl 2-methyl-3,4-pentadienoate proceeded
via the right-hand side of the decision-tree.

Step A3. The current levels of intake of 40 of the 41 substances
were below the threshold for class I (1800ug per day). These 40
substances were considered to be of no safety concern at this step
on the basis of their structural class and low levels of estimated
intake. For the remaining substance, cis-3-hexen-1-ol (no. 315), the
estimated daily per capita intake in Europe exceeded the threshold
for class I. The evaluation of this substance therefore proceeded to
step A4.

Step A4. The substance cis-3-hexen-1-ol (no. 315) is not endogenous
in humans. Accordingly, its evaluation proceeded to step A5 of the
Procedure.

Step A5. A NOEL of 120-150mg/kg of body weight per day was
reported for cis-3-hexen-1-ol (no. 315) in a 98-day study in rats. This
NOEL provides a safety margin of >1000 when compared with the
daily per capita intakes of this substance from its use as a flavouring
agent in Europe and the USA. Therefore, this substance would not be
expected to be of safety concern.
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Step B3. The estimated daily per capita intake of ethyl 2-methyl-3,4-
pentadienoate (no. 353) in Europe and the USA did not exceed the
threshold for class I. The evaluation of this substance therefore pro-
ceeded to step B4.

Step B4. Adequate data to determine a NOEL for ethyl 2-methyl-3.4-
pentadienoate (no. 353) were not available. The Committee was
aware of a study in rats given ethyl 2-methyl-3,4-pentadienoate in the
diet at a concentration equivalent to a daily intake of 1.0mg/kg of
body weight for 90 days; however, a full report of the study was not
available. The Committee therefore postponed the evaluation of this
substance, pending the review of the 90-day toxicity study.

Table 4 summarizes the stepwise evaluations of the linear and
branched-chain aliphatic unsaturated alcohols and unconjugated
aldehydes, acids and related esters in this group of flavouring agents.

Consideration of combined intakes

In the unlikely event that all foods containing all 41 linear and
branched-chain aliphatic unsaturated alcohols and unconjugated
aldehydes, acids and related esters in this group were consumed
concomitantly on a daily basis, the estimated combined intake would
exceed the threshold for class 1. However, all 41 substances are
expected to be efficiently metabolized and would not saturate the
metabolic pathways. On the basis of the evaluation of the collective
data, the combined intake was judged by the Committee not to raise
safety concerns. The consideration of the combined intakes excludes
the intake of ethyl 2-methyl-3,4-pentadienoate (no. 353) because the
evaluation of this substance was deferred, pending the review of a
90-day toxicity study not available to the Committee at its present
meeting.

Conclusions

The Committee concluded that 41 of the 42 linear and branched-chain
aliphatic unsaturated, unconjugated alcohols, aldehydes, acids and
related esters in this group would not present safety concerns when
used at current levels of intake as flavouring agents. Data on the
toxicity of cis-3-hexen-1-ol (no. 315) were required for the application
of the Procedure. The Committee noted that these data and
the available toxicity data on other substances in the group were
consistent with the results of the Procedure. The evaluation of ethyl
2-methyl-3,4-pentadienoate (no. 353) was deferred, pending the
evaluation of a 90-day study in rats that was not available to the

Committee at its present meeting. The ADI “not specified” for

the calcium, potassiim and sodium salts of oleic acid established at
the thirty-third meeting was maintained.



4.4

A monograph summarizing the safety data available on this group of
flavouring agents was prepared.

Aliphatic acyclic and alicyclic terpenoid tertiary alcohols
and structurally related substances

The Committee evaluated a group of 23 flavouring agents that in-
cluded selected tertiary alcohols and related esters (Table 5) using the
Procedure for the Safety Evaluation of Flavouring Agents (Fig. 1).

Two members of the group, linalool and linalyl acetate, were previ-
ously evaluated as part of a group of other terpenoid flavouring
substances that included citral, citronellol and geranyl acetate at
the eleventh meeting (Annex 1, reference 74). At that meeting, the
Committee recommended that at least one member of the group
be studied for the effects of long-term exposure. Linalool and linalyl
acetate were re-evaluated at the twenty-third meeting (Annex 1, re-
ference 50). A group ADI of 0-0.5mg/kg of body weight was estab-
lished, based on the clearly defined metabolism of these substances,
their rapid excretion and their low toxicity in short-term studies.

At its forty-ninth meeting (Annex 1, reference /37), the Committee
evaluated a group of 26 geranyl, neryl, citronellyl and rhodinyl
esters formed from branched-chain terpenoid primary alcohols and
aliphatic acyclic linear and branched-chain carboxylic acids using the
Procedure for the Safety Evaluation of Flavouring Agents. The
Committee concluded that these substances pose no safety concerns,
based on knowledge of their metabolism and low levels of intake.

Estimated daily per capita intake

The total annual volume of production of the 23 tertiary alcohols and
related esters is approximately 58 tonnes in Europe and 15 tonnes in
the USA. Four substances in the group, linalool (no. 356), linalyl
acetate (no. 359), o-terpineol (no. 366) and terpinyl acetate (no. 368)
account for approximately 96% of the total annual volume in Europe
and the USA. On the basis of the reported annual volumes of produc-
tion, the total estimated daily per capita intake of linalool
from use of linalool and eight of its esters as flavouring agents
is approximately 4800png (80ug/kg of body weight) in Europe and
1300pg (22pg/kg of body weight) in the USA. Similarly, the total
estimated daily per capita intake of o-terpineol from use of a-terpin-
eol and six of its esters as flavouring agents is approximately 3200 ug
(53pg/kg of body weight) in Europe and 1400ug (23ug/kg of body
weight) in the USA.

Tertiary alcohols and related esters occur naturally in a wide variety
of foods, including fruits, spices and tea. Thirteen of the substances in
this group have been reported to occur naturally in foods.
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Absorption, metabolism and elimination

It is anticipated that the esters in this group would be readily
hydrolysed to their component alcohols and carboxylic acids. The
products of hydrolysis would be detoxified primarily by conjugation
with glucuronic acid and excreted in the urine. Alternatively, the allyl
side-chain of unsaturated alcohols may undergo w-oxidization to
yield polar metabolites, which may be conjugated and excreted.
Metabolites of acyclic alcohols may be further oxidized to eventually
yield carbon dioxide. Hydrolysis of esters and metabolism of the
products of hydrolysis are further discussed in section 4.1.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the above-mentioned aliphatic acyclic and
alicyclic terpenoid tertiary alcohols and structurally related sub-
stances, the Committee assigned all but one of the 23 substances to
structural class I. The remaining substance, 2-ethyl-1,3,3-trimethyl-2-
norbornanol (no. 440), is a non-terpene bicyclic tertiary alcohol and
was therefore assigned to structural class II.

Step 2. Adequate metabolism data were available on both linalool
(no. 356) and o-terpineol (no. 366) to allow prediction of the likely
pathways of metabolism of all the related compounds in the group.
Although the site of oxidative metabolism would differ between
compounds, the structures of linalool and a-terpineol would cover all
of the functional groups present in the other members of the group
of flavouring agents. On the basis of the information available on
linalool and o-terpineol, the Committee concluded that, with one
exception, the metabolism of compounds in this group could be
predicted to give innocuous products.

Methyl 1-acetoxycyclohexylketone (no. 442) contains a sterically
hindered ketone group and could not be considered a priori to share
metabolic or toxicological similarities with other members of the
group.

At their current levels of intake, 22 of the substances in this group
(21 in class I and one in class II) would not be expected to saturate
metabolic pathways and are predicted to be metabolized to innocuous
products. The evaluation of these substances therefore proceeded via
the left-hand side of the decision-tree. Methyl 1-acetoxycyclohexyl-
ketone (class I) is not predicted to be metabolized to innocuous
products; its evaluation therefore proceeded via the right-hand side of
the decision-tree.

Step A3. The intakes of 22 substances were evaluated at this step. Of
these, 18 of the 21 substances in this group that were assigned to class
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I have daily per capita intakes in Europe and the USA that are below
the threshold for class 1 (1800ug). Therefore, these 18 substances
were considered to pose no safety concern when used as flavouring
agents at their current levels of estimated intake. The daily per capita
intakes of the three remaining substances, linalool (no. 356), linalyl
acetate (no. 359) and o-terpineol (no. 366), exceed the threshold for
class I in Europe. The evaluation of these substances therefore
proceeded to step A4.

The total daily per capita intakes of linalool and its esters (nos 358
365) and o-terpineol and its esters (nos 367-372) in Europe from their
use as flavouring agents is above the threshold for class I. The total
daily per capita intake of linalool and its esters is 48001g in Europe
and 1300ug in the USA. The total daily per capita intake of
a-terpineol and its esters is 3200 g in Europe and 1400 ug in the USA.

The total daily per capita intake of the class II substance, 2-ethyl-
1,3,3-trimethyl-2-norbornanol (no. 440), is below the threshold for
class II (540pg), indicating that this substance does not pose a safety
concern when used at current levels of estimated intake as a flavour-
ing agent.

Step A4. Linalool (no. 356), linalyl acetate (no. 359) and o-terpineol
(no. 366) are not endogenous in humans and they are not predicted
to be metabolized to endogenous products. The evaluation of these
substances therefore proceeded to step AS.

Step A5. NOELs of 50mg/kg of body weight per day and 24 mg/kg
of body weight per day have been reported for linalool (no. 356) and
linalyl acetate (no. 359), respectively, in 90-day studies in rats. These
NOEL: provide a margin of safety of >1000 for linalool and >500 for
linalyl acetate and for linalool and its esters when compared with the
daily per capita intakes of these substances in Europe and the USA.
A NOEL of 500mg/kg of body weight per day has been reported for
terpinyl acetate in a 20-week study in rats. This NOEL provides a
margin of safety of approximately 10000 for o-terpineol and for
a-terpineol and its esters when compared with the daily per capita
intakes of these substances in Europe and the USA. A carcinogenicity
bioassay in rats was conducted using a mixture of the terpenoid esters
geranyl acetate and citronellyl acetate, which together with linalool
and linalyl acetate, were reviewed at the twenty-third meeting of the
Committee (Annex 1, reference 50). The NOEL of 1000mg/kg of
body weight per day (710mg/kg of body weight per day for geranyl
acetate and 290 mg/kg of body weight per day for citronellyl acetate)
in this study provides a margin of safety of >10000 for linalool and its
esters and for o-terpineol and its esters.



Step B3. The daily per capita intake of methyl 1-acetoxycyclohexyl-
ketone (no. 442) in the USA is below the threshold for class I
(1800pg). No intake data were reported for Europe. The evaluation
of this substance therefore proceeded to step B4.

Step B4. Adequate data to determine a NOEL for methyl 1-acetoxy-
cyclohexylketone (no. 442) or structurally related substances were
not available. The evaluation of this substance therefore proceeded
to step BS.

Step B5. The conditions of use of methyl 1-acetoxycyclohexylketone
(no. 442) result in an intake greater than 1.5ug per day. Accordingly,
additional data on this substance were required for its evaluation.

Table 5 summarizes the evaluation of the 23 aliphatic acyclic and
alicyclic terpenoid tertiary alcohols and structurally related sub-
stances used as flavouring agents.

Consideration of combined intakes

The data were adequate to complete an evaluation of 22 of the 23
tertiary alcohols and related esters in this group. In the unlikely event
that all foods containing all 22 of these substances were consumed
simultaneously on a daily basis, the estimated combined intake would
exceed the threshold for human intake for class I. However, these 22
substances are expected to be efficiently metabolized and would
not saturate metabolic pathways. In considering combined intake,
the Committee excluded intake of methyl 1-acetoxycyclohexylketone
(no. 442) because additional data on toxicity were required to
evaluate its safety.

Consumption of foods containing four additional esters of linalool
(linalyl anthranilate, linalyl benzoate, linalyl cinnamate and linalyl
phenylacetate) that were not evaluated as part of this group, would
contribute an extra 10ig or 0.2 ug to the total daily per capita intake
of linalool (no. 356) in Europe and the USA, respectively. Similarly,
intake of foods containing an additional ester of a-terpineol (terpinyl
cinnamate) would contribute an extra 0.008ug or 0.5ug to the total
daily per capita intake of o-terpineol (no. 366) in Europe and the
USA, respectively. The potential consumption of linalool and o-
terpineol from these additional esters is minor and would not be
expected to lead to saturation of metabolic pathways or alter the
outcome of the safety evaluation using the Procedure.

Conclusions
The Committee concluded that 22 of the 23 terpenoid tertiary
alcohols and related substances in this group would not present safety
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concerns when used at current levels of intake as flavouring agents.
Knowledge of the pathways of metabolism of these flavouring agents
and toxicity data on three substances (linalool, linalyl acetate and o
terpineol (nos 356, 359 and 366)) were required for application of the
Procedure. The Committee noted that these data and the available
toxicity data on other structurally related substances were consistent
with the results of the safety evaluation using the Procedure. For one
substance, methyl 1-acetoxycyclohexylketone (no. 442), the available
metabolic data were inadequate to predict that the substance would
be metabolized to innocuous products, a relevant NOEL was lacking,
and intake exceeded 1.5ug per day. According to the Procedure,
the Committee concluded that additional data were required for
the evaluation of methyl 1-acetoxycyclohexylketone. The group
ADI established previously for linalool, linalyl acetate, citral, citro-
nellol and geranyl acetate was maintained.

A monograph summarizing the safety data on this group of flavouring
agents was prepared.

Carvone and structurally related substances

The Committee evaluated carvone and eight related substances
(Table 6) using the Procedure for the Safety Evaluation of Flavouring
Agents (Fig. 1). The substances in this group are terpenoid ketones,
secondary alcohols and related esters containing a 2-menthyl carbon
skeleton.

The Committee had previously evaluated carvone on several
occasions. A conditional ADI of 0-1.25mg/kg of body weight for the
(+)- and (—)-isomers was established at the eleventh meeting (Annex
1, reference 14). A temporary ADI of 0-1mg/kg of body weight was
established for (+)- and (—)-carvone at the twenty-third meeting
(Annex 1, reference 50), which was extended at the twenty-fifth,
twenty-seventh, thirtieth and thirty-third meetings (Annex 1, refer-
ences 56, 62, 73 and 83). At its thirty-seventh meeting, the Committee
determined that the (+)- and (-)-enantiomers should be evaluated
separately. Owing to a lack of data on (—)-carvone per se, the tempo-
rary ADI for (-)-carvone was not extended. In its review
of (+)-carvone, the Committee considered a long-term toxicity/carci-
nogenicity study in mice, short-term toxicity studies in mice and rats
and in vitro tests for mutagenicity. On the basis of a NOEL of 93mg/
kg of body weight per day in a 3-month toxicity study in rats, the
Committee established an ADI for (+)-carvone of 0-1mg/kg of body
weight per day. :



9¢g.:¥SN
g :edoing
HN 4N ON L¢y-16 ¢8e oleleor |Ane)
Ovk -¥SN H W_
G| edoing HO
HN 4N ON 6-87-66 | 8€ |0BAIED)
UIBouoD 1'0 'YSA \m/
Kisjes oN G| :edoing °
4N 4N ON S-6¥-£2.0¢ 6.€ orerooe [AaeooIpAUIq
0cg VSN IO\@
¢ :adoing
4N HN ON ¢ 10-619 8.€ [ooatzo0IpAYIQ
L YSN IO\@
LO'0 redoin]
dN 4N ON -69-661 9/€ |0-g-Ueyiusin-d
| sSSe|0 |einjonas
/s90uRISgNsS JMeIur uewny
ayel £90URISgNs snousfopus 10} ployse.yl
18lInd polelas 1o eoueisgns 01 paz||ogelsw ay) peaIXs
uo peseq 10} 130N @1Enbapy 10 snousBopug 9MEIUI $80( aIn1onns
uoISN[ouU0D elv@olo)ls] vy deig £V dals pUE 'OU QYD ‘ON 2oUBISgNg

_soauelsqns pajejal Ajleanionays ybia pue suoAled Jo suonenjead Ajajes Jo synsal ay} jo Alewwng

9 8|gel

91



‘paueiUERW

SeM (p6 ©0UBIBJ8) ‘| XBUUY) 88llILWOo) oyl Jo Bullesw yiuaass-AuIyl oyl 1B suoAIed-(+) J0j paysiigeise Ajsnolraid 1ybiam Apoq jo By/Bw | -0 1o |aV 2ul ,
“Aep Jod B11 U pesseldxe ale senfea axell; |y "Ajpaiosdsel ‘Aep Jed B1IorS pue Aep sed BHiQQg| aJe || puB | SOSSBIO o) SYelul UBWNY JOf SPIOYS8IYl Y]

'SOOUBISGNS SNONJOUU O} Pazijogelow a1e dnoib siy) U seoueisqns aul Jo |1y -2 deis

"8INpe20id 8y} Jo gy dals 1B uIaouod Alafes ou Jo aq
0} pauILWIlep SBM 9oUBISONS 8y} JO UOAWNSUOD 8SNeoaq UOIEENBAS 10} palinbal 1ou YN ‘peuodal elep oyelul ou :gN ‘90IAIeS SIOBISqY [BOIWSY)) :SYD

{04

0066 VSN
008z :edoing -(=) 1-0v-G8%9
SOA ON S9A -(+) 8-9L-v¥2e 08¢ ,OUOAIBD
uIaouo0o .
\ﬁmu_..mw ON 08} ‘¥vSN o
20°0 edoung
dN 4N ON €-0G-v9.L YA BUOAIBD0IPAUIC
FVSN
100 :2doing ©
4N 4N ON /-0/-66t% VA auo-g-uejuaiN-d
|l SSEJ9 Jein}onns
uIaou0d b0 vSN /\n_u_/ \m_
Aieyes oN aN :edoing ©
4N SN ON 0-Gv-L6 €8¢ oreuoldoud |AnreD
$SeouBIsgns SOYEIUl uBwINY
oyelul ;aoueisgns snousbopud J10oJ ploysaiyl
U8.1iNo pale[al 10 aouBISgns 0] pazijogelsw oy} poooxa
uo peseq 1oj 730N 81enbepy 10 snousfopu] ayelul s80Q 2.n1oNNs
uoisn|ouo) Gy dajs py dois £V d8I1s pue "ou SyH "ON aoueISgng

(penunuoo) 9 s|qe]

92



Estimated daily per capita intake

The estimated total daily per capita intake of carvone (no. 380) and
related substances from their use as flavouring agents is 2.8mg
in Europe and 10mg in the USA. In Europe, carvone accounts for
approximately 99% of the total annual per capita intake of this group
of substances from their use as flavouring agents. In the USA, carvone
accounts for approximately 96% of the total annual per capita intake
of this group of substances from their use as flavouring agents.

Seven of the substances in this group have been reported to occur
naturally in foods, including fruits, spices and berries. (—)-Carvone
has been reported to occur in the oils of Mentha spicata (spearmint).
(+)-Carvone has been reported in Carum carvi (caraway) and
Anethum graveolens (dill). Quantitative data on the natural occur-
rence and consumption ratios' have been reported for five of these
substances (nos 377, 379-382), which indicate that they are con-
sumed predominantly in traditional foods (i.e. consumption
ratio >1).

Absorption, metabolism and elimination

This group consists of three ketones (nos 375, 377, 380), three
secondary alcohols (nos 376, 378, 381) and three esters (nos 379, 382,
383). The metabolism of these substances is discussed in general
terms in section 4.1.

Terpenoid esters. The three esters would be expected to be hydro-
lysed to their corresponding alcohol and carboxylic acid by
carboxylesterases, which occur predominantly in hepatocytes. Esters
of carveol (no. 381) and dihydrocarveol (no. 378) would be expected
to be hydrolysed to yield carveol and dihydrocarveol, respectively,
and the corresponding saturated aliphatic carboxylic acids.

Terpenoid alcohols and ketones. The terpenoid alcohols result-
ing from hydrolysis of esters and their corresponding ketones are
metabolized in the same pathways as other alicyclic terpenoid ke-
tones and secondary alcohols. Five detoxification pathways have been
identified:

— reduction of the ketone, followed by conjugation of the resulting
alcohol with glucuronic acid;

' Defined as the ratio of the per cap’tz intaks resuzing frem e naiural occurrence of a
flavouring agent in fooa 10 the per capita ‘ntake of the “lavouring agent from its
intentional addition to food. Thus, a large consumption ratio signifies that the human
intake from natural occurrence of the compound ir: fcod is much greater than the intake
that results from its intentional addition to food. A consumption ratio of zero indicaies
that the compound does not occur naturally ‘n food as ‘ar as is presently known.
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— oxidation of the side-chains, yielding polar metabolites, which
may be conjugated and excreted;

— conjugation of ketones with glutathione, followed by excretion;

— hydrogenation of the endocyclic double bond of carveol;

— excretion of the unchanged parent compound.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to carvone and the above-mentioned related
substances, the Committee assigned six of the nine substances (p-
menthan-2-ol, dihydrocarveol, dihydrocarvyl acetate, carveol, carvyl
acetate and carvyl propionate (nos 376, 378, 379, 381-383)) to
structural class I. The remaining three substances ( p-menthan-2-one,
dihydrocarvone and carvone (nos 375, 377 and 380)) were assigned to
structural class II as they contain an o.3-unsaturated ketone.

Step 2. Sufficient data were available on carvone to define the major
pathways of metabolism, and this compound contained all of the
key structural elements and potential sites of metabolism of all other
members in the group. Better data on metabolism were available
on isophorone (3,4,5-trimethyl-cyclohex-2-en-1-one), which is not a
member of this group of flavouring agents, but which shows close
structural similarities to carvone and shares the same routes of
metabolism (reduction of the carbonyl group, conjugation of the
resulting alcohol with glucuronic acid, and side-chain oxidation). It is
predicted that carvone and other o,B-unsaturated ketones in the
group might undergo conjugation with glutathione, but this would
be expected to be a minor route of metabolism because of the low
reactivity in vitro, a conclusion supported by the toxicological data.

For the three terpenoid esters (nos 379, 382 and 383) in class 1,
the most likely route of metabolism is hydrolysis to carveol or
dihydrocarveol. For the three terpenoid alcohols (nos 376, 378 and
381) which are also in class I, the available data indicated that the
most likely route of metabolism is conjugation with glucuronic acid,
followed by excretion; however, other routes of metabolism such as
side-chain oxidation followed by conjugation and excretion may also
be possible. In each case, metabolism yields innocuous metabolites.
The evaluation of these substances therefore proceeded via the left-
hand side of the decision-tree.

For the three terpenoid ketones (nos 375, 377 and 380) in class II, the
available data indicated that the most likely route of metabolism
is reduction of the ketone to the corresponding alcohol, followed
by conjugation with glutathione and excretion. Other routes of
metabolism are also possible, such as side-chain oxidation followed by



conjugation, and direct conjugation of the ketone with glutathione. In
all cases, metabolism yields innocuous metabolites. Accordingly, the
evaluation of these substances also proceeded via the left-hand side of
the decision-tree.

Step A3. The estimated daily per capita intakes of the six terpenoid
esters and alcohols in class I are below the threshold of concern for
this class (1800ug per day), and they would not be expected to be of
safety concern. The intakes of two of the three terpenoid ketones in
class II, p-menthan-2-one (no. 375) and dihydrocarvone (no. 377) are
below the threshold of concern for this class (540ug per day), and
these would not be expected to be of safety concern. For the
remaining substance, carvone (no. 380), the intakes in both Europe
and the USA are above the threshold of concern. The evaluation of
this substance therefore proceeded to step A4.

Step A4. Carvone (no. 380) is not endogenous in humans. The
evaluation of this substance therefore proceeded to step AS.

Step A5. A NOEL of 93mg/kg of body weight per day was identified
for (+)-carvone in a 3-month study in rats at the thirty-seventh
meeting of the Committee (Annex 1, reference 94). If it is assumed
that all the carvone consumed was (+)-carvone, a margin of safety
of >500 exists between this NOEL and the daily per capita intake for
the (+)-isomer of carvone. Therefore this substance would not be
expected to be of safety concern. The (—)-isomer of carvone would be
expected to share a common metabolic pathway with (+)-carvone. A
NOEL of 125 mg/kg of body weight per day was identified for carvone
(isomer unspecified) at the eleventh meeting (Annex 1, reference 74).
The only material that was commercially available at that time was
(-)-carvone. This NOEL was considered to apply to (—)-carvone and,
if it is assumed that all the carvone intake was (—)-carvone, a margin
of safety of >750 exists between this NOEL and the daily per capita
intake for (—)-carvone. Accordingly, this substance would not be ex-
pected to be of safety concern.

Table 6 summarizes the evaluations of the nine substances in this
group.

Consideration of combined intakes

In the unlikely event that all foods containing all six terpenoid
alcohols and esters in structural class I were consumed concomitantly
on a daily basis, the estimated total dailv per capita intake of these
substances in Europe and the USA would be below the threshold for
class 1.
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In the unlikely event that all foods containing all three terpenoid
ketones in structural class II were consumed concomitantly on a daily
basis, the estimated daily per capita intake of these substances in
Europe and the USA would exceed the threshold for class II.

However, all nine substances in this group are expected to be
efficiently metabolized to innocuous products and would not give rise
to perturbations outside the physiological range.

Conclusions

The results of the evaluations of carvone (no. 380) and related
substances (nos 375-379 and 381-383) indicated that these substances
would not present safety concerns at the estimated current levels of
intake. In using the Procedure, the Committee noted that all of the
available data on toxicity were consistent with the results of the safety
evaluation. The ADI established previously for (+)-carvone was
maintained.

A monograph summarizing the safety data available on this group of
flavouring agents was prepared.

lonones and structurally related substances

The Committee evaluated a group of 21 flavouring agents that in-
cluded o~ and B-ionone and structurally related substances (Table 7)

- using the Procedure for the Safety Evaluation of Flavouring Agents

(Fig. 1).

Each of these substances has a cyclohexene ring with an allyl or alkyl
side-chain containing a ketone or secondary alcohol functional group.
With one exception, namely, 1,4-dimethyl-4-acetyl-1-cyclohexene,
each contains a 2,6,6-trimethylcyclohexyl carbon skeleton, and an
alkyl side-chain of 4-7 carbon atoms located at the C1 position.
With the exception of y-ionone, each of these substances has at
least one endocyclic double bond. In the ionones, the carbonyl
or hydroxyl group is located in the y-position in relation to the ring,
while in the damascones the carbonyl group is located in the o-
position.

The Committee had previously evaluated three members of the
group. o-lonone and B-ionone were both evaluated at the twenty-
eighth meeting (Annex 1, reference 66), when a group ADI of 0-
0.1 mg/kg of body weight was established for these flavouring agents,
individually or in combination. Allyl-a-ionone was evaluated at the
twenty-fourth meeting (Annex 1, reference 53), when the Committee
concluded that the data were inadequate for setting an ADIL.
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Estimated daily per capita intake

The estimated total daily per capita intake of all 21 ionones and
related substances from their use as flavouring agents is 0.76mg
in Europe and 0.33mg in the USA. In Europe, four substances,
damascenone (no. 387), a-ionone (no. 388), B-ionone (no. 389) and
methyl-o-ionone (no. 398), account for approximately 85% of the
total annual per capita intake of this group of substances from their
use as flavouring agents. In the USA, three substances, a-ionone, -
ionone and allyl-a-ionone (no. 401), account for approximately 85%
of the total annual per capita intake of this group of substances from
their use as flavouring agents.

Eleven of the substances in this group have been reported to occur
naturally in foods, including raspberries, carrots, roasted almonds and
herbs. Quantitative data on natural occurrence and consumption ra-
tios have been reported for seven substances (nos 388-394), which
indicate that they are consumed predominantly in traditional foods
(i.e. consumption ratio >1).

Absorption, melabolism and elimination

The available data on metabolism of substances in this group are
derived largely from studies on -ionone and indicate that at least two
detoxification pathways are possible (see section 4.1):

— hydroxylation of the cyclohexene ring at the C3 position followed
by oxidation of the hydroxyl group to the 3-oxo derivative; and

— reduction of the ketone on the allyl side-chain to the
corresponding secondary alcohol.

A combination of these reactions results in the formation of polar
metabolites, which are excreted in the urine unchanged or conjugated
with glucuronic acid. B-Ionone can also be excreted unchanged in the
urine.

Application of the Procedure for the Safety Evaluation of Flavouring Agents
1,4-Dimethyl-4-acetyl-1-cyclohexene (no. 402) was not considered to
have sufficient structural similarities to the ionones to be included in
this group and therefore the safety of this compound was not
evaluated. - -

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the remaining 20 ionones and related sub-
stances, the Committee assigned all of the substances to structural
class L. :

Step 2. Data were available for B-ionone (no. 389), which showed that
it was metabolized by reduction of the carbonyl group and hydroxy-



lation of the alicyclic ring and by conjugation of metabolites contain-
ing alcohol groups with glucuronic acid. Only limited data were avail-
able on the fate of other compounds in the group of a- and B-ionone
and related flavouring agents. Other members of this group had struc-
tural characteristics similar to B-ionone, but there were differences in
the number and positions of the alicyclic double bonds and the posi-
tion of the carbonyl group within the side-chain and its relationship to
endocyclic and exocyclic double bonds. On the basis of the similarities
of the functional groups present in the flavouring agents in this group
it was considered that o- and B-ionone (nos 388 and 389), their alcohol
analogues, analogues with a single endocyclic double bond, and ana-
logues with saturated side-chains or longer side-chains would be
eliminated from the body by common metabolic processes, which
would lead to innocuous products.

Members of the group with two endocyclic double bonds, or with the
carboxyl group adjacent to the cyclohexene ring, or with an allyl
double bond attached to the cyclohexene ring, might show reduced
rates of elimination which might affect their toxicological potency.
The Procedure takes this possibility into account to some extent since
compounds that are sterically hindered are assigned to structural class
II, rather than class I. However, the Committee was not able to
conclude a priori that the products of metabolism of such compounds
would be innocuous.

Substances that could be predicted to be metabolized to innocuous
products fall into the following two groups:

Group 1. o-Ionone, o-ionol, dihydro-o-ionone, methyl-o-ionone,
methyl-6-ionone, o-irone, 2-iso-methylionone and allyl-o-ionone (nos
388, 391, 393, 398, 400, 403, 404 and 401, respectively). These sub-
stances were considered likely to share a common metabolic pathway
with a-ionone, although the rate of metabolism for some of these
substances may be slower than for o-ionone.

Group 2: B-Ionol, dihydro-B-ionone, dihydro-f-ionol, methyl-f3-
ionone and methyl-&-ionone (nos 392, 394, 395, 399 and 400, res-
pectively). These substances were considered likely to share
common metabolic pathways with B-ionone, although the rate of
metabolism for some of these substances may be slower than for B-
ionone.

The evaluation of the substances in groups 1 and 2 proceeded via the
left-hand side of the decision-tree.

The substances that could not be predicted to be metabolized to
innocuous products are -damascone, o-damascone, d-damascone,
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damascenone, y-ionone, dehydrodihydroionone and dehydrodihydro-
ionol (nos 384-387, 390, 396 and 397, respectively). The evaluation of
these substances proceeded via the right-hand side of the decision-
tree.

Step A3. The daily per capita intakes in Europe and the USA of all 13
substances in groups 1 and 2 are below the threshold for human
intake for class I (1800 ug per day). Therefore, these substances would
not be expected to be of safety concern.

Step B3. For B-damascone, a-damascone, 6-damascone, damascen-
one, y-ionone, dehydrodihydroionone and dehydrodihydroionol (nos
384-387,390, 396 and 397, respectively), the daily per capita intakes in
Europe and the USA are below the threshold for class 1. Accordingly,
the evaluation of these substances proceeded to step B4.

Step B4. Information on each of the compounds considered at this
step is given below.

The NOEL for B-damascone (no. 384) is 2mg/kg of body weight
per day, based on a 90-day study in rats. The margin of safety between
this NOEL and the daily per capita intake under the conditions of
intended use is >2000.

o-Damascone, 8-damascone and damascenone (nos 385-387) were
considered likely to share common metabolic pathways with [-
damascone (no. 384), although the rate of metabolism may be
slower. The margins of safety between the NOEL for 3-damascone
and the daily per capita intakes of a-damascone, d-damascone and
damascenone are >10000, 200000 and >1000, respectively.

v-Ionone (no. 390) was considered likely to share a common meta-
bolic pathway with o-ionone (no. 388) and B-ionone (no. 389), for
which the NOEL was 10mg/kg of body weight per day, based on a 90-
day study in rats. The margin of safety between this NOEL and the
daily per capita intake of y-ionone is 40000. It was also considered
likely to share a common metabolic pathway with carvone (no. 380),
for which the NOEL was 93mg/kg of body weight per day, based on
a 3-month study in rats. In this case the margin of safety between this
NOEL and the daily per capita intake of y-ionone is 370 000.

Dehydrodihydroionone (no. 396) and dehydrodihydroionol (no. 397)
were considered to share common metabolic pathways with a-ionone
and B-ionone, for which the NOEL was 10mg/kg of body weight per
day. The margins of safety between this NOEL and the daily per
capita intakes of dehydrodihydroionone and dehydrodihydroionol
are 6 x 10° and 80000, respectively.
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Therefore, the seven substances considered at this step would not be
expected to be of safety concern.

Table 7 summarizes the evaluations of the 21 o- and B-ionones and
related substances used as flavouring agents.

Consideration of combined intakes

All of the 20 ionones and structurally related substances considered
in this evaluation would be expected to share common metabolic
pathways. In the unlikely event that all foods containing all 20
substances were consumed simultaneously on a daily basis, the
estimated daily per capita consumption in Europe and the USA
would not exceed the threshold for human intake for substances in
class 1.

Conclusions

The Committee concluded that use of any of the 20 ionones and
related substances as flavouring agents would not present safety
concerns at the estimated current levels of intake.

In using the Procedure, the Committee noted that all of the avail-
able data on toxicity were consistent with the results of the safety
evaluation.

The ADIs previously established for a-ionone and B-ionone were
maintained.

A monograph summarizing the safety data available on this group of
flavouring agents was prepared.

Aliphatic acyclic and alicyclic o-diketones and related
o-hydroxyketones

The Committee evaluated a group of 22 flavouring agents that in-
cluded aliphatic acyclic and alicyclic o-diketones and related o-
hydroxyketones (Table 8) using the Procedure for the Safety
Evaluation of Flavouring Agents (Fig. 1). One member of the group,
diacetyl (2,3-butanedione), was previously evaluated at the eleventh
meeting of the Committee (Annex 1, reference /4). However, no
ADI was allocated at that time because of a lack of data.

Estimated daily per capita intake

In the USA. aliphatic acyclic and alicyclic o-diketones and o-
hydroxyketones are generally used as flavouring agents up to average
maximum levels of 200mg/kg. The total annual volume of production
of the 22 substances in this group is approximately 44 tonnes in
Europe and 56 tonnes in the USA. In both Europe and the USA,
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more than 95% of the total annual volume is accounted for by three
substances: acetoin (3-hydroxy-2-butanone; no. 405; 19 tonnes/year in
Europe and 9.2 tonnes/year in the USA), diacetyl (no. 408; 18 tonnes/
year in Europe and 42 tonnes/year in the USA) and methylcyclo-
pentenolone (no. 418; 4.7 tonnes/year in Europe and 3.7 tonnes/year
in the USA). Two of these substances (acetoin and diacetyl) account
for more than 90% of the total annual volume in the USA.

Nineteen of the 22 aliphatic acyclic and alicyclic o-diketones and o-
hydroxyketones have been identified as natural components of a
variety of foods, including fruits, vegetables, cocoa and coffee.
Quantitative data on natural occurrence have been reported for six of
these substances. On the basis of the information available, the levels
of intake of these substances as natural components of food would
appear to be greater than those from their use as flavouring agents,
with one exception (diacetyl).

Absorption, metabolism and elimination

In rats and mice, orally administered aliphatic o-diketones are rapidly
absorbed from the gastrointestinal tract. It is anticipated that at low
levels of intake, humans will metabolize aliphatic acyclic a-diketones
principally by o-hydroxylation and subsequent oxidation of the
terminal methyl group to yield the corresponding ketocarboxylic acid.
The acid may undergo oxidative decarboxylation to yield carbon
dioxide and a simple aliphatic carboxylic acid, which may be
completely metabolized in the fatty acid pathway and citric acid cycle.
At high levels of intake, aliphatic acyclic «-diketones may be
metabolized by reduction to the diol and subsequent conjugation
with glucuronic acid. Acyclic o-diketones and a-hydroxyketones
without a terminal methyl group and alicvclic o-diketones and o-
hydroxyketones are mainly metabolized by reduction to the
corresponding diol followed by conjugation with glucuronic acid and
excretion (see section 4.1).

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents to the above-mentioned aliphatic acyclic and
alicyclic a-diketones and related o-hydroxyketones, the Committee
assigned all 22 substances to structural class II.

Step 2. In vitro and in vivo data demonstrated two major routes of
metabolism for diacetyl (no. 408) and acetoin (no. 405) involving
complete oxidation to carbon dioxide and reduction to a diol, but data
were not available on the longer-chain linear homologues or cyclic
analogues. Alcohol dehydrogenases, aldehyde reductase and
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carbonyl reductase are widely distributed enzymes, with broad
substrate specificities, and in vitro data show that 1,2-cyclohexane-
dione is a better substrate than diacetyl for aldehyde reductase and
carbonyl reductase. In consequence, it was considered that the data
on the extensive reduction of acetoin can be extrapolated to other
members of the group. The a-diketone group is polar, and it would be
expected that all members of the group evaluated would be metabo-
lized by a combination of oxidation (when the carbonyl group is
adjacent to a methyl group), reduction of the carbonyl group and
excretion of the parent compound and metabolites in urine. The

_products of these metabolic pathways do not raise toxicological con-

cerns. This conclusion is supported by the toxicological data available
on some members of the group.

Step A3. For 19 of the substances, the daily per capita intakes in
Europe and the USA are below the threshold for human intake for
substances in class IT (540pug per day), indicating that they pose no
safety concern when used at current levels of estimated intake as
flavouring agents. Only acetoin (no. 405), diacetyl (no. 408) and
methylcyclopentenolone (no. 418) have intakes greater than 540ug
per day in Europe and the USA.

Step A4. Acetoin (no. 405) and diacetyl (no. 408) are endogenous in
humans, but methylcyclopentenolone (no. 418) is not. The evaluation
of this substance therefore proceeded to step AS.

Step A5. A NOEL of 500mg/kg of body weight per day was reported
for methylcyclopentenolone (no. 418) in a 6-month toxicity study in
rats. A safety margin of >30000 exists between this NOEL and the
estimated daily per capita intake of methylcyclopentenolone. In
addition, the results of genotoxicity tests (Ames test and test for
unscheduled DNA synthesis) of methylcyclopentenolone were
negative. This information indicates that methylcyclopentenolone
would not be expected to be of safety concern.

The stepwise evaluations of the 22 aliphatic acyclic and alicyclic o-
diketones and related a-hydroxyketones used as flavouring agents are
summarized in Table 8.

Consideration of combined intakes

In the unlikely event that all foods containing all of the 22 aliphatic
acyclic and alicyclic o-diketones and related o-hydroxyketones evalu-
ated as flavouring agents were consumed simultaneously on a daily
basis, the estimated total daily per capita intake of these substances in
Europe and the USA would exceed the threshold for human intake
for substances in class II. However, all of the flavouring agents in this
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group are expected to be efficiently metabolized and excreted and
would not saturate detoxification pathways. On the basis of the evalu-
ation of the collective data, the Committee concluded that combined
intake of these substances would not be expected to be of safety
concern.

Conclusion

The Committee concluded that the 22 aliphatic acyclic and alicyclic o~
diketones and related o-hydroxyketones evaluated do not pose a
safety concern when used at current levels of intake as flavouring
agents. No toxicity data were required for application of the
Procedure to 21 of the 22 substances evaluated. However, the
Committee noted that where toxicity data were available, they were
consistent with the results of the Procedure. For the remaining
substance, methylcyclopentenolone (no. 418), the toxicity data
indicated that it would not be expected to be of safety concern.

A monograph summarizing the safety data on this group of flavouring
agents was prepared.

Substances structurally related to menthol

The Committee evaluated 13 substances structurally related to men-
thol (Table 9) using the Procedure for the Safety Evaluation of
Flavouring Agents (Fig. 1). Menthol was evaluated separately (see
section 3.2.3). However, it is included here because information on
this substance is integral to the evaluation of its structurally related
substances.

Menthol was previously evaluated at the eleventh, eighteenth and
twentieth meetings of the Committee (Annex 1, references 14, 35 and
41). At its present meeting, the Committee allocated an ADI of 0-
4mg/kg of body weight to menthol (section 3.2.3).

Estimated daily per capita intake

The total annual volume of production of menthol and the 13
structurally related substances from their use as flavouring agents is
approximately 140 tonnes in Europe and 79 tonnes in the USA.
Menthol (no. 427) and menthone (no. 429) account for 97% of the
total annual volume in Europe and 85% of the total annual volume in
the USA.

Menthol and some structurally related substances occur naturally
in a wide variety of foods, including spearmint oil, cornmint oil,
peppermint oil, raspberries, rum, nutmeg and cocoa. Menthol and
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menthone are the principal constituents of peppermint oil, accounting
for 10-70% and 7-40%, respectively. Eight of the substances in
this group have been reported to occur naturally in foods (nos 427~
432, 434 and 435); six of the remaining substances are esters of
menthol (nos 433, 443, 444 and 447) or ketals of menthone (nos 445
and 446). Quantitative data on natural occurrence and consumption
ratios have been reported for five of these substances, which are
consumed predominantly in traditional foods (i.e. consumption
ratio >1).

Absorption, metabolism and elimination

The esters in this group (nos 431-433 and 447) would be expected to
be readily hydrolysed to menthol and their respective carboxylic
acids; the latter are endogenous in humans. The carbonate esters of
(-)-menthol (nos 443 and 444) can be expected to be hydrolysed to
menthol and carbonate and either ethylene glycol or propylene
glycol. The ketals (nos 445 and 446) are hydrolysed in vitro to yield
(-)- or (+)-menthone and simple glycols. The ketones (nos 429, 430
and 435) in this group would be reduced to their corresponding
secondary alcohols which, like menthol, are conjugated with

~ glucuronic acid and then excreted in the urine (see section 4.1).

Application of the Procedure for the Safety Evaluation of Flavouring Agents
Step 1. Menthol (no. 427) belongs to structural class 1. In applying
the Procedure for the Safety Evaluation of Flavouring Agents to the
above-mentioned substances structurally related to menthol, the
Committee assigned eight of the 13 substances ((+)-neo-menthol,
menthyl acetate, menthyl isovalerate, (—)-menthyl lactate, p-menth-1-
en-3-ol, (-)-menthol ethylene glycol carbonate, the mixture of (-)-
menthol 1- and 2-propylene glycol carbonate and mono-menthyl
succinate (nos 428, 431-434, 443, 444 and 447, respectively)) to
structural class I. The remaining five substances (menthone, (%)-
isomenthone, piperitone, (—)-menthone 1,2-glycerol ketal and (%)-
menthone 1,2-glycerol ketal (nos 429, 430, 435, 445 and 446,
respectively)) were assigned to structural class II.

Step 2. At current levels of intake, the 14 substances would not be
expected to saturate the metabolic pathways, and they are all
predicted to be metabolized to innocuous products (see section 2.3.1).
Consideration of this group of flavouring agents was dependent on
data on the metabolic fate of menthol (no. 427) and menthone (no.
429), which are metabolized by a combination of oxidation and
conjugation. The extensive conjugation of menthol with glucuronic
acid and its rapid elimination in urine and bile, combined with its
simple chemical structure, provided assurance that the products of



metabolism are innocuous. The metabolites of piperitone (an o,p-
unsaturated ketone) were considered to be innocuous by comparison
with menthone and its metabolites (saturated) and carvone (o,B-
unsaturated).

Step A3. The daily per capita intakes of all of the substances in this
group in structural class I, with the exception of menthol (no. 427), are
below the threshold for human intake for class I (1800ug) in both
Europe and the USA, indicating that they pose no safety concerns
when used at the current levels of estimated intake as flavouring
agents. The intake of menthol in Europe and the USA is above the
threshold for human intake for substances in class I.

The total intake of menthol in Europe and the USA from its use and
use of its esters (nos 431433, 443, 444 and 447) as flavouring agents is
above the threshold for human intake for class 1. The total daily per
capita intake of menthol and its esters is 19000ug in Europe and
12000 g in the USA.

The daily per capita intakes of all the substances in structural class II,
with the exception of menthone (no. 429), are below the threshold for
class I (540pg per day) in both Europe and the USA. The daily per
capita intake of menthone in Europe and the USA is above the
threshold for human intake for class I1.

The total intake of menthone in Europe and the USA from its use and
use of its ketals (nos 445 and 446) as flavouring agents is above the
threshold for human exposure for class II. The total daily per capita
intake of menthone and its ketals is 1000 g in Europe and 2900 g in
the USA.

Step A4. Menthol (no. 427) and menthone (no. 429) are not
endogenous in humans. The evaluation of these substances therefore
proceeded to step AS.

Step A5. An ADI of 04mg/kg of body weight was allocated to
menthol (no. 427) at the present meeting (see section 3.2.3). For
menthone (no. 429), a NOEL of 400 mg/kg of body weight per day has
been reported in a 28-day toxicity study in rats. A safety margin of
approximately 10000 exists between this NOEL and the daily per
capita intake of menthone (42 pug/kg of body weight per day in Europe
and 17ug/kg of body weight per day in the USA) or the total daily
per capita intake of menthone and its derivatives (46 and 17 ug/kg of
body weight per day, respectively). This information indicates that
neither menthol nor menthone would be expected to be of safety
concern.

Table 9 summarizes the evaluation of menthol and the 13 structurally
related substances using the Procedure.
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Consideration of combined intakes

In the unlikely event that all foods containing menthol (no. 427) and
the eight structurally related substances in class I were consumed
concomitantly on a daily basis, the estimated total daily per capita
intake in Europe and the USA would exceed the threshold for human
intake for class L.

In the unlikely event that all foods containing menthone (no. 429) and
the four structurally related substances in class I were consumed
concomitantly on a daily basis, the estimated total daily per capita
intake in Europe and the USA would exceed the threshold for human
intake for class II.

All 14 substances are, however, expected to be efficiently metabolized
and would not saturate metabolic pathways. On the basis of the
evaluation of the collective data, the combined intake was judged by
the Committee not to raise safety concerns.

Conclusions

The Committee concluded that the use of menthol and the 13
structurally related substances evaluated as flavouring agents would
not pose a safety concern at the current estimated levels of intake.
The Committee noted that where toxicity data were available, they
were consistent with the results of the safety evaluation using the
Procedure.

A monograph summarizing the safety data on the 13 substances
structurally related to menthol was prepared.

Intake assessments of specific food additives

In response to a request of the Twenty-Ninth Session of the Codex
Committee on Food Additives and Contaminants (8), the Expert
Committee assessed the intake of five food additives. In this section of
the report, the Expert Committee recommends the review of levels of
food additives in certain categories of the draft General Standard on
Food Additives that is being developed by the Codex Committee.
These categories are reproduced in Annex 4 for ease of reference.

Benzoates

The Committee assessed the intake of benzoates, a class of food
additives generally used as preservatives. Maximum limits for ben-
zoates have been proposed in a wide range of foods (solids and
liquids) in the draft General Standard for Food Additives. A group
ADI of 0-5mg/kg of body weight, expressed as benzoic acid



equivalents, was allocated to benzyl acetate, benzyl alcohol, ben-
zaldehyde and benzoic acid and its salts at the forty-sixth meeting of
the Committee (Annex 1, reference 122).

Information on benzoates was provided by nine Member States (Aus-
tralia, China, Finland, France, Japan, New Zealand, Spain, the United
Kingdom and the USA). A combined assessment was provided by
Australia and New Zealand. The assessments submitted were based
on the budget method, “poundage” data, household economic sur-
veys, model diets and individual dietary records (section 2.3). Most
Member States provided assessments based on more than one
method. Japan submitted assessments based on actual measured con-
centrations of benzoates in foods. The other assessments were based
on benzoate levels assumed to be at the maximum limits specified in
the draft General Standard for Food Additives, the maximum limits
specified in national food standards or the maximum limits specified
by the European Union.

Screening of benzoates using the budget method

The Committee used the budget method based on national calcu-
lations as a screening tool to identify if detailed intake assessments
were required. The screening of food additives by the Codex
Committee using the budget method had identified the benzoates as
requiring further assessment. The inclusion of national estimates of
the proportion of the food supply that may contain benzoates in the
calculations made using the budget method resulted in the same
conclusion.

Intake assessments

All the national assessments of intake evaluated by the Committee,
except that from Japan, were based on the use of food additives at the
maximum limits specified in the draft General Standard for Food
Additives, the maximum limits specified by the European Union or
the maximum limits specified in national food standards. The intake
assessment from Japan was based on an analysis that combined mea-
sured levels of additives with data on food consumption to estimate
the food additive intake.

Intake estimates based on “poundage” data and household economic
surveys. Estimates of daily per capita intake of benzoates based on
“poundage” data ranged from 0.7 to 1.4mg/kg of body weight. These
intakes were less than the ADI. The intake estimates based on house-
hold economic surveys were also less than the ADI when the maxi-
mum limits for benzoic acid specified by the European Union or in
national food standards were used. The estimated daily per capita
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intakes ranged from 0.4 to 0.6 mg/kg of body weight, but it should be
noted that the levels that were assumed to be present in foods were
lower than the maximum limits in the draft General Standard for
Food Additives.

Intake estimates based on model diets. Estimates based on model diets
were provided by five Member States. A number of assumptions were
included in these assessments. In Japan, the intake estimates were
based on levels of residues determined in a market basket survey;
these estimates were substantially lower than the maximum limits in
the draft General Standard for Food Additives. For example, the
average benzoate concentration in non-alcoholic beverages was
190mg/kg as compared with the maximum limit in the draft General
Standard for Food Additives of 1000mg/kg in soft drinks and
2000mg/kg in fruit juice. The estimated daily per capita intake of
benzoates in Japan was 0.18mg/kg of body weight. In all other
national assessments of intake, the maximum limits specified in
national standards or the draft General Standard for Food Additives
were assumed. The resulting daily per capita intakes ranged from
2.3mg/kg of body weight (for consumers with mean intakes, based on
the maximum limits in the USA) to 35mg/kg of body weight (for
consumers in the 90th percentile, based on the maximum limits in the
draft General Standard for Food Additives). Intake estimates based
on model diets were generally greater than the ADI, particularly
when it was assumed that the benzoate levels were those proposed in
the draft General Standard for Food Additives.

Intake estimates based on individual dietary records. Estimates of
the intake of benzoates based on individual dietary records were
submitted by four Member States. Only one assessment, the com-
bined assessment provided by Australia and New Zealand, was based
on the maximum limits and the range of foods specified in the draft
General Standard for Food Additives and individual dietary records.
In that assessment, the estimated intakes exceeded the ADI for
consumers with mean intakes, as well as for those in the 95th
percentile. The mean intake was 20mg/kg of body weight per day
(400% of the ADI) and the intake of consumers in the 95th percentile
was 36mg/kg of body weight per day (720% of the ADI).

The intakes estimated for benzoates based on individual dietary
records and maximum limits specified in national food standards were
lower than the ADI for consumers with mean intakes as well as for
those with high intakes (in the 95th or 97.5th percentiles) in all four
Member States for which assessments were submitted (Australia and
New Zealand (combined), France and the United Kingdom).



Conclusions

National intake estimates based on maximum limits in the draft
General Standard for Food Additives. National estimates of intake of
benzoates for consumers with mean intakes and those in the 95th
percentile based on individual dietary records were below the ADI in
all Member States when they were calculated using the maximum
limits specified in national food standards, but above the ADI when
the maximum limits and range of uses specified in the draft General
Standard for Food Additives were used. This reflects the fact that the
maximum limits specified in the General Standard for Food Additives
represent the highest maximum limits submitted by any Member
State or international nongovernmental organization.

The available data were insufficient to estimate the number of con-
sumers who may exceed the ADI or to determine the magnitude and
duration of intake above the ADI.

Because diets differ among countries, the foods contributing most
to benzoate intake would be expected to vary. When foods were
categorized according to the draft General Standard for Food
Additives, the food category that contributed most to benzoate in-
take was carbonated water-based flavoured drinks (i.e. soft drinks)
(category 14.1.4.1) in Australia and New Zealand (combined),
France, the United Kingdom and the USA. Soy sauce was the major
contributor to benzoate intake in China and the second most
important contributor in Japan.

Typically, estimates of individual dietary intakes rely on short-term
(1- to 7-day) surveys of food consumption, which was the case with
the benzoates. Generally, estimates of long-term consumption of
single foods are lower than estimates from short-term surveys.
However, in the case of benzoates, the soft drinks that contribute
most to intake are likely to be consumed on a regular basis. Because
many consumers are likely to be regular consumers of a certain brand
of soft drink, estimates of intake may reflect the levels of benzoates
used in specific brands. A consumer who consumes a single bottle
(0.51) of soft drink per day would ingest 8.3mg of benzoates/kg body
weight per day (170% of the ADI) if it contains the maximum limit
specified in the draft General Standard for Food Additives. Thus, the
estimated intake of benzoates would not be likely to be substantially
lower if intake data based on a longer-term survey were available.
This conclusion assumes that the levels remaining in the foods at the
time of consumption are at the maximum limits. If the levels required
to meet technological needs were below the maximum limits specified
in the draft General Standard for Food Additives, intakes would be
correspondingly lower. The data submitted by Japan from a market
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basket survey suggest that this might be the case. However, further
data would be required to determine the levels that are required to
achieve the technological effect. In addition, benzoates are not likely
to be used in all foods for which their use is permitted. Information on
these aspects could be used to revise both the intake assessment and
the maximum limits specified in the draft General Standard for Food
Additives.

The Committee concluded that because of the potentially significant
intake of benzoates based on the maximum limits specified in the
draft General Standard for Food Additives, factors contributing to
intakes in excess of the ADI should be further evaluated. Further
information on levels in food at the time of consumption is needed.

National intake estimates based on maximum limits specified in na-
tional food standards or by the European Union. The best estimates of
national mean intakes for consumers of benzoates were below the
ADI (ranging from 0.18mg/kg of body weight per day in Japan to
2.3mg/kg of body weight per day in the USA). These estimates were
based on analyses that used either model diets or individual dietary
records together with maximum limits specified in national food
standards or by the European Union. Intake estimates for consumers
with high intakes of benzoates based on maximum limits specified in
national standards were above the ADI in some cases (14mg/kg of
body weight per day in China and 7.3 mg/kg of body weight per day in
the USA).

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Committee noted that the proposed draft General Standard for
Food Additives contains several categories in which the proposed
levels of use of benzoates submitted by a single country are sub-

stantially higher than those in the same or similar foods in other

countries. These include the following categories (see Annex 4):
ripened cheese (1.6.2), processed cheese (1.6.4), cheese analogues
(1.6.5), vegetables in vinegar, oil or brine (4.2.2.3), cooked molluscs,
crustaceans and echinoderms (9.2.4.2), semi-preserved fish and fish
products, including molluscs, crustaceans and echinoderms (9.3), and
liquid egg products (10.2.1). The Codex Committee may wish to
review the appropriate levels for these foods.

Levels of benzoates in carbonated drinks (category 14.1.4.1) that
ranged from 350 to 1000mg/kg were proposed by several countries
and by one nongovernmental organization. Since soft drinks were an
important contributor to the estimated intakes of benzoates for all
the Member States that submitted data for this assessment (with the
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exception of China), the Codex Committee may wish to further con-
sider an appropriate level for this category.

The Committee noted that intake estimates based on maximum limits
specified in national standards were below the ADI for benzoates.
However, when the intake estimates are based on the maximum limits
and the range of uses specified in the draft General Standard for Food
Additives, the ADI is exceeded. The differences arise because the
range of foods specified in the draft General Standard for Food
Additives is wider and the proposed levels of use in specific food
categories are generally higher than those specified in national
standards.

Butylated hydroxyanisole (BHA)

The Committee assessed the intake of butylated hydroxyanisole
(BHA), for which maximum limits have been proposed in a wide
range of solid foods and water-based flavoured non-alcoholic drinks
in the draft General Standard for Food Additives being developed
by the Codex Committee on Food Additives and Contaminants. An
ADI of 0-0.5mg/kg of body weight was allocated to BHA at the
thirty-third meeting of the Expert Committee (Annex 1, reference
83).

BHA is a food additive that is generally used as an antioxidant in
products containing fats or oils and can be used in conjunction with
butylated hydroxytoluene (BHT), tert-butylhydroquinone (TBHQ)
and propyl gallate, providing a synergistic combination of antioxidants.

Information was provided by ten Member States (Australia, Brazil,
China, Finland, France, Japan, New Zealand, Spain, the United
Kingdom and the USA). A combined assessment was provided by
Australia and New Zealand. The intake assessments submitted were
based on “poundage” data, household economic surveys or retail
sales surveys, model diets, and/or individual dietary records (see

section 2.3).

Screening of BHA using the budget method

The Committee used the budget method based on national calcu-
lations as a screening tool to identify if detailed intake assessments
were required. The screening of food additives by the Codex
Committee using the budget method had identified BHA as a food
additive requiring detailed assessment. The inclusion of the
proportions of the national solid food or beverage supply that may
contain BHA in the calculations using the budget method did not
change the conclusion that the theoretical maximum levels of use of
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BHA in food and beverages were lower than both the national maxi-
mum permitted levels in the five Member States that submitted such
calculations and the maximum limits specified in the draft General
Standard for Food Additives.

Intake assessments

All the national assessments of intake of BHA evaluated by the
Committee, except that from Japan, were based on the use of food
additives at the maximum limits specified in the draft General
Standard for Food Additives, maximum limits specified by the
European Union, or maximum limits specified in national food
standards.

Intake estimates based on “poundage” data and household economic
surveys or retail sales surveys. Intake estimates based on “poundage”
data and on household economic surveys or retail sales surveys would
generally be expected to be lower than those based on actual con-
sumption of the additive, such as estimates based on model diets or
individual dietary records. This was found to be the case for BHA.

Estimates of daily per capita intake based on “poundage” data
submitted by five Member States ranged from 0.005mg/kg of body
weight in China to 0.48mg/kg of body weight in Spain. Data from
household economic surveys or retail sales surveys submitted by three
Member States gave estimates of daily per capita intake which ranged
from 0.02mg/kg of body weight in France to 0.25mg/kg of body
weight in Spain.

Intake estimates based on model diets or individual dietary records.
The national mean daily per capita intakes of BHA based on the best
estimates of additive consumption (from model diets or individual
dietary records) from countries that submitted data ranged from
0.003mg/kg of body weight in Japan (market basket survey) to
0.39mg/kg of body weight in Australia and New Zealand (based on
individual dietary records using maximum levels specified in national
food standards). The low estimate of intake for Japan was due to the
use of analysed BHA levels in the foods “as consumed”. All other
Member States used maximum permitted levels of food additives
derived from national standards.

Intake estimates based on maximum limits specified in the draft
General Standard for Food Additives. Intake estimates based on
maximum limits and the range of foods specified in the draft General
Standard for Food Additives will grossly overestimate the actual
intakes in any one country. This is because the maximum limits
specified in the draft General Standard for Food Additives are
generally compiled by adopting the highest level of use for any one



food category submitted by Member States or nongovernmental or-
ganizations. The range of uses specified in the draft General Standard
for Food Additives is also usually much wider than in national stan-
dards. National estimates of mean daily per capita intake of BHA
based on maximum limits and the range of foods specified in the draft
General Standard for Food Additives ranged from 0.91 to 0.94mg/kg
of body weight.

Conclusions

National intake estimates based on maximum limits specified in the draft
General Standard for Food Additives. National estimates of mean
intake of BHA based on maximum limits and the range of foods
specified in the draft General Standard for Food Additives were
available from only three Member States. The estimates of mean intake
exceeded the ADI in these countries (180% of the ADI for Australia
and New Zealand (combined), 190% of the ADI for the USA).

National intake estimates based on maximum limits specified in na-
tional food standards or by the European Union. All national esti-
mates of mean intake for consumers of BHA were below the ADI
(ranging from 1% of the ADI for Japan to 80% of the ADI for
Australia and New Zealand (combined) and the USA). These
estimates were based either on model diets or on individual dietary
records submitted by seven Member States (Australia and New
Zealand (combined), China, France, Japan, the United Kingdom and
the USA). Intake estimates for consumers with high intakes of BHA
based on maximum levels of food additives specified in national
standards exceeded the ADI in some cases (ranging from 30% of the
ADI for France to 260% of the ADI for Australia and New Zealand
(combined)). However, the available data were insufficient to allow
an estimate of the number of consumers with a high intake of BHA or
the magnitude and duration of intake above the ADI.

All intake estimates, with the exception of that from Japan, assumed
that BHA is the only antioxidant in foods where its use is permitted
and that all such foods contain the additive at the maximum permitted
levels, thus tending to overestimate the actual intake. Actual intakes
of BHA will depend on the relative proportions of BHA, BHT,
TBHQ and other antioxidants used in foods, on the actual levels of
use according to good manufacturing practice and on the proportion
of foods in any one category that contain the additive.

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Committee identified foods or food groups in the draft General
Standard for Food Additives that could potentially contribute to a
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high intake of BHA. These include the following categories: fats and
oils and fat emulsions (type water-in-oil) (2); dried vegetables
(4.2.2.2); cocoa and chocolate products other than 5.1.1, 5.1.2 and
5.1.4 (cocoa mixes (powders and syrups), cocoa-based spreads, in-
cluding fillings and imitation chocolate and chocolate substitute prod-
ucts) (5.1.3); non-heat-treated processed comminuted meat, poultry
and game products (8.3.1); frozen fish, fish fillets and fish products,
including molluscs, crustaceans and echinoderms (9.2.1); ready-to-eat
soup and broths, including canned, bottled and frozen (12.5.1); and
food supplements (13.6). The Codex Committee may wish to review
the appropriate levels for these foods.

The Committee noted that intake estimates for BHA based on na-
tional maximum permitted levels of use were below the ADI, but
exceeded the ADI when they were based on the maximum limits and
range of foods specified in the draft General Standard for Food
Additives. The differences arise because the range of foods specified
in the General Standard for Food Additives is wider and the proposed
levels of use in specific food categories are generally higher than those
specified in national standards.

Butylated hydroxytoluene (BHT)

The Committee assessed the intake of butylated hydroxytoluene
(BHT), for which maximum limits have been proposed in a wide
range of solid foods in the draft General Standard for Food Additives
being developed by the Codex Committee on Food Additives and
Contaminants. An ADI of 0-0.3mg/kg of body weight was allocated
to BHT at the forty-fourth meeting of the Expert Committee (Annex
1, reference 116).

BHT is generally used as an antioxidant in products containing fats or
oils. BHT can be used in conjunction with BHA, TBHQ and propyl
gallate, providing a synergistic combination of antioxidants.

Information was provided by 10 Member States (Australia, Brazil,
China, Finland, France, Japan, New Zealand, Spain, the United
Kingdom and the USA). A combined assessment was provided by

" Australia and New Zealand. The intake assessments submitted were

based on “poundage” data, household economic surveys or retail
sales surveys, model diets, or individual dietary records (see section
2.3).

Screening of BHT using the budget method

The Committee used the budget method based on national calcula-
tions as a screening tool to identify if detailed intake assessments were
required. The screening of food additives by the Codex Committee



using the budget method had identified BHT as a food additive re-
quiring further assessment. The inclusion of the proportions of the
national food supply that may contain BHT in the calculations
made using the budget method did not change the conclusion that
the theoretical maximum levels of use of BHT in solid foods were
lower than both the national maximum permitted levels and the
maximum limits specified in the draft General Standard for Food
Additives.

Intake assessments

Intake estimates based on maximum limits specified in the draft
General Standard for Food Additives. Intake estimates derived using
the maximum limits specified in the draft General Standard for Food
Additives will grossly overestimate the actual intakes in any country
because the General Standard is generally compiled by adopting the
highest level of use submitted by a Member State for any use of the
food additive in a given food category. The range of uses specified in
the draft General Standard for Food Additives is also much wider
than in national standards. National estimates of daily per capita
intake of BHT based on the maximum limits specified in the draft
General Standard for Food Additives ranged from 0.70 to 0.99 mg/kg
of body weight for consumers with mean intakes and from 2.0 to
6.0mg/kg of body weight per day for consumers with high intakes.

Intake estimates based on maximum limits specified in national food
standards. Intakes estimated using different methods based on
national maximum permitted levels of use showed results that were
relatively consistent. Estimates of daily per capita intake ranged from
0.003 to 0.11mg/kg of body weight based on “poundage” data, from
0.052 to 0.1mg/kg of body weight based on household economic
surveys or retail sales surveys, from 0.02 to 0.09 mg/kg of body weight
(except for the USA) based on model diets (for consumers with
average intakes), and from 0.02 to 0.1 mg/kg of body weight based on
individual dietary records.

Two exceptions were noted by the Committee. The first was that the
estimates of daily per capita intake based on a model diet and the
maximum permitted level of use of BHT in the USA were 0.39 and
0.78 mg/kg of body weight for mean and high levels of consumption,
respectively. This result can be explained by the high maximum
permitted level of use of BHT in the USA. The second exception was
a study from Japan, which was based on analytical results for BHT
from a market basket survey. The estimate of daily per capita intake
(0.000 85mg/kg of body weight) was lower than all the other intake
estimates submitted.
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Conclusions

The Committee concluded that BHT intake probably does not
exceed the ADI, based on the estimated national intakes of BHT in
the 10 Member States for which data were available. However, it may
be possible to exceed the ADI if the proposed maximum limits
specified in the draft General Standard for Food Additives are
assumed.

The Committee recognized that BHT is likely to be used in con-
junction with other antioxidants, such as TBHQ and BHA, which are
synergistic with BHT. Consequently, the amount of BHT used in
practice would be lower and it would be used in fewer foods than
assumed in the estimates. All intake estimates, with the exception of
that from Japan, assumed that BHT is the only antioxidant in foods
where its use is permitted and that all such foods contain the additive
at the maximum permitted levels. Actual intakes of BHT would
depend on the relative proportions of antioxidants used in foods and
on the proportion of foods in any one category that contain the
additive.

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Expert Committee identified food groups in the draft General
Standard for Food Additives that could potentially contribute to a
high intake of BHT. These include the following categories: fats and
oils and fat emulsions (type water-in-oil) (2); chewing gum (5.3); and
processed fish and fish products, including molluscs, crustaceans and
echinoderms (9.2). The Codex Committee may wish to review the
appropriate levels of BHT for these foods.

The Committee noted that intake estimates based on national maxi-
mum permitted levels of use for BHT were below the ADI, but
exceeded the ADI when they were based on the maximum limits and
range of foods specified in the draft General Standard for Food
Additives. The differences arise because the range of foods specified
in the General Standard for Food Additives is wider and the proposed
levels of use in specific food categories are generally higher than those
specified in national standards. - :

Sulfites

The Committee assessed the intake of sulfur dioxide and related
compounds, including the following: calcium, potassium and sodium
hydrogen sulfite; calcium, potassium and sodium metabisulfite; cal-
cium, potassium and sodium sulfite; and sodium thiosulfate. These
substances are used as preservatives. Maximum limits for these



substances have been proposed in a wide variety of solid foods and
beverages in the draft General Standard for Food Additives being
developed by the Codex Committee on Food Additives and Contami-
nants. A group ADI of 0-0.7mg/kg of body weight was allocated to
sulfur dioxide and this group of related compounds at the present
meeting (see section 3.5).

The sulfites are in some ways unique additives, in that the level of use
typically does not reflect the level remaining in a food at the time of
ingestion. This is due to losses during the processing and storage of
treated foods. For example, dried vegetables, which may contain up
to 5000mg of sulfites/’kg according to the draft General Standard for
Food Additives, are usually rehydrated and cooked prior to ingestion,
resulting in much lower levels of residual sulfite being present in the
food at the time of its consumption.

Information on sulfite intake was provided by 10 Member States
(Australia, China, Finland, France, India, Japan, New Zealand, Spain,
the United Kingdom and the USA). A joint assessment was made by
Australia and New Zealand. The intake assessments were based on
“poundage” data, household economic surveys or retail sales surveys,
model diets, or individual dietary records (see section 2.3).

Screening of sulfites using the budget method

Screening of sulfur dioxide and sulfites by the budget method pointed
to the need for detailed assessments of their intake in solid foods and
beverages.

Intake assessments

All of the national intake assessments evaluated by the Committee,
except those from Japan and the USA, were based on the assumption
that sulfites were used at the maximum limits specified in the draft
General Standard for Food Additives, maximum levels of use
specified by the European Union, or maximum limits specified in
national food standards. The intake assessments from Japan and the
USA were based on methods that incorporated measured levels of
sulfite residues in food.

Intake estimates based on “poundage” data. The estimates of daily
per capita intake of sulfites based on “poundage” data ranged from
0.07 to 1.6mg/kg of body weight. Estimates based on “poundage”
data are likely to overstate the actual per capita consumption of
sulfites because of unaccounted losses during processing and storage,
or household wastage of foods containing sulfites.

Intake estimates based on household economic surveys or food balance
sheets. Information from household economic surveys and food
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balance sheets gave estimates of daily per capita intake that ranged
from 0.3 to 3mg/kg of body weight. Since these estimates are not
based on the residual levels of sulfites in foods “as consumed”, they
are likely to be overestimates.

Intake estimates based on model diets. Data from model diets yielded

~ estimates of daily per capita intake that ranged from 0.03 to 30mg/kg

of body weight. The highest intake estimates, which were based on
the maximum limits specified in the draft General Standard for Food
Additives, were exceedingly high, but should not be considered
realistic estimates of likely intake because of the losses that can be
expected to occur during processing and storage of treated foods.
Estimates based on national maximum permitted levels of use or
measured levels of use, such as those from Japan and the USA,
resulted in a much more reasonable measure of actual sulfite intake in
a population.

Intakes based on individual dietary records. The data from individual
dietary records produced estimates of daily per capita intake ranging
from 0.3 to 15mg/kg of body weight per day. The method, which uses
national maximum permitted levels of use and the range of permitted
uses, also provided the best estimates from Australia and New
Zealand (combined), France and the United Kingdom.

Conclusions and recommendations to the Codex Committee on Food
Additives and Contaminants

The Committee noted that all intake estimates based on national
maximum levels of use for sulfites were below the ADI. However,
estimates exceeded the ADI when they were based on the maximum
limits and the range of foods specified in the draft General Standard
for Food Additives. The differences in intake assessments arise
because the range of foods specified in the draft General Standard is
wider than that in which the use of sulfites is authorized on a national
basis and the proposed levels of use in specific food categories are
generally higher than national maximum permitted levels.

- The evaluation of the proposed maximum limits for sulfites in the draft

General Standard for Food Additives, in conjunction with
the data on food intake supplied by national governments, leads to the
conclusion that certain foods can be identified as major contributors to
overall sulfite intake. Ingestion of a 100-g portion of any food contain-
ing sulfite at a concentration of 400mg/kg or above would result in an
intake of sulfite equal to .or above the ADI. The consumption of
certain solid foods and some beverages can commonly lead to intakes
above the ADI when the residual level of sulfites in the food ap-
proaches the maximum limit for these foods specified in the draft



General Standard for Food Additives. Such foods and beverages are
included in the following categories: dried fruit (4.1.2.2); jams, jellies
and marmalades (4.1.2.5); fruit preparations, including pulp and fruit
toppings (4.1.2.8); dried vegetables (4.2.2.2); vegetable, nut and seed
purees and spreads (4.2.2.5); white and semi-white sugar (sucrose or
saccharose), fructose, glucose (dextrose), xylose, sugar solutions and
syrups, and (partially) inverted sugars, including molasses, treacle and
sugar toppings (11.1); concentrates (liquid or solid) for fruit juice
(14.1.2.3); wines (14.2.3); and fruit wine (14.2.4).

Some of the high maximum limits specified in the draft General
Standard for Food Additives have been incorporated as a con-
sequence of the food groupings in which one type of food in the group
requiring a high level of sulfites results in the level of sulfites in the
group as a whole being unrealistically high. For example, sucrose,
which is included under white and semi-white sugar, requires a maxi-
mum limit of only 70mg/kg, but the group maximum limit is taken
from the maximum limit for molasses of 500mg/kg. The group maxi-
mum limit for jams, jellies and marmalades of 3000 mg/kg arises from
a request for use in imitation fruit, but where all of the remaining
levels requested are at or below 500mg/kg. The maximum limit for
concentrates (liquid or solid) for fruit juice of 2000mg/kg comes from
arequest for use in grape juice concentrate for wine-making, whereas
all of the other levels requested for fruit juice concentrates for direct
use by consumers are at or below 350mg/kg. Estimates of sulfite
intake by consumers of food in this group may not have taken into
account either the loss in processing or dilution of the concentrates
before consumption. The Codex Committee could consider separat-
ing the specific foods that require higher levels of use of sulfites in
these categories in order to better differentiate specific products,
resulting in lower maximum limits; this would have the potential
consequence of lowering the estimated intake of sulfites.

The maximum limit specified in the draft General Standard for Food
Additives for fruit preparations, including pulp and fruit toppings, of
3000mg/kg is the result of a request by only one Member State.
Products of this type may not be produced using sulfites in other
Member States and sulfites may not be needed. The Codex
Committee could consider further examination of the need for sulfites
in this type of product in order to determine an appropriate level
based on good manufacturing practice, if appropriate. The above
recommendations are intended to aid the Codex Committee in
establishing maximum limits in the General Standard for Food Addi-
tives such that the potential for risk to consumers with a high intake
of sulfites might be limited.
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and the USA, the resulting estimates would be insignificantly lower
than those presented by the remaining Member States, which used
various maximum permitted levels of use. The mean intakes of
sulfites estimated from model diets in France, Japan and the USA
based on national levels of use, as well as mean intakes from analysis
of individual dietary records in the United Kingdom, suggest that the
current mean intakes of sulfites worldwide are below the ADI estab-
lished by the Expert Committee. Although some methods for estimat-
ing intake, notably those based on the maximum limits and the range
of foods specified in the draft General Standard for Food Additives,
showed that consumers with high intakes of sulfites may exceed the
ADI, the data submitted were insufficient to estimate the number of
such consumers or the magnitude and duration of intake above the
ADL

tert-Butylhydroquinone (TBHQ)

The Committee assessed the intake of fert-butylhydroquinone
(TBHQ), for which maximum limits have been proposed in a wide
range of food products in the draft General Standard for Food
Additives being developed by the Codex Committee on Food
Additives and Contaminants. The highest level of use of TBHQ
specified in the draft General Standard for Food Additives is 1000mg/
kg for frozen fish, fish fillets and fish products, including molluscs,
crustaceans and echinoderms (category 9.2.1). An ADI of 0-0.7mg/
kg of body weight was allocated to TBHQ at the forty-ninth meeting
of the Expert Committee (Annex 1, reference 131).

TBHQ is generally used as an antioxidant in animal-derived food
products and in fats and oils. It is often used in conjunction with BHA,
BHT and propyl gallate to provide a synergistic antioxidant effect.

Information was provided by six Member States (Australia, Brazil,
China, New Zealand, the United Kingdom  and the USA). A
combined assessment was provided by Australia and New Zealand.
The intake assessments submitted were based on “poundage” data,
household economic surveys or retail sales surveys, model diets, and/
or individual dietary records (see section 2.3).

Screening of TBHQ using the budget method

The Committee used the budget method based on national
calculations as a screening tool to identify if detailed intake
assessments for TBHQ were required. The screening of food
additives by the Codex Committee using the budget method had



identified TBHQ as an additive requiring further assessment. The
theoretical maximum level of use of TBHQ in food was less than the
national maximum permitted level of use in all of the four Member
States that submitted such calculations and was also less than the
highest level of use specified in the draft General Standard for Food
Additives (1000mg/kg).

Intake assessments

All the national assessments of intake of TBHQ evaluated by the
Committee were based on the maximum limits specified in the draft
General Standard for Food Additives, maximum limits specified by
the European Union, or maximum limits specified in national food
standards.

Intake estimates based on “poundage” data and household economic
surveys or retail sales surveys. Estimates of per capita intake of TBHQ
based on “poundage” data and household economic surveys or retail
sales surveys would be expected to be lower than estimates based on
actual consumption of the additive, obtained using model diets or
individual dietary records. This was found to be the case for TBHQ.
Estimates of daily per capita intake based on “poundage” data were
available from two Member States and ranged from 0.004mg/kg
of body weight in China to 0.14mg/kg of body weight in the
USA. The estimates of daily per capita intake based on two house-
hold economic surveys in Brazil were 0.08 and 0.13mg/kg of body
weight.

Intake estimates based on model diets or individual dietary records.
National estimates of mean intakes of TBHQ from four Member
States based on model diets or individual dietary records ranged from
0.37mg/kg of body weight in the USA to 0.69mg/kg of body weight in
China.

Intake estimates based on maximum limits specified in the draft Gen-
eral Standard for Food Additives. Intakes calculated using the maxi-
mum limits and the range of foods specified in the draft General
Standard for Food Additives will generally be gross overestimates of
the actual intakes in any one country. This is because the General
Standard for Food Additives is generally compiled by adopting the
highest level of use of TBHQ for any food category submitted
by Member States and nongovernmental organizations. The range
of uses specified in the draft General Standard for Food Additives is
also usually much wider than in national standards. The national daily
per capita mean intake of TBHQ based on the maximum limits and
range of foods specified in the draft General Standard for Food Addi-
tives was 1.2mg/kg of body weight in Australia and New Zealand
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(combined) and 0.62mg/kg of body weight in the USA. However, for
consumers with high intakes of TBHQ the estimates were 3.5mg/kg
of body weight per day in Australia and New Zealand (combined)
and 1.2mg/kg of body weight per day in the USA.

Conclusions

National intake estimates based on maximum limits specified in the
draft General Standard for Food Additives. National estimates of
intake based on the maximum limits and the range of foods specified
in the draft General Standard for Food Additives were available for
only five Member States. The estimates of mean intake were near to
or exceeded the ADI for TBHQ (ranging from 90% of the ADI for
the USA to 180% of the ADI for Australia and New Zealand (com-
bined)).

National intake estimates based on model diets or individual dietary
records. All the best estimates of national mean intake of TBHQ were
at or below the ADI (ranging from 50% of the ADI for the USA to
100% of the ADI for China), based on data obtained using model
diets or individual dietary records.

National intake estimates based on maximum limits specified by the
European Union or in national food standards. Intake estimates for
consumers with high intakes of TBHQ based on maximum limits
specified in national food standards exceeded the ADI in some cases
(e.g. 300% for Australia and New Zealand (combined)). However,
the data submitted were insufficient to estimate the number of such
consumers or the magnitude and duration of intake above the ADL

All intake estimates assume that TBHQ is the only antioxidant
present in foods in which its use is permitted and that all such foods
contain the additive at maximum levels, thus tending to overestimate
actual intake. The actual intakes of TBHQ will depend on the relative
proportions of BHA, BHT, TBHQ and other antioxidants used in
foods, on national levels of use according to good manufacturing
practice, and on the proportion of foods in any one category that
contain the additive.

Recommendations to the Codex Committee on Food Additives and
Contaminants

The Expert Committee identified foods or food groups that
potentially contribute to the high intake of TBHQ. These included
the following categories: fats and oils and fat emulsions (type water-
in-oil) (2); processed fish and fish products, including molluscs, crus-
taceans and echinoderms (9.2); and carbonated drinks (14.1.4.1). On
the basis of the assessment, the Codex Committee may wish to review



the appropriate levels of TBHQ for these categories specified in the
draft General Standard for Food Additives.

The Committee noted that all national estimates of intake based on
national maximum permitted levels of use for TBHQ were below the
ADI. However, estimates exceeded the ADI when they were based
on the maximum limits and the range of foods specified in the draft
General Standard for Food Additives. The differences in intake as-
sessments arise because the range of foods specified in the General
Standard for Food Additives is wider than the range of foods in which
TBHQ is authorized for use at the national level and the proposed
levels of use in specific food categories are generally higher than
national maximum permitted levels of use.

Revision of certain specifications

A total of 40 food additives were examined for specifications only
(Annex 2). In general, all specifications monographs were revised in
line with current policy on heavy metal contaminants (see section
2.4.6).

The existing specifications for calcium propionate were maintained.

The specifications for canthaxanthin, carnauba wax, cochineal
extract, ethyl p-hydroxybenzoate, methyl p-hydroxybenzoate, propyl
p-hydroxybenzoate, 4-hexylresorcinol, sorbitan monolaurate, potas-
sium sorbate, calcium sorbate, polydextroses, aluminium powder,
microcrystalline cellulose and sucrose esters of fatty acids were re-
vised, with minor changes.

The specifications for ferrous gluconate were revised and designated
as “tentative”, with a request for information on the need for
maintaining the limit test for oxalic acid and maximum limit for
mercury, as well as the procedure for mercury analysis, if applicable,
and for introducing maximum limits for sulfate and chloride. This
information was required by 30 November 1998.

At its forty-ninth meeting (Annex 1, reference 137), the Committee
developed revised specifications for “diacetyltartaric and fatty acid
esters of glycerol (DATEM)” and “tartaric, acetic and fatty acid
esters of glycerol, mixed” but found it difficult to distinguish between
the two substances. At that meeting, the Committee requested data
that would allow these two substances to be distinguished, and stated
that unless such data were provided by 31 March 1998, it would
consider combining the specifications for the two substances. Since no
such data were received, the Committee, at its present meeting,
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decided to combine the specifications for the two substances under
the name “diacetyltartaric and fatty acid esters of glycerol”.

The existing monograph containing specifications for gum arabic was
revised in order to distinguish clearly between gum arabic obtained
from Acacia senegal and gum arabic obtained from Acacia seyal.
Gums from other Acacia species are excluded from the revised mono-
graph.

The existing specifications for carotenes (algae) and carotenes (veg-
etable) were revised in order to avoid the use of chloroform in the
tests.

The existing specifications for carthamus yellow were revised to in-
clude the structural formulae of the main components, and the
method of assay was improved.

The existing specifications for carob bean gum and guar gum were
revised to include microbiological criteria.

The existing specifications for xanthan gum were revised in order to
introduce the modified test methods for microbiological criteria in
gums.

The existing specifications for nitrogen were revised and the criteria
for hydrogen, carbon dioxide and moisture were deleted.

The existing specifications for talc were revised and the identification
test for magnesium was replaced by a test for infrared absorption.

The existing tentative specifications for carthamus red, dichloro-
methane, propionic acid and petroleum jelly were revised and the
“tentative” qualification was deleted.

The existing tentative specifications for shellac were revised and the
“tentative” qualification was deleted. Furthermore, the title of the
specifications monograph was changed to “shellac, bleached” in order
to reflect better the products currently on the market for food use.

The existing tentative specifications for hexane were revised and the
“tentative” designation was deleted. In order to reflect that the prod-
uct defined by the monograph is a mixture of hexanes, the title was
changed to “hexanes”.

The existing specifications for thaumatin were revised and designated
as “tentative”. The Committee requested information on a specific
identification test by 30 November 1998.

The existing specifications for citric acid were revised and designated
as “tentative”. The Committee requested information on the need for the
test for oxalate and a suitable limit for this impurity by 30 March 1999.



New specifications for ferrous sulfate were prepared and designated
as “tentative”. The Committee requested information on the limit
and an analytical method for mercury, and the need for a limit on
water content. This information was required by 30 March 1999.

No specifications were prepared for sodium sorbate as no information
on any commercial production was available.

The existing specifications for acetone, propan-2-ol and isobutyl alco-
hol (isobutanol) were revised. As these substances are used both as
solvents and as flavouring agents, specifications were prepared for
incorporation in the table of flavouring agents in the specifications
monograph.

Future work

1. The two substances “diacetyltartaric and fatty acid esters of glyc-
erol” and “tartaric, acetic and fatty acid esters of glycerol, mixed”
were toxicologically evaluated at the seventeenth meeting (Annex
1, reference 32) and were assigned different ADIs. Since the two
substances are now covered by one set of specifications (see sec-
tion 6), the Committee recommended that the material defined in
these specifications be evaluated toxicologically.

2. The safety aspects of dietary supplementation with high levels of
nutrients should be evaluated at a future meeting, preferably at the
same meeting that specifications are being developed for novel
forms of such nutrients.

3. Because of the increasing use of gene technology, general guide-
lines for food additives derived from genetically modified organ-
isms should be developed.

4. The Committee recognized that some specifications established
previously may not be adequate in the light of recently improved
analytical procedures and the use of new techniques for the
production of food additives. The Committee therefore endorsed
the recommendation made at the forty-sixth meeting (Annex 1,
reference /22) concerning the need for the periodic updating of
the Compendium of food additive specifications (Annex 1, refer-
ence 96) and the Guide to specifications (Annex 1, reference 100).

Recommendations

1. In view of the large number of food additives and contaminants
requiring evaluation or re-evaluation. the important role that the
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recommendations of the Committee play in the development of
international food standards and of regulations in many countries,
and the need for maintaining consistency and continuity within the
Committee, it is strongly recommended that meetings of the Joint
FAO/WHO Expert Committee on Food Additives continue to be
held at least once yearly to evaluate these substances.

. The Committee recognized the importance of risk analysis for

ensuring consistency and a sound scientific basis for food stand-
ards. It therefore recommended that FAO and WHO work with
the Codex Committee on Food Additives and Contaminants, the
Codex Committee on Residues of Veterinary Drugs in Foods and
the Codex Committee on Pesticide Residues, together with the
Joint FAO/WHO Expert Committee on Food Additives and the
Joint FAO/WHO Meeting on Pesticide Residues, to develop ap-
propriate principles and procedures for risk assessment.

. The Committee recommended that whenever chemical substances

undergo toxicological evaluation, assessments of intake should be
undertaken so that the risk can be characterized. When substances
are referred to the Expert Committee by the Codex Committee on
Food Additives and Contaminants for intake assessment, the Ex-
pert Committee should determine whether a toxicological evalua-
tion is required.

. To ensure timely notification of the important issues agreed upon

at each meeting, the Committee recommended that draft report
items dealing with issues of a general nature be included in the
“Summary and conclusions” published shortly after each meeting.
When a policy is developed that affects the nature of submissions
for the next meeting, the Secretariat should request such informa-
tion in the “Call for data” for the meeting.

. The Committee recommended that the opinions of the Codex

Committee on Nutrition and Foods for Special Uses and the
Codex Committee on Food Additives and Contaminants should be
sought on the need to develop specifications for vitamins and
minerals for which no internationally recognized food-grade
specifications exist and on priorities for the development of such
specifications. '

. The Committee recognized that a number of preparations from

natural sources have not yet been reviewed, although their main
active components have been evaluated as food additives. The
Committee recommended that such preparations that are being
marketed for use in foods be evaluated.
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Annex 2

Acceptable Daily Intakes, other toxicological
information, and information on specifications

Substance No. Specifications® Acceptable Daily Intakes
(ADI) in mg/kg of body
weight and other
toxicological
recommendations

Enzyme preparations

a-Acetolactate - R Not specified®

dehydrogenase

Maltogenic amylase — R Not specified®

Flavouring agents

tfrans-Anethole 0217 S 0-2

Furfural 0450 R No ADI allocated

because insufficient
data were available

Menthol 0427 R 0-4

Food colours

Curcumin — R, T 0-1 (temporary)®

Riboflavin from — N 0-0.5 (group ADI with

genetically modified synthetic riboflavin
Bacillus subtilis and riboflavin-5'-
phosphate)

Glazing agents

Mineral oils (medium- and R

low-viscosity)

Class I — 0-1 (temporary)©

Class II° and Class il — 0-0.01 (group ADI)
(temporary)®

Preservatives

Calcium hydrogen sulfite — S, T°

Calcium metabisulfite — O

Calcium sulfite — O

Potassium hydrogen sulfite — (@]

Potassium metabisulfite — R, T®

Potassium suifite — R, T° 0-0.7¢

Sodium hydrogen sulfite — R, T¢

Sodium metabisulfite — R, T°

Sodium sulfite — R, T°

Sodium thiosulfate — R, T°

Sulfur dioxide — R

Sweetening agent

Stevioside — 0 No ADI allocated®"
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Substance No. Specifications® Acceptable Daily Intakes
(ADI) in mg/kg of body
weight and other
toxicological
recommendations

Thickening agents

Carrageenan — R
Not specified (group
Processed Eucheuma — R ADI) (temporary)°®*
seaweed
Sodium carboxymethyl — R Not specified (group
cellulose, enzymatically ADI)®
hydrolysed :

Miscellaneous substances

v-Cyclodextrin — N Not specified
(temporary)®®

Glucono-d-lactone — R

Calcium gluconate — R .

Magnesium gluconate —— R, T° Not spbemﬂed (group
, . ADI)

Potassium gluconate — R

Sodium gluconate — R

Polyglycitol syrup — N Not specified (group

ADI)!

@ N, New specifications prepared; O, no specifications prepared; R, existing specifications
revised; S, specifications exist, revision not considered or not requested; T, the existing, new
or revised specifications are tentative and comments are invited.
ADI “not specified” is used to refer to a food substance of very low toxicity which, on the basis
of the available data (chemical, biochemical, toxicological and other) and the total dietary
intake of the substance arising from its use at the levels necessary to achieve the desired
effect and from its acceptable background levels in food, does not, in the opinion of the
Committee, represent a hazard to health. For that reason, and for reasons stated in individual
evaluations, the establishment of an ADI expressed in numerical form is not deemed
necessary. An additive meeting this criterion must be used within the bounds of good
manufacturing practice, i.e. it should be technologically efficacious and should be used at the
lowest level necessary to achieve this effect, it should not conceal food of inferior quality or
adulterated food, and it should not create a nutritional imbalance.
See Annex 3.
including P70(H) oil.
Including N70(H) and N70(A) oils.
Including P15(H), N15(H) and N10(A) oils.
The Committee reiterated its recommendation made at its thirtieth meeting (WHO Technical
Report Series, No. 751, 1987) that, where a suitable alternative method of preservation exists,
its use should be encouraged, particularly in those applications (e.g. control of enzymatic
browning in fresh salad vegetables) in which the use of sulfites may lead to high levels of |
acute intake and which have been most commoniy associated with life-threatening adverse
reactions. Appropriate labelling would help to alert individuals who cannot tolerate sulfites.
No ADI was allocated because insufficient data were available and specifications were not
prepared.
' Included in the group ADI with ethyl cellulose, ethyl hydroxyethy! cellulose, hydroxypropyl
cellulose, hydroxypropyl methyl cellulose, methyl cellulose, methyl ethyl cellulose and sodium
~ carboxymethyl cellulose.
I Group ADI for materials conforming to the specifications for polyglycitol syrup and maltitol

syrup.

o

@ - o o o
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Flavouring agents

The substances listed here were evaluated using the Procedure for the

Safety Evaluation of Flavouring Agents. For further details, see section

2.2.1 of the main report.

Substance?®

No.

Specifications®

Conclusion based

on current intake

Saturated aliphatic acyclic secondary alcohols, ketones and related saturated

and unsaturated esters

Structural class |

Acetone (propan-2-one)

Isopropy! alcohol (2-propanol)

2-Butanone (ethyl methyl ketone)

2-Pentanone

2-Pentanol

3-Hexanone

3-Hexanol

2-Heptanol

3-Heptanol

4-Heptanone

2-Octanol

3-Octanol

2-Nonanol

3-Decanol

2-Undecanol

3-Methyl-2-butanol

2,6-Dimethyl-4-heptanol

Isopropy! formate

Isopropy! acetate

Isopropy! propionate

Isopropyl butyrate (isopropyl butanoate)

Isopropy! hexanoate

[sopropyl isobutyrate (isopropyl 2-
methylpropanoate)

Isopropyl isovalerate (isopropyl 3-
methylbutanoate)

Isopropyl myristate (isopropy!
tetradecancate)

Isopropyl tiglate (isopropy! 2-methyl-2-
butenoate)

3-Octyl acetate

1-Ethylhexy! tiglate (octen-3-yl 2-
methyl-2-butenoate)

Structural class Il
2-Heptanone
3-Heptanone
2-Octanone
3-Octanone
2-Nonanone
3-Nonanone

0139
0277
0278
0279
0280
0281
0282
0284
0286
0287
0289
0291
0293
0295
0297
0300
0303
0304
0305
0306
0307
0308
0309

0310

0311

0312

0313
0448

C283
€285
288
0290
0292
0294

2222222222222 2ZD

->Z
_|

N, T

N
N
N
N

No safety
concern

No safety
concern
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Substance®

No.

Specifications®

Conclusion based
on current intake

Saturated aliphatic acyclic secondary alcohols, ketones and related saturated

and unsaturated esters (continued)

Structural class Il (continued)

2-Undecanone
2-Tridecanone
2-Pentadecanone
4-Methyl-2-pentanone
2,6-Dimethyl-4-heptanone

0296
0298
0299
0301
0302

T

ZZ'ZZZ

No safety
concern

Linear and branched-chain aliphatic unsaturated, unconjugated alcohols,

aldehydes, acids and related esters

4-Pentenoic acid

cis-3-Hexen-1-0l

cis-3-Hexenal

3-Hexenoic acid

4-Hexen-1-ol

cis-4-Hexenal

4-Heptenal

cis-3-Octen-1-0l

cis-5-Octen-1-ol

cis-5-Octenal

cis-6-Nonen-1-ol

cis-6-Nonenal

4-Decenal

Mixture of 5- and 6-decenoic acid

9-Decenoic acid

9-Undecenal

10-Undecenal

10-Undecenoic acid

Linoleic acid

Oleic acid’

Methyl 3-hexenoate

Ethyl 3-hexenoate

cis-3-Hexenyl cis-3-hexenoate

Methyl cis-4-octenoate

Ethyl cis-4-octenoate

Ethyl cis-4,7-octadienoate

Methyl 3-nonenoate

Ethyl trans-4-decenoate

Methyl 9-undecenoate

Ethyl 10-undecenoate

Butyl 10-undecenoate

Ethyl oleate

Mixture of methyl linoleate and methyl
linolenate

2-Methyl-3-pentenoic acid

2,6-Dimethyl-6-hepten-1-ol

2,6-Dimethyl-5-heptenal

Ethyl 2-methyl-3-pentenocate
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0314
0315
0316
0317
0318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338
0339
0340
0341
0342
0343
0344
0345
0346

0347
0348
0349
0350
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Substance® No.  Specifications® Conclusion based
on current intake

Linear and branched-chain aliphatic unsaturated, unconjugated alcohols,
aldehydes, acids and related esters (continueq)

Ethyl 2-methyl-4-pentenocate 0351 N No safety
Mixture of hexyl 2-methyl-3- and concern
hexyl 2-methyl-4-pentenoate 0352 N, T
Ethyl 2-methyl-3,4-pentadienocate 0353 N, T Evaluation
deferred®
Methyl 3,7-dimethyl-6-octenoate 0354 N ] No safety
2-Methyl-4-pentenoic acid 0355 N concern

Aliphatic acyclic and alicyclic terpenoid tertiary alcohols and structurally related
substances

Structural class |

Linalool® 0356 R

Tetrahydrolinalool 0357 N

Linaly! formate 0358 N

Linalyl acetate® 0359 R

Linaly! propionate 0360 N

Linalyl butyrate 0361 N

Linalyl isobutyrate 0362 N

Linalyl isovalerate 0363 N

Linalyl hexanoate 0364 N

Linalyl octanoate 0365 N, T No safety

o-Terpineol 0366 N concern

Terpinyl formate 0367 N

Terpiny! acetate 0368 N

Terpinyl propionate 0369 N

Terpinyl butyrate 0370 N, T

Terpinyl isobutyrate 0371 N, T

Terpinyl isovalerate 0372 N, T

p-Menth-3-en-1-o0l 0373 N, T

4-Carvomenthenol 0439 N

p-Menth-8-en-1-ol (B-terpineol) 0374 N, T

4-Thujanol 0441 N, T

Methyl 1-acetoxycyclohexylketone 0442 N, T Not
evaluated'

Structural class I

2-Ethyl-1,3,3-trimethyl-2-norbananol 0440 N, T No safety
concern

Carvone and structurally related substances

Structural class |

p-Menthan-2-ol 0376 N, T

Dihydrocarveol 0378 N

Dihydrocarvyl acetate 3379 N No safety

Carveol 0381 N concern

Carvy!l acetate 382 N

Carvyl propionate ’ 03583 N T
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Substance®

No.

Specifications®

Conclusion based
on current intake

Carvone and structurally related substances (continued)

Structural class Il

p-Menthan-2-one
Dihydrocarvone
(+)-Carvone®
(-)-Carvone

0375
0377
0380a
0380b

lonones and structurally related substances

B-Damascone
a-Damascone
8-Damascone
Damascenone
a-lonone”

B-lonone”

v-lonone

o-lonol

B-lonol
Dihydro-o-ionone
Dihydro-B-ionone
Dihydro-B-ionol
Dehydrodihydroionone
Dehydrodihydroionol
Methyl-a-ionone
Methyl-B-ionone
Methyl-8-ionone
Allyl-a-ionone
1,4-Dimethyl-4-acetyl-1-cyclohexene
a-lrone
a-lso-methylionone

0384
0385
0386
0387
0388
0389
0390
0391
0392
0393
0394
0395
0396
0397
0398
0399
0400
0401
0402
0403
0404

N, T

No safety
concemn

No safety
concern

Not evaluated'
No safety
concern

Aliphatic acyclic and alicyclic o-diketones and related o-hydroxyketones

Acetoin (3-hydroxy-2-butanone)
2-Acetoxy-3-butanone
Butan-3-one-2-yl butanoate
Diacetyl (2,3-butanedione)
3-Hydroxy-2-pentanone
2,3-Pentanedione
4-Methyl-2,3-pentanedione

2 3-Hexanedione

3,4-Hexanedione
5-Methyl-2,3-hexanedione
2,3-Heptanedione ‘
5-Hydroxy-4-octanone
2,3-Undecadione
Methylcyclopentenolone
Ethylcyclopentenolone
3,4-Dimethyl-1,2-cyclopentanedione
3,5-Dimethyl-1,2-cyclopentanedione
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0405
0406
0407
0408
0409
0410
0411
0412
0413
0414
0415
0416
0417
0418
0419
0420
0421

N

zz
— -

N

)

Z
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N, T
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ZZ
— -

N, T

No safety
concern




Substance® No.  Specifications® Conclusion based
on current intake

Aliphatic acyclic and alicyclic o-diketones and related a-
hydroxyketones (continued)

3-Ethyl-2-hydroxy-4-methylcyclopent-2- 0422 N

en-1-one
5-Ethyl-2-hydroxy-3-methylcyclopent-2- 0423 N

en-1-one No safety
2-Hydroxy-2-cyclohexen-1-one 0424 N, T concern
1-Methyl-2,3-cyclohexadione 0425 N
2-Hydroxy-3,5,5-trimethyi-2- 0426 N

cyclohexen-1-one

Menthol and structurally related substances
Structural class |

Menthol 0427 R
(+)-neo-Menthol 0428 N, T
Menthyl acetate 0431 N
Menthyl isovalerate 0432 N
(=)-Menthyl lactate 0433 N No safety
p-Menth-1-en-3-ol 0434 N, T concern
(—)-Menthol ethylene glycol carbonate 0443 N
Mixture of (-)-menthol 1- and 2- 0444 N
propylene glycol carbonate
mono-Menthy! succinate 0447 N
Structural class Il
Menthone 0429 N
(£)-Isomenthone 0430 N No safety
Piperitone 0435 N
(-)-Menthone 1,2-glycerone ketal 0445 N concern
(£)-Menthone 1,2-glycerol ketal 0446 N

® The substance names are given as they appear in the specifications monograph (FAO Food

and Nutrition Paper, No. 52, Add. 6, 1998). In cases where substances were evaluated under

their trivial name, the systematic name is given in parentheses.

N, new specifications prepared; R, existing specifications revised; T, the existing, new or

revised specifications are tentative and comments are invited.

The ADI “not specified” for the calcium, potassium and sodium salts of oleic acid established at the

thirty-third meeting of the Committee (WHO Technical Report Series, No. 776, 1989) was maintained.

The evaluation of this substance was deferred, pending review of a 90-day toxicity study that

was not available at the meeting.

¢ The group AD! of 0-0.5 mg/kg of body weight established at the twenty-third meeting (WHO
Technical Report Series, No. 648, 1980) for citral, geranyl acetate, citronellol, linalool and
linalyl acetate, expressed as citral, was maintained.

" Methyl 1-acetoxycyclohexylketone was not evaluated because a NOEL for this or a related
substance was not available and the per capita intake exceeds 1.5ug per day.

¢ The ADI of 0-1mg/kg of body weight established at the thirty-seventh meeting of the
Committee (WHO Technical Report Series. No. 806, 1991, and corrigenda), was maintained.

" The group ADI of 0-0.1 mg/kg of body weight established at the wenty-eighth meeting of the
Committee (WHO Technica: Report Series, No. 710. 1984) for a-1onone and B-ionone, was
maintained.

' 1-4-Dimethyl-4-acetyl-1-cyclohexane was not considered to have suficient structural similarities
to the ionones to be included in this group. Accordingly, the saiety evaluation of this com-
pound was not considered at the present meeting.

' An ADI of 0-4mg/kg of body weight was established for menthol at the present meeting (see
section 3.2.3).
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Substance?® (considered for specifications only)

No.

Specifications®

Flavouring agents

Saturated aliphatic acyclic branched-chain primary alcohols, aldehydes and

acids®

Isobutyl alcohol (2-methyl-1-propanol)
Isobutyraldehyde (2-methylpropanal)
Isobutyric acid (2-methylpropanoic acid)
2-Methylbutyraldehyde (2-methylbutanal)
2-Methylbutyric acid (2-methylbutanoic acid)
2-Ethylbutyraldehyde (2-ethylbutanal)
2-Ethylbutyric acid (2-ethylbutanoic acid)
3-Methylbutyraldehyde (3-methylbutanal)
Isovaleric acid (3-methylbutanoic acid)
2-Methylpentanal

2-Methylvaleric acid (2-methylpentanoic acid)
3-Methylpentanoic acid
3-Methyl-1-pentano!

4-Methylpentanoic acid
2-Methylhexanoic acid

5-Methylhexanoic acid

2-Ethyl-1-hexanol
3,5,5-Trimethyl-1-hexanol
3,5,5-Trimethylhexanal

2-Methyloctanal

4-Methyloctanoic acid
3,7-Dimethyl-1-octanol
2,6-Dimethyloctanal

4-Methylnonanoic acid
2-Methylundecanal

Aliphatic lactones’

4-Hydroxybutyric acid lactone (y-butyrolactone)
v-Valerolactone

4-Hydroxy-3-pentenoic acid lactone
5-Ethyl-3-hydroxy-4-methyl-2(5H)-furanone
v-Hexalactone

8-Hexalactone

v-Heptalactone

v-Octalactone

6-Hydroxy-3,7-dimethyloctanoic acid lactone
§-Tetradecalactone

w-Pentadecalactone

w-6-Hexadecenlactone

e-Decalactone

e-Dodecalactone

4, 5-Dimethyl-3-hydroxy-2,5-dihydrofuran-2-one
3-Heptyldihydro-5-methyl-2(3H)-furanone
5-Hydroxy-2,4-decadienoic acid 8-lactone
4,4-Dibutyl-y-butyrolactone

8-Octalactone
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0251
0252
0253
0254
0255
0256
0257
0258
0259
0260
0261
0262
0263
0264
0265
0266
0267
0268
0269
0270
0271
0272
0273
0274
0275

0219
0220
0221
0222
0223
0224
0225
0226
0237
0238
0239
0240
0241
0242
0243
0244
0245
0227
0228
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Substance® (considered for specifications only)

No.

Specifications®

Flavouring agents (continued)

Aliphatic lactones® (continued)

vy-Nonalactone

Hydroxynonanoic acid §-lactone

y-Decalactone

§-Decalactone

y-Undecalactone

5-Hydroxyundecanoic acid §-lactone

y-Dodecalactone

8-Dodecalactone

5-Hydroxy-2-decenoic acid §-lactone

5-Hydroxy-7-decenoic acid 8-lactone

5-Hydroxy-8-undecenoic acid 3-lactone

cis-4-Hydroxy-6-dodecenoic acid lactone (1,4-
dodec-6-enolactone)

v-Methyldecalactone

Mixture of 5-Hydroxy-2-decenoic acid §-lactone, 5-

hydroxy-2-dodecenoic acid 8-lactone and 5-

hydroxy-2-tetradecenoic acid 8-lactone
4-Hydroxy-3-methyloctanoic acid y-lactone
5-Hydroxy-2-dodecenoic acid §-lactone

Food additives

Acetone (extraction solvent)

Aluminium powder

Calcium propionate

Calcium sorbate

Canthaxanthin

Carnauba wax

Carob bean gum

Carotenes (algae)

Carotenes (vegetable)

Carthamus red

Carthamus yellow

Citric acid

Cochineal extract

Diacetyltartaric and fatty acid esters of glycerol
(DATEM)

Dichloromethane

Ethyl p-hydroxybenzoate

Ferrous gluconate

Ferrous sulfate

Furfuryl alcohol (flavouring agent)

Guar gum

Gum arabic

Hexanes

4-Hexylresorcinol

Isobuty! alcehol (isobutanol) (extraction sclvent)

Methyl p-hydroxybenzoate

0229
0230
0231
0232
0233
0234
0235
0236
0246
0247
0248
0249

0250
0276

0437
0438
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Substance?® (considered for specifications only) No. Specifications®

Food additives (continued)

Microcrystalline cellulose —
Nitrogen —
Petroleum jelly —
Polydextroses —
Potassium sorbate —
Propan-2-ol —
Propionic acid —
Propyl p-hydroxybenzoate —
Shellac, bleached —
Sodium sorbate —
Sorbitan monolaurate —
Sucrose esters of fatty acids —
Talc —
Tartaric, acetic and fatty acid esters of glycerol, mixed — —
Thaumatin —
Xanthan gum —

ST TOTITDIDIDIID

By
2, ¥
Q

o

The substance names are given as they appear in the specifications monograph (FAO Food
and Nutrition Paper, No. 52, Add. 6, 1998). In cases where substances were evaluated under
their trivial name, the systematic name is given in parentheses. ’

N, new specifications prepared; O, no specifications prepared; R, existing specifications
revised; S, specifications exist, revision not considered or not required; T, the existing, new or
revised specifications are tentative and comments are invited; W, existing specifications
withdrawn.

These substances were evaluated at the forty-ninth meeting of the Committee (WHO Technical
Report Series, No. 884, 1998).

See Annex 3.

At its forty-ninth meeting (WHO Technical Report Series, No. 884, 1998), the Committee
developed revised specifications for “diacetyltartaric and fatty acid esters of glycerol” and
“tartaric, acetic and fatty acid esters of glycerol, mixed” but found it difficult to distinguish
between the two substances. At that meeting, the Committee requested data that would allow
these two substances to be distinguished, and stated that unless such data were provided by
31 March 1998, it would consider combining the specifications for the two substances. Since
no data were received, the Committee, at its present meeting, decided to combine the
specifications for the two substances under the name “diacetyltartaric and fatty acid esters of
glycerol”. '

=3

o

a

o
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Annex 3

Further toxicological studies and other information
required or desired

Flavouring agent

Furfural

Before reviewing this substance again, the Committee would wish to
have the following:

1. The results of studies of DNA binding or adduct formation in vivo
to clarify whether furfural interacts with DNA in the liver of mice.

2. The results of a 90-day study of toxicity in rats to identify a NOEL
for hepatotoxicity.

Food colour

Curcumin

The results of a reproductive toxicity study on a substance complying
with the specifications for curcumin and information on the need
and technological justification for alternative solvents for use in the
current manufacturing processes of curcumin are required for
evaluation in 2001.

Glazing agents

Mineral oils (medium- and low-viscosity)

Information requested at the forty-fourth meeting of the Committee
is required for evaluation in 2002. This includes information about the
compositional factors in mineral oils that influence their absorption
and toxicity and a study of at least 1 year’s duration of one of these
materials in F344 rats, including an assessment of immune function at
appropriate time periods (with a reversal period of 1 year) and an
investigation of the kinetics of accumulation of the material, and
particularly whether a plateau is reached. In addition, research on the
pharmacokinetics of white mineral oils and their potential effects on
immune function known to be in progress should be submitted for
review at that time. '

Preservatives
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Calcium hydrogen sulfite

Information is required on a modified name for the compound that
would be more reflective of its physical properties, the extent and
functionality of its use as a food additive, and the need for limits for



selenium and arsenic and associated analytical methods. The informa-
tion is required by 30 November 1998.

Potassium metabisulfite, potassium sulfite, sodium hydrogen

sulfite and sodium metabisulfite

Information on iron and selenium in commercial products and on the
test method for selenium is required by 30 November 1998. The
existing specifications include a limit for selenium, for which the test
method is no longer feasible because of a lack of availability of
required reagents. The Committee also questioned the need for a
limit for selenium because new processes by which sulfur is produced
as a by-product of the oil industry have replaced extraction methods
from sulfur mines. The Committee noted that the limit for selenium
may no longer be necessary and requested information on this point.

Sodium sulfite

Information on the sources of raw materials, on the commercial use of
sodium sulfite heptahydrate in food, on iron and selenium levels in
commercial products, and on test methods for selenium is required by
30 November 1998.

Sodium thiosulfate

Information on iron and selenium levels in commercial products and
on test methods for lead and selenium is required by 30 November
1998.

Sweetening agents
Stevioside

Before reviewing this substance again, the Committee considered
that it would be necessary to develop specifications to ensure that the
material tested was representative of the commercial product. Fur-
ther information on the nature of the substance that was tested, data
on the metabolism of stevioside in humans and the results of suitable
in vivo genotoxicity studies with steviol would also be necessary.

Thaumatin
Information on a specific identification test is required by 30 Novem-
ber 1998.

Thickening agents
Carrageenan and processed Eucheuma seaweed

Information to permit clarification of the significance of the promo-
tion of colon cancer observed in studies in rats is required for evalu-
ation in 2001.
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Miscellaneous substances

162

Citric acid

Information on the need for a test for oxalate and a suitable limit is
required by 30 March 1999. Comments are also invited on the new
test for sulfate. If no information is forthcoming, the Committee
will consider retaining the specifications as they appear in the specifi-
cations monograph.

¥Cyclodextrin

The study of human tolerance known to have been conducted should
be reviewed in order to confirm the absence of adverse effects on the
gastrointestinal tract at normal levels of intake. These data should be
submitted for consideration by the Committee by 1999.

Ferrous gluconate

Information on the need for maintaining the limit test for oxalic acid
and the maximum limit for mercury, as well as the procedure for
mercury analysis, if applicable, and for introducing maximum limits
for sulfate and chloride is required by 30 November 1998.

Ferrous sulfate

Information on the limit and an analytical method for mercury and
the need for a limit on water content is required by 30 November
1998.

Magnesium gluconate .

Information on the need for maintaining the microbiological criteria
included in the specifications, and for introducing maximum limits for
sulfate and chloride is required by 30 November 1998.



Annex 4
Food categorization system for the General
Standard for Food Additives'

1 Dairy products, excluding products of category 2

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

Milk and dairy-based drinks
1.1.1 Milk and buttermilk
1.1.1.1 Milk, including sterilized and UHT goats’ milk
1.1.1.2 Buttermilk (plain)
1.1.2 Dairy-based drinks, flavoured and/or fermented (e.g. chocolate
milk, cocoa, egg-nog)
Fermented and renneted milk products (plain), excluding drinks
1.2.1 Fermented milks (plain)
1.2.1.1 Fermented milks (plain), not heat-treated after
fermentation
1.2.1.2 Fermented milks (plain), heat-treated after fermentation
1.2.2 Renneted milk
Condensed milk (plain) and analogues
1.3.1 Condensed milk (plain)
1.3.2 Beverage whiteners
Cream (plain) and similar products
1.4.1 Pasteurized cream
1.4.2 Sterilized, UHT, whipping or whipped and reduced-fat creams
1.4.3 Clotted cream
1.4.4 Cream analogues
Milk and cream powders (plain)
1.5.1 Milk and cream powders
1.5.2 Milk and cream powder analogues
Cheese
1.6.1 Unripened chesse
1.6.2 Ripened cheese
1.6.2.1 Total ripened cheese, including rind
1.8.2.2 Rind of ripened cheese
1.6.2.3 Cheese powder (for reconstitution, e.g. for cheese
sauces)
1.6.3 Whey cheese
1.6.4 Processed cheese
1.6.5 Cheese analogues
Dairy-based desserts (e.g. ice cream, ice milk, pudding, fruit or
flavoured yoghurt)
Whey and whey products, excluding whey cheese

2 Fats and oils and fat emuisions (type water-in-oil)

2.1

Fats and oils essentially free from water
2.1.1 Butter oil, anhydrous milk fat, ghee
2.1.2 Vegetable oils and fais

! Reproduced, with minor editorial corrections, from Draft Codex General Standard for Food
Additives (Rome, Food and Agriculture Organization of the United Nations, 1999; unpublished
document FX/FAC 99/6) by perrrissicn of the publisher.
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2.1.3 Lard, tallow, fish oil and other animal fats
22 Fat emulsions mainly of type water-in-oil
221 Emulsions containing at least 80% fat

22141
2212

Butter and concentrated butter
Margarine and similar products (e.g. butter-margarine
blends)

2.2.2 Emulsions containing less than 80% fat (e.g. minarine)
53 Fat emulsions other than 2.2, including mixed and/or flavoured
products based on fat emulsions
24 Fat-based desserts (excluding dairy-based desserts)

Edible ices, including sherbet and sorbet

Fruits and vegetables (including mushrooms and fungi, roots and tubers,
pulses and legumes) and nuts and seeds

41  Fruit

4.1.1 Fresh fruit

4111
4112
4113

Untreated fruit
Surface-treated fruit
Peeled or cut fruit

4.1.2 Processed fruit

41.21
4122
4123
41.2.4
4125
41.2.6
4127
41.2.8
4129

4.1.210
41.2.11
4.1.212

Frozen fruit

Dried fruit

Fruit in vinegar, ail or brine

Canned or bottled (pasteurized) fruit

Jams, jellies and marmalades

Fruit-based spreads other than 4.1.2.5 (e.g. chutney)
Candied fruit '

Fruit preparations, including pulp and fruit toppings

Fruit-based desserts, including fruit-flavoured water-
based desserts

Fermented fruit products

Fruit fillings for pastries

Cooked or fried fruit

42 Vegetables (including mushrooms and fungi, roots and tubers,
pulses and legumes) and nuts and seeds
421 Fresh vegetables

4211
4212
4.21.3

Untreated vegetables
Surface-treated vegetables
Peeled or cut vegetables

4.2.2 Processed vegetables and nuts and seeds

4.2.2.1
4222
4223
4224
4225

4226

4227
4228

Frozen vegetables

Dried vegetables

Vegetables in vinegar, oil or brine

Canned or bottled (pasteurized) vegetables
Vegetable, nut and seed purees and spreads (e.q.
peanut butter)

Vegetable, nut and seed pulps and preparations other
than 4.2.2.5

Fermented vegetable products
Cooked or fried vegetables



5 Confectionery

5.1

5.2

5.3
54

Cocoa products and chocolate products, including imitations and

chocolate substitutes

5.1.1 Cocoa mixes (powders and syrups)

5.1.2 Cocoa-based spreads, including fillings

5.1.3 Cocoa and chocolate products other than 5.1.1,51.2and 5.1.4
(e.g. milk chocolate bars, chocolate flakes, white chocolate)

5.1.4 Imitation chocolate and chocolate substitute products

Sugar-based confectionery other than 5.1, 5.3 and 5.4, including

hard and soft candy and nougats

Chewing gum

Decorations (e.g. for fine bakery wares), toppings (non-fruit) and

sweet sauces

6 Cereals and cereal products, including flours and starches from roots and
tubers, and pulses and legumes, excluding bakery wares

6.1
6.2
6.3
6.4
6.5

6.6

Whole, broken or flaked grain, including rice

Flours and starches

Breakfast cereals, including rolled oats

Pastas and noodles

Cereal and starch-based desserts (e.g. rice pudding, tapioca
pudding)

Batters (e.g. for fish or poultry)

7 Bakery wares

7.1

7.2

Bread and ordinary bakery wares

7.1.1 Breads and rolls

7.1.2 Crackers, excluding sweet crackers

7.1.3 Other ordinary bakery products (e.g. bagels, pitta, English
muffins)

7.1.4 Bread-type products, including bread stuffing and breadcrumbs

Fine bakery wares

7.2.1 Cakes, cookies and pies (e.g. fruit-filed or custard types)

7.2.2 Other fine bakery products (e.g. doughnuts, sweet rolls,
scones and muffins)

7.2.3 Mixes for fine bakery wares (e.g. cakes, pancakes)

8 Meat and meat products, including poultry and game

8.1

8.2

Fresh meat, poultry and game
8.1.1 Fresh meat, poultry and game, whole pieces or cuts
8.1.2 Fresh meat, poultry and game, comminuted
Processed meat, poultry and game products in whole pieces or cuts
8.2.1 Non-heat-treated processed meat, poultry and game products
in whole pieces or cuts
8.2.1.1 Cured (including salted) non-heat-treated processed
meat, poultry and game products in whole pieces or cuts
8.2.1.2 Cured (including salted) and dried non-heat-treated
processed meat, poultry and game products in whole
pieces or cuts
8.2.1.3 Fermented non-heat-treated processed meat, poultry and
game products in whole pieces or cuts
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8.3

8.4

8.2.2 Heat-treated processed meat, poultry and game products in
whole pieces or cuts
8.2.3 Frozen processed meat, poultry and game products in whole
pieces or cuts
Processed comminuted meat, poultry and game products
8.3.1 Non-heat-treated processed comminuted meat, poultry and
game products
8.3.1.1 Cured (including salted) non-heat-treated processed
comminuted meat, poultry and game products
8.3.1.2 Cured (including salted) and dried non-heat-treated
processed comminuted meat, poultry and game products
8.3.1.3 Fermented non-heat-treated processed comminuted
meat, poultry and game products
8.3.2 Heat-treated processed comminuted meat, poultry and game
products
8.3.3 Frozen processed comminuted meat, poultry and game products
Edible casings (e.g. sausage casings) '

9 Fish and fish products, including molluscs, crustaceans and echinoderms

9.1

9.2

9.3

9.4

Fresh fish and fish products, including molluscs, crustaceans and

echinoderms:

9.1.1 Fresh fish

9.1.2 Fresh molluscs, crustaceans and echinoderms

Processed fish and fish products, including molluscs, crustaceans

and echinoderms

9.2.1 Frozen fish, fish fillets and fish products, including molluscs,
crustaceans and echinoderms

9.2.2 Frozen battered fish, fish fillets and fish products, including
molluscs, crustaceans and echinoderms

9.2.3 Frozen minced and creamed fish products, including molluscs,
crustaceans and echinoderms

9.2.4 Cooked andjor fried fish and fish products, including molluscs,
crustaceans and echinoderms
9.2.4.1 Cooked fish
0.2.4.2 Cooked molluscs, crustaceans and echinoderms
9.2.4.3 Fried fish and fish products, including molluscs,

crustaceans and echinoderms

9.25 Smoked, dried, fermented and/or salted fish and fish products,
including molluscs, crustaceans and echinoderms

Semi-preserved fish and fish products, including motluscs,

crustaceans and echinoderms

9.3.1 Fish and fish products, including molluscs, crustaceans and
echinoderms, marinated and/or in jelly

9.3.2 Fish and fish products, including molluscs, crustaceans and
echinoderms, pickled and/or in brine

9.3.3 Salmon substitutes, caviar and other fish roe products

9.3.4 Semi-preserved fish and fish products, including molluscs,
crustaceans and echinoderms other than 9.3.1-9.3.3

Fully preserved (including canned or fermented) fish and fish

products, including molluscs, crustaceans and echinoderms

10 Eggs and egg products

10.1

Fresh eggs



11

12

13

14

10.2 Egg products

10.2.1 Liguid egg products

10.2.2 Frozen egg products

10.2.3 Dried and/or heat-coagulated egg products
10.3 Preserved eggs, including alkaline, salted and canned eggs
10.4 Egg-based desserts (e.g. custard)

Sweeteners, including honey

11.1 White and semi-white sugar (sucrose or saccharose), fructose,
glucose (dextrose), xylose, sugar solutions and syrups, and (partially)
inverted sugars, including molasses, treacle and sugar toppings

11.2 Other sugars and syrups (e.g. brown sugar, maple syrup)

11.3 Honey

11.4  Table-top sweeteners, including those containing high-intensity
sweeteners, other than 11.1-11.3

Salts, spices, soups, sauces, salads, protein products, etc.
12,1 Salt
12.2 Herbs, spices, seasonings (including sait substitutes) and
condiments
12.3 Vinegars
12.4 Mustards
12.5 Soups and broths
12.5.1 Ready-to-eat soups and broths, including canned, bottled and
frozen
12.5.2 Mixes for soups and broths
12.6  Sauces and similar products
12.6.1 Emulsified sauces (e.g. mayonnaise, salad dressing)
12.6.2 Non-emulsified sauces (e.g. ketchup, cheese sauce, cream
sauce, brown gravy)
12.6.3 Mixes for sauces and gravies
12,7 Salads (e.g. macaroni salad, potato salad) and sandwich spreads
(excluding cocoa- and nut-based spreads)
12.8 Yeast
12.9 Protein products

Foodstuffs intended for particular nutritional uses

13.1 Infant formulae and foliow-on formulae

13.2  Foods for young childrer (weaning foods)

13.3 Dietetic foods intended for special medical purposes

13.4 Dietetic formulae for slimming purposes and weight reduction
13.5 Dietetic foods other than 13.1-13.4

13.6  Food supplements

Beverages, excluding dairy products
141 Non-alcoholic (“soft”) beverages
14.1.1 Waters
14.1.1.1 Natural mineral waters and source waters
14.1.1.2 Table waters and scda waters
14.1.2 Fruit and vegetable iuices
14.1.2.1 Canned or bottled (pasteurized) fruit juice
14.1.2.2 Canned or botiled (pasteurized) vegetable juice
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14.2

14.1.2.3 Concentrates (liquid or solid) for fruit juice
14.1.2.4 Concentrates (liquid or solid) for vegetable juice
14.1.3 Fruit and vegetable nectars
14.1.3.1 Canned or bottled (pasteurized) fruit nectar
14.1.3.2 Canned or bottled (pasteurized) vegetable nectar
14.1.3.3 Concentrates (liquid or solid) for fruit nectar
14.1.3.4 Concentrates (liquid or solid) for vegetable nectar
14.1.4 Water-based flavoured drinks, including “sport” or “electrolyte
drinks
14.1.4.1 Carbonated drinks
14.1.4.2 Non-carbonated drinks, including punches and ades
14.1.4.3 Concentrates (liquid or solid) for drinks
14.15 Coffee, coffee substitutes, tea, herbal infusions and other hot
cereal beverages, excluding cocoa
Alcoholic beverages, including alcohol-free and low-alcoholic
counterparts
14.2.1 Beer and malt beverages
14.2.2 Cider and perry
14.2.3 Wines
14.2.3.1 Still wine
14.2.3.2 Sparkling and semi-sparkling wines
14.2.3.3 Fortified wine and liquor wine
14.2.3.4 Aromatized wine
14.2.4 Fruit wine
14.25 Mead
14.2.6 Spirituous beverages
14.2.6.1 Spirituous beverages containing at least 15% alcohol
14.2.4.2 Spirituous beverages containing less than 15% alcohol

15 Ready-to-eat savouries

15.1

Snacks, potato-, cereal-, flour- or starch-based (from roots and
tubers, pulses and legumes)

152 Processed nuts, including coated nuts and nut mixtures (with e.g.

dried fruit) ‘

16 Composite foods (e.g. casseroles, meat pies, mincemeat) — foods that
could not be placed in categories 1-15
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