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Preface 
 
The Joint FAO/WHO Expert Committee on Food Additives (JECFA) has evaluated a large number of 
flavouring agents grouped according to their chemical structure. Additional flavouring agents in 
commerce that require evaluation fit into groups that have been evaluated previously. This document 
provides guidance for preparing meeting report items and, where appropriate, monographs or 
monograph addenda for those flavouring agents that are additions to already evaluated groups. In this 
guidance document, reference to JECFA is to JECFA (food additives and contaminants), unless 
otherwise specified. 

This guidance document replaces the previous guidance for the evaluation of flavouring agents by 
JECFA monographers and reviewers, issued by WHO in 2002. It is intended primarily for WHO 
Experts (monographers) who prepare monographs for JECFA and for Members (reviewers) who have 
been assigned to peer review them. The guidance will also be useful to manufacturers who submit 
dossiers to WHO and other parties interested in understanding the process followed in the evaluation 
of flavouring agents by JECFA. Detailed scientific guidance on the interpretation of toxicological and 
epidemiological data may be found in the monograph Environmental Health Criteria 240 
(http://www.who.int/foodsafety/publications/chemical-food/en/). 

With the aim of harmonizing the work of JECFA with that of the Joint FAO/WHO Meeting on Pesticide 
Residues (JMPR), this guidance document takes into account the document entitled Guidance 
document for WHO monographers and reviewers, prepared by JMPR in 2015 
(http://www.who.int/foodsafety/publications/jmpr_guidance_document_1.pdf?ua=1). The authors of 
the JMPR guidance document as well as the authors of this guidance document for the evaluation of 
flavouring agents are gratefully acknowledged. 

It is envisioned that this guidance document will be modified based upon comments received and 
experience gained in using it. Comments on this guidance document and suggestions for future 
editions will be gladly accepted by the WHO Joint Secretary, Joint FAO/WHO Expert Committee on 
Food Additives, World Health Organization, 1211 Geneva 27, Switzerland, at jecfa@who.int.  
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Chapter 1: Roles and responsibilities 

 

The roles and responsibilities of the JECFA Secretariat and of both monographers (“Experts”
1
) and 

reviewers (“Members”), from the time they are assigned to their groups of flavouring agents through to 
the post-meeting finalization of their monographs or monograph addenda, are outlined below. 

 

1.1 Selection of compounds on the agenda and issuing the call for data 

The compounds on the agenda for the next JECFA meeting on food additives, including flavouring 
agents, are selected on the basis of a priority list established by the Codex Committee on Food 
Additives, requests by FAO and WHO and their Member States, and recommendations of earlier 
meetings of JECFA. The WHO and FAO Joint Secretaries post a call for data on the compounds on 
the agenda 10–12 months in advance of the meeting on the Internet, utilizing as broad a distribution 
as possible. The deadline for submission of data is ordinarily 6–7 months before the meeting. 

 

1.2 Identification of monographers and reviewers and assignment of groups of 
flavouring agents and tasks 

The WHO Joint Secretary will contact potential monographers and reviewers within the existing roster 
of experts about their interest and availability to serve as experts for the next meeting of JECFA on 
food additives, including flavouring agents. Participants are invited as independent experts in their 
respective areas, and they do not represent any organization or government. Participation is not 
compensated, although WHO is responsible for return airfare and provides a daily subsistence 
allowance to cover accommodation, meals and other miscellaneous expenses. 

In accordance with WHO rules and procedures for declarations of interest,
2
 any potential or perceived 

interests will be evaluated before any tasks are assigned. In the interest of transparency and to avoid 
potential conflicts, participants are encouraged to be inclusive in the declaration of interests. It is 
important to note that the focus should be on a comprehensive declaration of all interests, not just 
those perceived by the participant as potentially posing conflicts. In accordance with WHO procedures, 
declarations of interest are not published, but potential conflicts of interest that preclude participation 
in discussions on particular compounds are noted in the meeting report. The WHO Joint Secretary will 
take into account whether monographers have been involved with a particular compound, which may 
be perceived as a conflict or bias. Interests to be considered include the following examples: 

 Monographers have worked for or have an interest in the sponsoring company. 

 Monographers have performed some of the studies to be evaluated.  

 Monographers have recently been closely involved with preparing an evaluation of a 
compound for a national or supranational body. 

The last point is important as, although familiarity with a compound and the supporting data can make 
preparation of the monograph easier, there might be the perception that the JECFA evaluation is not 
entirely independent of the previous evaluation. 

According to WHO rules and procedures,
3
 expert meetings are private in nature, and participation is 

by invitation only. The data used and discussions held before, during and after the meeting on the 
subject matter of the meeting are to be held in strict confidence. Discussions held subsequent to the 
meeting with non-participants should be limited to the public information made available in the 
monographs and meeting report. 

 

1.3 Dealing with the data submission 

After a group of flavouring agents has been assigned to a monographer and a reviewer, the 
Secretariat will ensure that the sponsoring company arranges submission of the dossier, which 

                                                 
1 

Previously Temporary Advisers. 
2 

http://www.who.int/about/declaration-of-interests/en/ 
3
 http://apps.who.int/gb/bd/PDF/bd48/basic-documents-48th-edition-en.pdf#page=127 
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contains the original study reports, relevant papers from the literature and the company overview 
(summary of the submitted data). As a good practice, the sponsoring company is asked to alert the 
monographer, the reviewer and the WHO Joint Secretary when the data have been sent. Normally, 
the data are submitted as searchable PDF files on a suitably indexed CD-ROM, DVD or USB stick. A 
table of contents using fully descriptive file names needs to be submitted with each electronic 
submission; for example, a title of “xyz 33564-05” is not going to help the monographer locate a 90-
day dog study by Jones et al. (2001). Sponsoring companies should submit editable PDFs whenever 
possible; when documents are scanned, these should be converted using OCR to editable format, if 
at all possible. This facilitates the accurate transfer of information to the monograph. Companies 
should be aware that, owing to the workload of experts reviewing the dossiers, delay of a submission 
may cause the compound to be removed from the JECFA agenda.  

When the data are received, it is important for the monographer to confirm receipt to the sponsor and 
the WHO Joint Secretary. If the data submission has not arrived in a reasonable length of time, the 
monographer should contact the sponsor and the WHO Joint Secretary, as it is not unknown for items 
to go missing in transit. On opening the package, it is recommended that the monographer perform 
some basic checks on the quality and usability of the documentation: 

 For electronic submissions 
o Do the document files open properly? 
o Are a table of contents and an appropriate index provided? 
o Are the files searchable? 
o Are the pages legible, especially older study reports that have been scanned? 
o Are the titles of the files helpful?  

 Check the company overview 
o Is it in the JECFA style and in a suitable format (PDF and/or Microsoft Word) to permit the 

use of text or tables for the monograph? 
o Does it contain a reference list in the JECFA style (see section 2.3.5)? 

If the monographer identifies any issues with the data submission where it is believed that the 
sponsor could provide an improved submission, then the monographer should inform the WHO Joint 
Secretary, who will contact the sponsor with a detailed request for what is needed. It is in the 
sponsor’s interest to provide a usable submission. If the monographer cannot read data in a key study 
report, this might prevent a conclusion regarding safety from being reached. 

Unpublished confidential studies that are submitted will be safeguarded and will be used only for 
evaluation purposes by JECFA. Summaries of the confidential studies will be published by FAO and 
WHO after the meetings in the form of specifications and toxicological monographs.  

Submitted confidential data can be either returned to submitters at their expense or destroyed after 
the evaluations have been completed. Key material can be stored by WHO for up to five years and 
will then be destroyed. 

 

1.4 Handling contacts with the sponsor 

To ensure transparency, it is important that all contacts between the monographer and the sponsor 
are documented and copied to the WHO Joint Secretary. With respect to contact with the sponsor: 

 It is preferable to use email rather than telephone. Emails need to be copied to the WHO Joint 
Secretary.  

 If the sponsor telephones to discuss an issue, the monographer should consider whether the 
discussions can be performed by email. If the monographer chooses to proceed with the call, 
the monographer should notify the WHO Joint Secretary about the contact, with a brief outline 
of the details. If a teleconference is requested or considered useful, the monographer should 
involve the WHO Joint Secretary, who will set up the call.  

 The sponsor should assist the monographer by providing information required to perform a 
thorough and independent evaluation. The monographer may send questions to the sponsor, 
copied to the WHO Joint Secretary, well in advance of the meeting as well as, on occasion, 
during the meeting itself. 
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 The sponsor must not contact a monographer with repeated requests for progress updates or 
for information that is not appropriate to be shared, such as the conclusion regarding safety; if 
this occurs, the monographer should notify the WHO Joint Secretary. 

 

1.5 Performing literature searches4 

In addition to the unpublished study reports and other material submitted by the sponsor, a search of 
the public literature is required to ensure that all available information is being considered in the 
evaluation. The monographer is requested to perform a detailed search of the public literature. The 
literature search should be documented in detail, listing the exact search terms used, the databases 
that were searched, the number of references retrieved and the number of relevant references 
selected, as well as the criteria (both inclusion and exclusion) for the selection of relevant references. 
The WHO JECFA Secretariat can assist in developing search strategies and in retrieving the full text 
of relevant publications.  
 

1.6 Evaluating the data 

The basic principles on how to evaluate toxicological and epidemiological data are outlined in 
Environmental Health Criteria (EHC) 240 (IPCS, 2009). A JECFA monographer will already be an 
experienced assessor of toxicological and epidemiological data and will have his or her own ways of 
working through the toxicological and epidemiological database on a compound, including submitted 
data and publicly available information. The JECFA process should not require any significant 
changes to the monographer’s and reviewer’s usual way of working through the data, provided that 
each study is described and the relevance (including any potential bias or problems with study design 
or reporting of results) is documented in a clear and transparent manner. One important difference for 
monographers from a regulatory agency background is that “stop the clock” and demand for new 
studies are not foreseen; even when major deficiencies are identified, a monograph summarizing 
available data and clearly identifying the deficiencies may need to be prepared. When the monograph 
is being prepared, all data are evaluated in a thorough and independent manner, taking into account 
specific guidance prepared for JECFA monographers on the interpretation of toxicological and 
epidemiological data (i.e. EHC 240 [IPCS, 2009] and subsequently published guidance).  

The depth of investigation will clearly vary with the study type, the results and the impact on the 
overall conclusion. For example, it can be valuable to go down to individual animal-level data for a 
dog study with a small group size and a marginal response, but this is not normally required for a 
rodent study with a larger group size and clear effects (e.g. 8/10 animals with grade 3 versus 3/10 
controls with grade 1). In general, the monographer should always check at least the results in the 
main study report, and not just the sponsor’s or study report authors’ summary. If the study report 
authors have discounted particular findings as not being treatment related or adverse, the 
monographer should pay particular attention to these to see if he or she agrees with the study report 
authors’ conclusions. If the monographer disagrees with the conclusions of the study report authors, 
this should be highlighted in the monograph. 

In presenting findings where descriptive terms are used, it is important to use the precise terms as 
given in the study report (e.g. in the histopathology tables or descriptions of anomalies in 
developmental toxicity studies). If for any reason a revised term is used, there should be some 
commentary about this, as it can produce confusion for someone comparing reviews with the study 
report. If the term is an unfamiliar or unusual one that is not clarified in the study report, then there is 
the option to ask the sponsor to clarify and/or provide pictures. Standard texts and websites are 
available that provide descriptions of pathological and developmental toxicity terminology (e.g. 
http://www.devtox.org; http://www.goreni.org; see also the guidance below under specific systems and 
effects). 

Where JECFA has its own criteria for the interpretation of toxicological and epidemiological end-points 
(i.e. EHC 240 [IPCS, 2009] and subsequently published guidance), these should always be used in 
the preparation of monographs in preference to those from national or other supranational bodies. 

                                                 
4
 The JECFA Secretariat is currently investigating the applicability of systematic review methodology to the work 

of JECFA, with the ultimate aim of developing a workable approach that is manageable and follows the basic 
principles on transparency, minimizing risk of bias and reproducibility. 
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Where JECFA does not have its own criteria, then general guidance on the evaluation and 
interpretation of toxicological and epidemiological data available in the WHO EHC monographs and 
elsewhere may be used. It is expected that standard approaches will be applied (e.g. statistical 
significance, clear dose–response relationship, change outside the normal biological range). If a 
conclusion in a monograph is based on a non-standard approach (e.g. the use of a specific cut-off), 
then the basis for this approach should be provided (or a publicly available supporting guidance 
document should be cited). 

It is important to remember that for flavouring agents, JECFA does not establish health-based 
guidance values. Rather, the Committee considers only whether the flavouring agent is of safety 
concern at current estimated dietary exposures or whether additional data are needed to complete the 
evaluation.  

 

1.7 Preparing the draft monograph before the meeting  

The monographer produces a first draft of the monograph, based on the submitted dossier as well as 
a critical review of the published literature. Each monograph includes an Evaluation section, which is 
almost identical to the meeting report item for the flavouring agent (see Chapter 3), as well as a 
Relevant background information section, which contains the supporting information for the 
Evaluation section. Detailed guidance on preparation of the monograph is provided in Chapter 2. 
Examples of recent monographs on flavouring agents can be accessed through the WHO JECFA 
searchable database (http://apps.who.int/food-additives-contaminants-jecfa-database/ 
search.aspx?fc=35), although it should be noted that as of the date of publication of this guidance 
document, there have been no monographs in which flavouring agents have been evaluated using the 
revised Procedure for the Safety Evaluation of Flavouring Agents (see section 2.3.1). 

Flavouring agents are considered in groups of chemicals with related chemical structures. Currently, 
all flavours to be evaluated are additions to previously evaluated groups. As a result, a monograph 
addendum rather than a full monograph is usually prepared. A monograph addendum will be 
prepared for each group of additional flavouring agents evaluated at the meeting unless few new data 
are available (e.g. acute toxicity studies are the only new data available), in which case only the 
meeting report item is prepared. In rare cases where new evidence suggests that all previously 
evaluated flavouring agents need to be re-evaluated, a full monograph will be prepared.  

The first draft of the monograph is distributed first to the reviewer. The reviewer should receive the 
first draft of the monograph at least three months before the meeting. The monographer and reviewer 
are encouraged to work together and discuss critical aspects or studies throughout the preparation of 
the monograph. It is the responsibility of the reviewer to cross-check critical studies and suggest 
amendments in both text and tables, in particular the Evaluation section. 

The reviewer returns the monograph to the monographer, who incorporates agreed changes into the 
document and then sends the revised draft monograph to the WHO Joint Secretary. During the 
preparatory phase, the WHO Joint Secretary organizes teleconferences for each flavouring agent 
group, involving at least the monographer, the reviewer, other JECFA experts, including FAO experts 
assigned to the same compound, and the WHO Joint Secretary. The purpose of these 
teleconferences is to clarify issues, coordinate the work between the WHO and FAO experts and 
identify additional information or clarifications required from the sponsor. A list of any outstanding 
questions is established for each flavouring agent group and sent to each corresponding sponsor. 
The monographer is also responsible for making any additional revisions suggested by 
teleconference participants. 

After the final revisions have been made to the draft monograph, the monographer sends a copy of 
the monograph, without the Evaluation section, to the sponsor for an accuracy check of study 
descriptions, to be completed within two weeks. Any comments received have to be considered by the 
monographer in discussion with the reviewer.  

The final monograph is then submitted to the WHO Joint Secretary, who is responsible for sending the 
draft monograph to all meeting participants at least 10 days prior to the meeting.  
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1.8 Preparing the report item and finalizing the monograph at the meeting  

The physical meeting is organized jointly by FAO and WHO and generally alternates between Rome 
and Geneva. During the meeting, the monographers lead the discussions on their particular group of 
flavouring agents and prepare the meeting report item for each flavouring agent group under their 
responsibility. The report item is prepared from the Evaluation section of the monograph (see 
Chapter 3) and is modified during the meeting to incorporate the results of the meeting discussions. In 
parallel, during the meeting, the monographer updates the draft monograph to ensure that the final 
version is consistent with the meeting report item, to reflect decisions taken during the meeting (e.g. 
decisions on the NOAELs) and to include any extra details found to be useful in supporting the 
conclusions of the Committee. 

It is the JECFA Members who have the final responsibility for adopting the report. However, during the 
meeting, conclusions and decisions are reached by consensus from all participants. Therefore, all 
monographers (and reviewers) should contribute to discussions on all the compounds and general 
considerations. This is particularly the case if the monographers (or reviewers) have expertise in a 
specific area of toxicology (e.g. histopathology, genotoxicity, developmental toxicity), such that they 
can bring additional insights and views to the discussions. It is also important that monographers ask 
questions when they are unclear about the basis for a decision or if the text relating to a topic is not 
well presented. However, monographers need to be aware that their report items must be completed 
prior to the conclusion of the meeting and so must carefully balance the requirement for the timely 
preparation of drafts of their report items for discussion at the meeting and contributing to discussions 
on other compounds. 

During the meeting, the rapporteur is responsible for ensuring that all necessary revisions resulting 
from discussions have been made to each draft report item before the item is again discussed by the 
Committee. The editor is responsible for technical and language editing of each draft report item once 
the Chair is satisfied that it is in near-final form. The monographer is responsible for responding to 
any queries raised by the editor during the editing process. After the meeting report item has been 
edited, all subsequent changes, as suggested by meeting participants during discussions, will be 
tracked onscreen by the editor, until the Chair is satisfied that the meeting report item is in final draft 
form. At that time, the editor passes the report item on to the FAO rapporteur for FAO review and 
incorporates any changes suggested by FAO. Additional editing may be performed by the editor after 
the meeting has concluded (see below).  

On the last day of the meeting, all meeting participants (FAO and WHO) review the final version of the 
meeting report in a plenary session and suggest any necessary revisions, which are made onscreen 
by the editor or by the WHO Joint Secretary, and the JECFA Members formally adopt the report 
before the meeting is adjourned. The monographer needs to provide an electronic version of the final 
draft of the monograph to the editor and the WHO Joint Secretary before the end of the final day of 
the meeting. There is no need for the monographer to update the Evaluation section of the 
monograph during the final session, as the editor will insert the final version of that section from the 
meeting report into the monograph during the editing process. 

In the weeks following the meeting, a summary report is published and posted on the FAO and WHO 
websites. It includes the main conclusions on the safety of all flavouring agents evaluated at the 
meeting. 

In the months following the meeting, the editor edits the monographs. The monographers are 
responsible for answering any queries raised during the editing process in a timely fashion (generally 
within 1–2 months after receiving the monograph back from the editor). The meeting report is not 
published until the monographs have been edited, so any errors in the meeting report found during 
the editing process can be corrected before its publication. 

The meeting report is published by WHO in the Technical Report Series, and the monographs are 
published by WHO in the Food Additives Series (both available on the WHO website at 
http://www.who.int/foodsafety/publications/jecfa/en/). 

The meeting report is intended for non-experts (both policy-makers and risk managers) and contains 
the description, concise evaluation and interpretation of the key data relevant for the overall 
assessment of each substance reviewed by JECFA in terms of its toxicological, epidemiological, 
chemical and analytical aspects, as well as information on the dietary exposure assessment, in 
sufficient detail to enable the basis of the conclusions reached by the Committee to be independently 
verified. Reports reflect the agreed view of the Committee as a whole and describe the basis for its 
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conclusions. Any Members who do not agree with the conclusions can express a minority opinion, 
which should be noted and described in detail in the meeting report, in accordance with WHO rules 
and procedures for expert committees. 

The toxicological monographs are intended for experts and contain detailed descriptions of the full 
database on biochemical, toxicological and epidemiological data considered in the evaluation, as well 
as the dietary exposure assessment. The Evaluation section of the monographs is in principle 
identical to the report item. 
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Chapter 2: Preparing the monograph 

 

2.1 Introduction 

Depending on the additional data and information that are available, preparation of an addendum to 
the original monograph, a new monograph for the re-evaluated group or simply a meeting report item, 
referred to below as the report item (see Chapter 3), may be required. 

When sufficient new data are available, authors (referred to below as monographers, even if only a 
meeting report item is prepared) may need to prepare an addendum to the existing monograph. In 
this case, only relevant sections of the monograph should be included. The relevant sections should 
be formatted using the conventions and styles described below. Only if critical for the group 
evaluation, some text (study description and conclusions) from previous evaluations can be repeated, 
as long as it is clearly indicated (indented, different font size, quotation marks, etc.) that this text is 
from a previous evaluation. 

If new data, dietary exposure considerations or other information indicates that the original evaluation 
should be reconsidered, then the entire group (original members of the group and the additional 
flavouring agents) may need to be re-evaluated. (Typically, this will not be the case.) In such a 
situation, monographers will follow the general guidance for the preparation of a full monograph on a 
group of flavouring agents, including all section headings, as described below. 

When few new data are available (e.g. if only acute toxicity studies have been submitted), it should be 
possible to document the evaluation in the report of the Committee. Monographers should use their 
discretion in deciding whether it is appropriate to include a brief description of data available from very 
few new studies in the report item, rather than in a monograph addendum. 

The monograph or monograph addendum summarizes the data that are used to assess the safety of 
flavouring agents. As such, it contains the detailed study descriptions and numerical data used to 
underpin the report item (see Chapter 3). The monograph must therefore contain all the elements 
identified in the report item, together with sufficient additional details to permit an independent 
evaluation of the conclusions made.  

A table of contents or template for the monograph or monograph addendum (for the JECFA current 
year) will be provided to monographers when they are assigned to a group of flavouring agents. An 
example is included in Annex 1. The layout and sequence of the template should generally be 
followed, although not all sections will necessarily be included in all monographs or monograph 
addenda, depending on the information available. The template for the current year should always be 
used, as modifications may have been introduced following the previous meeting. It should be noted 
that the design of the monographs publication has recently been changed, so it is particularly 
important to follow the template in Annex 1 rather than the format of older published monographs. 

The guidance contained in this chapter is intended to ensure consistency in reporting safety decisions 
and documenting the basis for them. Monographers, however, should use judgement in applying this 
guidance to the evaluation of different groups of flavouring agents. 

 

2.2 General aspects 

General aspects to be considered while preparing the monograph or monograph addendum are 
outlined below. 

 

2.2.1 Formatting 

 The monograph or monograph addendum should be prepared using Microsoft Word or a 
compatible word processing package. Details of the formatting requirements (e.g. font size, 
line spacing, line numbering, margins) should be obtained from the monograph template (see 
Annex 1). 

 Details of the formatting requirements for preparing tables are provided in section 2.2.5. 

 



 

8 

 

2.2.2 Units of measurement 

 Le Système international d’unités (SI units) should be used throughout. This includes the use 
of milligrams per kilogram of feed (mg/kg feed) instead of parts per million (ppm) for dietary 
exposure levels and the use of becquerels (Bq) instead of curies (Ci) for radioactivity. One 
exception is millimetres of mercury (mmHg) for pressure (the equivalent in kilopascals [kPa] 
should be given in parentheses).  

 When expressing dietary exposure levels in milligrams per kilogram, the word “feed” should 
always be included (i.e. mg/kg feed), to avoid confusion with the actual dose to the animals 
(in mg/kg bw, where bw is body weight). 

 There are no hyphens between numbers and units, but there is a space. For example, 0.5 kg 
rat (not 0.5-kg rat or 0.5kg rat) is used. 

 There should be no words between units and the solidus (/). For example, 3 µg flavouring 
agent/kg bw is not correct. Instead, the sentence should be rewritten more clearly as, for 
example, “a flavouring agent dose of 3 µg/kg bw”. It is recognized that there may need to be 
occasional exceptions to this rule in order to avoid extremely awkward wording. 

 Only one solidus should be used. For example, 3 mg/kg bw per day, not 3 mg/kg bw/day, is 
used. 

 Figures with more than four digits use a space (not a comma) to separate groups of three 
digits on either side of the decimal point (e.g. 12 050; 0.004 56). Note that the WHO rule is 
that in tables, figures with more than three digits use a space to separate groups of three 
digits on either side of the decimal point. The WHO rule is to be followed, even though the 
guide for the use of SI units (Thompson & Taylor, 2008) states that the practice of inserting 
spaces in numbers having only four digits on either side of the decimal marker is not usually 
followed except when uniformity in a table is desired. 

 

2.2.3 Presentation of doses 

 Parentheses, rather than commas, are used when presenting dose conversions: X and Y 
mg/kg feed (equal [or equivalent] to x and y mg/kg bw per day for males and a and b mg/kg 
bw per day for females, respectively).  

 “Equal to” is used when the conversions have been calculated using feed or drinking-water 
consumption and body weight data generated for the animals that have been dosed in a 
particular study, and “equivalent to” is used when dose conversion factors (i.e. default values) 
have been used to calculate the doses. 

 Where accurate doses cannot be calculated on the basis of measured body weights and feed 
or drinking-water consumption, approximate doses can be estimated using the dose 
conversion factors shown in Table 1, adapted from EHC 240 (IPCS, 2009). 

 When doses are converted from ppm, mg/kg feed, mg/L drinking-water, mg/animal per day or 
percentage of the substance in the diet (often given when the lowest dose is 1000 mg/kg feed 
or more; e.g. 10 000 mg/kg feed = 1%) to mg/kg bw per day, up to two additional significant 
figures can be used for the converted dose, to avoid introducing additional uncertainty in 
subsequent calculations.  

 As long as the dose conversions have been presented at the beginning of a study description, 
the original doses (e.g. in mg/kg feed, mg/L drinking-water or percentage in the diet, but not in 
ppm, which must be changed to mg/kg feed or mg/L drinking-water) can be used throughout 
the study description until the no-observed-adverse-effect level (NOAEL) is identified at the 
end of the study description. 

 Equivalent doses should be corrected for the purity of the compound, but only when this is 
less than 90%. 

 Doses should be corrected for non-continuous dosing (e.g. 5 days/week dosing). 
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Table 1 
Approximate relationship of mg/kg (ppm) in the diet or mg/L (ppm) in drinking-water to mg/kg 
bw per day 

Species 
Body 

weight (kg) 

Feed 
consumption 

(g/day)
a
 

Type of 
diet 

1 mg/kg in 
feed is 

equivalent 
to 

x mg/kg 
bw per 

day 

Water 
consumption 

(L/day)
 

1 mg/L in 
water is 

equivalent 
to x 

mg/kg bw 
per day

 

Mouse 0.02 3 Dry 
laboratory 
chow 
diets 

0.150 – – 

 0.03
b 

4
b 

0.13
b 

0.006
b
 0.20

b,c
 

Rat (young) 0.10 10 0.100 – – 

Rat 
(multigeneration 
studies) 

0.10–
0.40

d
  

(average: 
0.25) 

10–20
d 

(average: 
15) 

0.06 – – 

Rat (old) 0.40 20 0.050 – – 

 0.35
b 

18
b 

0.05
b 

0.05
b
 0.14

b,e
 

Hamster 0.14
b 

12
b 

0.09
b 

0.03
b 

0.21
b
 

Chick 0.40 50 0.125 – – 

Guinea-pig 0.75 30 0.040 – – 

 0.84
b 

34
b 

0.04
b 

0.20
b
 0.24

b
 

Rabbit 2.0 60 0.030 – – 

 3.8
b 

186
b 

0.05
b 

0.41
b
 0.11

b
 

Dog 10.0 250 0.025 – – 

 12
b 

300
b 

 0.03
b 

0.61
b
 0.05

b
 

Cat 2 100 Moist, 
semi-
solid diets 

0.050 – – 

 1.5
b 

168
b 

0.11
b 

0.15
b 

0.10
b 

Monkey (e.g. 
rhesus, 
cynomolgus) 

5 250 0.050 – – 

Rhesus monkey 8.0
b 

320
b 

0.04
b 

0.53
b 

0.07
b 

Dog 10 750 0.075 – – 

Human 60   1 500 0.025 2 0.033 

Pig or sheep 60   2 400 Relatively 
dry grain 
forage 
mixtures 

0.040 – – 

Pig 80
b 

2 250
b 

0.03
b 

5.5
b 

0.07
b 

Cow 
(maintenance) 

500   7 500 0.015 – – 

Cow (fattening) 500 15 000 0.030 –  

Horse 500 10 000 0.020 – – 

bw: body weight; ppm: parts per million 
a 

Liquids omitted. 
b 

From Health Canada (1994). Note that the type of diet has not been specified in this reference. 
c 

EFSA (2012) uses conversion factors of 0.18, 0.15 and 0.09 for mice for subacute, subchronic and chronic 
studies. The first two types of studies are assumed to start with mice 5–7 weeks of age. 

d 
Body weight and feed consumption values vary over the stages and generations of the studies. The average 
values are used in calculating the dose conversion factor. 

e 
EFSA (2012) uses conversion factors of 0.12, 0.09 and 0.05 for rats for subacute, subchronic and chronic 
studies. The first two types of studies are assumed to start with rats 5–7 weeks of age. 
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2.2.4 Presentation of point of departure 

 Margins of exposure are often calculated by comparing a dietary exposure estimate with a 
point of departure (POD) from a toxicity study in experimental animals. The most frequently 
used POD is the NOAEL. However, if the data are adequate to permit dose–response 
modelling, a lower 95% confidence limit on the benchmark dose for an x% response (BMDLx) 
or similar POD can (and should) be used. In such cases, the basis for the derivation of the 
POD should be provided (for details, see EHC 240; IPCS, 2009).  

 Past tense should be used when presenting the POD: The NOAEL/BMDLx was 10 mg/kg bw 
per day. 

 The POD used in risk assessment by the Committee should be that identified by the 
monographer/Committee. When this differs from the POD identified by the study authors, the 
latter should also be reported, with an explanation for the difference. 

 When doses have been derived from a dietary concentration using the feed consumption and 
body weight data from the study, the POD should be expressed as “equal” to x mg/kg bw per 
day. If predefined dose conversion factors (see Table 1 above) need to be used, the POD 
should be expressed as “equivalent” to x mg/kg bw per day. 

 The POD, as either “equal to” or “equivalent to” doses, can be provided for both males and 
females; alternatively, only the lower value of the two (usually the value for males) can be 
provided. An exception to this rule is where the effect is sex specific, in which case the 
appropriate POD for the sex in which the effect is observed is provided. 

 The general statement will read as follows: When the POD is the NOAEL: The NOAEL was x 
mg/kg feed (equal to y mg/kg bw per day), based on [effects] observed at z mg/kg feed (equal 
to a mg/kg bw per day) [where z mg/kg feed is, of course, the lowest-observed-adverse-effect 
level (LOAEL), but this does not need to be stated explicitly in the text]. When the POD is the 
BMDLx or similar: The BMDLx [or similar] was y mg/kg bw per day, based on [the effects that 
serve as the basis of the benchmark response x]. 

 When no effects are observed up to the highest dose tested, it is not possible to determine a 
BMDLx. In such cases, the highest dose tested is the NOAEL, which serves as the POD for 
this study. Consistent language should be used when expressing the NOAEL in such 
circumstances: The NOAEL was x mg/kg bw per day, the highest dose tested. OR The 
NOAEL was x mg/kg feed (equal to y mg/kg bw per day), the highest dietary concentration 
tested. 

 When effects are observed at all doses, it is not possible to identify a NOAEL. In such cases, 
it might be possible to determine a BMDLx or similar POD. Otherwise, the POD for the study 
is the LOAEL. Consistent language should be used in such circumstances: No NOAEL could 
be identified, as effects were observed at all doses. The LOAEL was x mg/kg bw per day, the 
lowest dose tested. OR The LOAEL was x mg/kg feed (equal to y mg/kg bw per day), the 
lowest dietary concentration tested. 

 If an effect is considered not relevant for determining the POD for a study, a statement should 
always be made on the reason for this – for example, the effect was considered not to be 
toxicologically relevant or the effect was considered not to be substance related (with an 
explanation as to why, if possible), to make the basis for POD determination clear to the 
reader. 

 

2.2.5 Tables 

 It is often preferable to present numerical information in the form of a table rather than in the 
text (e.g. to illustrate the results of acute toxicity and genotoxicity studies).  

 It is the choice of the monographer as to whether data are presented in tables or text, as long 
as it is possible for readers of the monograph or monograph addendum to perform an 
independent evaluation of the data and reach their own conclusions.  
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 Pasting tables from PDF documents into the monograph or monograph addendum is not 
recommended and should be done only if there is no realistic alternative (in which case the 
editor will need to re-enter the tables in Microsoft Word format in order to edit them according 
to WHO style). If the sponsoring company has not provided tables in Word format, it should 
be requested to do so by the monographer. Tabs should not be used to create the table 
columns. 

 All tables must be cited in the text, in consecutive numerical order from 1 to x.  

 Tables should be placed in the text immediately following the paragraph in which they are first 
cited, or as near to this as is practical. Repeating header rows can be used where the table 
extends over more than one page. 

 The contents of a table should be restricted to the data relevant to decision-making. If a 200-
row table contains 16 rows of data that show no changes with dosing, it is difficult to identify 
the data that are important.  

 There should be no blank cells in the table (unless the cells are in a heading row). If a cell 
does not contain text or figures, then a 0, dash, NA (for not applicable or not available) or ND 
(for not determined or no data), or something along these lines, is needed, depending on the 
table, with a clear definition of the terms used included below the table, if necessary. 

 Data in tables should be quoted to an appropriate number of significant figures (e.g. quoting 
organ weights relative to body weight to six significant figures is not appropriate, as it implies 
spurious accuracy – six significant figures implies that a change of 0.0001% could be 
determined with confidence and is biologically significant). The appropriate number of 
significant figures to be used may vary with the situation but should be sufficient to show 
differences in outcome while being proportionate to the variance (or standard deviation).  

 In some instances, it may be useful to include the standard deviation (or ranges) in addition to 
mean values. 

 An indication of statistical significance should be included wherever appropriate. Boldface 
type to indicate a statistically significant treatment-related effect can be used, but must be 
explained in a footnote. Alternatively (and preferably), superscripts such as * and ** may be 
used to indicate statistical significance, with definitions included below the table (see next 
bullet point). 

 A listing of all abbreviations used in the table is included below the table, in alphabetical order 
(e.g. BUN: blood urea nitrogen; Hb: haemoglobin), immediately followed, on the same line, by 
a description of any P-values used (e.g. *: P < 0.05; **: P < 0.01), together with a description 
of the statistical test used in parentheses (e.g. Fisher exact test).  

 Table notes (given with lowercase superscripted letters: a, b, c…) appear immediately below 
the listing of abbreviations. Table notes should be inserted manually, not using the Word 
footnote function. Within the table itself, lettered table notes are to appear sequentially in 
alphabetical order, reading across and then down the table (i.e. row by row). 

 The table source (Source: Smith & Jones (1999)) is given below the abbreviations and any 
table notes (superscript a, b, c). Note that permissions to reprint (to be requested by the WHO 
Joint Secretary) are required for any tables (or figures) that are taken directly from published 
sources. Given this requirement, it is preferable to avoid the direct copying of illustrative 
material (tables and figures) taken from published sources wherever possible. 

 Additional miscellaneous points relating to table formats follow:  

o Columns of figures are aligned to the decimal point, where possible. Columns of text are 
aligned at the left-hand side. The alignment of columns of figures and text combined 
should be decided on a case-by-case basis.  

o Column headings may be set left or centred over the columns as appropriate (usually 
centred when the columns contain figures and aligned at the left-hand side when the 
columns contain text). The first column heading is normally aligned at the left-hand side. 
Column headings should increase in number from the top to the bottom (e.g. one column 
heading over three subheadings, each of which is itself over two sub-subheadings). All 
column headings are aligned at the bottom of the header rows.  
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o Column headings are in boldface type. 
o Figures with more than three digits on either side of the decimal point should have a 

space inserted after each group of three digits (e.g. 3 500; 0.002 3). This rule applies to 
tables only (in the text, figures with more than four digits have a space after each group of 
three digits). As noted above, this is not an SI requirement, but a WHO one. 

o Each table entry should occupy its own row to ensure that alignment remains correct 
when the table is edited. 

o It is preferable to have only one or two row heading levels, in which case the first row 
heading is flush left and the subheading is indented below it. 

o Where several different row heading levels are needed in the first column, the general 
order of heading is (1) bold, (2) roman and (3) indented roman (where three levels are 
needed), (1) bold, (2) italics, (3) roman and (4) indented roman (where four levels are 
needed) and (1) bold, (2) italics, (3) roman, (4) indented roman and (5) roman following a 
dash (where five levels are needed). The bold heading row may be shaded for emphasis. 

 Some examples of table formats are provided in Annex 2. Additional examples may be found 
in published JECFA monographs (http://www.who.int/foodsafety/publications/jecfa/en/). 

 

2.2.6 Historical control data 

 Historical control data should be reported if considered useful and appropriate for interpreting 
study findings. 

 Historical control data are often presented for tumours and developmental effects, but can be 
used in an attempt to determine whether the observed results for any end-point in test 
animals fall within the normal biological range.  

 Historical control data are most useful when they are from the same strain of animal, come 
from the same laboratory and are reasonably contemporary to the study with which they are 
being compared (ideally from two years before the start of the study to two years after the end 
of the in-life phase). If they do not match these criteria, this should be identified in the text.  

 If possible, the historical control data should have been submitted such that the results in 
each study in the database can be seen separately. As an absolute minimum, the number of 
studies must be given together with the mean and range (just the upper range is not 
acceptable, as this could be skewed by one atypical study).  

 The monographer should seek confirmation from the sponsor that there were no changes in 
interpretative or investigative techniques between the historical control studies and the one on 
the test compound.  

 If the submitted historical control data do not match these criteria, the sponsor should be 
asked to address the issues and make any shortcomings clear. 
 

2.2.7 In-text references 

 References are cited by one (Brown, 1999), two (Brown & Jones, 1999) or three authors 
(Brown, Smith & Jones, 1999), or first author plus et al. for four or more authors (Brown et al., 
2000). Note the use of an ampersand instead of the word “and” and the use of a comma 
before the year. 

 If the same author(s) published more than one reference in the same year, a, b, etc. should 
be used to differentiate between the references (Jones & Brown, 1999a,b; Smith, 2000b). 
This rule also applies to et al. references, even if the other authors are not the same in each 
reference (Brown et al., 1999a,b). 

 In the rare case where different authors with the same surname have published a paper in the 
same year, initials are used to differentiate between the references (Y. Li et al., 2000; R. Li et 
al., 2000). These references must not be cited as Li et al. (2000a,b). 

 References are cited in the text in increasing chronological order (but all references by the 
same author(s) are given together) and alphabetically when published in the same year 
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(Brown, 1988, 2003; Brown & Smith, 1989; Smith & Brown, 1989, 1991; Brown, Smith & 
Jones, 1990; Brown et al., 1991; Jones, 1999a,b).  

 Reports and monographs from previous JECFA meetings are cited in the text as “(Annex 1, 
reference xxx)” and are not included in the reference list. Annex 1 refers to the list of previous 
JECFA publications that is included at the back of both the meeting report and the publication 
containing all of the monographs from the meeting. 

 Personal communications and other unpublished information are cited in the text only, not in 
the reference list. They should be cited as follows: [name of authority cited], [name of 
institution], unpublished data or unpublished observations or personal communication, [date]).   

 For information on the formatting of references for the reference list at the end of the 
monograph, see section 2.3.5. 

 

2.2.8 Miscellaneous 

 Monographs should be concise documents, with only as much detail as is necessary to be 
able to understand and reproduce the evaluation; too much detailed description of irrelevant 
studies and too many non-critical tables should be avoided. Monographers need to make 
every effort to reduce the length of their monographs without eliminating essential information. 

 The physical meeting is referred to as “the meeting” (e.g. the meeting was held in April); the 
group of meeting participants is referred to as “the Committee” (e.g. the Committee 
concluded that the flavouring agent was of no safety concern at current estimated dietary 
exposures).  

 “JECFA” is referred to, rather than “the JECFA”. Reference to previous Committees should 
be made by number (e.g. the thirty-sixth meeting of the Committee) rather than by year, 
because in many cases reports were not published in the same year as the meeting and in 
some years more than one meeting was held, which creates confusion.  

 JECFA refers to flavouring agents, not flavours, agents, flavouring substances or substances. 

 FAO assigns consecutive JECFA numbers to each flavouring agent that has been submitted 
for evaluation.  

 JECFA uses No. for one flavouring agent but Nos for two or more flavouring agents. 

 JECFA refers to “the MSDI method” (in reference to the maximized survey-derived intake 
method) and “the SPET” (in reference to the single-portion exposure technique). 

 In most cases, JECFA refers to “dietary exposure to a flavouring agent” rather than “intake of 
a flavouring agent”. However, in some instances, “intake” continues to be used (e.g. 
combined intake, maximized survey-derived intake). 

 It is conventional to list countries alphabetically, and country names must correspond to the 
most current listing of Member States and Associate Members of WHO, as given in the 
current version of the WHO style guide or an interim updated list of Member States and 
Associate Members of WHO. 

 Where the POD is a NOAEL, this is “identified” (not “established”), as it is one of the dose 
groups used – for example, “0.5 mg/kg bw per day was identified as the NOAEL”.  

 Each study summary should provide a short description of the methodology used in the study. 
For those studies that comply with an Organisation for Economic Co-operation and 
Development (OECD) test guideline or equivalent national guideline, there is no need to 
provide lengthy descriptions of the methodology. Attention should be drawn to any deviations 
from the test guideline, either omissions or significant additions. If in-life examinations such as 
ophthalmoscopy and blood sampling are performed at multiple time points, these time points 
should be identified.  

 Studies performed before the implementation of good laboratory practice (GLP) will be 
considered on a case-by-case basis, with careful consideration of the quality and 
appropriateness of the studies.  
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 JECFA style is to use free-flowing text rather than large numbers of subheadings for each 
particular level of investigation. 

 WHO house style uses a mix of British and North American spellings. Examples of spellings 
of some commonly used words in JECFA monographs are as follows: anaesthetize, analyse, 
antimicrobial, caesarean, centre, coenzyme, colour, cooperate, criticize, decision-making, 
diarrhoea, end-point, estrogen, et al., etiology, faeces, feed (for animals, not food), fetus, 
haemoglobin, homepage, hypocalcaemia, in vitro, in vivo, leukocyte, litre (L, not l), meta-
analysis, metabolize, modelled, neurobehavioural, oedema, oesophagus, oxidize, paralyse, 
pharmacopoeia, postmortem, postnatal, postpartum, pretreatment, programme, re-examine, 
reopen, side-effect, subgroup, sublethal, sulfur, tumour, webpage, website, worldwide, X-ray. 

 Abbreviations are defined the first time they are used in the text; thereafter, only the 
abbreviation is used. A list of abbreviations should be prepared for each monograph. This list 
will be incorporated by the editor into an overall list of abbreviations for all monographs 
published after the meeting. 

 Monographs will be edited according to the most recent version of the WHO style guide. 
Monographers can request a copy of the WHO style guide from the WHO Joint Secretary. 

 

2.3 Detailed content of the monograph 

As mentioned above, the monograph or monograph addendum should contain sufficient information 
to permit all the details required for the report item to be identified and independently confirmed. If a 
monographer is in doubt about whether to include extra detail, it should be added to the monograph 
so that it is available for others to see; it can always be deleted following discussion at the meeting. 

Until the final changes are made by the monographer at the end of the meeting, the monograph is a 
draft document to support the discussion. It is therefore often helpful to include comment boxes or 
highlighted text that draws attention to potentially important or contentious aspects of the evaluation, 
as long as these are subsequently deleted. It is important for the monographer to recognize that the 
final monograph is the product of the Committee and not of the monographer.   

If no studies were available for one of the main headings in the template, this should be noted in the 
full monograph (“No information was found.”). In a monograph addendum, only those headings with 
information available need to be included. 

For monograph addenda, it may not always be sufficient just to consider new data, especially if there 
have been changes in evaluation criteria since the last evaluation. An appropriate description of any 
such studies that were considered in the present evaluation should be included in the monograph 
addendum. Sometimes, it may be sufficient to copy and paste relevant sections from the previous 
monograph, in which case they should be so indicated (e.g. indented, italics, smaller font size, 
quotation marks). 

Generally, the approach to the safety evaluations of flavouring agents (all of which belong to groups 
of flavouring agents that have been previously evaluated) includes the following steps (note that these 
steps have not been numbered to reinforce the fact that they are not directly related to the steps of 
the Procedure for the Safety Evaluation of Flavouring Agents or to the various sections in the 
monograph): 
 

 Confirm that the flavouring agents submitted for evaluation belong in the group to which they 
have been assigned (FAO). 

 Identify and review previous evaluations of the group of flavouring agents. 

 Determine the current level of dietary exposure to each additional flavouring agent and 
combined intake for the amended group (i.e. the previously evaluated plus the additional 
flavouring agents). 

 Confirm structural class assignments for each of the additional flavouring agents (FAO). 

 Review new or additional information on metabolism, toxicity and special studies. 

 Reconsider the original safety evaluation for the group and determine whether significant 
changes are indicated. 

 Prepare specifications for each of the additional flavouring agents (FAO). 
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 Prepare tables for the additional flavouring agents, including Table 1 (summary of the results 
of the safety evaluations), Table 2 (annual volumes of production and daily dietary exposures) 
and other tables as needed. 

 Draft the appropriate documentation (i.e. monograph, monograph addendum or report item 
only). 

 
Details that should appear in each section of the monograph or monograph addendum are described 
in the following sections. Note that the section numbering used for the headings (shown in red) is that 
used in the actual monograph (see also Annex 1). A table of contents generated from the final 
headings used in the monograph should be included on the first page of the monograph, below the 
title, authors and authors’ affiliations. All individuals contributing to the preparation of the monograph 
for the meeting should be listed as authors. As the end product reflects the discussion of the 
Committee at the meeting, the listing of authors is preceded by the phrase “First draft prepared by”. 

Authors may refer to recently published monographs on flavouring agents for examples of formatting 
and content (e.g. seventy-ninth meeting: http://apps.who.int/iris/bitstream/10665/171781/3/ 
9789240693982_eng.pdf?ua=1). However, it is noted that, at the time of publication of this guidance 
document, no monographs have been published in which flavouring agents have been evaluated 
using the revised Procedure for the Safety Evaluation of Flavouring Agents. 

 
2.3.1 Evaluation 

1. Evaluation 

 This part of the monograph will form the basis for the report item. The editor will insert the 
final version of the Evaluation section (following the adoption of the meeting report) into the 
final draft of the monograph.  

 References should be included in the Evaluation section. All references will be retained in 
both the meeting report and the monograph (new as of the eighty-second meeting of JECFA). 

 

1.1 Introduction 

 In the first paragraph of the Introduction, the chemical characteristics of the additional 
flavouring agents that qualify them for membership in the group are described. The flavouring 
agents are not named in this section, but are identified using only their JECFA numbers. 

 Example: The Committee evaluated a group of flavouring agents consisting of 20 aliphatic 
branched-chain saturated and unsaturated alcohols, aldehydes, acids and related esters. The 
group included two alcohols (Nos 1830 and 1832), two aldehydes (Nos 1817 and 1819), two 
acids (Nos 1818 and 1825) and 14 related esters (Nos 1815, 1816, 1820–1824, 1826–1829, 
1831, 1833 and 1834). 

 If a flavouring agent was submitted for evaluation but the Committee considered that it did not 
belong to the group of flavouring agents under consideration and it was therefore not further 
considered, this should be stated in the first paragraph. 

 The first paragraph usually ends with the following statement: 

The evaluations were conducted according to the revised Procedure for the Safety Evaluation 
of Flavouring Agents (Annex 1, reference 131). None of these flavouring agents has 
previously been evaluated by the Committee. 

Note that the editor can add a cross-reference to Fig. 1 in the Introduction (before the cross-
reference to Annex 1, reference 131) when compiling the monographs for publication. 

 In the second paragraph of the Introduction, previous evaluations of the flavouring agent 
group under consideration (available at http://www.who.int/foodsafety/publications/jecfa/en/) 
are identified and summarized briefly. If there have been several previous evaluations, it may 
be necessary to include additional paragraphs. 

 Previous evaluations of the group of flavouring agents should be referenced by number 
using the standardized reference list of JECFA publications, which may be found in Annex 1 of 
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recent JECFA reports (WHO Technical Report Series; the blue book) and toxicological 
evaluations (WHO Food Additives Series; the yellow book). Thus, the report of the seventy-
seventh meeting on certain food additives and contaminants would be referenced as (Annex 
1, reference 214), and the monographs prepared after the seventy-seventh meeting would 
be referenced as (Annex 1, reference 215).  

 Authors are requested to search the literature for new safety information relevant to the group 
that has been published since the previous evaluations were conducted. Any additional 
studies identified that are included in the evaluation should be noted. 

 The final paragraph of the Introduction notes whether any of the flavouring agents 
evaluated have been reported to occur naturally in foods (e.g. Five of the eight flavouring 
agents in this group are natural components of foods; they have been detected in berries, 
coffee and meats (CIVO-TNO, 1996)). Relevant details, such as quantitative estimates and 
consumption ratios, should be included only in section 2.2 on Additional considerations 
on dietary exposure. 

 

1.2 Assessment of dietary exposure 

 In the first paragraph, the total annual volumes of production of the additional flavouring 
agents in the group in Europe, the United States of America (USA) and Japan are given. The 
flavouring agent with the largest contribution to the total annual production volume in each 
country/region is also identified. 

 When specific flavouring agents are referred to in this section, both the chemical name and 
the JECFA number in parentheses are given. 

 The second paragraph usually begins with the following statement: “Dietary exposures were 
estimated using the maximized survey-derived intake (MSDI) method and the single-portion 
exposure technique (SPET), with the highest values reported in Table 1.” The highest 
estimated dietary exposure is then given, as well as a statement as to whether it was derived 
using the MSDI method or the SPET and the food from which it was obtained. The range of 
estimated daily dietary exposures for the other flavouring agents is also provided, as well as 
the method yielding the highest estimates. 

 Detailed information on calculations using the MSDI method and the SPET is included in 
section 4.1. 

 Table 1 is a summary of the results of the safety evaluations of the additional flavouring 
agents in the group. Examples of Table 1 are provided in Annex 2. Detailed instructions on 
the format and content of Table 1 are included in Annex 3.  

 

1.3 Absorption, distribution, metabolism and excretion 

 The most pertinent new information and data provided in section 2.3.1 (Biochemical 
aspects: hydrolysis, absorption, distribution, metabolism and excretion) is 
summarized here. 

 In some cases, all of the available information on absorption, distribution, metabolism and 
excretion may be included in this section, in which case there will be no need to include 
section 2.3.1. 
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(1.4 Flavouring agent(s) not evaluated according to the Procedure for the 
Safety Evaluation of Flavouring Agents 

 Where appropriate (e.g. when considerations on genotoxicity suggest that it is not 
appropriate to evaluate a flavouring agent according to the Procedure), the relevant 
information on the end-point of concern is summarized here, together with a conclusion (e.g. 
The Committee concluded that the Procedure cannot be applied to No. 2069 until the 
concerns regarding genotoxicity are resolved). For an example of this section, refer to section 
4.1.2 of the meeting report of the eighty-second JECFA (FAO/WHO, 2016). 

 If this section is needed, the remaining sections below are renumbered accordingly. ) 

 

1.4 Application of the Procedure for the Safety Evaluation of Flavouring 
Agents 

 The Procedure for the Safety Evaluation of Flavouring Agents (illustrated in Fig. 1) was 
revised by the eighty-second meeting of JECFA (FAO/WHO, 2016). The Committee at that 
meeting concluded that the revised Procedure should be applied in its future evaluations. All 
further reference to “the Procedure” in the main body of this guidance document is to the 
revised Procedure. 

 The Procedure must be applied to each individual flavouring agent in the group. 

 As with any safety evaluation, scientific judgement is necessary and should be used in 
applying the Procedure.  

 A step-by-step evaluation is provided for all individual members of the group. Wording that is 
the same as the wording of the questions that are asked in applying the Procedure should be 
used. 

 Flavouring agents are identified only by number in this section until step 5 of the Procedure, 
when toxicological data for individual flavouring agents are described. 

 Step 1 of the Procedure is to determine whether there are structural alerts for genotoxicity or 
chemical-specific genotoxicity data indicating that the flavouring agent has the potential to be 
a DNA-reactive carcinogen, based on the weight of evidence. If the response is “Yes”, the 
Procedure cannot be applied to the flavouring agent. 

 Step 2 of the Procedure is to assign the flavouring agents to structural classes. The structural 
classes (Cramer, Ford & Hall, 1978) are as follows:  

 Class I. Flavouring agents that have simple chemical structures and efficient modes of 
metabolism that would suggest a low order of toxicity by the oral route. 

 Class II. Flavouring agents 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 III. Flavouring agents that have structural features that permit no strong initial 
presumption of safety or may even suggest significant toxicity. 

 Step 3 of the Procedure is to determine dietary exposure to the flavouring agent using both 
the MSDI method and the SPET. The higher of the highest MSDI and the SPET estimates for 
each flavouring agent is used as the estimated dietary exposure in step 4 of the Procedure 
(see section 4.1). 

 For step 3, dietary exposure should be expressed in units of both µg/day and µg/kg bw per 
day in order to facilitate the comparison of dietary exposure with the NOAEL or no-observed-
effect level (NOEL). The values used for dietary exposure should be those given in Table 2.  

 In step 4 of the Procedure, the highest dietary exposure estimate is compared with the TTC 
value for the relevant structural class. If the dietary exposure estimate does not exceed the 
TTC value, the Committee would conclude that the flavouring agent would not be expected to 
be of safety concern at current estimated dietary exposures. If the dietary exposure estimate 
exceeds the TTC value, the evaluation continues to step 5 of the Procedure. 
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 Step 5 of the Procedure determines whether a NOAEL exists for the flavouring agent or a 
structurally related substance that provides an adequate margin of exposure. 

 For step 5 of the Procedure, only pivotal toxicity data, as required, should be presented. 
Study details should be provided in section 2.3.2 of the monograph (see below) for all 
available studies, whether they are pivotal to the evaluation or not. 

 When deciding on the adequacy of the margin of exposure, the following questions should be 
taken into consideration: 

o What is the overall strength of the database?  
o Is the margin of exposure based on a NOAEL for the flavouring agent or for a structurally 

related substance?  
o What is the effect on which the NOAEL is based? 
o Is the NOAEL the highest dose tested or identified from a single-dose study? 
o What is the duration of the study from which the NOAEL is identified? 

If the overall database is considered, based on expert judgement, to be sufficiently robust, an 
MOE that accommodates at least a default safety factor as used in the assessment of food 
additives may be sufficient to conclude that the flavouring agent would not be expected to be 
a safety concern at current estimated levels of dietary exposure.  

 The approximate margin of exposure should be provided (e.g. >10 000 times) in step 5. Up to 
two significant figures can be used for the margin of exposure. 

 Additional data (i.e. toxicological and/or updated dietary exposure data) will be required to 
perform the safety evaluation at a later date only if the highest dietary exposure estimate is 
above the TTC and a comparison of the estimated dietary exposure with the NOAEL/NOEL of 
the flavouring agent or a similar substance does not result in an adequate margin of exposure.  

 The section usually ends with the following statement: Table 1 summarizes the evaluations 
of the four XXX (Nos x–y) in this group of flavouring agents. 

 Information pertinent to the old Procedure has been collected in Annex 7 for historical 
reference. 
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Fig. 1 
Revised Procedure for the Safety Evaluation of Flavouring Agent 
 
 

 

4. Does the highest of the predicted dietary exposure estimates exceed 
the TTC value for that structural class? 

Cramer class I: 1800 µg/person per day (30 µg/kg bw per day) 
Cramer class II:  540 µg/person per day (9 µg/kg bw per day) 
Cramer class III:   90 µg/person per day (1.5 µg/kg bw per day) 

1. Are there structural alerts for genotoxicity or 
chemical-specific genotoxicity data indicating that 
the flavouring agent has the potential to be a DNA-
reactive carcinogen, based on the weight of 
evidence? 

3. Determine dietary exposure using both the MSDI 
method and the SPET 

5. Does a NOAEL exist for the flavouring agent or a 
structurally related substance that provides an 

adequate margin of exposure? 

NO 

YES 

YES 

NO 

NO 

Do not use the 
Procedure 

YES 

The flavouring agent would 
not be expected to be a 

safety concern at current 
estimated dietary exposures 

2. Determine the structural class according to the 
Cramer et al. decision scheme 

Additional toxicological data and/or updated data 
for dietary exposure are required before a further 

assessment can be conducted and a conclusion on 
safety can be reached 
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1.5 Consideration of combined intakes from use as flavouring agents 

 Following the introduction of the SPET as a dietary exposure assessment method for 
flavouring agents, the Committee concluded at the sixty-ninth meeting (FAO/WHO, 2009) that 
the MSDI values should be used for calculating the combined intake (i.e. combined dietary 
exposures). 

 At the sixty-eighth meeting (FAO/WHO, 2007b), the Committee decided that the safety 
assessment of possible combined intakes of flavouring agents should be based on the 
combined exposure to a common metabolite on a molar basis or to a homologous series, and 
no longer on a simple addition of intakes of all flavouring agents in the group. For each 
common metabolite or homologous series, the intake estimates for about four or five 
flavouring agents with the highest intakes are summed.  

 The calculated combined intake is compared with the threshold of concern for the structural 
class of the common metabolite or the highest structural class relevant to the homologous 
series. The Committee at its seventh-third meeting (FAO/WHO, 2011) recommended that the 
following screening assessments could be used to determine whether data on combined 
intake were necessary:  

1. Many of the MSDIs for additional groups of flavouring agents are very low. Evaluation of 
combined intake is not necessary if the highest MSDI value in the additional group is less 
than 20 µg/day, because the combined intake for the highest four or five intakes would 
not exceed the lowest threshold of concern (90 µg/day for structural class III).  

2. When an additional group contains flavouring agents with low MSDIs compared with 
flavouring agents in the same group evaluated previously, consideration of combined 
intake is not necessary, because it can be concluded that the additional flavouring agents 
would not contribute significantly to the combined intake of the flavouring group. 

3. If the highest MSDI value in an additional group of flavouring agents is greater than 20 
µg/day, then identification of a common metabolite or homologous series should be 
undertaken, but calculation of the combined intake would not be necessary if the highest 
MSDI is less than 20% of the relevant threshold of concern, because the combined intake 
for the highest four or five intakes would not exceed the relevant threshold of concern. 

 Where consideration of combined intakes is not deemed necessary, the section concludes 
with the following statement: Consideration of combined intake is not deemed necessary, 
because these additional flavouring agents would not contribute significantly to the 
combined intake of this flavouring group. 

 

1.6 Consideration of secondary components 

 The specifications for each of the additional flavouring agents (prepared by FAO experts) 
need to be considered to determine whether the minimum assay value of the primary 
flavouring agent is less than 95%. 

 In such a case, the significance of the secondary components (usually with reference to 
previous evaluations of the Committee) must be considered in terms of safety concern at 
current estimated dietary exposures. 

 Reference is made to Annex 5 (Summary of the safety evaluation of secondary components 
for flavouring agents with minimum assay values of less than 95%) in the monograph. 

 Annex 5 can be prepared by the sponsor or, if it has not been provided by the sponsor in a 
timely fashion, by the monographer with the help of FAO experts. 
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(1.7 Consideration of additional data on previously evaluated flavouring agents 

 This section is under development following recommendations of the 82
nd

 JECFA meeting, 
For examples on this section please refer to the 82

nd
 meeting report 

http://apps.who.int/iris/bitstream/10665/250277/1/9789241210003-eng.pdf?ua=1 ) 

 

1.8 Conclusions 

 The first paragraph of the Conclusions notes the types of studies that were available in 
previous evaluations of the group of flavouring agents and whether any safety concerns were 
raised. It also notes the types of studies that were available for the current evaluation and 
whether the results of these studies supported the previous evaluations or whether 
significant changes are indicated. 

 The second paragraph of the Conclusions section is a concluding statement.  

Examples:  

The Committee concluded that none of the seven flavouring agents evaluated at the present 
meeting, which are additions to the group of miscellaneous nitrogen-containing substances 
evaluated previously, raise any safety concerns at current estimated dietary exposures. 

or 

The Committee concluded that two of these three flavouring agents (Nos 2186 and 2187), 
which are additions to the group of ionones and structurally related substances evaluated 
previously, would not give rise to safety concerns at current estimated dietary exposures. For 
trans-α-damascone (No. 2188), the Committee requires additional toxicological and/or dietary 
exposure information in order to complete the evaluation.  

 

2.3.2 Relevant background information 

2. Relevant background information 

 This section contains summarized descriptions of studies that are important for assessing the 
safety of the flavouring agents. Studies that provide the basis for the safety evaluations 
should be summarized in greater detail than other studies.  

 

2.1 Explanation 

 This section normally includes only an introductory sentence. For example: This monograph 
addendum summarizes key aspects relevant to the safety evaluation of seven [name of 
flavouring group], which are additions to the group of [no.] flavouring agents evaluated 
previously by the Committee at its xxth and xxth meetings (Annex 1, references XX and YY). 

 

2.2 Additional considerations on dietary exposure 

 Quantitative information on natural occurrence in foods and consumption ratios can be given 
here. 

 The second paragraph of this section will normally read as follows: Annual volumes of 
production of this group of flavouring agents as well as the daily dietary exposures calculated 
using both the MSDI method and the SPET are summarized in Table 2. This paragraph (and 
Table 2) are included in the meeting report item only if a monograph or monograph 
addendum has not been prepared. 

 Examples of Table 2 are included in Annex 2. 

http://apps.who.int/iris/bitstream/10665/250277/1/9789241210003-eng.pdf?ua=1
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 Where there is no additional information on dietary exposure, the statement “There is no 
additional information on estimated dietary exposures.” can be used. 

 

2.3 Biological data 

 Single paragraphs composed of one-sentence summaries may be sufficient for reporting the 
results of studies of limited design or minor relevance for the evaluation. 

 Biological data should be grouped under two headings: 1) Biochemical aspects: 
absorption, distribution, metabolism and excretion and 2) Toxicological studies.  

 Only subheadings for which information is available need to be included under 
Toxicological studies. 

 Within each subsection, each flavouring agent for which there are data should be discussed 
separately using the name of the flavouring agent and its JECFA number as a heading. 

 Species information is provided in order from smallest to largest species. Headings for each 
species should be included when more than one species is discussed ((a) Mice, (b) Rats, (c) 
Hamsters, (d) Rabbits, (e) Dogs, (f) Pigs, (g) Monkeys), but no species heading is necessary 
(although it can be inserted if desired) if only one species is discussed. It should be noted that 
“monkeys” comprise a higher phylogenetic grouping than species, and the individual species 
(e.g. cynomolgus, rhesus) should be specified. 

 It is appropriate to use tables to summarize biochemical data and toxicological studies (see 
Annex 2 for examples). 

 

2.3.1 Biochemical aspects: absorption, distribution, metabolism and excretion 

 In some cases, all the information on absorption, distribution, metabolism and excretion will 
be included in section 1.3, in which case the information should not be repeated in this 
section. The statement “No additional information was found.” could be used. 

 Information in this section should be drawn primarily from studies on experimental animals, 
such as mice, rats, rabbits and dogs. Information on pharmacokinetics in animals such as 
cows, goats, horses and poultry can be included where relevant.  

 For each study, details on the position and type of radiolabel used, test species, sex and 
number of animals, dose levels used, route of exposure and any sex differences should be 
provided. 

 Information in this section includes: 

o hydrolysis/metabolism of the parent compound and its products in the mammalian 
gastrointestinal tract (including products of metabolism by the gut microflora) (distinguish 
between hydrolysis/metabolism before absorption and of biliary excretion products); 

o absorption/bioavailability of the unchanged compound and its hydrolysis 
products/intestinal metabolites; 

o pattern and rate of distribution of absorbed substances to tissues and organs within the 
animal; 

o mode and rate of excretion or elimination of the parent compound or radiolabel and its 
identified intestinal metabolites; 

o metabolism of the parent compound, if absorbed as such, and of its products if they are 
not normal dietary or body constituents; 

o information on the metabolite profile and on the mode and rate of excretion or 
elimination of identified metabolites.  

 When considering flavouring agents with complicated chemical structures, figures providing 
metabolic schemes may be provided in this section. 

 

2.3.2 Toxicological studies 
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 This section contains summarized descriptions of toxicological studies that are important for 
assessing the safety of the group of flavouring agents as well as those studies that are not 
pivotal to the evaluation.  

 Five main categories of studies on flavouring agents may be included: Acute toxicity, Short-
term studies of toxicity, Long-term studies of toxicity and carcinogenicity, Genotoxicity 
and Reproductive and developmental toxicity. Sometimes these routine studies point 
towards the need to look at particular target organs or tissues; these additional relevant 
studies are given their own headings (e.g. Cardiotoxicity), as appropriate.  

 Studies that provide the basis for the evaluation should be summarized in greater detail than 
other studies. Single paragraphs composed of one-sentence summaries may be sufficient for 
reporting the results of studies of limited design or minor relevance for the evaluation. 

 The study conclusions should be summarized in this section. If the person who arrived at the 
conclusion is not identified, it is assumed that it is the author(s) of the study and that the 
monographer agrees with the conclusions. When the monographer disagrees with the 
conclusions of the study author(s), he or she should discuss the contentious issues and 
present his or her own conclusions as a separate paragraph, to flag the issue for discussion 
by the Committee. In the final monograph, the paragraph concludes with the Committee’s 
conclusion and determination of the NOAEL and the study reference. 

 When adjacent paragraphs summarize different studies under the same heading, an extra 
space should be left between them. However, an extra space should not be left between 
paragraphs when they both describe the same study. 

 The GLP status of the study, along with the relevant authority, should be indicated. If there is 
no GLP certification, the monographer should at least note whether the study was inspected 
by a quality assurance (QA) unit, as noted by the presence of a signed QA statement, and 
make some comment on the apparent quality of the protocol and adequacy of the methods 
used. In addition, whenever the study author provides information on the test guideline or 
protocol that was followed, it should be so indicated.  

 General study details that should be provided for each toxicological study described in the 
monograph include the following: 

o purpose or objective of the study; 
o identity, specification and purity of the test material and its batch and/or lot number; 
o species and strain of animal used; 
o the method of dosing (e.g. gavage, capsule, variable dietary concentration);  
o vehicles used for gavage studies (and if there appear to be any findings that change with 

different vehicles); if the vehicle is not provided, it will be assumed to be water; 
o sex and number of animals in each group (if there are satellite groups, numbers for the 

main group and satellites are given separately); 
o whether a study is non-guideline or a range-finding study with limited investigations. In 

such cases, a conclusion on the value of the study in evaluating the toxicological profile of 
the compound (e.g. provides useful information on repeated-dose effects; end-points 
studied too limited to provide useful information) can be provided; 

o any additions to the standard test protocol, such as measurement of specified hormone 
levels or evaluation of toxicokinetics during the dosing period; 

o all the administered dose levels, including 0 for controls; for dietary studies, this should 
include both mg/kg feed values (even if originally given as parts per million or percentage 
of contaminant in the diet) and the equivalent mg/kg bw per day dose for both males and 
females. If the author of a study presents administration levels in terms of “mg/animal per 
day”, these values should be converted to mg/kg bw per day using animal weights if they 
are included in the report; 

o whether the study used dose patterns that did not involve dosing every day (e.g. 5 
days/week rather than 7 days/week). If so, it should be checked whether the stated dose 
levels are given only for the days of dosing or averaged over the whole duration of the 
study. JECFA gives dose levels averaged over the entire study duration; 

o whether there were any complications associated with dosing, such as solubility, stability 
and palatability; 

o duration of the study; 
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o details of any recovery group (e.g. numbers, duration of dosing, interval between last 
dose and termination, extent of investigation of animals in this group); 

o any mortalities seen during the study, both in treated and in control groups, and 
information on the causes of mortality, if known (e.g. dosing errors in gavage studies, 
which are not compound related); 

o description of compound-related findings, if any, identifying the effect, its severity or 
magnitude and, for dichotomous data, an indication of the number of animals affected. 
This information is often presented in tabular form. If no significant effects were seen at a 
particular dose level, a simple statement to that effect should be made; 

o whether there is dose-dependency of the findings and if not, whether there is any 
explanation for this; 

o relevant information on historical control data, if available, where this may help in the 
interpretation of the findings (e.g. marginal effects at highest dose, incidence in controls is 
particularly high or low); 

o statistical significance of an effect if the effect is biologically or toxicologically relevant;  
o any findings that are statistically significant but are discounted as not adverse or not 

relevant to a human risk assessment; 
o anything else of note in the study (e.g. high morbidity in controls); 
o the POD, such as the NOAEL (if one was identified), and the critical findings on which the 

POD was based (e.g. at the LOAEL), given at the end of the study description;  
o study authors’ conclusions and conclusions of the monographer, if different; 
o the author(s) and date of preparation of the study report, given at the very end of the 

study description (even if already cited at the beginning of the study description). 
 

 Any relevant information that is identified in the peer-reviewed literature that provides insight 
into the toxicity of the compound additional to that provided by the studies submitted by the 
sponsor should be summarized under the appropriate heading below. In general, the same 
format should be followed as for a submitted study, highlighting any important details that are 
missing (e.g. details of dosing regimen) and also any observations additional to those that 
might be found in a typical guideline study, which may be of value in evaluating the compound. 

 As noted above, if studies on more than one animal species are summarized under one 
heading, then the studies should be grouped in such a way that studies in smaller rodent 
species are listed first, with larger species and species more closely related to humans last. 

 

(a) Acute toxicity  

 In most cases, a brief table summarizing the range of mean lethal doses (LD50 values) in 
various species will be adequate. 

 When three or more LD50 determinations by the same route in the same species are available, 
the results may be expressed as a range in which the lowest to the highest values are 
recorded. 

 Other acute toxicity data important to the evaluation, such as the nature of toxicity, clinical 
signs and target tissues, may be presented in summary form as text or in table notes below 
the table. 

 

(b) Short-term studies of toxicity 

 Toxicological studies in which flavouring agents are administered in regularly repeated doses 
over periods ranging up to, but not including, one year for most small animal species and up 
to, but not including, two years for dogs and primates should be summarized in this section. 

 These studies, when properly performed, provide important information regarding the major 
toxic effect(s) of the test substance and its dose–response relationships. Short-term studies of 
toxicity are often performed to ensure proper dose selection in long-term studies of toxicity, 
and they can point towards target tissues and organs. In some cases, short-term studies of 
toxicity can help clarify lowest-effect dose levels for effects observed in long-term studies of 
toxicity, and they can provide retrospective information that is useful for the interpretation of 
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long-term studies of toxicity and carcinogenicity (e.g. early signs of toxicity in the kidney or 
liver when tumours appear in these organs after long-term exposure to the test substance).  

 It can be useful to comment on findings that were not seen in a study if they were seen in 
another similar study. For example, if a certain effect was seen in a 28-day rat study, it would 
be expected that it would also be present in the 90-day study at similar, or lower, dose levels.  

 Any findings that were considered not relevant to humans and the reasons why (e.g. kidney 
findings in male rats only, supported by investigations of α2u-microglobulin) should be 
indicated.  

 

(c) Long-term studies of toxicity and carcinogenicity 

 Toxicological studies in which flavouring agents are administered in regularly repeated doses 
or continuously in food or drinking-water over the greater part of the normal lifespan of the 
animal species (i.e. one year or more for most small animal species, in line with OECD test 
guidelines, and two years or more for dogs and primates) are summarized in this section. 
These studies are used for detecting chronic effects that are not observed in shorter-term 
studies or that show progression with duration of dosing. Long-term studies that are designed 
to investigate specific effects, such as carcinogenicity, should be included in this section. 
Often long-term studies, particularly in rats, are designed to assess both chronic toxicity and 
carcinogenicity. 

 Because certain animal strains have high background levels or susceptibilities to developing 
certain tumour types, it is important to give the strain details (but note that the strain is not 
given in the meeting report unless the effect is strain specific). 

 If the nature of the dose–response relationship is not clear (e.g. response is marginal and is 
not monotonic) or there is concern about the incidence level in the controls, historical control 
data should be provided. These should be requested from the sponsor, if necessary. 

 It should be indicated whether the survival rate is adequate in the top-dose animals (there 
should normally be a minimum of 25 animals [50% of a standard group size of 50] in each 
group surviving to termination). If survival did not meet this level, it should be indicated 
whether the deaths were mainly towards the last few weeks of the study and whether survival 
was adequate to enable the various end-points in the study to be assessed.  

 It should be noted whether there is any indication of findings occurring earlier in treated 
animals. This can be important for lesions that have a high background incidence and in 
interpreting some long-term effects. 

 General study details that should be provided for each toxicological study are given above. In 
addition, types of observations made (e.g. mortality, feed and water consumption, body 
weight, haematology, clinical chemistry, urine analysis, ophthalmoscopy examinations, 
physical/neurological examinations, functional observational batteries, clinical signs, organ 
weights, gross pathology and histopathology) and any other information about the design of 
the study considered to be noteworthy should be provided. When histopathological 
examinations were performed, the tissues that were examined should be indicated, along with 
the identification of tissues that were of particular interest to the evaluation and whether only 
certain dose groups were investigated. 

 Negative findings should be limited to general statements on survival, growth, organ weights, 
tumour incidence, organ function tests, and gross and microscopic appearance of tissues. In 
particular, if there were no compound-related increases in tumour incidences, a clear 
statement should be made. 

 

(d) Genotoxicity  

 Data from an appropriate range of in vitro and in vivo genotoxicity tests can be useful in 
elucidating the mechanism of toxicity of certain compounds. The results of these studies are 
also considered when evaluating the results of rodent carcinogenicity bioassays and when 
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determining whether an in vivo carcinogenicity bioassay was necessary to enable adequate 
assessment of the carcinogenic potential of a compound.  

 To present the data in a more understandable form and to conserve space, the results of 
genotoxicity tests should be tabulated. Annex 2 provides examples of the tabular 
representation of such data. 

 Where the results of a particular genotoxicity study were considered positive or equivocal (e.g. 
colony counts, size of colony, survival rates or aberrant cell numbers), the study can be 
described in more detail in textual form or in table notes below the summary table. 

 An interpretative discussion of the data from genotoxicity studies should be provided in the 
text. 

 

(e) Reproductive and developmental toxicity 

(i) Multigeneration reproductive toxicity  

 Multigeneration reproductive toxicity studies provide general information on the effects of the 
test substance on gonadal function, estrous cycles, mating behaviour, conception, 
parturition, lactation, and growth and development of the offspring until the age of weaning.  

 With dietary exposures at constant milligrams per kilogram feed concentrations, the achieved 
intakes vary greatly with reproductive stage. Achieved intakes are normally determined for 
various stages of the study (e.g. premating, lactation). When determining NOAELs, JECFA 
policy is to use the lowest achieved intake of any of the measured stages, unless a critical 
stage and associated intake can be determined.  

 Data should be presented for each stage and generation separately (e.g. parental generation 
for first generation, first mating pups, parental generation for second generation, etc.). Some 
indication of whether findings were consistent across the generations should be provided 
subsequently. 

 It should be indicated whether litters were standardized in size at around day 4. 

 If pup weights are different in treated groups, it should be determined if this relates to litter 
size and if there are effects on total litter weight.  

 If pup mortality is increased in treated groups, it should be determined if there were more 
pups in the litters to start with (e.g. control litter mean of 10.8 pups with 0.9 dying gives 9.9 
alive; test group mean of 12.1 pups with 2.1 dying might be statistically significant, but still 
gives 10.0 alive, more than in controls). 

 For developmental end-points (e.g. tooth eruption), it should be determined if there are effects 
on the time to achievement; the body weight at that time should also be checked.  

 PODs, usually NOAELs, should be identified for reproductive toxicity (e.g. impairment of 
fertility, parturition, lactation), parental toxicity (usually systemic toxicity, such as effects on 
body weight or feed consumption) and offspring toxicity (e.g. effects on pup body weight or 
pup viability). 

 

(ii) Developmental toxicity  

 Developmental toxicity studies are used for assessing effects on the developing organism, 
which may include death of the developing organism, structural abnormalities, altered 
growth or functional deficiencies. 

 The days of dosing should be indicated (i.e. which days of gestation). 

 Details of the investigative techniques (e.g. dissection, staining, X-ray) and the proportion of 
fetuses being examined by each technique should be given. 

 If a range-finding study has been submitted, it can be described separately if there are 
important findings. If it adds nothing to the discussions, it can just be mentioned in the 
introduction to the main study. 
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 The unit for statistical comparison in developmental toxicity studies is the litter, not the 
individual fetus. Hence, when statistically significant differences are reported in incidences 
relative to the total number of fetuses per dose group, the monographer should check 
whether such differences are also apparent when the results are expressed per litter. 

 If there are developmental anomalies in the main test, it should be determined if they were 
seen in the range-finding study as well (if submitted). Range-finding studies normally include 
only limited examinations of maternal toxicity, external malformations and fetal viability. 

 It should be indicated whether there were any increases in malformations, even at maternally 
toxic doses. 

 PODs, usually NOAELs, should be identified for maternal toxicity (usually systemic toxicity, 
such as effects on body weight or feed consumption) and for embryo and fetal toxicity (e.g. 
effects on fetal weight, fetal mortality, incidence of skeletal and visceral anomalies or variants). 

 

2.2.6 [Special studies; specify type of study] 

 Special studies, when relevant and submitted by the sponsor in support of the safety 
evaluation of the flavouring agents, should be reviewed. 

 Examples of such studies for flavouring agents include allergenicity, cardiotoxicity, 
immunotoxicity and neurotoxicity. 

 It is important for the monographer to be aware that special studies do not typically follow 
specific well-established protocols, but rather are designed to resolve particular scientific 
issues and concerns, and protocols may vary from study to study; hence, no specific 
guidance is included here.  

 General study details reviewed and described by the monographer might include the objective 
of the special study, number, species and strain of animals, any details specific to the unique 
special study, the study outcome and its relevance to the end-point being investigated.  

 

2.3.3 References   

3. REFERENCES 

 References should be presented at the end of the monograph; the sponsor should be asked 
to provide the references in the JECFA style. 

 Personal communications and other unpublished information are included in the text, not in 
the reference list (see section 2.2.7).   

 In the reference list itself, all authors should be given if there are six or fewer; if there are 
more than six authors, the first six authors are given, followed by et al. 

 Order of references in reference list: single author by increasing year, two authors 
alphabetically by second author, three authors alphabetically by second or third author, more 
than three authors by increasing year: 

Brown J (1999a). 

Brown J (1999b). 

Brown J (2000). 

Brown J, Jones F (2001). 

Brown J, Smith M (1988). 

Brown J, Jones F, Smith M (2012). 

Brown J, Smith M, Jones F (2010). 

Brown J, Jones F, Smith M, Kennedy B, Lewis M (1999). 

Brown J, Smith M, Kennedy B, Lewis M, Clark T, Jones F et al. (2010). 
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 Abbreviated journal names as given by the United States National Library of Medicine (e.g. 
Am J Toxicol) are used. Note that the abbreviated journal name ends with a period, before the 
volume number. 

 Page ranges use en dashes and are abbreviated (only those digits that change in the higher 
page number are given): e.g. 310–7; 252–66; 296–305. 

 Examples of references in reference list: 

References commonly used in flavouring agent monographs [note: some references will be 
updated from meeting to meeting] 

Cramer GM, Ford RA, Hall RL (1978). Estimation of toxic hazard – a decision tree approach. 
Food Cosmet Toxicol. 16:255–76. 

International Organization of the Flavor Industry (2013a). Global poundage survey 2010. 
Geneva: International Organization of the Flavor Industry.  

International Organization of the Flavor Industry (2013b). Interim inquiry on volume use and 
added use levels for flavoring agents to be presented at the 79th meeting of JECFA. Private 
communication to the Flavor and Extract Manufacturers Association, Washington, DC, USA. 
Submitted to WHO by the International Organization of the Flavor Industry, Brussels, Belgium. 

Nijssen LM, van Ingen-Visscher CA, Donders JJH (2013). Volatile Compounds in Food 14.1 
[database]. Zeist: TNO Triskelion (http://www.vcf-online.nl/VcfHome.cfm). 

Stofberg J, Grundschober F (1987). Consumption ratio and food predominance of flavoring 
materials. Perfumer & Flavorist. 12:27. 

Journal reference 

Dansette PM, Amar C, Smith C, Pons C, Mansuy D (1990). Oxidative activation of the 
thiophene ring by hepatic enzymes. Hydroxylation and formation of electrophilic metabolites 
during metabolism of tienilic acid and its isomer by rat liver microsomes. Biochem Pharmacol. 
39(5):911–8. 

Politano VT, Lewis EM, Hoberman AM, Christian MS, Diener RM, Api A (2007). Evaluation of 
the developmental toxicity of α-iso-methylionone in rats. Int J Toxicol. 26:271–6.  

Book reference 

Hathcock JN (2004). Vitamin and mineral safety, second edition. Washington (DC): Council 
for Responsible Nutrition. 

Simonetti P, Gardana C, Bramati L, Pietta PG (2004). Bioavailability of stevioside from Stevia 
rebaudiana in humans: preliminary report. In: Geuns JMC, Buyse J, editors. Safety of 
stevioside. Heverlee: EUprint; 51–62. 

Unpublished study  

There is room for flexibility in the format of unpublished studies. The essential elements of 
unpublished studies that should be included, where available, are: 

o the name of the author(s) who performed the research work, if provided; 

o the year in which the experimental work was completed; 

o the title of the experimental study (if the title is in a language other than English or 
French, translation of the title into English is preferred); 

o study number, if provided; 

o an indication that the study is unpublished; 

o the name of the institution at which the experimental study was performed; 

o the name of the institution that submitted the report to WHO. 

Examples: 

Bauter MR (2012b). 5,6-Dihydro-2,4,6-tris(2-methylpropyl)4H-1,3,5-dithiazine: a 90-day 
dietary study in rats. Product Safety Labs, Dayton, NJ, USA. Study no. 34089. Unpublished 
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report to the International Organization of the Flavor Industry, Brussels, Belgium. Submitted to 
WHO by the International Organization of the Flavor Industry, Brussels, Belgium. 

Lewis EM (2011b). Oral (gavage) one-generation reproduction study of cyclamen aldehyde 
(2-methyl 3-(p-isopropylphenyl)propionaldehyde) in rats, with an evaluation through sexual 
maturity in the F1 generation. Unpublished report (study no. TIF00032) from Charles River 
Laboratories, Horsham, PA, USA. Submitted to the Research Institute for Fragrance Materials, 
Woodcliff Lake, NJ, USA. Submitted to WHO by the International Organization of the Flavor 
Industry, Brussels, Belgium. 

Richold M, Jones E (1980). Ames metabolic activation test to assess the potential mutagenic 
effect of α-isomethylionone. Project no. 11571. Huntington Research Centre, Huntington, 
Cambridgeshire, England, United Kingdom. Unpublished report (46507) submitted to the 
Research Institute for Fragrance Materials, Woodcliff Lake, NJ, USA. Submitted to WHO by 
the International Organization of the Flavor Industry, Brussels, Belgium. 

Rosner E (1999). Dihydroionone beta: acute oral toxicity in rats. RCC Project 730383. 
Unpublished report (35738) submitted to the Research Institute for Fragrance Materials, 
Woodcliff Lake, NJ, USA. Submitted to WHO by the International Organization of the Flavor 
Industry, Brussels, Belgium. 

Agency report 

EVM (2003). Safe upper levels for vitamins and minerals. London: Food Standards Agency, 
Expert Group on Vitamins and Minerals. 

IARC (1999). Consensus report. In: Capen CC, Dybing E, Rice JM, Wilbourn JD, editors. 
Species differences in thyroid, kidney and urinary bladder carcinogenesis. Lyon: International 
Agency for Research on Cancer (IARC) Press; 1–14 (IARC Scientific Publications No. 147).  

NTP (2010). NTP technical report on the toxicology and carcinogenicity studies of β-myrcene 
(CAS No. 123-35-3) in F344/N rats and B6C3F1 mice (gavage studies). Research Triangle 
Park (NC): United States Department of Health and Human Services, National Institutes of 
Health, National Toxicology Program (NTP Technical Report 557; NIH Publication No. 11-
5898). 

Scientific Committee on Food (2002). Opinion of the Scientific Committee on Food on the 
tolerable upper intake level of preformed vitamin A (retinol and retinol esters), expressed on 
26 September 2002. Brussels: European Commission, Scientific Committee on Food 
(SCF/CS/NUT/UPPLEV/24 Final). 

USEPA (1994). A 90-day subchronic oral toxicity study with PDMS fluid in the mouse. 
Washington (DC): United States Environmental Protection Agency, Office of Toxic 
Substances (EPA/OTS Document No. 86940001392). 

Conference proceedings 

Atta-ur-Rahman, Le Quesne PW, editors (1986). New trends in natural products chemistry. 
Proceedings of the Second International Symposium and Pakistan–U.S. Binational Workshop 
on Natural Products Chemistry, 18–25 January 1986, Karachi, Pakistan. Amsterdam: Elsevier 
Science Publishing Co. (Studies in Organic Chemistry, Vol. 26).  

McGinty D, Api A, Politano VT (2007). Evaluation of α-ionone in an in vivo mouse 
micronucleus test. Presented at the 46th Annual Meeting of the Society of Toxicology, 
Charlotte, NC. Toxicologist. 96(1): Abstract no. 1675.  

Reference in a foreign language (other than French) 

Akashi H, Yokoyama Y (1975). [Security of dried-leaves extracts of stevia – report of 
toxicological test.] Shokuhin Kogyo. 18:34–43 (in Japanese). 

Secondary reference 

Add [cited in reference x] at the end of the reference. 
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Example: 

Buchanan RL, Goldstein S, Budroe JD (1981). Examination of chili pepper and nutmeg 
oleoresins using the Salmonella/mammalian microsome mutagenicity assay. J Food Sci. 
47:330–1 [cited in Johnson, 2007]. 

Reference found online 

Give URLs, with access dates, for as many references as possible, particularly WHO 
products.  

Example: 

Maher D, Ford N (2011). Action on noncommunicable diseases: balancing priorities for 
prevention and care. Bull World Health Organ. 89:547A (http://www.who.int/entity/bulletin/ 
volumes/89/8/11-091967.pdf, accessed 3 August 2011). 

Databases, electronic publications and website references 

Derry S, Moore RA (2012). Topical capsaicin (low concentration) for chronic neuropathic pain 
in adults. Cochrane Database Syst Rev. 9:CD010111. 

WHO Regional Office for Europe (2012). European health for all database [online database]. 
Copenhagen: WHO Regional Office for Europe (http://www.euro.who.int/hfadb, accessed 3 
August 2012). 

HBSC International Coordinating Centre (2012). HBSC: Health behaviour in school-aged 
children: World Health Organization cross-national study [website]. St Andrews: Child & 
Adolescent Health Research Unit, University of St Andrews (http://www.hbsc.org, accessed 
11 October 2012). 

Section of a website 

WHO Regional Office for Europe (2012). Towards a new European public health action plan. 
In: WHO/Europe public health forum [website]. Copenhagen: WHO Regional Office for 
Europe (http://discussion.euro.who.int/forum/topics/towards-a-new-european-public-health-
action-plan, accessed 21 June 2012). 

Online journal 

Garrett L, Chowdhury AMR, Pablos-Mendez A (2009). All for universal health coverage. 
Lancet. 374:1294–9. doi:10.1016/S0140-6736(09)61503-8. 
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Chapter 3: Preparing the report item 

 

 During the first few days of the meeting, the Committee will discuss in detail each 
toxicological monograph, resolving any contentious issues raised by the monographer and 
reaching agreement on the general approach to be taken in evaluating the group of flavouring 
agents. Once agreement has been reached on a way forward, the monographer should 
prepare the first draft of the meeting report item. 

 The monographer prepares the report item during the meeting by following the template 
shown in Annex 3 (the current template will be made available on the computers in the 
meeting room). This involves extracting the Evaluation section from the monograph into the 
meeting report template and modifying it as suggested during initial discussions of the 
Committee. The Evaluation heading is removed, but the rest of the headings from the 
Evaluation section of the monograph remain the same. No numbering is used except for the 
main flavouring agent group heading. 

 Table 1, with references, is included in both the monograph and the meeting report. 

 Table 2 is included in the meeting report (in the section on Assessment of dietary exposure) 
only if no monograph addendum is to be prepared. The paragraph in which Table 2 is cited 
will be added to the Evaluation section by the editor when the monograph is being edited 
(Annual volumes of production of this group of flavouring agents as well as the daily dietary 
exposures calculated using both the MSDI method and the SPET are summarized in Table 
2.).  

 If no monograph addendum is being prepared, the addition of a section entitled Additional 
biochemical aspects and toxicological studies, Additional biochemical aspects or 
Additional toxicological studies may need to be added after the section Application of the 
Procedure for the Safety Evaluation of Flavouring Agents. In this section, detailed 
descriptions of relevant studies evaluated as well as any tables on biochemical aspects, acute 
toxicity, short-term or long-term toxicity and genotoxicity can be included. 

 As of the eighty-second meeting of JECFA (FAO/WHO, 2016), the meeting report item is to 
be fully referenced. The editor will change the references cited in the text to italicized 
numbers (e.g. (1)) for the meeting report. 

 The Conclusions section in the report item ends with the statement: An addendum to the 
monograph was/was not prepared. (This statement is deleted by the editor when the 
Evaluation section is inserted into the final monograph, if a monograph addendum has been 
prepared.)  

 After the (usually) first draft of the report item has been approved by the Committee and any 
comments/revisions have been incorporated by the monographer, the WHO rapporteur 
checks the revisions and, when satisfied, passes the file to the editor. The editor edits the 
draft report item and sends it back to the monographer to check all changes made and to 
answer any questions raised during the editing process. 

 During subsequent discussions on the report item (i.e. after the report item has been edited), 
the editor is responsible for making all necessary revisions onscreen, until the Committee is 
completely satisfied with the report item (referred to as “going to final”). At this point, the editor 
passes the final report item to FAO (usually the FAO rapporteur) for its review and 
incorporates any changes resulting from that review.  

 It is the monographer’s responsibility to keep track of any changes made to the report item 
that will require corresponding changes to the monograph. By the end of the meeting, all such 
changes to the monograph need to have been made so that the two are consistent. An 
electronic version of the final monograph needs to be provided to the editor before the 
monographer leaves the meeting on the final day. 

 Monographers are advised to consult recently published JECFA evaluations for examples of 
appropriately formatted meeting report items. The meeting report of the seventy-sixth meeting 
of the Committee (http://apps.who.int/iris/bitstream/10665/77752/1/WHO_TRS_974_eng.pdf) 
includes several flavouring agent groups for which no monograph addendum was prepared 
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(e.g. saturated aliphatic acyclic branched-chain primary alcohols, aldehydes and acids; simple 
aliphatic and aromatic sulfides and thiols; sulfur-substituted furan derivatives) as well as 12 
flavouring agent groups for which a monograph was prepared. Annex 5 of this guidance 
document also contains an example of a meeting report item. Note that the design of the 
meeting report was recently changed, so the formatting instructions provided in the template 
for the report item in Annex 4 should be followed. Note also that the revised Procedure for the 
Safety Evaluation of Flavouring Agents has not yet been applied to any flavouring agents (as 
of the date of publication of this guidance document), so there may be some variation in 
wording used until a common format has been decided on. A preliminary example of the 
revised Procedure as applied to a previously evaluated groups of flavouring agents is 
provided in Annex 5. 
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Chapter 4: Additional considerations 

 
The EHC monograph entitled Principles and methods for the risk assessment of chemicals in food 
(EHC 240 [IPCS, 2009]) should be referred to for detailed information on safety assessments for 
flavouring agents. 

This chapter includes general considerations relevant to flavouring agents that were discussed at 
meetings of the Committee subsequent to publication of the above monograph. It also highlights 
some relevant definitions and other information from that monograph that are critical in performing 
safety assessments of flavouring agents. 

 

4.1 Use of MSDI method and SPET for estimating dietary exposures 

For calculation of daily dietary exposures, two approaches are applied for each flavouring agent: the 
maximized survey-derived intake (MSDI) method and the single-portion exposure technique (SPET). 
The higher of the results obtained using these two approaches is used in the assessment according 
to the revised Procedure for the Safety Assessment of Flavouring Agents. 

 

4.1.1 Maximized survey-derived intake (MSDI) 

Estimates of the dietary exposure to flavouring agents by populations are based on annual volumes of 
production. These data are derived from surveys in Europe, Japan and the United States of America 
(USA). Manufacturers are requested to exclude use of flavouring agents in pharmaceutical, tobacco 
or cosmetic products when compiling these data. These data are usually submitted through the 
International Organization of the Flavor Industry (IOFI) and the Flavor and Extracts Manufacturing 
Association of the USA (FEMA). 

When using these production volumes to estimate dietary exposures, it is assumed that poundage 
surveys report 80% of the amount used (i.e. a correction factor of 0.8 is applied to account for under-
reporting). It is also assumed that the total amount used in food is consumed by 10% of the 
population.  

The MSDI exposure estimate is therefore calculated as follows:  

MSDI (µg/day) = 
annual volume of production (kg) × 10

9
 (µg/kg) 

population of consumers × 0.8 × 365 days 

The population of consumers is assumed to be 41 × 10
6
 in Europe, 13 × 10

6
 in Japan and 31 × 10

6
 in 

the USA.
5
  

 

4.1.2 Single-portion exposure technique (SPET) 

The SPET was developed by the Committee at its sixty-seventh meeting (FAO/WHO, 2007a) to 
account for presumed patterns of consumer behaviour with respect to food consumption and the 
possible uneven distribution of dietary exposures among consumers of foods containing flavouring 
agents. It is based on reported use levels supplied by the industry. This single portion–derived 
estimate was designed to account for individuals’ brand loyalty to food products and for niche 
products that would be expected to be consumed by only a small proportion of the population. Its use 
in the Procedure was endorsed at the sixty-ninth meeting of the Committee (FAO/WHO, 2009) to 
render the safety assessment more robust, replacing the sole use of MSDI estimates with the higher 
of the highest MSDI or the SPET estimate as the exposure estimate in the Procedure for the Safety 
Evaluation of Flavouring Agents. The Committee also agreed that it would not be necessary to re-
evaluate flavouring agents that had already been assessed previously using the Procedure.  

                                                 
5
 Population counts in 2010 were reported by IOFI to be 410 million for Europe (EU-16 plus Turkey and 

Switzerland), 309 million for the USA and 128 million for Japan (2010 IOFI global poundage survey. Geneva: 
International Organization of the Flavor Industry, IOFI Global Poundage Survey Committee; 2013).  
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The SPET provides an estimate of dietary exposure for an individual who consumes a specific food 
product containing the flavouring agent every day. The SPET combines an average (or usual) added 
use level provided by the flavour industry with a standard portion size from 75 predefined food 
categories (see Annex 6) as described by the Committee at its sixty-seventh meeting (FAO/WHO, 
2007a). The standard portion is taken to represent the mean food consumption for consumers of 
these food categories. Among all the food categories with a reported use level, the calculated dietary 
exposure from the single food category leading to the highest dietary exposure from one portion is 
taken as the SPET estimate:  

SPET (µg/day)  = standard portion size of food category i (g/day) × use level for food category i (µg/g) 

The calculation of a SPET is illustrated below: 

 Food category A Food category B Food category C Food category D Food category E 

Standard portion size 
(g/day) 

200 200 70 40 125 

Flavouring agent use 
level (mg/kg) 

0.1 0.05 0.3 0.4 0.2 

SPET (µg/person per 
day) 

20 10 21 16 25 

 

If flavouring agent X is to be used in five different food categories (A–E, above) at the use levels 
shown, to calculate its SPET, each standard portion is multiplied by the use level. The SPET to be 
used in the Procedure would be 25 µg/day, as this is the highest estimate of dietary exposure from 
one portion. 

The use level data provided by industry for each flavouring agent evaluated at each meeting and used 
in the SPET calculations are available on the WHO JECFA website at 
http://www.who.int/foodsafety/publications/jecfa/en/. 

The safety assessments of the flavouring agents are valid for the use levels and food categories as 
provided by industry. 

 

4.1.3 Application of the dietary exposure estimates in the Procedure 

The higher of the highest MSDI and the SPET estimates is used as the dietary exposure estimate in 
the Procedure for the Safety Evaluation of Flavouring Agents: 

 to evaluate if the dietary exposure is above or below the threshold of toxicological concern 
(TTC) for the structural class. The TTCs for flavouring agents of class I, class II and class III 
are, respectively, 1800, 540 and 90 μg/day.   

 to establish if the margin of exposure is adequate to conclude that the current use of the 
flavouring agent is or is not of safety concern.  

However, for the combined intake assessment, the Committee continues to use the MSDI estimates, 
as the combination of SPET estimates for related flavouring agents could overestimate dietary 
exposure. 

The Committee has agreed that it is not necessary to re-evaluate flavouring agents that have already 

been assessed previously using only the MSDI method. 

 
 

4.2 Commentary on the use of NOEL/NOAEL and LOEL/LOAEL 

The sixty-eighth meeting of the Committee (FAO/WHO, 2007) reconsidered the use of the terms no-
observed-effect level (NOEL), no-observed-adverse-effect level (NOAEL) and the related terms 
lowest-observed-effect level (LOEL) and lowest-observed-adverse-effect level (LOAEL) in evaluations 
of the safety of food additives and contaminants. The Committee decided to use the term NOAEL 
when the relevant effect at the next higher dose is considered adverse. If such an effect is not 
considered adverse, then the term NOEL will be used. This includes assessments where no effects 
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were observed at the highest dose tested. In such cases, the highest dose tested will be taken as the 
NOEL. 

The same approach will be used by the Committee with respect to the terms LOEL and LOAEL. When 
effects were observed at all doses, the lowest dose would be identified as the LOEL if the effects at 
the lowest dose were not considered adverse or as the LOAEL if the effects at the lowest dose were 
considered adverse. 

The Committee emphasized that this decision does not entail any change in its evaluation practice. 
Hence, this decision has no impact on any of the previous evaluations made by this Committee. 

 

4.3  Considerations on the thresholds of toxicological concern used in the 
Procedure 

At its sixty-ninth meeting (FAO/WHO, 2009), the Committee received prepublication copies of a paper 
(Munro, Renwick & Danielewska-Nikiel, 2008) on the use of TTCs in the safety evaluation of 
flavouring agents and in other risk assessment applications. The TTC values used in the Procedure 
for the Safety Evaluation of Flavouring Agents for structural classes I, II and III (1800, 540 and 90 
µg/person per day, respectively) were derived from analyses of toxicity data for a wide range of 
chemicals and not just flavouring agents. The TTC values were calculated by dividing the 5th 
percentiles of the distributions of NOAELs for each structural class by a 100-fold uncertainty factor 
and multiplying by an average body weight of 60 kg. NOAELs of 3.0, 0.91 and 0.15 mg/kg bw per day 
had been derived from toxicity data on 137, 28 and 448 compounds in structural classes I, II and III, 
respectively. 

The distribution of NOAELs for class III compounds was influenced markedly by the presence of 
neurotoxic organophosphate and organohalogen pesticides in the database used. The recent 
publication (Munro, Renwick & Danielewska-Nikiel, 2008) showed that exclusion of compounds with 
these chemical characteristics, which are not representative of the structures of flavouring agents, 
would result in a 5th percentile of the distribution of NOAELs for structural class III of about 1.0 mg/kg 
bw per day, giving a revised TTC value of about 600 µg/person per day, which is similar to that for 
structural class II. 

The Committee was aware that there are various activities currently under way to update and revise 
the Cramer decision-tree (Cramer, Ford & Hall, 1978), which is used to determine the structural class, 
and also to update the toxicology database used to establish the TTC values. There is widespread 
interest in developing TTC values appropriate to specific applications, such as flavouring agents, 
certain food additives and residues of pesticides and veterinary drugs in food. The Committee 
considered that this subject should be discussed in depth at a future meeting. 

At its seventh-ninth meeting (FAO/WHO, 2015), the Committee was informed about a project that 
WHO was undertaking in collaboration with the European Food Safety Authority (EFSA) on a review 
of the application of the TTC principle in the risk assessment of chemicals, based on the current state-
of-the-science and building on existing work. An expert workshop was convened in December 2014, 
primarily to provide recommendations as to how the existing TTC framework may be improved and 
expanded by updating/revising the Cramer classification scheme and extending the TTC approach. 
Metabolic aspects were specifically considered and to what extend these are inherent to the TTC 
approach. Another important aspect was to develop a globally harmonized decision-tree for a tiered 
approach on the application of the TTC in the risk assessment of chemicals from oral exposures 
(EFSA/WHO, 2016).6 

As a consequence of the outcome of this workshop the revised procedure for the evaluation of 
flavouring agents was developed and adopted at the 82

nd
 meeting of the Committee. 

 

4.4  Need for an approach for prioritizing flavouring agents for re-evaluation  

At the seventy-ninth meeting of the Committee (FAO/WHO, 2014), the Committee held a preliminary 
discussion concerning the fact that the submission of additional toxicology data, including genotoxicity 

                                                 
6 http://onlinelibrary.wiley.com/doi/10.2903/sp.efsa.2016.EN-1006/pdf  

http://onlinelibrary.wiley.com/doi/10.2903/sp.efsa.2016.EN-1006/pdf


 

36 

 

data, and/or exposure data for new or previously evaluated flavouring agents may trigger the need for 
re-evaluation of previously evaluated flavouring agents.   

Three examples encountered at that meeting were described. In the first example, 3-acetyl-2,5-
dimethylthiophene (No. 1051) was on the agenda for reconsideration at this meeting because new 
data suggested genotoxic potential. Positive in vitro and in vivo genotoxicity data raised concerns 
about No. 1051 and previously evaluated thiophenes that are metabolized to thiophene epoxides, 
indicating that reconsideration of the Committee’s conclusions regarding the safety of the previously 
evaluated thiophenes was warranted.  

Second, 2-phenyl-2-butenal (No. 1474) was evaluated earlier as a flavouring agent, and it is 
structurally related to (±)-2-phenyl-4-methyl-2-hexenal (No. 2069), under consideration at the seventy-
ninth meeting. Genotoxicity data for No. 1474, used as a structural analogue for No. 2069, were 
equivocal, raising concerns about the potential genotoxicity of No. 1474 and possibly other previously 
evaluated compounds with similar structures in this group, in addition to No. 2069. The Committee 
noted that No. 2069 should not be evaluated for use as a flavouring agent until the concerns related 
to genotoxicity are resolved, and the safe use of No. 1474 and structurally related substances as 
flavouring agents should be reconsidered.  

Third, trans-α-damascone (No. 2188) was submitted for evaluation at the seventy-ninth meeting of the 
Committee. Several isomers of No. 2188 were evaluated previously by the Committee, including β-
damascone (No. 384), α-damascone (No. 385) and δ-damascone (No. 386), and each was found to 
be of no safety concern based on dietary exposures estimated by the maximized survey-derived 
intake (MSDI) method. At the seventy-ninth meeting, the same toxicological database used for the 
evaluation of Nos 384–386 was used for No. 2188. However, the NOAEL for No. 384, used as a 
structural analogue for No. 2188, was only 200 times the SPET estimate for exposure to No. 2188 
(600 µg/day). If the SPET estimate of exposure for use of No. 384, No. 385 or No. 386 as a flavouring 
agent is similar to that for No. 2188, the safety of each of these compounds for use as a flavouring 
agent could be called into question.  

Based on the evaluations conducted on these flavouring agents at the seventy-ninth meeting, the 
Committee recommended that an approach be developed for prioritizing flavouring agents for re-
evaluation based on all available toxicological data and updated exposure estimates (FAO/WHO, 
2014). 

The Committee at its eighty-second meeting (FAO/WHO, 2016) reiterated the need for the 
development of an approach, including a prioritization process, for the re-evaluation of flavouring 
agents based on all available toxicological data and updated exposure estimates. When developing 
such an approach, compounds that are used as comparators for structurally related compounds will 
require specific attention when new data on these become available. The Committee also noted that 
there is a need to compile data on all flavouring agents that were reported in the monographs of 
previous meetings and from other sources but not re-evaluated, to assist the prioritization for the re-
evaluation. 

Moreover, for any flavouring agents for which new toxicological studies are submitted, the sponsor 
needs to provide updated exposure data. 
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Annex 1: Template for monograph 

 

A sample table of contents for the toxicological and dietary exposure monographs for flavouring 

agents is given below. Not all headings will be applicable in all cases, especially if it is a monograph 

addendum. “No information was found.” can be inserted under main headings, or minor headings 

that are not applicable can be deleted. 

 
It should be noted that the design of the monographs was changed in 2015, which has resulted in 
several formatting changes. Text is 12 pt Times New Roman, headings are 14/12/10 pt Arial, paper 
size A4, 1 inch margins, single spaced, first paragraph under each heading is flush left, first line of all 
subsequent paragraphs indented 0.5 inch, no spacing between paragraphs, paragraphs are fully 
justified, extra line space is added between different study descriptions, line numbering is required for 
the draft monograph. 

 

Flavouring agent group name (addendum) 
 

First draft prepared by  
Author 1,1 Author 22 … and Author xx 

 
 1 Affiliation of author 1  
 2 Affiliation of author 2 
 

… 

 x Affiliation of author x 
 

  
 

(include names and affiliations of all experts who contributed to the draft, including WHO and FAO 
authors and reviewers; main WHO author is given first, followed by rest of contributors in alphabetical 
order) 

 
 

1. Evaluation .............................................................................................................  
 1.1 Introduction ....................................................................................................  
 1.2 Assessment of dietary exposure [Table 1] ......................................................  
 1.3 Absorption, distribution, metabolism and excretion .........................................  
 [1.4 Flavouring agent(s) not evaluated according to the Procedure for the Safety 
Evaluation of Flavouring Agents 7 ............................................................................... ] 
 1.4 Application of the Procedure for the Safety Evaluation of Flavouring Agents ..  
 1.5 Consideration of combined intakes from use as flavouring agents .................  
 1.6 Consideration of secondary components ........................................................  
 1.7 Conclusions ...................................................................................................  
2. Relevant background information ..........................................................................  
 2.1 Explanation ....................................................................................................  
 2.2 Additional considerations on dietary exposure [Table 2] .................................  
 2.3 Biological data ................................................................................................  
  2.3.1 Biochemical aspects: absorption, distribution, metabolism and 

excretion .............................................................................................  
    (a) Flavouring agent 1 .......................................................................  
    (b) Flavouring agent 2 .......................................................................  
    (c) etc. ..............................................................................................  

                                                 
7
 This additional heading can be used (and the remaining headings renumbered) if a flavouring agent or 

flavouring agents cannot be evaluated according to the Procedure owing to concerns regarding, for example, 

genotoxicity. 
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  2.3.2 Toxicological studies ...........................................................................  
    (a) Acute toxicity ...............................................................................  
    (b) Short-term studies of toxicity .......................................................  
    (c) Long-term studies of toxicity and carcinogenicity .........................  
    (d) Genotoxicity .................................................................................  
    (e) Reproductive and developmental toxicity .....................................  
    (f) [Other relevant studies; specify type of study] ..............................  
3. References ............................................................................................................ 
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Annex 2: Examples of table formats 

 

A2.1 Examples of Table 1 

Table 1. Summary of the results of the safety evaluations of aliphatic and aromatic ethers used as flavouring agents
a,b

 

Flavouring agent No. CAS no. and structure 

Step 4
c
 

Does the 
highest dietary 
exposure 
estimate 
exceed the  
threshold of 
concern? 

Step 5
d
 

Does a NOAEL exist for the flavouring 
agent or a structurally related substance 
that provides an adequate margin of 
exposure? 

Related structure name (No.) 
and structure (if applicable) 

Conclusion based 
on current 
estimated dietary 
exposure 

Structural class III  

Cassyrane 2189 871465-49-5 Yes, SPET: 
1 250 

Yes. The NOAEL of 50 mg/kg bw per day 
for cassyrane in a 28-day oral gavage study 
in rats (Braun, 2008) is at least 2 400 times 
the estimated daily dietary exposure to No. 
2189 when used as a flavouring agent. 

– No safety concern 

1-Cyclopropanemethyl-
4-methoxybenzene 

2190 16510-27-3 Yes, SPET: 360 Yes. The NOAEL of 40 mg/kg bw per day 
for the structurally related p-methylanisole 
in a 28-day oral gavage study study in rats 
(Brunsborg et al., 1994) is at least 6 700 
times the estimated daily dietary exposure 
to No. 2190 when used as a flavouring 
agent. 

p-Methylanisole (No. 1243) No safety concern 

Nerolidol oxide 2137 1424-83-5 

 

Yes, SPET: 
2 500 

Yes. The NOAEL of 103 mg/kg bw per day 
for the structurally related anhydrolinalool 
oxide in a 90-day dietary study in rats 
(Bauter, 2012b) is at least 2 500 times the 
estimated daily dietary exposure to No. 
2137 when used as a flavouring agent. 

Anhydrolinalool oxide (No. 1455) 

 

No safety concern 

a
  Thirty-eight of 39 flavouring agents in this group were previously evaluated by the Committee (Annex 1, references 166 and 211). 

b
  Step 2: All three flavouring agents are in structural class III. 

c
  The threshold for human dietary exposure for structural class III is 90 μg/day. All dietary exposure values are expressed in μg/day. The dietary exposure value listed represents the highest 

estimated dietary exposure calculated using either the SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case. 
d
  The margin of exposure was calculated based on the estimated dietary exposure calculated by the SPET. 

O
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Table 1 
Summary of the results of the safety evaluations of sulfur-containing heterocyclic compounds used as flavouring agents

a,b 

Flavouring agent No. 
CAS no. and 
structure 

Step 4
c
 

Does the highest dietary exposure 
estimate 
exceed the  
threshold of concern? 

Step 5
d
 

Does a NOAEL exist for the flavouring agent 
or a structurally related substance that 
provides an adequate margin of exposure? 

 

 

Conclusion based on current 
estimated dietary exposure 

Structural class II       

Triethylthialdine 

 

 

 

 

 

 

2205 54717-17-8 

 

No, SPET: 5 NR No safety concern 

Structural class III       

2-Isopropyl-4-methyl-3-
thiazoline 

 

 

 

 

2206 67936-13-4 

 

No, SPET: 75 NR No safety concern 

Flavouring agent No. 
CAS no. and 
structure Conclusion 

Flavouring agent not evaluated according to the Procedure  

3-Acetyl-2,5-
dimethylthiophene 

1051 2530-10-1 

 

 

 

 

 

Inappropriate for use as a flavouring agent because of genotoxicity concerns 

NR: not relevant because the highest estimated dietary exposure does not exceed the threshold of concern for the relevant structural class  
a
  Fifty-nine flavouring agents in this group were previously evaluated by the Committee (Annex 1, references 161, 188 and 212). At the current meeting, No. 1051 was reconsidered in light of 

potential genotoxicity concerns.  
b
  Step 2: One flavouring agent is in structural class II (No. 2205), and one flavouring agent is in structural class III (No. 2206). 

c
  The thresholds for human dietary exposure for structural classes II and III are 540 µg/day and 90 µg/day, respectively. All dietary exposure values are expressed in µg/day. The dietary exposure 

values listed represent the highest daily dietary exposures calculated using either the SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case.
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A2.2 Examples of Table 2 

 

Table 2 
Annual volumes of production and daily dietary exposures for aliphatic and alicyclic 
hydrocarbons used as flavouring agents in Europe, the USA and Japan 

Flavouring agent (No.) 

Most 
recent 
annual 

volume of 
production 

(kg)
a
 

Dietary exposure 

Natural 
occurrence 

in foods 

MSDI
b
  SPET

c
 

μg/day 
μg/kg bw  
per day 

 

μg/day 
μg/kg bw  
per day 

1-Octene (2191)     3 0.1 + 

Europe 0.1 0.01 0.000 1     

USA ND ND ND     

Japan ND ND ND     

2,4-Nonadiene (2192)     13 0.2 + 

Europe 0.1 0.01 0.000 1     

USA ND ND ND     

Japan ND ND ND     

4-Methyl-cis-2-pentene (2194)  0.6 0.01 − 

Europe ND ND ND     

USA 2 380 263 4     

Japan 0.1 0.03 0.000 4     

1-Nonene (2195)     0.6 0.01 + 

Europe ND ND ND     

USA ND ND ND     

Japan 0.2 0.05 0.000 9     

1,3,5,7-Undecatetraene (2196)     0.6 0.01 − 

Europe ND ND ND     

USA ND ND ND     

Japan 0.1 0.03 0.000 4     

Mixture of methyl cyclohexadiene 
and methylene cyclohexene (2197) 

  3 0.1 − 

Europe ND ND ND     

USA 0.3 0.03 0.000 6     

Japan ND ND ND     

Total        

Europe 0.2       

USA 2 380       

Japan 0.4       

ND: no data reported; +: reported to occur naturally in foods (Nijssen, van Ingen-Visscher & Donders, 2013), but no quantitative 
data; −: not reported to occur naturally in foods 
a
  From International Organization of the Flavor Industry (2013a,b). Values greater than 0 kg but less than 0.1 kg were reported 

as 0.1 kg. 
b  

MSDI (µg/day) calculated as follows: 
(annual volume, kg) × (1 × 10

9
 µg/kg)/(population × survey correction factor × 365 days), where population (10%, “eaters 

only”) = 41 × 10
6
 for Europe, 31 × 10

6
 for the USA and 13 × 10

6
 for Japan; and where survey correction factor = 0.8 for the 

International Organization of the Flavor Industry’s Global Poundage Survey and Interim Poundage and Use Levels Survey, 
representing the assumption that only 80% of the annual flavour volume was reported in the poundage surveys (International 
Organization of the Flavor Industry, 2013a,b).  

 MSDI (µg/kg bw per day) calculated as follows:  
 (µg/day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.  
c
  SPET (µg/day) calculated as follows: 

(standard food portion, g/day) × (highest usual use level) (International Organization of the Flavor Industry, 2013b). The 
dietary exposure from the single food category leading to the highest dietary exposure from one portion is taken as the SPET 
estimate. 

 SPET (µg/kg bw per day) calculated as follows:  
 (µg/day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.  
 



 

44 

 

Table 2 
Annual volumes of production and daily dietary exposures for ionones and structurally related 
substances used as flavouring agents in Europe, the USA and Japan 

Flavouring agent 
(No.) 

Most 
recent 
annual 

volume of 
production 

(kg)
a
 

Dietary exposure Annual 
volume of 

consumption 
via natural 
occurrence 

in foods 
(kg)

d
 

Consumption 
ratio

e
 

MSDI
b
  SPET

c
 

μg/day 

μg/kg 
bw  
per 
day 

 

μg/day 
μg/kg bw  
per day 

β-Isomethylionone 
(2186) 

    600 10  

 Europe ND ND ND  

 

 − NA 

USA 0.7 0.08 0.001  

 

  

 Japan ND ND ND  

 

  

 Pseudoionone (2187)  
  

 1 000 17 4 552 2 276 

Europe 0.1 0.01 0.000 1  
  

 

 USA 2 0.2 0.004  
  

  Japan ND ND ND  
  

 

 trans-α-Damascone (2188)  600 10 − NA 

Europe 1 0.08 0.001  
  

  USA 0.3 0.03 0.000 6  
  

  Japan 1 0.3 0.004  
  

 

 Total       

  Europe 1      

  USA 3      

  Japan 1      

  NA: not applicable; ND: no data reported; −: not reported to occur naturally in foods 

a
  From International Organization of the Flavor Industry (2013a,b). Values greater than 0 kg but less than 0.1 kg were reported 

as 0.1 kg. 
b  

MSDI (µg/day) calculated as follows: 
(annual volume, kg) × (1 × 10

9
 µg/kg)/(population × survey correction factor × 365 days), where population (10%, “eaters 

only”) = 41 × 10
6
 for Europe, 31 × 10

6
 for the USA and 13 × 10

6
 for Japan; and where survey correction factor = 0.8 for the 

International Organization of the Flavor Industry’s Global Poundage Survey and Interim Poundage and Use Levels Survey, 
representing the assumption that only 80% of the annual flavour volume was reported in the poundage surveys (International 
Organization of the Flavor Industry, 2013a,b).  

 MSDI (µg/kg bw per day) calculated as follows:  
 (µg/day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.  
c
  SPET (µg/day) calculated as follows: 

(standard food portion, g/day) × (highest usual use level) (International Organization of the Flavor Industry, 2013b). The 
dietary exposure from the single food category leading to the highest dietary exposure from one portion is taken as the SPET 
estimate. 

 SPET (µg/kg bw per day) calculated as follows:  
 (µg/day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.  
d
  Quantitative data for the USA reported by Stofberg & Grundschober (1987). 

e 
The consumption ratio is calculated as follows: 
(annual volume of consumption via natural occurrence in foods, kg)/(most recent annual volume of production as a flavouring 
agent, kg). 

 
 

A2.3 Examples of tables on acute, short-term and long-term studies of toxicity 

Table 3 
Results of oral acute toxicity studies with ionones and structurally related substances used as 
flavouring agents 

No. Flavouring agent Species; sex LD50 (mg/kg bw) Reference 

2187 Pseudoionone Rat; NR >5 000 Moreno (1976) 

388 α-Ionone Mouse; NR 7 000 Bächtold (1980) 

389 β-Ionone Rat; NR 7 120 Bächtold (1980) 

389 β-Ionone Mouse; NR 2 000 Bächtold (1980) 

394 Dihydro-β-ionone Rat; M, F >2 000 Rosner (1999) 
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No. Flavouring agent Species; sex LD50 (mg/kg bw) Reference 

399 Methyl-β-ionone Rat; M, F 2 000 Collinson (1988) 

404 α-Iso-methylionone Mouse; M, F 9 300
a
 (10 mL/kg) Johnson (1980) 

F: female; LD50: median lethal dose; M: male; NR: not reported 
a
 Calculated using a specific gravity of 0.93 g/mL. 

 

 

Table 4 
Results of oral short-term and long-term studies of toxicity and carcinogenicity with aliphatic 
and alicyclic hydrocarbons used as flavouring agents  

No. Flavouring agent Species; sex 

No. of test 
groups

a
/no. 

per group
b 

Route 
Duration 
(days) 

LOAEL/NOEL/ 
NOAEL (mg/kg 
bw per day) Reference 

Short-term studies of toxicity 

1324 β-Caryophyllene Rat; M, F 3/20 Diet 90 222
c
 Bauter (2012) 

1327 Myrcene Mouse; M, F 5/20 Gavage 90 180
d,e

 National 
Toxicology 
Program (2010) 

1327 Myrcene Rat; M, F 5/20 Gavage 90 180
Error! Bookmark 

not defined.,Error! 

Bookmark not defined.
 

National 
Toxicology 
Program (2010) 

1327 Myrcene Rat; M, F 3/20 Diet 90 115
f
 Bauter (2013) 

Long-term studies of toxicity 

1327 Myrcene Mouse; M, F 3/100 Gavage 735 180
Error! Bookmark 

not defined.,Error! 

Bookmark not defined.
 

National 
Toxicology 
Program (2010) 

1327 Myrcene Rat; M, F 3/100 Gavage 735 180
Error! Bookmark 

not defined.,e
 

National 
Toxicology 
Program (2010) 

F: female; LOAEL: lowest-observed-adverse-effect level; M: male; NOAEL: no-observed-adverse-effect level; NOEL: no-
observed-effect level 
a
  Total number of test groups does not include control animals. 

b
  Total number per test group includes both male and female animals. 

c
  NOAEL. 

d
  LOAEL. 

e  Based on the low dose of 250 mg/kg bw per day administered 5 days/week. 
f
  NOEL. 

 

Table 4 
Results of short-term studies of toxicity with aliphatic and aromatic ethers used as flavouring 
agents 

No. Flavouring agent 
Species; 
sex 

No. of test 
groups

a
/no. 

per group
b
 Route 

Duration 
(days) 

NOAEL
 

(mg/kg bw 
per day) Reference 

2189 Cassyrane Rat; M, F 3/10 Oral 
gavage 

28 50 Braun (2008) 

1234 Eucalyptol Rat; M, F 3/10
c 

Oral 
gavage 

28 600 (F)  Fulcher & 
Watson (2013) 

1237 O-Tetrahydro-4-methyl-
2-(2-methylpropen-1-
yl)pyran 

Rat; M, F 3/10 Oral 
gavage 

28 100 (M)  Buesen (2012) 

 NA
d 

Anhydrolinalool oxide Rat; M, F 3/10 Diet 90 103 (F) Bauter 
(2012b) 

F: female; M: male; NA: not applicable 
a
  Total number of test groups does not include control animals. 

b
  Total number per test group includes both male and female animals. 

c
  An additional 10 rats of each sex per dose were included in control and high-dose recovery groups. 

d 
Structural analogue. 
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A2.4 Examples of tables on genotoxicity studies 

 

Table 5 
Studies of genotoxicity of aliphatic and alicyclic hydrocarbons used as flavouring agents 

No. 
Flavouring 
agent End-point Test object Concentration Results Reference 

In vitro 

1324 β-Caryophyllene Reverse 
mutation 

Salmonella 
typhimurium TA98 and 
TA100, Escherichia 
coli WP2uvrA 

2 300−9 000 μg/plate, 
±S9 

Negative
a
 Di Sotto, 

Evandri & 
Mazzanti 
(2008) 

1327  Myrcene Reverse 
mutation 

S. typhimurium TA98 
and TA100  

10−750 μg/plate, ±S9 

 

Negative
b 

National 
Toxicology 
Program 
(2010) E. coli WP2uvrA 

pKM101 
50−10 000 μg/plate, 
±S9 

1327  Myrcene Reverse 
mutation 

S. typhimurium TA97, 
TA98, TA100 and 
TA1535 

33−10 000 μg/plate, 
±S9  

Negative
c 

National 
Toxicology 
Program 
(2010) 

1327  Myrcene Reverse 
mutation 

S. typhimurium 
TA97a, TA98, TA100 
and TA1535 

1–5 000 μg/plate, ±S9  Negative
d 

Gomes-
Carneiro et 
al. (2005) 

1329 (+)-α-Pinene Reverse 
mutation 

S. typhimurium 
TA97a, TA98, TA100 
and TA1535 

1–5 000 μg/plate, ±S9 Negative
e 

Gomes-
Carneiro et 
al. (2005) 

1329 (−)-α-Pinene Reverse 
mutation 

S. typhimurium 
TA97a, TA98, TA100 
and TA1535 

1–5 000 μg/plate, ±S9 Negative
f 

Gomes-
Carneiro et 
al. (2005) 

1336 Bisabolene Reverse 
mutation 

S. typhimurium TA98, 
TA100, TA102, 
TA1535 and TA1537  

33–5 000 μg/plate, 
±S9 

Negative
g 

Poth (2003) 

1339 α-Terpinene Reverse 
mutation 

S. typhimurium 
TA97a, TA98, TA100 
and TA1535 

5–5 000 μg/plate, ±S9 Negative
h 

Gomes-
Carneiro et 
al. (2005) 

1341 1,3,5-
Undecatriene 

Reverse 
mutation 

S. typhimurium TA98, 
TA100, TA102, 
TA1535 and TA1537 

0.31–5 000 μg/plate, 
±S9 

Negative
i 

Haddouk 
(2004) 

NA Longifolene Reverse 
mutation 

S. typhimurium TA98, 
TA100, TA102, 
TA1535 and TA1537  

3–5 000 μg/plate, ±S9 Negative
j 

Sokolowski 
(2001) 

NA  Cedrene washed Reverse 
mutation 

S. typhimurium TA97, 
TA98, TA100, TA102 
and TA1535  

1.6–5 000 μg/plate, 
±S9  

Negative
k 

Gocke 
(1999) 

In vivo      

1324 β-Caryophyllene Micronucleus 
induction 

Mouse; M 20, 200 and 2 000 
mg/kg bw 

Equivocal
l 

Molina-
Jasso, 
Álvarez-
González & 
Madrigal-
Bujaidar 
(2009) 

1327 Myrcene Micronucleus 
induction 

Mouse; M, F 250, 500 and 1 000 
mg/kg bw 

Negative
m 

National 
Toxicology 
Program 
(2010) 

F: female; M: male; NA: not applicable; S9: 9000 × g supernatant fraction from rat liver homogenate 
a
  Plate incorporation assay. No quantitative data were reported. 

b
  Two or three (TA100 and E. coli WP2uvrA only, −S9) independent experiments using the preincubation method. In the 

absence of S9, owing to toxicity, the highest concentrations analysed were 100 µg/plate for TA100 and 500 µg/plate for 
TA98.  

c
  Two independent experiments using the preincubation method. Slight toxicity was observed in all strains at concentrations of 

3333 and/or 10 000 µg/plate.  
d
  Two independent experiments using the plate incorporation assay. Toxicity was observed in strain TA97a from 100 µg/plate 

(–S9) and 2500 µg/plate (+S9) onwards, in strain TA98 from 500 µg/plate onwards (–S9 only), in strain TA100 from 50 
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µg/plate (−S9) and 150 µg/plate (+S9) onwards and in strain TA1535 from 2500 µg/plate (–S9) and 1500 µg/plate (+S9) 
onwards.  

e
  Two independent experiments using the plate incorporation assay. Toxicity was observed in strain TA97a from 400 µg/plate 

onwards (–S9 only), in strain TA98 from 500 µg/plate (–S9) and 2500 µg/plate (+S9) onwards, in strain TA100 from 1250 
µg/plate (−S9) and 500 µg/plate (+S9) onwards and in strain TA1535 from 75 µg/plate (–S9) and 750 µg/plate (+S9).  

f
  Two independent experiments using the plate incorporation assay. Toxicity was observed in strain TA97a from 1250 µg/plate 

onwards (–S9 only), in strain TA100 from 1250 µg/plate (−S9) and 2000 µg/plate (+S9) onwards and in strain TA1535 from 
100 µg/plate onwards (–S9) and at 5000 µg/plate (+S9).  

g
  Two independent experiments using the plate incorporation method and the preincubation method, respectively.  

h
  Two independent experiments using the plate incorporation assay. Toxicity was observed in strain TA97a from 200 µg/plate 

(–S9) and 1000 µg/plate (+S9) onwards, in strain TA98 from 500 µg/plate (–S9) and 1500 µg/plate (+S9) onwards, in strain 
TA100 from 100 µg/plate onwards and in strain TA1535 from 250 µg/plate (–S9) and 750 µg/plate (+S9) onwards.  

i 
 Three independent experiments using the plate incorporation assay (first experiment) and the preincubation method (second 

and third experiments). In the first experiment, concentrations tested were 61.73–5000 µg/plate, and toxicity was observed 
from 61.73–555.6 µg/plate onwards in all strains (except strain TA102). In the second assay, concentrations up to 10 
µg/plate (strains TA98, TA100, TA1535 and TA1537) or 500 (strain TA102) µg/plate were tested in the absence of metabolic 
activation, and concentrations up to 156.3 µg/plate (TA1537 and TA100), 312.5 µg/plate (TA1535 and TA98) or 5000 
µg/plate (TA102) were tested in the presence of metabolic activation. Toxicity was observed from 21.25–500 µg/plate 
onwards in the absence of metabolic activation and from 156.3–5000 µg/plate onwards in the presence of metabolic 
activation. In the third experiment, concentrations ranging from 0.63 to 10 µg/plate were tested in strain TA102 (−S9). 
Toxicity was observed from 2.5 µg/plate onwards.  

j
  Two independent experiments, using the plate incorporation method and the preincubation method, respectively. In the first 

experiment, toxicity was observed in strains TA100 and TA1537 at concentrations from 1000 μg/plate onwards. In the 
second experiment, toxicity was observed starting at 100–1000 µg/plate in strains TA98, TA100, TA1535 and TA1537.  

k
  Three independent experiments using the plate incorporation method (first experiment) or the preincubation method (second 

and third experiments). In the second experiment, toxicity was observed in strains TA100, TA102 and TA1535 from 8 
μg/plate onwards (+S9 and/or –S9) and in strain TA98 from 1000 μg/plate onwards (–S9). The third experiment was 
performed in strains TA100, TA102 and TA1535 at lower dose levels (1.6–1000 µg/plate, ±S9).  

l
  Two independent experiments. In the first experiment, a single dose was administered. In the second experiment, three 

doses were administered on 3 consecutive days. A small, not statistically significant increase in micronucleated 
polychromatic erythrocytes was observed in the second experiment at the highest dose level 48–96 hours after dosing.  

m
  Doses were administered by gavage, 5 days/week for 14 weeks. Peripheral blood samples were collected and analysed at 

the end of the treatment period. 
 

 

Table 5 
Studies of genotoxicity with aliphatic and aromatic ethers used as flavouring agents 

No. Flavouring agent End-point Test object Concentration Results Reference 

In vitro 

2189 Cassyrane Reverse 
mutation 

Salmonella 
typhimurium 
TA98, TA100, 
TA1535 and 
TA1537  

3, 10, 33, 100, 333, 
1 000, 2 500 and 5 000 
µg/plate 

Negative
a
 Sokolowski 

(2007) 

2189 Cassyrane Reverse 
mutation 

Escherichia coli 
WP2uvrA 

3, 10, 33, 100, 333, 
1 000, 2 500 and 5 000 
µg/plate 

Negative
Erro

r! Bookmark not 

defined.
 

Sokolowski 
(2007) 

2189 Cassyrane Reverse 
mutation 

S. typhimurium 
TA98, TA100, 
TA1535 and 
TA1537 

3, 10, 33, 100, 333, 
1 000, 2 500 and 5 000 
µg/plate 

Negative
Erro

r! Bookmark not 

defined.,b
 

Sokolowski 
(2007) 

2189 Cassyrane Reverse 
mutation 

E. coli WP2uvrA 3, 10, 33, 100, 333, 
1 000, 2 500 and 5 000 
µg/plate 

Negative
Erro

r! Bookmark not 

defined.,Error! 

Bookmark not 

defined.
 

Sokolowski 
(2007) 

2189 Cassyrane Chromosome 
aberration  

Chinese hamster  

V79 cells 

11.7, 23.4 and 46.9 
μg/mL

c 
Negative

Erro

r! Bookmark not 

defined.
 

Höpker 
(2008) 

187.5, 375.0 and 750.0  
μg/mL

d 

2189 Cassyrane Chromosome 
aberration  

Chinese hamster  

V79 cells 

11.7, 23.4 and 46.9 
µg/mL

e 
Negative

Erro

r! Bookmark not 

defined.
 

Höpker 
(2008) 

46.9 µg/mL
f 

375.0, 750.0 and 
1 500.0 µg/mL

g 

2190 1-Cyclopropanemethyl-
4-methoxybenzene 

Reverse 
mutation 

S. typhimurium 
TA98 and TA100  

33, 100, 333, 1 000, 
2 500 and 5 000 
µg/plate 

Negative
Erro

r! Bookmark not 

defined.
 

Sokolowski 
(2000) 
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No. Flavouring agent End-point Test object Concentration Results Reference 

2190 1-Cyclopropanemethyl-
4-methoxybenzene 

Reverse 
mutation 

S. typhimurium 
TA98 and TA100  

1, 3, 10, 33, 100 and 
333 µg/plate

h 
Negative

Erro

r! Bookmark not 

defined.,Error! 

Bookmark not 

defined.
 

Sokolowski 
(2000) 

10, 33, 100, 333, 1 000 
and 2 500 µg/plate

i 

2190 1-Cyclopropanemethyl-
4-methoxybenzene 

Chromosome 
aberration  

Chinese hamster  

V79 cells 

12.5, 25.0 and 50.0 
µg/mL

Error! Bookmark not 

defined.
 

Negative
Erro

r! Bookmark not 

defined.
 

Schulz 
(2006) 

31.3, 62.5 and 125.0 
µg/mL

Error! Bookmark not 

defined.
 

2190 1-Cyclopropanemethyl-
4-methoxybenzene 

Chromosome 
aberration  

Chinese hamster  

V79 cells 

12.5, 25.0 and 50.0 
µg/mL

Error! Bookmark not 

defined.
 

Negative
Erro

r! Bookmark not 

defined.
 

Schulz 
(2006) 

50.0 µg/mL
Error! Bookmark 

not defined.
 

15.6, 31.3 and 62.5 
µg/mL

Error! Bookmark not 

defined.
 

2190 1-Cyclopropanemethyl-
4-methoxybenzene 

Unscheduled 
DNA 
synthesis 

Primary rat 
hepatocytes 

11, 32, 56, 81 and 108 
μg/mL 

Negative Schulz 
(2001) 

1237 O-Tetrahydro-4-methyl-
2-(2-methylpropen-1-
yl)pyran 

HPRT 
mutation 

Chinese hamster  

V79 cells 

24.1, 48.1, 96.3, 192.5 
and 385.0 µg/mL

j,k 
Negative

Erro

r! Bookmark not 

defined.
 

Wollny 
(2012) 

48.1, 96.3, 192.5, 
385.0 and 577.5 
µg/mL

Error! Bookmark not 

defined.,l,m 

1237 O-Tetrahydro-4-methyl-
2-(2-methylpropen-1-
yl)pyran 

HPRT 
mutation 

Chinese hamster  

V79 cells 

48.1, 96.3, 192.5, 
385.0 and 577.5 
µg/mL

Error! Bookmark not 

defined.,n 

Negative
Erro

r! Bookmark not 

defined.
 

Wollny 
(2012) 

48.1, 96.3, 192.5, 
385.0 and 577.5 
µg/mL

Error! Bookmark not 

defined.,Error! Bookmark not 

defined.,Error! Bookmark not 

defined.
 

In vivo 

1237 O-Tetrahydro-4-methyl-
2-(2-methylpropen-1-
yl)pyran 

Micronucleus 
induction 

Crl:NMRI mice 250, 500 and 1 000 
mg/kg bw

o 
Negative Schulz 

(2012) 

DNA: deoxyribonucleic acid; HPRT: hypoxanthine–guanine phosphoribosyltransferase; S9: 9000 × g supernatant fraction from 
rat liver homogenate 

a
  In the absence and presence of S9. 

b
  Preincubation method. 

c
  Four-hour treatment and 14-hour recovery experiment in the absence of metabolic activation by S9 liver extract. 

d
  Four-hour treatment and 14-hour recovery experiment with metabolic activation by S9 liver extract. 

e
  Eighteen-hour treatment without a recovery period experiment in the absence of metabolic activation by S9 liver extract. 

f
  Twenty-eight-hour treatment without a recovery period experiment in the absence of metabolic activation by S9 liver extract. 

g
  Four-hour treatment and 24-hour recovery experiment with metabolic activation by S9 liver extract. 

h
  Strain TA98 only. 

i
  Strain TA100 only. 
j
  Four-hour treatment with 20-hour recovery period. 
k
  In the absence of S9. 

l
  In the presence of S9. 
m
  Phase separation noted at 385.0 μg/mL and above. 

n
  Twenty-four hours of continuous exposure. 

o
  Administered by oral gavage. 
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Annex 3:  Formatting of Table 1 

 
 
Examples of Table 1 are provided in Annex 2. This annex provides guidance on how to complete the 
table following the revised Procedure for the Safety Evaluation of Flavouring Agents.  
 
All of the members of the group of flavouring agents should be grouped by structural class in Table 1. 
 
The title of the table is typically presented as follows: 
 
Table 1. Summary of the results of the safety evaluations of [group of flavouring agents] used 
as flavouring agents

a,b
 

 
The following columns are used for flavouring agents evaluated according to the Procedure only. 
 
Column 1 – Flavouring agent 
The name given in the specifications should be used. 
 
Column 2 – No. 
This refers to the “JECFA number” that is assigned to each flavouring agent. 
 
Column 3 – CAS no. and structure 
CAS numbers and chemical structures should be included in the table in the same column. The 
chemical structures will likely be redrawn during the typesetting stage unless of sufficient clarity for the 
print publication (and so the editor will need to carefully proof the figures at the first layout). 
 
Column 4 – Step 4

c
 Does the highest dietary exposure estimate exceed the threshold of 

concern? – 
Yes/No, SPET/MSDI: highest value given. If “No”, proceed to conclusion of no safety concern. If 
“Yes”, proceed to step 5. 
 
Column 5 – Step 5

ed
 Does a NOAEL exist for the flavouring agent or a structurally related 

substance that provides an adequate margin of exposure? – If “Yes”, give the NOEL/NOAEL, the 
study from which it was derived (with reference) and margin of exposure or NR (not relevant because 
the highest estimated dietary exposure does not exceed the threshold of concern for the relevant 
structural class). If “No”, proceed to conclusion of additional data required before a further 
assessment can be conducted and a conclusion on safety can be reached. 
 
Column 6 – Related structure name (No.) and structure (if applicable) – Give name, JECFA no. 
and chemical structure of structurally related compounds referred to in step 5; use en dash if no 
structure applicable. 
 
Column 7 – Conclusion based on current estimated dietary exposure – Insert “No safety concern” 
or “Additional data required”. 
 
In the monograph, any abbreviations used in Table 1 are defined in alphabetical order immediately 
below the table (e.g. CAS: Chemical Abstracts Service). 
 
Footnote “a” gives the number of flavouring agents belonging to the group under consideration that 
were previously evaluated by the Committee, together with the meeting(s) at which they were 
evaluated and the Annex 1 reference(s). 
 
Footnote “b” summarizes the step 2 evaluation (i.e. the classification of the flavouring agents into 
structural classes). 
 
Footnote “c” provides the thresholds for human dietary exposure for the structural classes included in 
the table (e.g. The thresholds for human dietary exposure for structural classes II and III are 540 
µg/day and 90 µg/day, respectively) as well as the statement “All dietary exposure values are 
expressed in μg/day. The dietary exposure values listed represent the highest estimated dietary 
exposures calculated using either the SPET or the MSDI method. The SPET gave the highest 
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estimated dietary exposure in each case.” The final sentence is normally applicable, but in some 
cases it may be necessary to add “except for No. XXXX, for which the MSDI method gave the highest 
estimated dietary exposure”. 
 
Footnote “d” normally reads as follows: “The margins of exposure were calculated based on the 
estimated dietary exposure calculated by the SPET.” The following sentence will be added where 
applicable: “In cases where the resulting margin of exposure was relatively low, a comparison with the 
MSDI was also made.”  
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Annex 4: Template for report item 

 
 
A sample template for the meeting report item is given below. 
 
It should be noted that the design of the meeting report changed in 2015, resulting in several 
formatting changes. Text is Times New Roman 12 pt, headings are Arial 11 pt, paper size A4, 1 inch 
margins, 1.5 line spacing, first paragraph below heading flush left, all subsequent paragraphs 
indented 0.5 inch, no spacing between paragraphs, paragraphs are fully justified. 

 
 

WHO template Report topic: 

Author(s): 

Date: 

Version: 
 

4.1.X  [Flavouring agent group] 

Introduction 

(JECFA numbers and general chemical structures of flavouring agents; previous evaluations by 

Committee; natural occurrence in food) 

 

Assessment of dietary exposure  

(includes Table 1, but not Table 2, unless no monograph or monograph addendum is being prepared) 

Table 1. Summary of the results of the safety evaluations of [group of flavouring agents] used as 

flavouring agents 

[Table 2. Annual volumes of production and daily dietary exposures for [group of flavouring agents] 

used as flavouring agents in Europe, the USA and Japan] 

 

Absorption, distribution, metabolism and excretion 

(brief description of any new information on absorption, distribution, metabolism and excretion) 

 

Flavouring agent(s) not evaluated according to the Procedure for the Safety Evaluation of 

Flavouring Agents [include only where applicable] 

(where there is a concern regarding, for example, genotoxicity, such that the flavouring agent could 

not be evaluated according to the Procedure, that concern would be discussed here) 

 

Application of the Procedure for the Safety Evaluation of Flavouring Agents 

(describes step-by-step process followed for each flavouring agent evaluated according to the 

Procedure) 
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[Additional biochemical aspects and toxicological studies, Additional biochemical aspects or 

Additional toxicological studies] 

(this section included only if no monograph addendum is being prepared; includes summaries of new 

studies that would normally be described in the Relevant background information section of the 

monograph) 

 

Consideration of combined intakes from use as flavouring agents 

(statement as to whether consideration of combined intakes deemed necessary) 

 

Consideration of secondary components 

(only if compounds have minimum assay value of 95%) 

 

Consideration of additional data on previously evaluated flavouring agents 

(brief description of additional data and how they support the conclusions, in particular if additional 

data do not support previous safety evaluations) 

 

Conclusions 

(concludes as to whether flavouring agents evaluated would give rise to safety concerns at current 

estimated dietary exposures) 

(ends with statement: An addendum to the monograph was/was not prepared.) 

 

 

 



 

53 

 

Annex 5: Example of report item 

 

 

[Note that the actual report item will use 1.5 line spacing (not used here to save space). Also note 

that references are now included in the report item and will be retained in both the final meeting 

report and the monograph.] 

 

4.1.1  Aliphatic and alicyclic hydrocarbons8  

Introduction 

The Committee evaluated six additional flavouring agents belonging to the group of aliphatic 
and alicyclic hydrocarbons. The additional flavouring agents included five aliphatic alkenes (Nos 2191, 
2192, 2194, 2195 and 2196) and one alicyclic hydrocarbon (No. 2197). The Committee decided not to 
evaluate α-ionene (No. 2193), which was also submitted for evaluation as part of this group, because 
it determined that the chemical structure of this aromatic hydrocarbon does not fit into the aliphatic 
and alicyclic hydrocarbons group. The evaluations were conducted according to the previous 
Procedure for the Safety Evaluation of Flavouring Agents. None of these flavouring agents has 
previously been evaluated by the Committee.  

The Committee previously evaluated 20 other members of this group of flavouring agents at 
its sixty-third meeting (Annex 1, reference 173). The Committee concluded that all 20 flavouring 
agents were of no safety concern at estimated dietary exposures. One member of this group, d-
limonene (No. 1326), was previously evaluated by the Committee at its thirty-ninth meeting (Annex 1, 
reference 101) and was assigned an ADI of 0–1.5 mg/kg bw. At its forty-first meeting (Annex 1, 
reference 107), the Committee re-evaluated the ADI for d-limonene and recommended that it be 
withdrawn and replaced with an ADI “not specified”. At the sixty-third meeting, the ADI “not specified” 
was maintained for d-limonene (Annex 1, reference 173). 

Three of the six flavouring agents in this group (Nos 2191, 2192 and 2195) have been 
reported to occur naturally in foods. They have been detected in, for example, apples, citrus fruits, 
mushrooms, peanuts, walnuts, cheese, eggs, milk, honey, beef, pork and chicken (Nijssen, van 
Ingen-Visscher & Donders, 2013).  

   

Assessment of dietary exposure 

The total annual volume of production of the six flavouring agents belonging to the group of aliphatic 
and alicyclic hydrocarbons is approximately 0.2 kg in Europe, 2380 kg in the USA and 0.4 kg in Japan 
(IOFI, 2013a,b). More than 99% of the annual production volume in the USA is accounted for by 4-
methyl-cis-2-pentene (No. 2194). Half of the annual production volume in Japan is accounted for by 1-
nonene (No. 2195). The volume of the annual production in Europe is equally accounted for by 1-
octene (No. 2191) and 2,4-nonadiene (No. 2192).   
 Dietary exposures were estimated using both the single portion exposure technique (SPET) 
and the maximized survey-derived intake (MSDI) method. The highest estimated dietary exposure for 
each flavouring agent is reported in Table 1. The estimated dietary exposure is highest for 4-methyl-
cis-2-pentene (No. 2194) (263 μg/day, MSDI value). For the other flavouring agents, the estimated 
dietary exposures, calculated using either the SPET or the MSDI method, range from 0.01 to 13 
μg/day, with the SPET yielding the highest estimates. 

 

Absorption, distribution, metabolism and excretion  

Information on the absorption, distribution, metabolism and excretion of the flavouring agents 
belonging to the group of aliphatic and alicyclic hydrocarbons has previously been described in the 
monograph from the sixty-third meeting (Annex 1, reference 174). Additional information on the 
metabolism of 1-octene (No. 2191) was available for this meeting. 

 

                                                 
8 This meeting report item has been modified from the original in order to illustrate the revised Procedure. This 

example will be replaced by a meeting report item from a future meeting at which the revised Procedure is 

actually applied. 
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Application of the Procedure for the Safety Evaluation of Flavouring Agents 

Step 1. In applying the revised Procedure for the Safety Evaluation of Flavouring Agents to the 
above-mentioned flavouring agents, the Committee determined, based on the weight of evidence 
from an adequate array of genotoxicity studies, that all six flavouring agents lack the potential to be 
DNA-reactive carcinogens. Therefore, the evaluation of the six flavouring agents proceeded to step 2. 

Step 2.  All of the flavouring agents in this group were assigned to structural class I (Cramer, 
Ford & Hall, 1978). 

Step 3.  The highest dietary exposures were estimated using the SPET for five of the six 
flavouring agents and using the MSDI method for No. 2194.  

Step 4. The highest dietary exposure estimates in this group are below the threshold of 
concern for structural class I (i.e. 1800 µg/person per day or 30 µg/kg bw per day). The Committee 
therefore concluded that these flavouring agents would not pose a safety concern at current 
estimated dietary exposures. 

Table 1 summarizes the evaluations of the six flavouring agents belonging to this group of 
aliphatic and alicyclic hydrocarbons (Nos 2191, 2192 and 2194–2197). 

 

Consideration of combined intakes from use as flavouring agents 

The six additional flavouring agents in this group of aliphatic and alicyclic hydrocarbons have MSDI 
values of 0.01–263 μg/day. The Committee concluded that consideration of combined intakes is not 
necessary, because the additional flavouring agents would not contribute significantly to the combined 
intake of this flavouring group. 

 

Consideration of secondary components 

One flavouring agent in this group (No. 2192) has a minimum assay value of less than 95% (see 
Annex 4). The secondary components of 2,4-nonadiene (No. 2192) are 1,3-nonadiene, 2,6-nonadiene 
and 2,7-nonadiene. These compounds, which are structurally related to No. 2192, are considered not 
to present a safety concern at estimated dietary exposures from use of No. 2192 as a flavouring 

agent.  

 

Conclusions 

In the previous evaluation of flavouring agents in this group of aliphatic and alicyclic hydrocarbons, 
studies of biochemistry, acute toxicity, short-term and long-term toxicity and genotoxicity were 
available (Annex 1, reference 174). None of the 20 flavouring agents of this group raised safety 
concerns.  
 For the present evaluation, biochemical data were available for one flavouring agent in this 
group (No. 2191). For previously evaluated flavouring agents in this group, a study of acute toxicity 
(No. 1324), studies of short-term toxicity (Nos 1327 and 1324), studies of long-term toxicity (No. 1327) 
and studies of genotoxicity (Nos 1324, 1327, 1329, 1336, 1339 and 1341) were available. Also, a 
study of acute toxicity was available for methyl cyclohexadiene, a constituent of No. 2197, which also 
contains the structurally related methylene cyclohexene. The studies available for the present 
evaluation support the previous safety evaluations. 
 The Committee concluded that these six flavouring agents, which are additions to the group 
of aliphatic and alicyclic hydrocarbons evaluated previously, would not give rise to safety concerns at 
current estimated dietary exposures. 

An addendum to the toxicological monograph was prepared. 
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Table 1 
Summary of the results of the safety evaluations of aliphatic and alicyclic hydrocarbons used 
as flavouring agents

a,b
 

Flavouring agent No. CAS no. and structure 

Step 4
c
 

Does the highest dietary 
exposure estimate exceed the  
threshold of concern? 

Conclusion based 
on current 
estimated dietary 
exposure 

Structural class I      
1-Octene 2191 111-66-0 

 
No, SPET: 3 No safety concern 

2,4-Nonadiene 2192 56700-78-8 
 

No, SPET: 13 No safety concern 

4-Methyl-cis-2-pentene 2194 691-38-3 
 

No, MSDI: 263 No safety concern 

1-Nonene 2195 124-11-8 
 

No, SPET: 0.6 No safety concern 

1,3,5,7-Undecatetraene 2196 116963-97-4 
 

No, SPET: 0.6 No safety concern 

Mixture of methyl 
cyclohexadiene and 
methylene cyclohexene 
 
 

2197 30640-46-1; 1888-90-0 
 

No, SPET: 3 No safety concern 

a
  Twenty flavouring agents in this group were previously evaluated by the Committee (Annex 1, reference 173). 

b
  Step 1: The six flavouring agents in this group are in structural class I.  

c
  The threshold for human dietary exposure for structural class I is 1800 μg/day. All dietary exposure values are expressed in 

μg/day. The dietary exposure value listed represents the highest estimated dietary exposure calculated using either the 
SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case, except for No. 2194, for 
which the MSDI estimate was higher. 
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Annex 6: Portion sizes to be used for the calculation of the SPET estimate 

 

 
Food categorization system for the General Standard for Food Additives  (see 
http://www.fao.org/gsfaonline/foods/index.html?lang=en) 

Standard 
portion (g) Notes 

1. Dairy products, excluding products of category 2     

1.1 Milk and dairy-based drinks 200 (30*)   

1.2 Fermented and renneted milk products (plain), excluding food category 1.1.2 (dairy-
based drinks) 

200 (30*)   

1.3 Condensed milk and analogues 70 

 

Differs from 
standard portion 
in USA, which 
refers only to milk 
added to coffee, 
tea, etc. 

1.4 Cream (plain) and the like 15 Reported uses  

1.5 Milk powder and cream powder and powder analogues (plain) 30* Differs from 
standard portion 
in USA, which 
refers only to milk 
added to coffee, 
tea, etc. 

1.6 Cheese and analogues 40   

1.7 Dairy-based desserts (e.g., pudding, fruit or flavoured yoghurt) 125   

1.8 Whey and whey products, excluding whey cheese 200 (30*)  

2. Fats and oils and fat emulsions      

2.1 Fats and oils essentially free from water 15   

2.2 Fat emulsions mainly of type water-in-oil 15   

2 3 Fat emulsions mainly of type water-in-oil, including mixed and/or flavoured products 
based on fat emulsions 

15   

2.4 Fat-based desserts excluding dairy-based dessert products of category 1.7 50   

3 Edible ices, including sherbet and sorbet 50   

4 Fruits and vegetables (including mushrooms and fungi, roots and tubers, pulses 
and legumes and aloe vera), seaweeds, and nuts and seeds 

    

4.1 Fruit     

4.1.1 Fresh fruit 140  

4.1.2 Processed fruit 125  

4.1.2.5 Jams, jellies, marmalades 30  

4.2 Vegetables (including mushrooms and fungi, roots and tubers, pulses and legumes 
and aloe vera), seaweeds, and nuts and seeds 

    

4.2.2 Processed vegetables and nuts and seeds 200    

4.2.2.5 Vegetable, (including mushrooms and fungi, roots and tubers, pulses and 
legumes, and aloe vera), seaweed, and nut and seed purees and spreads (e.g., peanut 
butter) 

30 For nut and similar 
spreads  

5 Confectionery     

5.1 Cocoa products and chocolate products, including imitations and chocolate 
substitutes 

40   

5.2 Confectionery including hard and soft candy and nougats etc. other than 5.1, 5.3 and 
5.4 

30   

5.3 Chewing gum 3   

5.4 Decorations (e.g. for fine bakery wares), toppings (non-fruit) and sweet sauces 35   

6 Cereals and cereal products derived from cereal grains, from roots and tubers, 
and pulses and legumes, excluding bakery wares of food category 7.0 

    

6.1 Whole, broken or flaked grain, including rice 200 (70 raw)   

6.2 Flours and starches (including soybean powder) 30   

6.3 Breakfast cereals, including rolled oats 30   

6.4 Pastas and noodles and like products (e.g. rice paper, rice vermicelli, soybean pasta 
and noodles) 

200   
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Food categorization system for the General Standard for Food Additives  (see 
http://www.fao.org/gsfaonline/foods/index.html?lang=en) 

Standard 
portion (g) Notes 

6.5 Cereal and starch-based desserts (e.g. rice pudding, tapioca pudding) 200 (30*) For pudding 
powder 

6.6 Batters (e.g. for breading or batters for fish or poultry) 30   

6.7 Pre-cooked or processed rice products, including rice cakes (oriental type only) 200   

6.8 Soybean products (excluding soybean products of food category 12.9 and fermented 
soybean products of food category 12.10) 

100   

7 Bakery wares     

7.1 Bread and ordinary bakery wares 50   

7.2 Fine bakery wares (sweet, salty, savoury) and mixed 80   

8 Meat and meat products, including poultry and game     

8.1 Fresh meat, poultry and game 200    

8.2 Processed meat, poultry and game products in whole pieces or cuts 100   

8.3 Processed comminuted meat, poultry and game products 100   

8.4 Edible casings (e.g. sausage casings) 1   

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

9.1 Fresh fish and fish products, including molluscs, crustaceans and echinoderms 200  

9.1.1 Fresh fish 200  

9.1.2 Fresh molluscs, crustaceans and echinoderms 200  

9.2 Processed fish and fish products, including molluscs, crustaceans and echinoderms 100   

9.3 Semi-preserved fish and fish products, including molluscs, crustaceans and 
echinoderms 

100   

9.4 Fully preserved. including canned or fermented fish and fish products, including 
molluscs, crustaceans and echinoderms 

100   

10 Eggs and egg products     

10.1 Fresh eggs 100   

10.2 Egg products 100   

10.3 Preserved eggs, including alkaline. salted and canned eggs 100   

10.4 Egg-based desserts (e.g. custard) 125   

11 Sweeteners, including honey     

11.1 Refined and raw sugar  10   

11.2 Brown sugar excluding products of food category 11.1 10   

11.3 Sugar solutions and syrups, and (partially) inverted sugars, including molasses and 
treacle excluding products of food category 11.1.3 

30   

11.4 Other sugars and syrups (e.g. xylose, maple syrup, sugar toppings) 30   

11.5 Honey 15   

11.6 Table-top sweeteners, including those containing high-intensity sweeteners 1   

12 Salts, spices, soups, sauces, salads, protein products (including soybean 
protein products) and fermented soybean products 

    

12.1 Salt and salt substitutes 1   

12.2 Herbs, spices, seasonings and condiments (e.g. seasoning for instant noodles) 1   

12.3 Vinegars 15   

12.4 Mustards 15   

12.5 Soups and broths 200 (30*)   

12.6 Sauces and like products 30   

12.7 Salads 120 g (e.g. macaroni salad, potato salad) and sandwich spreads (20g) 
excluding cocoa- and nut based spreads of food categories 

120/20   

12.8 Yeast and like products 1   

12.9 Protein products
(1)

 15   

12.10 Fermented soybean products 40   

13 Foodstuffs intended for particular nutritional uses     

13.1 Infant formulae and follow-on formulae, and formulae for special medical purposes 
for infants 

1000
(2)

    

13.2 Complementary foods for infants and young children  50   
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Food categorization system for the General Standard for Food Additives  (see 
http://www.fao.org/gsfaonline/foods/index.html?lang=en) 

Standard 
portion (g) Notes 

13.3 Dietetic foods intended for special medical purposes  200 (30*)   

13.4 Dietetic formulae for slimming purposes and weight reduction 200 (30*)   

13.5 Dietetic foods other than 13.1–13.4 200 (30*)   

13.6 Food supplements 5   

14 Beverages, excluding dairy products     

14.1 Non-alcoholic (“soft”) beverages
(3)

  300 (12 for 
coffee or 30 for 
drink mix 
powders*) 

  

14.2 Alcoholic beverages, including alcohol-free and low-alcoholic counterparts     

14.2.1 Beer and malt beverages 300   

14.2.3 Grape wines 150   

14.2.5 Mead 150 The portion size is 
as s 14.2.3 Grape 
wines 

14.2.6 Spirituous beverages 30   

15 Ready-to-eat savouries     

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

30   

15.2 Processed nuts, including coated nuts and nut mixtures (with e.g. dried fruit) 30   

15.3 Snacks – fish based 30   

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

300  

* amount applicable for powder. 
(1)  

Food category taken for gelatine 
(2)

 The contribution from formula to the dietary exposure of infants should be considered separately. The consumption of 
formula was reported to be about 90% of the total energy intake at 3 month of age in France (Boggio et al., 1999). After that 
age this proportion of total energy intake from infant formula decreases rapidly, therefore it was considered appropriate to 
derive the highest average daily consumption of infant formula from the consumption of infants of 3 month of age. 
The median body weight for boys at 3 month is 6.4 kg (WHO Child Growth Standards, 2006) and the consumption of formula 
can be calculated based on 125 kcal/kg bw/day and on a content of 0.8 kcal/g in formula. This results in a consumption of 
formula of 1000 g/day. 
(Detailed calculation: 125/0.8*6.4=1000)  
(3)

 Includes flavoured water, fruit and vegetable juices/nectars, coffee, tea 
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Annex 7: Guidance related to the old Procedure for the Safety Evaluation of Flavouring Agents 

 

For historical reference, the guidance related to the old Procedure for the Safety Evaluation of Flavouring Agents (Fig. A7.1) is provided below. 

 

Fig. A7.1. Procedure for the Safety Evaluation of Flavouring Agents 
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A7.1 Examples of Table 1 

A7.1.1 Evaluated by the A-side of the Procedure 

 

Table 1. Summary of the results of the safety evaluations of aliphatic and aromatic ethers used as flavouring agents
a,b,c

 

Flavouring agent No. CAS no. and structure 

Step A3
d
 

Does estimated 
dietary 
exposure 
exceed the  
threshold of 
concern? 

Step A4  

Is the 
flavouring 
agent or are its 
metabolites 
endogenous? 

Step A5
e
 

Adequate margin of 
exposure for the 
flavouring agent or 
related substances? 

Comments on 
predicted 
metabolism 

Related structure name (No.) 
and structure (if applicable) 

Conclusion 
based on 
current 
estimated 
dietary 
exposure 

Structural class III  

 Cassyrane 2189 871465-49-5 Yes, SPET: 
1 250 

No Yes. The NOAEL of 
50 mg/kg bw per day 
for cassyrane in a 28-
day oral gavage study 
in rats (Braun, 2008) 
is at least 2 400 times 
the estimated daily 
dietary exposure to 
No. 2189 when used 
as a flavouring agent. 

Note 1 – No safety 
concern 

1-Cyclopropane-
methyl-4-
methoxybenzene 

2190 16510-27-3 Yes, SPET: 360 No Yes. The NOAEL of 
40 mg/kg bw per day 
for the structurally 
related p-
methylanisole in a 28-
day oral gavage study 
study in rats 
(Brunsborg et al., 
1994) is at least 6 700 
times the estimated 
daily dietary exposure 
to No. 2190 when 
used as a flavouring 
agent. 

 

Notes 2 and 3 p-Methylanisole (No. 1243) No safety 
concern 

O
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Flavouring agent No. CAS no. and structure 

Step A3
d
 

Does estimated 
dietary 
exposure 
exceed the  
threshold of 
concern? 

Step A4  

Is the 
flavouring 
agent or are its 
metabolites 
endogenous? 

Step A5
e
 

Adequate margin of 
exposure for the 
flavouring agent or 
related substances? 

Comments on 
predicted 
metabolism 

Related structure name (No.) 
and structure (if applicable) 

Conclusion 
based on 
current 
estimated 
dietary 
exposure 

Nerolidol oxide 2137 1424-83-5 

 

Yes, SPET: 
2 500 

No Yes. The NOAEL of 
103 mg/kg bw per day 
for the structurally 
related 
anhydrolinalool oxide 
in a 90-day dietary 
study in rats (Bauter, 
2012b) is at least 
2 500 times the 
estimated daily 
dietary exposure to 
No. 2137 when used 
as a flavouring agent. 

Note 1 Anhydrolinalool oxide (No. 1455) 

 

No safety 
concern 

bw: body weight; CAS: Chemical Abstracts Service; NOAEL: no-observed-adverse-effect level 
 
a
  Thirty-eight of 39 flavouring agents in this group were previously evaluated by the Committee (Annex 1, references 166 and 211). 

b
  Step 1: All three flavouring agents are in structural class III. 

c  
Step 2: All three flavouring agents are expected to be metabolized to innocuous products. 

d
  The threshold for human dietary exposure for structural class III is 90 μg/day. All dietary exposure values are expressed in μg/day. The dietary exposure value listed represents the highest 

estimated dietary exposure calculated using either the SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case. 
e
  The margin of exposure was calculated based on the estimated dietary exposure calculated by the SPET. 

 
Notes: 
1. Oxidized by cytochrome P450 isoenzymes to polar metabolites, followed by conjugation with glucuronic acid and elimination in the urine. 
2. Metabolized by cytochrome P450–mediated O-demethylation. 
3. Metabolized by cytochrome P450–mediated ring hydroxylation. 
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A7.1.2 Evaluated by the B-side of the Procedure 

 

Table 1 
Summary of the results of the safety evaluations of ionones and structurally related substances used as flavouring agents

a,b,c
  

 

Flavouring agent No. 
CAS no. and 
structure 

Step A3/B3
d
 

Does estimated 
dietary exposure 
exceed the  
threshold of 
concern? 

Step B4
e
 

Adequate margin 
of exposure for 
the flavouring 
agent or related 
substances? 

Step B5  
Do the conditions of 
use result in dietary 
exposure >1.5 µg/day? 

Comments 
on 
predicted 
metabolism 

Related structure 
name (No.) and 
structure (if 
applicable) 

Conclusion 
based on 
current 
estimated 
dietary 
exposure 

Structural class I 

β-Isomethylionone 2186 79-89-0 

 

A3: No, SPET: 600  NR NR Notes 1 and 
2 

 

 

No safety 
concern 

Pseudoionone 2187 141-10-6 A3: No, SPET: 1 000  NR NR Note 2 

 

 

No safety 
concern 

trans-α-Damascone 2188 24720-09-0 B3: No, SPET: 600 The NOAEL of 2 
mg/kg bw per day 
for the structurally 
related β-
damascone (No. 
384) in a 90-day 
study in rats 
(Posternak et al., 
1975) is 200 times 
the SPET estimate 
and 500 000 times 
the MSDI when No. 
2188 is used as a 
flavouring agent. 

Yes Note 1 β-Damascone (No. 384) 

 

Additional data 
required to 
complete 
evaluation 
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CAS: Chemical Abstracts Service; NOAEL: no-observed-adverse-effect level; NR: not required for evaluation because consumption of the flavouring agent was determined to be of no safety 
concern at step A3 of the Procedure 

a
  Twenty flavouring agents in this group were previously evaluated by the Committee (Annex 1, reference 137). 

b
  Step 1: The three flavouring agents are in structural class I (Nos 2186–2188). 

c  
Step 2: Nos 2186 and 2187 can be predicted to be metabolized to innocuous products. No. 2188 cannot be predicted to be metabolized to innocuous products. 

d
  The threshold for human dietary exposure for structural class I is 1800 μg/day. All dietary exposure values are expressed in μg/day. The dietary exposure value listed represents the highest 

estimated dietary exposure calculated using either the SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case. 
e
  The margins of exposure were calculated based on the estimated dietary exposure calculated using the SPET. In cases where the resulting margin of exposure was relatively low, a comparison 

with the MSDI was also made. 

Notes: 
1. Metabolized primarily via ring oxidation to 3-oxo and 3-hydroxy derivatives, which are eliminated. 
2. Metabolized primarily through reduction of the ketone followed by conjugation with glucuronic acid; alternatively, Michael addition to the alkene group by glutathione followed by elimination as the 

mercapturic acid conjugate. 
 
 

Table 1 
Summary of the results of the safety evaluations of miscellaneous nitrogen-containing substances used as flavouring agents

a,b,c 

 

Flavouring agent No. CAS no. and structure 

Step B3
d
 

Does estimated 
dietary exposure 
exceed the  
threshold of 
concern? 

Follow-on from step B3
e
 

Are additional data available for 
the flavouring agent with an 
estimated dietary exposure 
exceeding the threshold of 
concern? 

Comments on 
predicted 
metabolism 

Conclusion based on 
current estimated 
dietary exposure 

Structural class III  

3-[3-(2-Isopropyl-5-methylcyclohexyl)-
ureido]-butyric acid ethyl ester 

2203 1160112-20-8 

 

Yes, SPET: 800  Yes. The NOAEL of 776.5 mg/kg 
bw per day in a 90-day study in 
rats (Bauter, 2013) is 60 000 times 
the estimated dietary exposure to 
No. 2203 when used as a 
flavouring agent. 

Note 1 No safety concern 
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Flavouring agent No. CAS no. and structure 

Step B3
d
 

Does estimated 
dietary exposure 
exceed the  
threshold of 
concern? 

Follow-on from step B3
e
 

Are additional data available for 
the flavouring agent with an 
estimated dietary exposure 
exceeding the threshold of 
concern? 

Comments on 
predicted 
metabolism 

Conclusion based on 
current estimated 
dietary exposure 

4-Amino-5-(3-(isopropylamino)-2,2-
dimethyl-3-oxopropoxy)-2-
methylquinoline-3-carboxylic acid (and 
its hemisulfate monohydrate salt) 

2204 1359963-68-0 

 

Yes, SPET: 2 400  Yes. The NOAEL of 100 mg/kg bw 
per day in a 90-day study in rats 
(Rose, 2012b) is 2 500 times the 
estimated dietary exposure to No. 
2203 when used as a flavouring 
agent. 

Note 2 No safety concern 

bw: body weight; CAS: Chemical Abstracts Service; NOAEL: no-observed-adverse-effect level 

a
  Thirty-two flavouring agents in this group were previously evaluated by the Committee (Annex 1, references 178, 190 and 211). 

b
  Step 1: The two flavouring agents in this group (Nos 2203 and 2204) are in structural class III. 

c  
Step 2: Neither of the flavouring agents in this group can be predicted to be metabolized to innocuous products. 

d
  The threshold for human dietary exposure for structural class III is 90 µg/day. All dietary exposure values are expressed in µg/day. The dietary exposure values listed represent the highest daily 

dietary exposures calculated by either the SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case. 
e
  The margins of exposure were calculated based on the estimated dietary exposure calculated by the SPET. 

Notes: 
1. The ester functionality will readily hydrolyse to the corresponding acid and ethanol, which will form conjugates with glucuronic acid and be readily eliminated. The ureido functionality will be 

oxidized by cytochrome P450 and form the α-carbinol. The carbinol urea is expected to release urea and the corresponding ketones, menthone and 3-oxobutyric acid ethyl ester. 
2. Primarily excreted in the faeces unchanged, with very minor amounts of oxidative metabolites eliminated in the urine. 

 

 
A7.1.3 Not evaluated according to the Procedure 

 

Table 1 
Summary of the results of the safety evaluations of sulfur-containing heterocyclic compounds used as flavouring agents

a,b,c 

Flavouring agent No. 
CAS no. and 
structure 

Step B3
d
 

Does estimated 
dietary exposure 
exceed the 
threshold of 
concern? 

Step B4
e
 

Adequate margin of 
exposure for the 
flavouring agent or 
related substances? 

Comments 
on predicted 
metabolism 

Related structure name 
(No.) and structure (if 
applicable) 

Conclusion based on 
current estimated 
dietary exposure 

Structural class II        
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Flavouring agent No. 
CAS no. and 
structure 

Step B3
d
 

Does estimated 
dietary exposure 
exceed the 
threshold of 
concern? 

Step B4
e
 

Adequate margin of 
exposure for the 
flavouring agent or 
related substances? 

Comments 
on predicted 
metabolism 

Related structure name 
(No.) and structure (if 
applicable) 

Conclusion based on 
current estimated 
dietary exposure 

Triethylthialdine 2205 54717-17-8 

 

No, SPET: 5 Yes. The NOAEL of 9.3 
mg/kg bw per day for the 
structurally related 5,6-
dihydro-2,4,6-tris(2-
methylpropyl)4H-1,3,5-
dithiazine (No. 1048) in a 
90-day study in rats 
(Bauter, 2012b) is 93 000 
times the estimated dietary 
exposure to No. 2205 
when used as a flavouring 
agent. 

Notes 1 and 2 5,6-Dihydro-2,4,6-tris(2-
methylpropyl)4H-1,3,5-
dithiazine (No. 1048) 

 

No safety concern 

Structural class III        

2-Isopropyl-4-methyl-3-
thiazoline 

2206 67936-13-4 

 

No, SPET: 75 Yes. The NOAEL of 1.2 
mg/kg bw per day in a 90-
day study in rats (Babish, 
1978) for the structurally 
related 2-(2-butyl)-4,5-
dimethyl-3-thiazoline (No. 
1059) is 1 200 times the 
estimated dietary exposure 
to No. 2206 when used as 
a flavouring agent. 

Notes 1 and 2 2-(2-Butyl)-4,5-dimethyl-
3-thiazoline (No. 1059) 

 

No safety concern 

Flavouring agent No. CAS no. and 
structure 

Conclusion 

Flavouring agent not evaluated according to the Procedure  

3-Acetyl-2,5-
dimethylthiophene 

1051 2530-10-1 

 

 

 

 

Inappropriate for use as a flavouring agent 

bw: body weight; CAS: Chemical Abstracts Service; NOAEL: no-observed-adverse-effect level 

a
  Fifty-nine flavouring agents in this group were previously evaluated by the Committee (Annex 1, references 161, 188 and 212). At the current meeting, No. 1051 was reconsidered in light of 

potential genotoxicity concerns.  
b
  Step 1: One flavouring agent is in structural class II (No. 2205), and one flavouring agent is in structural class III (No. 2206). 

c  
Step 2: The two flavouring agents in this group cannot be predicted to be metabolized to innocuous products. 
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d
  The thresholds for human dietary exposure for structural classes II and III are 540 µg/day and 90 µg/day, respectively. All dietary exposure values are expressed in µg/day. The dietary exposure 

values listed represent the highest daily dietary exposures calculated using either the SPET or the MSDI method. The SPET gave the highest estimated dietary exposure in each case. 
e
  The margins of exposure were calculated based on the estimated dietary exposure calculated by the SPET. 

Notes: 
1. Flavin-dependent monooxygenase and cytochrome P450–dependent sulfoxidation and sulfone formation. 
2. Cytochrome P450–dependent alkyl side-chain oxidation 
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