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This report represents the conclusions of a Joint FAO/WHO Expert Committee 
convened to evaluate the safety of various food additives, including flavouring 
agents, with a view to concluding as to safety concerns and to preparing 
specifications for identity and purity. 

The first part of the report contains a general discussion of the principles 
governing the toxicological evaluation of and assessment of dietary exposure 
to food additives, including flavouring agents. A summary follows of the 
Committee’s evaluations of technical, toxicological and dietary exposure 
data for five food additives (magnesium dihydrogen diphosphate; mineral 
oil (medium and low viscosity) classes II and III; 3-phytase from Aspergillus 
niger expressed in Aspergillus niger; serine protease (chymotrypsin) from 
Nocardiopsis prasina expressed in Bacillus licheniformis; and serine protease 
(trypsin) from Fusarium oxysporum expressed in Fusarium venenatum) and 
16 groups of flavouring agents (aliphatic and aromatic amines and amides; 
aliphatic and aromatic ethers; aliphatic hydrocarbons, alcohols, aldehydes, 
ketones, carboxylic acids and related esters, sulfides, disulfides and ethers 
containing furan substitution; aliphatic linear α,β-unsaturated aldehydes, acids 
and related alcohols, acetals and esters; amino acids and related substances; 
epoxides; furfuryl alcohol and related substances; linear and branched-chain 
aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and related 
esters; miscellaneous nitrogen-containing substances; phenol and phenol 
derivatives; pyrazine derivatives; pyridine, pyrrole and quinoline derivatives; 
saturated aliphatic acyclic branched-chain primary alcohols, aldehydes and 
acids; simple aliphatic and aromatic sulfides and thiols; sulfur-containing 
heterocyclic compounds; and sulfur-substituted furan derivatives).

Specifications for the following food additives were revised: ethyl cellulose, 
mineral oil (medium viscosity), modified starches and titanium dioxide.

Annexed to the report are tables summarizing the Committee’s 
recommendations for dietary exposures to and toxicological evaluations of 
the food additives and flavouring agents considered.
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1. Introduction

The Joint FAO/WHO Expert Committee on Food Additives (JECFA) met in 
Geneva from 5 to 14 June 2012. The meeting was opened by Dr Angelika 
Tritscher, Acting Director of the Department of Food Safety and Zoonoses of 
the World Health Organization (WHO), on behalf of the Directors-General 
of the Food and Agriculture Organization of the United Nations (FAO) and 
WHO. Dr Tritscher noted the long history of the Committee and the impor-
tance of its assessments, which serve as the basis for Codex Alimentarius 
Commission standards, in the context of international food safety.

Dr Tritscher informed the Committee about the recent World Health Assem-
bly and meeting of the Executive Board, at which Member States expressed 
strong support for the importance of food safety and their appreciation and 
recognition of the importance of the Committee’s work. Sincere appreciation 
was expressed to the experts for putting their time and expertise at the serv-
ice of FAO and WHO. Dr Tritscher then briefl y informed the Committee on 
the current reform process at WHO and the ongoing process for programme 
planning and prioritization. Food safety is considered to be an important 
component of global public health and is closely linked to food security and 
sustainable development. As such, it is a priority for the Organization in the 
context of global health security.

1.1 Declarations of interests

The Secretariat informed the Committee that all experts participating in the 
seventy-sixth meeting had completed declaration of interest forms. The follow-
ing declared interests and potential confl icts were discussed by the Commit-
tee. Professor Glenn Sipes serves on a scientifi c expert panel of the Research 
Institute of Fragrance Materials, and the University of Arizona, his previous 
employer, had received research funds from the fl avours industry to support 
generic hydrolysis studies of fl avours. Since none of this work included fl a-
vours on the agenda of this meeting, this was not considered a confl ict of 
interest. Professor Andrew Renwick consulted for several food manufactur-
ers on sweeteners, but none of the consultancies were related to any of the 
compounds evaluated at this meeting. Professor Gary Williams received a 
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research grant to study the genotoxicity of a specifi c fl avour compound. Since 
this study was submitted to support the evaluation of one of the fl avour groups 
to be considered at this meeting, this was considered a confl ict of interest, and 
Professor Williams did not participate in the discussion and evaluation of this 
group.
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2. General considerations

As a result of the recommendations of the fi rst Joint FAO/WHO Conference 
on Food Additives, held in September 1955 (1), there have been 75 previous 
meetings of the Committee (Annex 1). The present meeting was convened on 
the basis of a recommendation made at the seventy-third meeting (Annex 1, 
reference 202).

The tasks before the Committee were:

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

—  to review and prepare specifi cations for certain food additives and fl a-
vouring agents (section 3 and Annex 2);

—  to undertake safety evaluations of certain food additives and fl avouring 
agents (sections 3 and 4 and Annex 2).

2.1  Modifi cation of the agenda

For the revision of the specifi cation for paprika extract, no data were 
received, and, based on the commitment by the sponsor to provide data for 
a future meeting, this evaluation was postponed. The following compounds 
that were scheduled to be evaluated as fl avouring agents were removed from 
the agenda:

—  No. 2124 ((3R)-4-[[(1S)-1-benzyl-2-methoxy-2-oxo-ethyl]amino]-3-[3-
(3-hydroxy-4-methoxy-phenyl)propylamino]-4-oxo-butanoic acid hy-
drate) is a high-intensity sweetener called Advantame. Therefore, it was 
considered inappropriate to evaluate this compound as a fl avouring agent. 
Evaluation as a food additive has been requested by the Codex Commit-
tee on Food Additives (CCFA) and will be scheduled for a future JECFA 
meeting.

—  No. 2168 (rebaudioside A) and No. 2169 (rebaudioside C) are naturally 
occurring sweeteners and are included in the previous evaluation of the 
food additive steviol glycosides, for which an acceptable daily intake 
(ADI) of 0–4 mg/kg body weight (bw), expressed as steviol, has been 
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established (Annex 1, reference 190). The Committee did not consider it 
appropriate to evaluate these substances as fl avouring agents. Specifi ca-
tions for Nos 2168 and 2169 were not prepared, as these additives are 
covered under the existing specifi cations for steviol glycosides.

Seven fl avouring agents (Nos 2099–2105) were proposed for evaluation as 
additions to the previously evaluated group of furfuryl alcohol and related 
substances. However, three of these compounds (Nos 2103–2105) are more 
appropriately considered in the group of aliphatic hydrocarbons, alcohols, 
aldehydes, ketones, carboxylic acids and related esters, sulfi des, disulfi des and 
ethers containing furan substitution and were considered within this group.

Thirteen fl avouring agents (Nos 2150–2162) were proposed for evaluation as 
additions to the previously evaluated group of pyridine, pyrrole and quinoline 
derivatives. However, Nos 2161 and 2162 are more appropriately considered 
as additions to the group of miscellaneous nitrogen-containing substances. 
This additional group evaluation was added to this meeting.

One fl avouring agent, No. 2069, was scheduled for evaluation in the group of 
aliphatic linear α,β-unsaturated aldehydes, acids and related alcohols, acetals 
and esters. The Committee decided that this compound did not belong to this 
group, and therefore it was not further considered.

The Committee agreed to consider amending the test on the degree of sub-
stitution of starch sodium octenylsuccinate (International Numbering Sys-
tem for Food Additives [INS] No. 1450) in the specifi cations monograph for 
modifi ed starches. The requests to make specifi c edits regarding monosodium 
glutamate (INS No. 621), dimethyl dicarbonate (INS No. 242) and 4-hexyl-
resorcinol (INS No. 586) were considered as minimal editorial amendments 
that will be done for the online Combined Compendium of Food Additive 
Specifi cations database.

2.2  Report from the Forty-fourth Session of the Codex Committee 
on Food Additives (CCFA)

The Codex Secretariat informed the Committee about the principal achieve-
ments and outputs of the Forty-fourth Session of CCFA.

The Forty-fourth Session of CCFA had forwarded 160 food additive pro-
visions of the Codex General Standard for Food Additives (GSFA) to the 
Thirty-fi fth Session of the Codex Alimentarius Commission for adoption, 
with amendments to the name and descriptors of food category 16.0 GSFA, 
which was renamed “Prepared foods”. In addition, the Forty-fourth Session 
of CCFA recommended the adoption of 22 new, revised or corrected speci-
fi cations for the identity and purity of food additives, prepared by the seven-
ty-fourth meeting of JECFA; amendments to the INS; and the Risk Analysis 
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Principles Applied by the Codex Committee on Food Additives. CCFA also 
requested the Commission to revoke a number of food additive provisions of 
the GSFA, the specifi cations for potassium bromate and the Codex Informa-
tion on the Use of Food Additives in Foods (CAC/MISC 1-1989).

The Forty-fourth Session of CCFA continued working on the provisions for 
aluminium-containing food additives in the GSFA with a view to reduce their 
uses and use levels and seek alternatives to these food additives.

The Forty-fourth Session of CCFA agreed on a revised priority list of com-
pounds for evaluation (or re-evaluation) by JECFA, to prepare a prioritized 
list of 107 food colours by applying the prioritization tool, as discussed at 
the Session, for re-evaluation by JECFA and to compile information from 
members and observers on these colours.

2.3 Principles governing the toxicological evaluation of compounds 
on the agenda

In making recommendations on the safety of food additives, the Committee 
took into consideration the principles established and contained in the publi-
cation, Environmental Health Criteria, No. 240, Principles and Methods for 
the Risk Assessment of Chemicals in Food, published in 2009 (2).

2.4 Statement on the inclusion of secondary additives in a 
specifi cations monograph

Some food additives may require the addition of one or more secondary 
additives to ensure their stability and effective use in foods. Examples may 
include, but are not limited to, the use of antioxidants or preservatives to 
promote the stability of a primary additive or anti-caking agents, diluents or 
emulsifi ers to ensure its technological function. In cases where the Commit-
tee has considered the use of a secondary additive or class of additives with 
a particular technological purpose to be appropriate, a short statement allow-
ing for the addition of secondary additives will be included in the defi nition 
section of the specifi cations monograph.

Accordingly, any secondary additive must have been determined to be safe for 
use in food by the Committee. They should be of food-grade quality and used 
at the minimum level required to achieve the intended technological function.

2.5  Food additive specifi cations

2.5.1 Analytical method for the determination of phosphorus as 
phosphorus pentoxide

The Committee at its current meeting noted that the titrimetric and gravimet-
ric methods in the Combined Compendium of Food Additive Specifi cations, 
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Volume 4 (Annex 1, reference 180), are not reliable for the determination of 
phosphorus as phosphorus pentoxide. Consequently, the Committee decided 
to introduce a method based on inductively coupled plasma–atomic emission 
spectrophotometry (ICP-AES) in the specifi cations monograph of magne-
sium dihydrogen diphosphate.

The Committee may consider replacing corresponding methods for other 
diphosphate additives at a future meeting.

2.5.2  Inclusion of titanium dioxide in the evaluation of dietary exposure to 
aluminium from food additives

The Committee noted that the current specifi cations monograph for titanium 
dioxide has a provision for aluminium oxide, up to a maximum level of 2%. 
Consequently, the Committee may consider inclusion of titanium dioxide in 
evaluations of the dietary exposure to aluminium.

2.5.3  Food additives containing aluminium and/or silicon

The Committee, while reviewing the specifi cations of food additives contain-
ing aluminium and silicon, considered it relevant to update the test methods 
for the determination of aluminium oxide and silicon dioxide. Some of the 
test methods for the food additives listed below use potentially corrosive or 
hazardous reagents that are not always permitted in current laboratory prac-
tices because of safety concerns. The Committee also noted that the speci-
fi cations of some additives were rather old or tentative and that it requires 
additional information to revise the specifi cations. Consequently, the Com-
mittee recommends placing these additives on the agenda for re-evaluation.

Food additive Specifi cations Remarks on current assay

Calcium aluminium silicate
(INS No. 556)

28th, 1984 Assay by gravimetry, includes hydrofl uoric acid and 
perchloric acid

Aluminium silicate (INS No. 559) 57th , 2001 No assay

Calcium silicate (INS No. 552) 17th, 1973 No assay

Silicon dioxide (INS No. 551) 17th, 1973 Assay by gravimetry and includes hydrofl uoric acid

Sodium aluminosilicate
(INS No. 554)

17th, 1973 No assay, identifi cation test includes hydrofl uoric 
acid 

Potassium aluminium silicate 
(INS No. 555)

74th , 2011 Tentative specifi cations; assay method is based on 
alkali fusion followed by ICP-AES determination 

Potassium aluminium silicate–
based pearlescent pigments

74th , 2011 Tentative specifi cations; assay method is based on 
alkali fusion followed by ICP-AES determination

2.5.4 Test methods for modifi ed starches

In addition to revising the specifi c test for degree of substitution of starch 
sodium octenylsuccinate (INS No. 1450) in the specifi cations monograph of 
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modifi ed starches, the Committee considered that it would be necessary to 
align the description of the test to be consistent with the end-product spec-
ifi cations at a future meeting. In addition, the Committee considered that 
it would also be necessary to revise the specifi cations for all the modifi ed 
starches, including test methods.

2.6  Flavour specifi cations

2.6.1 Improvements to the submission of specifi cations data for fl avouring 
agents

The Committee at its current meeting made recommendations to improve the 
quality of data submitted for fl avouring agents. These include submission of 
raw data (e.g. spectra, molecular structure, composition of isomers, physical 
and chemical properties, and method for determination of minimum assay) 
used to establish the specifi cations for each fl avouring agent at submission. 
In addition, tabulated summary data (e.g. spreadsheet) for all the fl avouring 
agents should be provided. It is strongly recommended that for each fl avour-
ing agent, the following spectra, with detailed experimental conditions, be 
provided: nuclear magnetic resonance spectrometry, Fourier-transform infra-
red spectroscopy and mass spectrometry. Spectra should be of such quality 
that they can be used for identifi cation purposes. Data provided should be 
consistent with the product in commerce. The data should be provided in a 
timely manner that permits the Committee to perform a thorough review. All 
data should receive a thorough quality control review by the sponsor before 
submission to the Committee.

2.6.2  Improvements to the presentation of specifi cations data for fl avouring 
agents

The Committee recommends that the chemical structures for the fl avouring 
agents be included as part of the specifi cations presented online. In addition, 
an annotation of the method used to determine the minimum assay value of the 
fl avouring agent should be included. The Committee also noted that it would 
be more useful to separate the current specifi cation for “Physical Form/Odour” 
into two separate entries. It was also recommended that a separate entry for 
melting point be included in the specifi cations for fl avouring agents.

2.7  Evaluation of fl avour modifi ers

A number of the fl avouring agents submitted to the present meeting (Nos 
2077, 2080–2082, 2119, 2121, 2123, 2158–2162 and 2170–2172) modify 
the fl avour of other dietary components. At the present meeting, the Com-
mittee has adopted the term fl avour modifi er for all agents that alter or mask 
the fl avours of fl avouring agents or other dietary components.
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The Committee noted that the chemical structures of some fl avour modifi ers 
(e.g. Nos 2081, 2082, 2161, 2162 and 2170–2172) have characteristics that 
have not been found in previously evaluated fl avouring agents. The fl avour 
modifi ers evaluated at the present meeting had low estimated dietary expo-
sures and could be evaluated using the Procedure for the Safety Evaluation 
of Flavouring Agents. The Committee agreed that fl avour modifi ers would 
be identifi ed in evaluations of fl avouring agents. The Committee empha-
sized that the safety evaluations undertaken on fl avouring agents and fl avour 
m odifi ers relate to the use levels submitted to the Committee for evaluation.
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3.  Specifi c food additives (other than 
fl avouring agents)

The Committee evaluated four food additives for the fi rst time and re-eval-
uated one other. Four food additives were considered for revision of speci-
fi cations only. Information on the safety evaluations and specifi cations is 
summarized in Annex 2. Details of further toxicological studies and other 
information required for certain substances are summarized in Annex 3.

3.1  Safety evaluations

3.1.1  Magnesium dihydrogen diphosphate

 Explanation

At the present meeting, the Committee evaluated magnesium dihydrogen 
diphosphate for use as an acidifi er, stabilizer and raising agent. It is pro-
posed for use as an alternative to sodium-based acidifi ers and raising agents, 
primarily in self-raising fl our, noodles (oriental style), batters and processed 
cereals.

Magnesium dihydrogen diphosphate has not been evaluated previously by the 
Committee. Phosphates, diphosphates and polyphosphates were evaluated by the 
Committee at its sixth, seventh, eighth, ninth, thirteenth, fourteenth, seventeenth, 
twenty-sixth and fi fty-seventh meetings (Annex 1, references 6–8, 11, 19, 22, 
32, 59 and 154). A maximum tolerable daily intake (MTDI) of 70 mg/kg bw was 
established at the twenty-sixth meeting on the basis of the lowest dietary concen-
tration of phosphorus (1% in the diet) that caused nephrocalcinosis in rats. It was 
considered inappropriate to establish an ADI, because phosphorus (primarily as 
phosphate) is an essential nutrient and an unavoidable constituent of food. The 
MTDI is expressed as phosphorus and applies to the sum of phosphates naturally 
present in food and the phosphates derived from use of these food additives. 
At its seventy-fi rst meeting, the Committee evaluated ferrous ammonium phos-
phate and concluded that consideration of the toxicity of phosphate did not indi-
cate a need to revise the Committee’s previous e valuation of this ion (Annex 1, 
r eference 191).
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The MTDI was considered to cover a number of phosphate salts, according 
to the principle established by the Committee at its ninth, twenty-third and 
twenty-ninth meetings (Annex 1, references 11, 50 and 70) that the ADI (or 
MTDI) established for ionizable salts should be based on previously accepted 
recommendations for the constituent cations and anions. Magnesium-based 
salts previously discussed by the Committee and covered by the MTDI for 
phosphates included magnesium phosphate (monobasic, dibasic and triba-
sic) and monomagnesium phosphate. However, certain specifi c phosphate 
salts were not included, because specifi cations were lacking and because 
information was not available to indicate whether they were being used as 
food-grade materials.

The Committee has previously evaluated other magnesium salts, allocating 
ADIs “not limited”1 or “not specifi ed” to magnesium carbonate, magnesium 
hydroxide, magnesium chloride, magnesium DL-lactate, magnesium hydro-
gen carbonate, magnesium gluconate, magnesium di-L-glutamate and mag-
nesium sulfate (Annex 1, references 11, 50, 70, 77, 137 and 187). At its 
twenty-ninth meeting (Annex 1, reference 70), the Committee highlighted 
that the use of magnesium salts as food additives was acceptable, provided 
that the following were taken into consideration:

• The minimum laxative effective dose is approximately 1000 mg of mag-
nesium moiety from a magnesium salt (observed only when the magne-
sium salt is administered as a single dose).

• Infants are particularly sensitive to the sedative effects of magnesium 
salts.

• Individuals with chronic renal impairment retain 15–30% of a dministered 
magnesium.

At its present meeting, the Committee was asked to conduct a safety assess-
ment and set specifi cations for magnesium dihydrogen diphosphate by the 
Forty-third Session of CCFA (3). The Committee received a submission 
that included tests for acute toxicity, skin and eye irritation and genotox-
icity of magnesium dihydrogen diphosphate and considered other information 
a vailable in the literature of relevance to the magnesium and phosphate ions.

 Chemical and technical considerations

Magnesium dihydrogen diphosphate (chemical formula: MgH
2
P

2
O

7
; Chemi-

cal Abstracts Service registry number: 20768-12-1) is the acidic magne-
sium salt of diphosphoric acid. It is manufactured by adding an aqueous 

1  At its eighteenth meeting (Annex 1, reference 35), the Committee replaced the term ADI “not limited” 
with ADI “not specifi ed”.
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d ispersion of magnesium hydroxide slowly to phosphoric acid until a mag-
nesium to phosphorus ratio of about 1:2 is reached. The temperature is held 
under 60 °C during the reaction. About 0.1% hydrogen peroxide is added to 
the reaction mixture, and the slurry is then dried and milled.

Toxicological data

Magnesium dihydrogen diphosphate ionizes into its component ions: mag-
nesium, hydrogen and diphosphate. Therefore, the safety assessment should 
be based on previously accepted recommendations for the constituent cati-
ons and anions. Magnesium and phosphorus (primarily as phosphate) are 
essential minerals that are naturally present in the human body and in food.

The Committee received data showing that magnesium dihydrogen diphos-
phate does not exert acute toxicity, skin or eye irritation or genotoxicity.

At previous meetings, the Committee noted that toxicity can arise from an 
imbalance of calcium, magnesium and phosphate. Excessive dietary phos-
phorus causes hypocalcaemia, which can result in bone loss and calcifi cation 
of soft tissues. The MTDI of 70 mg/kg bw was derived from studies demon-
strating nephrocalcinosis in rats at dietary concentrations of 1% phosphorus. 
Nephrocalcinosis has been defi ned as calcifi ed deposits, mainly in the form 
of calcium phosphate, in tubules located predominantly at the corticomedul-
lary junction of the kidney. The exact approach taken in deriving the MTDI 
from this end-point is unclear. In addition, the Committee noted that there is 
evidence that rats are particularly sensitive to mineralization in the kidneys 
resulting from an imbalance of calcium and phosphate in the diet. Therefore, 
the relevance of mineralization in the rat kidney for safety assessment is 
unclear. The available toxicological information on phosphate salts did not 
indicate that the MTDI is insuffi ciently health protective.

Assessment of dietary exposure

For the evaluation of magnesium dihydrogen diphosphate as a new food 
additive intended to be used as an alternative to sodium-based acidifi ers 
and raising agents, the Committee evaluated an anticipated dietary exposure 
based on individual food consumption data from the European Union with 
the maximum proposed use levels of magnesium dihydrogen diphosphate 
(0.1% up to 0.7% by weight in solid food, as phosphorus) in GSFA food cat-
egories such as fl ours, pasta, noodles and similar products, puffed products, 
bread and rolls and fi ne bakery wares.

Based on this conservative scenario, assuming that 100% of food products 
would be manufactured and consumed at the maximum proposed use lev-
els, the Committee concluded that anticipated average dietary exposures to 
magnesium dihydrogen diphosphate would be up to approximately 20 mg 
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of phosphorus per kilogram of body weight per day for an adult and up to 
70 mg of phosphorus per kilogram of body weight per day for a child. The 
95th percentiles of exposure are estimated to be up to 40 mg of phosphor-
us per kilogram of body weight per day for an adult and up to 115 mg of 
phosphorus per kilogram of body weight per day for a child. The main food 
groups contributing to these overall dietary exposures within all population 
groups were bread and rolls (7–86%), fi ne bakery wares (6–58%) and fl ours 
and starches (5–98%).

The dietary exposure to magnesium estimated from the anticipated use of 
magnesium dihydrogen diphosphate would be 39% of the estimated expo-
sure to phosphorus, based on the contribution to molecular weight. This cor-
responds to an average dietary exposure of up to approximately 8 mg of mag-
nesium per kilogram of body weight per day for an adult and up to 27 mg 
of magnesium per kilogram of body weight per day for a child. The 95th 
percentiles of exposure are estimated to be up to 16 mg of magnesium per 
kilogram of body weight per day for an adult and up to 45 mg of magnesium 
per kilogram of body weight per day for a child.

 Evaluation

Although an ADI “not specifi ed” has been established for a number of mag-
nesium salts used as food additives, the estimated chronic dietary exposures 
to magnesium (960 mg/day for a 60 kg adult at the 95th percentile) from 
the proposed uses of magnesium dihydrogen diphosphate are up to twice 
the background exposures from food previously noted by the Committee 
(180–480 mg/day) and in the region of the minimum laxative effective dose 
of approximately 1000 mg of magnesium when taken as a single dose. The 
estimates of dietary exposure to phosphorus from the proposed uses of mag-
nesium dihydrogen diphosphate are in the region of, or slightly exceed, the 
MTDI of 70 mg/kg bw for phosphate salts, expressed as phosphorus, from 
this source alone. Thus, the MTDI is further exceeded when other sources of 
phosphate in the diet are taken into account. The Committee therefore con-
cluded that the proposed use levels and food categories result in an estimated 
dietary exposure to magnesium dihydrogen diphosphate that is a potential 
concern.

The Committee emphasized that in evaluating individual phosphate-contain-
ing food additives, there is a need for assessment of total dietary exposure 
to phosphorus.

 Recommendations

The Committee noted that an ADI “not specifi ed” has been allocated individ-
ually to a number of magnesium-containing food additives and r ecommended 
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that total dietary exposure to magnesium from food additives and other 
sources in the diet should be assessed. The information submitted to the 
Committee and in the scientifi c literature did not indicate that the MTDI of 
70 mg/kg bw for phosphate salts, expressed as phosphorus, is insuffi ciently 
health protective. On the contrary, because the basis for its derivation might 
not be relevant to humans, it could be overly conservative. Therefore, there 
is a need to review the toxicological basis of the MTDI for phosphate salts 
expressed as phosphorus.

A toxicological monograph was prepared.

New specifi cations and a Chemical and Technical Assessment for magne-
sium dihydrogen diphosphate were prepared.

3.1.2  Mineral oil (medium and low viscosity) classes II and III

 Explanation

Mineral oils (medium and low viscosity) comprise a subgroup of the family 
of mineral oils and waxes. They are manufactured from crude mineral oils in 
various refi ning steps, such as distillation, extraction and crystallization, and 
are subsequently purifi ed by acid treatment (oleum method) and/or hydro-
treatment (catalytic hydrogenation). Mineral oils (medium and low viscosity) 
are mixtures of highly refi ned paraffi nic and naphthenic liquid hydrocarbons 
with boiling points greater than 200 °C. Mineral oils (medium and low vis-
cosity) are subdivided into classes I, II and III based on criteria related to vis-
cosity, average relative molecular mass and carbon number at 5% distillation 
point. The specifi cations of classes II and III are shown in Table 1.

Food-grade mineral oils have been evaluated by the Committee at its four-
teenth, seventeenth, twentieth, thirty-seventh, forty-fourth and fi fty-ninth 
meetings (Annex 1, references 23, 33, 42, 94, 117 and 161). At the forty-fourth 
meeting, the Committee reviewed the results of 90-day studies in F344 rats 
on a range of mineral oils and waxes, including materials in classes II and III. 
The materials showed evidence of accumulation and effects including focal 
histiocytosis, increased weights of liver, lymph nodes, spleen and kidneys, 
granulomas or microgranulomas of the liver, haematological changes typical 
of a mild chronic infl ammatory reaction and biochemical changes indicative 
of mild hepatic damage. The Committee considered that, although the types 
of effects seen were essentially foreign body reactions, it was possible that 
a prolonged infl ammatory response of this type could result in functional 
changes in the immune system and that this aspect required further investi-
gation. A temporary group ADI of 0–0.01 mg/kg bw was allocated to min-
eral oils falling within the specifi cations for the N10(A), N15(H), P15(H), 
N70(A) and N70(H) oils. The Committee required i nformation about the 
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compositional factors in mineral oils that infl uence their absorption and tox-
icity. It also required a study of at least 1 year’s duration on one of these mater-
ials in F344 rats, which should include an assessment of immune function 
at appropriate time periods and an investigation of the kinetics of accumula-
tion of the material, and particularly whether a plateau is reached. A recov-
ery period of 1 year should also be included, in order to determine whether 
the granulomatous hepatic lesions observed in rats in the 90-day studies are 
fully reversible.

At its fi fty-ninth meeting, the Committee reviewed a number of studies con-
ducted with low- and medium-viscosity mineral oils, including a 2-year study 
of the carcinogenicity of a medium-viscosity liquid petroleum (class I medium- 
and low-viscosity mineral oil); studies of pharmacokinetics and studies of 
humoral immune function after administration of P15(H) mineral oil (class 
III medium- and low-viscosity mineral oil) to F344 and Sprague-Dawley rats; 
and a 90-day study of histopathological responses and compositional analy-
sis related to absorbed hydrocarbons with N15(H), N70(H) and P70(H) oils 
(classes III, II and I medium- and low-viscosity mineral oils, respectively). 
Compositional analysis was not provided on hydrocarbons in liver follow-
ing administration of class II or III mineral oil. Interpretation of the results 
of the study of humoral immune function in F344 rats in response to dietary 
administration of P15(H) was complicated by a treatment-related increase in 
spleen weight. No data were provided to determine whether this increase was 
associated with a change in the proportion of spleen cell types, which pre-
vented interpretation of the results. The results of the long-term toxicity and 
carcinogenicity studies with P70(H) and P100(H) oils in F344 rats, in which 
no effects were seen at the highest doses, provided the basis for establishing 
an ADI of 0–10 mg/kg bw for class I medium- and low-viscosity mineral 
oil. However, because the materials tested were not associated with induction 
of liver granulomas, the studies did not allow the C ommittee to determine 
the long-term consequences or reversibility of the liver granulomas seen in 
F344 rats in response to classes II and III medium- and low-viscosity mineral 

Table 1
Characteristics of mineral oil (medium and low viscosity) classes II and III

Class Name Viscosity at 100 °C 
(mm2/s)

Average relative 
molecular mass

Carbon number at 5% 
distillation point

II — 7.0–8.5 400–480 ≥22

N70(H) 7.7 420 23

III — 3.0–7.0 300–400 ≥17

P15(H) 3.5 350 17

N15(H) 3.5 330 17

Source: Annex 1, reference 161
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oil. Several studies of low melting point paraffi n wax were also reviewed by 
the Committee, as they were considered to provide information relevant for 
the evaluation of low- and medium-viscosity mineral oil relating to the dif-
ference in response to mineral hydrocarbons in F344 and Sprague-Dawley 
rats. The results of the studies on the effects of P15(H) oil and low melting 
point wax in F344 and Sprague-Dawley strains indicated that the more exten-
sive response of F344 rats, and particularly of females, was associated with 
greatly enhanced retention of mineral hydrocarbons in the tissues, which was 
considered to be probably due to a reduced ability to metabolize absorbed 
hydrocarbons. The Committee concluded that additional studies were needed 
in order to determine whether the F344 rat is an appropriate model of human 
response to dietary exposure to food-grade mineral hydrocarbons. In par-
ticular, elucidation of the metabolic differences between F344 rats and other 
strains and species, including humans, would be useful. No data were avail-
able that would permit allocation of a full ADI for medium- and low-viscosity 
mineral oil in classes II and III. Also at its fi fty-ninth meeting, the Committee 
noted that the new information reviewed indicated that the observed effects of 
these mineral oils, on which the temporary ADI was based, may be strain and 
sex specifi c. The Committee therefore extended the temporary group ADI of 
0–0.01 mg/kg bw for classes II and III medium- and low-viscosity mineral oil 
until 2006, pending information on the relevance to humans of the response 
of F344 and Sprague-Dawley rats to these materials. In order for the data to 
be applicable to as wide a range of mineral oils as possible, the Committee 
suggested that commercial mineral oils of the lowest v iscosity be used in such 
studies (Annex 1, r eference 161).

At its sixty-ninth meeting (Annex 1, reference 190) and again at its seventy-
fi rst meeting (Annex 1, reference 196), the Committee was informed that 
relevant studies were being undertaken and agreed to maintain the tempor-
ary group ADI for mineral oil (medium and low viscosity) classes II and III, 
noting that it would be withdrawn at the end of 2011 if the data were not 
submitted by that time.

At the present meeting, the Committee reviewed the toxicological basis for 
the temporary group ADI and was provided with reports of toxicokinetic 
studies, conducted in rats and humans, of P15(H), a white oil meeting the cri-
teria for a class III low-viscosity mineral oil, intended to address its p revious 
questions.

Toxicological data

In studies previously reviewed by the Committee, mineral oil (medium 
and low viscosity) was observed to accumulate in a dose-related fashion in 
the liver and mesenteric lymph nodes of F344 rats following (sub)chronic 
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e xposure. Accumulation of classes II and III mineral oil led to histopatholog-
ical changes mainly in the liver and mesenteric lymph nodes. In the liver, the 
histopathological changes were classifi ed as granulomas or microgranulo-
mas, consisting of focal aggregations of macrophages surrounded by infl am-
matory cells and occasionally necrotic cells and fi brosis. These changes 
represent an adverse consequence of histiocytosis. In the mesenteric lymph 
nodes, histiocytosis consisting of macrophage accumulation was reported, 
which was not accompanied by signs of infl ammation or necrotic and fi brotic 
changes.

Mesenteric lymph node histiocytosis occurred at lower doses than hepatic 
microgranuloma and was the basis for the temporary group ADI established 
by the Committee at its forty-fourth meeting. However, in a later evalua-
tion of calcium lignosulfonate at its sixty-ninth meeting, the Committee dis-
cussed the fi nding of histiocytosis in the mesenteric lymph nodes of rats 
treated with high molecular weight, poorly absorbed materials, such as 
petroleum-derived mineral oils and waxes and copovidone (a copolymer of 
vinylpyrrolidone and vinyl acetate), and with polypentosan sulfate. Histiocy-
tosis appeared to be related to an attempt by the histiocytes of the mesenteric 
lymph nodes to degrade the small amount of absorbed test material. Long-
term studies in rats given polypentosan sulfate and copovidone indicated 
that the histiocytosis does not progress to any pathological lesion; thus, the 
Committee concluded that the histiocytosis in the mesenteric lymph nodes 
does not represent an adverse effect (Annex 1, reference 190). Therefore, the 
Committee concluded that the microgranulomas in the liver are the critical 
effect of mineral oil (medium and low viscosity) classes II and III.

In the study of Smith et al. (4), the original unpublished report of which 
was reviewed by the Committee at its forty-fourth meeting (Annex 1, refer-
ence 117), P15(H) was fed to male and female F344 rats at dietary concen-
trations of 0, 20, 200, 2000 and 20 000 mg/kg (equal to average doses of 0, 
2.0, 19, 190 and 1951 mg/kg bw per day in the females) for 90 days. An addi-
tional high-dose group was maintained for a 28-day recovery period after the 
end of the dosing period. In the females (which demonstrated more severe 
effects than the males), there was a dose-related increase in liver weight up to 
about 120% of control at the highest dose, which was statistically signifi cant 
at all doses except 2.0 mg/kg bw per day. The combined scores for incidence 
and severity of granulomas in the liver of the female rats were 0, 5, 10 and 
30 in the 2.0, 19, 190 and 1951 mg/kg bw per day dose groups, respectively, 
and 80 in the 1951 mg/kg bw per day recovery dose group. The scores were 
0 and 3 in the concurrent control and recovery control groups, respectively. 
The increase was statistically signifi cantly different from control only in 
the recovery group. This increased response following the recovery period 
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i ndicates that damage can continue to develop from the mineral oil constitu-
ents that have accumulated in the liver even after exposure has ceased. The 
data from this study show no effects at 2.0 mg/kg bw per day; the Committee 
considered that the minimal changes at 19 mg/kg bw per day represent the 
lower end of the dose–response relationship.

The new toxicokinetic studies submitted to the Committee were conducted 
using a single dose of P15(H). This mineral oil, which is consistent with the 
criteria for a class III low-viscosity mineral oil, meets the requirement of the 
Committee for commercial mineral oil of the lowest viscosity to be studied, 
in order for the data to be applicable to as wide a range of mineral oils as pos-
sible. P15(H) was administered to groups of fasted female F344 and Sprague-
Dawley rats by gavage at a single dose of 0, 200 or 1500 mg/kg bw. F344 
rats were also given 20 mg/kg bw. The concentrations of mineral oil hydro-
carbons in blood and liver were measured by two-dimensional gas chroma-
tography coupled with mass spectrometry (GC×GC-MS) analysis. The area 
under the concentration–time curve values in blood were about 4 times higher 
in F344 rats than in Sprague-Dawley rats. The maximum concentrations in 
blood (C

max
 values) were about 3 times higher in the F344 rat strain than in 

the Sprague-Dawley rat strain, but with no difference between the 200 and 
1500 mg/kg bw dose groups. The highest reported concentrations in the liver 
(at 24 hours) were about 2-fold higher in F344 rats than in Sprague-Dawley 
rats (5, 6).

Studies reviewed previously indicated that the more extensive response of 
F344 rats, particularly females, compared with Sprague-Dawley rats to the 
effects of mineral oil was associated with greatly enhanced retention of min-
eral hydrocarbons in the tissues. The new rat toxicokinetic study submitted 
to the Committee at the present meeting confi rms the greater bioavailability 
and possibly slower elimination of P15(H) mineral oil in F344 rats compared 
with Sprague-Dawley rats.

In the human toxicokinetic study submitted to the Committee at the present 
meeting, nine fasted female volunteers received a single oral dose of P15(H) 
at 1 mg/kg bw in a study compliant with current guidelines for good clini-
cal practice. The concentration of mineral hydrocarbons in plasma, ana-
lysed using GC×GC-MS, was below the detection limit (limits of detection 
determined for each individual, ranging from 0.095 to 0.294 mg/l, mean 
0.163 mg/l) at all time points (6, 7).

Although mineral oils have been shown to be bioaccumulative, Boogaard 
et al. (6) proposed that the single-dose toxicokinetic data could be used in 
establishing an ADI for low- and medium-viscosity mineral oil, under the 
assumption that the C

max
 could be used as a functional surrogate marker 
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for hepatic concentrations of mineral oil, and comparing blood levels in 
humans with blood levels in rats at the no-observed-adverse-effect level 
(NOAEL). The studies were conducted with administration of olive oil 
(control) and P15(H) doses of 20, 200 or 1500 mg/kg bw by gavage to F344 
rats, which Boogaard et al. (6) considered had been shown to be a clear 
NOAEL, a lowest-observed-adverse-effect level (LOAEL) and a clear effect 
dose, r espectively. Sprague-Dawley rats were given single doses of olive oil 
or of P15(H) at 200 or 1500 mg/kg bw by gavage, dose levels that had not 
caused liver microgranulomas following 90 days of dietary dosing in this 
strain. The C

max
 values for mineral hydrocarbons at the reported NOAEL 

doses in both strains of rat were approximately 6 mg/l in the blood and 
approximately 30 mg/kg in the liver. In the F344 rats, the C

max
 value in blood 

(at 3–6 hours post-dosing) was approximately 15 mg/l following both the 
200 and 1500 mg/kg bw doses, whereas the maximum reported levels in 
the liver (at 24 hours) were 56 and 89 mg/kg, respectively. Boogaard et al. 
(6) noted that the margin of exposure based on blood concentration after an 
acute dose of low-viscosity white oil at 1 mg/kg bw in humans was at least 
37 in comparison with the blood concentration of 6 mg/l associated with no 
effect in rats.

 Evaluation

The Committee concluded that the newly submitted data did not adequately 
address its previous requests for information on the relevance to humans of 
the response of F344 and Sprague-Dawley rats to mineral oil (medium and 
low viscosity) classes II and III. The studies were conducted with a single 
administration, and it was not possible to predict the concentration in the tar-
get organ (liver) at steady state, or the potential for accumulation, in humans. 
Information requested at the forty-fourth meeting on compositional factors 
of mineral oil that infl uence absorption and toxicity had not been provided 
for materials meeting the criteria of mineral oil (medium and low viscosity) 
classes II and III.

The Committee noted that hydrocarbon deposits with carbon numbers con-
sistent with mineral oils, including those of classes II and III, and associated 
lesions have been reported in human tissues (Annex 1, reference 102), dem-
onstrating the potential relevance to humans of the effects in the F344 rat. 
Because all blood levels were below the limit of detection in the single-dose 
human toxicokinetic study, it was not possible to reach conclusions on the 
rate of elimination of mineral oils in humans or on the concentration in the 
liver at steady state following prolonged exposure. Therefore, the new data 
did not provide information that would allow an ADI to be established based 
on internal exposure.
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Similarly, it was not possible to establish an ADI based on external dose in 
the absence of information on the relative accumulation potential of classes 
II and III mineral oil in humans compared with rats.

The Committee noted that the temporary group ADI for mineral oil (medium 
and low viscosity) classes II and III had been established in 1995 and 
extended on a number of occasions. As data supporting establishment of a 
full ADI had not been made available, the previously established temporary 
group ADI was withdrawn.

The existing specifi cations for mineral oil (medium and low viscosity) 
classes II and III were withdrawn pending a safety assessment.

A toxicological monograph addendum was not prepared.

3.1.3  3-Phytase from Aspergillus niger expressed in Aspergillus niger

Explanation

At the request of the World Food Programme and the Global Alliance for 
Improved Nutrition, the Committee evaluated the safety of the 3-phytase 
enzyme preparation (3-phytase: myo-inositol hexakisphosphate 3-phos-
phohydrolase; Enzyme Commission number 3.1.3.8), which it had not 
evaluated previously. 3-Phytase catalyses the sequential hydrolysis of phos-
phate monoesters from phytate (phytic acid), also known as myo-inositol 
(1,2,3,4,5,6) hexakisphosphate or myo-inositol hexakisphosphate. Hydroly-
sis of phytate by 3-phytase generates a series of lower (pentakis-, tetrakis-, 
etc.) myo-inositol phosphates and inorganic phosphates. The catalytic activ-
ity of 3-phytase is relatively specifi c; it does not have any signifi cant levels 
of secondary enzyme activities. In this report, the expression “3-phytase” 
refers to the 3-phytase enzyme and its amino acid sequence, and the expres-
sion “3-phytase enzyme preparation” refers to the preparation formulated for 
commercial use. The 3-phytase enzyme preparation is used as a food additive, 
in the processing of phytate-rich food, such as cereal grains and legumes, and 
as a dietary supplement, for co-consumption with phytate-rich foods.

Genetic modifi cation

The enzyme 3-phytase is produced from a genetically modifi ed Aspergil-
lus niger strain containing multiple copies of 3-phytase gene from A. niger. 
Aspergillus niger is a fi lamentous fungus that commonly occurs in the envi-
ronment and is non-pathogenic. It has a long history of use as a source of 
citric acid and enzymes used in food processing, including enzymes from 
genetically engineered strains of the organism.

Prior to the introduction of the 3-phytase gene, the A. niger host strain ISO-
500 was genetically modifi ed by deletion of the genes encoding glucoamylase 
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activity. The modifi ed host strain was then transformed with an a mplifi able 
deoxyribonucleic acid (DNA) cassette containing the phytase gene from A. 
niger and the Aspergillus nidulans acetamidase (amdS) gene, which was the 
selectable marker. The recombinant production strain is genetically stable and 
does not contain any antibiotic resistance markers or any other heterologous 
DNA. Batch analysis demonstrated that the 3-phytase enzyme preparations 
from A. niger were free of afl atoxin B1, T2 toxin, ochratoxin A, z earalenone 
and sterigmatocystin.

 Chemical and technical considerations

3-Phytase is produced by submerged, fed-batch, aerobic, pure culture fer-
mentation of the genetically modifi ed A. niger production strain. The 
enzyme is secreted into the fermentation broth and is subsequently purifi ed 
and concentrated by ultrafi ltration. The enzyme concentrate is formulated 
with glycerol (liquid form) or with maltodextrin (powder form) to achieve 
the desired phytase activity and stability. The 3-phytase enzyme prepara-
tion contains food-grade materials and conforms to the General Specifi ca-
tions and Considerations for Enzyme Preparations Used in Food Processing 
(Annex 1, reference 184). Phytase activity is measured in phytase units, or 
FTU. One FTU is defi ned as the amount of enzyme that liberates 1 µmol of 
inorganic phosphate per minute from sodium phytate at a concentration of 
5.1 mmol/l at 37 °C and pH 5.5. The mean activity of 3-phytase calculated 
from three different batches of the ultrafi ltrate concentrate was 106 FTU 
per milligram of total organic solids (TOS). TOS consists of the enzyme 
of interest and residues of organic materials, such as proteins, peptides and 
carbohydrates, derived from the production organism and the manufacturing 
process. The 3-phytase enzyme preparation is typically used at a range of 
5–70 g/kg of food product, depending on the intended application and on the 
phytate c ontent. 3-Phytase is expected to be inactivated during processing or 
cooking.

 Assessment of potential allergenicity

3-Phytase was evaluated for potential allergenicity according to the bioinfor-
matics criteria recommended by FAO and WHO (8). The amino acid sequence 
of 3-phytase was compared with the amino acid sequences of known aller-
gens. A similarity search using the Allermatch database did not produce a 
match with any sequence showing greater than 35% identity over any slid-
ing window of 80 amino acids. However, two stretches of six contiguous 
amino acids in the A. niger 3-phytase sequence were found to be identical to 
a sequence of six contiguous amino acids in each of two allergenic proteins 
from the WHO–International Union of Immunological Societies (WHO-
IUIS) list. One match is to Zea m 14 protein in maize, and the other match 
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is to Der f 18 protein in house dust mite. A comparison using the Structural 
Database of Allergenic Proteins produced one match with Asp n 25 protein in 
A. niger that has greater than 35% identity over several windows of 80 amino 
acids. Further search and bioinformatics analysis using the National Center 
for Biotechnology Information protein database revealed that the sequence 
of six contiguous amino acids of A. niger 3-phytase that is present in Zea 
m 14 is not present in other similar allergenic food proteins, but is present 
in many non-allergenic proteins. Similarly, the sequence of six contiguous 
amino acids of A. niger 3-phytase that is present in Der f 18 is not present 
in chitinases from other sources (e.g. latex, banana, papaya) that are associ-
ated with allergenicity, but is present in many other proteins, including other 
phytases from A. niger as well as phytases from other species of Aspergillus. 
The Asp n 25 protein is one of the phytases from A. niger. Thus, some degree 
of sequence similarity is expected. Therefore, the Committee considered that 
oral intake of 3-phytase is not anticipated to pose a risk of allergenicity.

 Toxicological data

Toxicological studies were performed with the 3-phytase enzyme prepara-
tion representative of commercial material with an activity of 83.8 FTU per 
milligram of TOS. In a 13-week study of general toxicity in rats, no treat-
ment-related, toxicologically relevant effects were seen when the 3-phytase 
enzyme preparation was administered daily by gavage at doses up to 833 mg 
of TOS per kilogram of body weight. The NOAEL was identifi ed as the high-
est dose tested (i.e. 833 mg of TOS per kilogram of body weight per day). 
The 3-phytase enzyme preparation was not mutagenic in a bacterial reverse 
mutation assay in vitro and was not clastogenic in an assay for chromosomal 
aberrations in human lymphocytes in vitro.

Assessment of dietary exposure

3-Phytase is expected to be inactivated in processed food. An estimate of 
the theoretical maximum dietary exposure to the A. niger 3-phytase enzyme 
preparation was made by the Committee using the conservative budget 
method approach. Based on the level of TOS of 28% in the enzyme prepara-
tion and its maximum proposed use levels in a variety of phytate-rich food 
applications, such as ready-to-use foods, vitamin and mineral supplements, 
fortifi ed blended foods, fortifi ed fl our, breakfast cereals and beverages, the 
Committee estimated theoretical maximum daily exposures of 1.2 mg of 
TOS per kilogram of body weight in adults and 3.5 mg of TOS per kilogram 
of body weight in children. These estimates are conservative, as they are 
made assuming that 100% of food products would be manufactured using 
the enzyme preparation and that 100% of the enzyme preparation would 
remain in the fi nal food.
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 Evaluation

Comparing the conservative exposure estimate with the NOAEL from the 
13-week study of oral toxicity in rats, the margin of exposure is approxi-
mately 250. The Committee allocated an ADI “not specifi ed” for the 
3-phytase enzyme preparation from A. niger expressed in A. niger used in the 
a pplications specifi ed and in accordance with good manufacturing practice.

A toxicological monograph was prepared.

A Chemical and Technical Assessment and new specifi cations were p repared.

3.1.4  Serine protease (chymotrypsin) from Nocardiopsis prasina expressed 
in Bacillus licheniformis

 Explanation

At the request of CCFA at its Forty-third Session (3), the Committee evalu-
ated an enzyme preparation containing a serine protease with chymotrypsin 
specifi city (chymotrypsin: Enzyme Commission number 3.4.21.1), which it 
had not evaluated previously. Serine protease (chymotrypsin) catalyses the 
hydrolysis of peptide bonds in a protein, preferably at the carboxyl end of Tyr 
(Tyr-X), Phe (Phe-X) and Trp (Trp-X), where X is not proline. It also cataly-
ses the hydrolysis of peptide bonds at the carboxyl end of other amino acids, 
primarily Met and Leu, albeit at a slower rate. In this report, the expres-
sion “serine protease (chymotrypsin)” refers to the serine protease (chymo-
trypsin) enzyme and its amino acid sequence, and the expression “serine 
protease (chymotrypsin) enzyme preparation” refers to the serine protease 
(chymotrypsin) enzyme preparation as formulated for commercial use. The 
serine protease (chymotrypsin) enzyme preparation is used as a food additive 
to produce partially or extensively hydrolysed proteins of vegetable and ani-
mal origin. Such protein hydrolysates may be used for various applications 
as ingredients in food and/or beverages.

 Genetic modifi cation

Serine protease (chymotrypsin) is produced from a genetically modifi ed 
strain of Bacillus licheniformis containing the serine protease (chymotrypsin) 
gene from Nocardiopsis prasina. Bacillus licheniformis is a Gram-positive 
bacterium that is widely distributed in nature. It has a long history of use in 
the production of enzymes used in food processing, including enzymes from 
genetically engineered strains of the organism.

Prior to the introduction of the serine protease (chymotrypsin) gene, the 
B. licheniformis host strain was genetically modifi ed through deletion of 
genes responsible for sporulation and two endoproteases. The modifi ed host 
strain was then transformed with an amplifi able DNA cassette containing the 
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serine protease (chymotrypsin) gene from N. prasina. A strain containing 
multiple copies of serine protease (chymotrypsin) gene was selected. The 
recombinant production strain was free of any markers, including antibiotic 
resistance genes. The fi nal production strain is genetically stable and does 
not contain antibiotic resistance genes or other heterologous DNA.

 Chemical and technical considerations

Serine protease (chymotrypsin) is produced by submerged, fed-batch, pure 
culture fermentation of the genetically modifi ed B. licheniformis production 
strain. The enzyme is secreted into the fermentation broth and is s ubsequently 
purifi ed and concentrated. The enzyme concentrate is formulated with 
sodium benzoate, potassium sorbate, glycerol and sorbitol to achieve the 
desired activity and stability. The serine protease (chymotrypsin) enzyme 
preparation contains commonly used food-grade materials and conforms 
to the General Specifi cations and Considerations for Enzyme Preparations 
Used in Food Processing (Annex 1, reference 184). Serine protease (chymo-
trypsin) activity is measured in protease units (PROT). One PROT is defi ned 
as the amount of enzyme that releases 1 µmol of p-nitroaniline per minute 
from substrate (Suc-Ala-Ala-Pro-Phe-pNA) at a concentration of 1 mmol/l 
at pH 9.0 and at 37 °C. The mean protease activity of three unstandardized 
batches of enzyme concentrate was 476.3 PROT per milligram of enzyme 
concentrate. TOS consists of the enzyme of interest and residues of organic 
materials, such as proteins, peptides and carbohydrates, derived from the 
production organism and the manufacturing process.

The serine protease (chymotrypsin) enzyme preparation is typically used up 
to a level of 20 g/kg of protein in the product. Serine protease (chymotrypsin) 
enzyme preparation is expected to be inactivated during processing.

 Assessment of potential allergenicity

Serine protease (chymotrypsin) was evaluated for potential allergenicity 
according to the bioinformatics criteria recommended by FAO and WHO (8). 
The amino acid sequence of serine protease (chymotrypsin) was compared 
with the amino acid sequences of known allergens. No matches of six con-
tiguous amino acids were found between the N. prasina serine protease (chy-
motrypsin) and any allergenic proteins in the Structural Database of Aller-
genic Proteins. Also, no matches of 35% amino acid identity were found 
between the N. prasina serine protease (chymotrypsin) and any allergenic 
proteins using a sliding window of 80 amino acids. However, a 35% amino 
acid identity was found with Pla a 2 (Platanus acerifolia; London plane tree, 
which is not listed as a food allergen in the WHO-IUIS list) if the window 
length was extended beyond 80 amino acids and gaps were introduced. Nev-
ertheless, multiple gap openings and gap extensions needed to obtain this 
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identity s uggest that the identity is most likely not biologically meaning-
ful. Therefore, the Committee considered that oral intake of serine protease 
(c hymotrypsin) is not anticipated to pose any risk of allergenicity.

	 Toxicological	data

Toxicological studies were performed with the serine protease (chymotrypsin) 
enzyme preparation, which was produced according to the procedure used 
for commercial production and had an activity of 574.7 PROT per milligram 
of TOS. In a 13-week study of general toxicity in rats, no t oxicologically 
r elevant treatment-related effects were seen when the serine protease (chy-
motrypsin) enzyme preparation was administered daily by gavage at doses 
up to 500 mg of TOS per kilogram of body weight. The NOAEL was iden-
tifi ed as the highest dose tested (i.e. 500 mg of TOS per kilogram of body 
weight per day). The serine protease (chymotrypsin) enzyme preparation was 
not mutagenic in a bacterial reverse mutation assay in vitro and was not 
clastogenic in an assay for chromosomal aberrations in human l ymphocytes 
in vitro.

 Assessment of dietary exposure

The serine protease (chymotrypsin) enzyme preparation is expected to be 
inactivated in processed food. An estimate of the theoretical maximum diet-
ary exposure to serine protease (chymotrypsin) was made by the Committee 
using the conservative budget method approach. Based on the level of TOS 
of 7.7% in the enzyme preparation and its uses in a variety of applications 
as ingredients in food and/or beverages at the maximum proposed use lev-
els per kilogram of processed protein, the Committee estimated theoretical 
maximum dietary exposures of 2.9 mg of TOS per kilogram of body weight 
per day for adults and 8.7 mg of TOS per kilogram of body weight per day 
for children.

The Committee noted that the above exposure estimates were too conserva-
tive, because they were made assuming that 100% of food products would 
be manufactured using the enzyme preparation and that 100% of the enzyme 
preparation would remain in the fi nal food products. Therefore, the Commit-
tee concluded that a more refi ned estimate was necessary. Assuming that the 
serine protease (chymotrypsin) enzyme preparation was used to hydrolyse 
the entire daily human protein requirement of 1 g/kg bw (9) and using a 
maximum proposed use level of 1540 mg of TOS per kilogram of protein 
hydrolysate gives a dietary exposure estimate of 1.5 mg of TOS per kilogram 
of body weight per day. The Committee considered this estimate to be more 
relevant for the purpose of the safety assessment of the enzyme preparation, 
as it is based on human physiological protein requirements.
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 Evaluation

Comparing the exposure estimate with the NOAEL from the 13-week study 
of oral toxicity in rats, the margin of exposure is approximately 350. The 
Committee allocated an ADI “not specifi ed” for the serine protease (chy-
motrypsin) enzyme preparation from N. prasina expressed in the production 
strain B. licheniformis, used in the applications specifi ed and in accordance 
with good manufacturing practice.

A toxicological monograph was prepared.

A Chemical and Technical Assessment and new specifi cations were p repared.

3.1.5 Serine protease (trypsin) from Fusarium oxysporum expressed in 
Fusarium venenatum

Explanation

At the request of CCFA at its Forty-third Session (3), the Committee evalu-
ated an enzyme preparation containing a serine protease with trypsin spe-
cifi city (trypsin: Enzyme Commission number 3.4.21.4), which it had not 
evaluated previously. Serine protease (trypsin) catalyses the hydrolysis of 
peptide bonds in a protein, primarily at the carboxyl side of lysine (Lys-X) or 
arginine (Arg-X), where X is not proline. In this report, the expression “ser-
ine protease (trypsin)” refers to the serine protease (trypsin) enzyme and its 
amino acid sequence, and the expression “serine protease (trypsin) enzyme 
preparation” refers to the serine protease (trypsin) enzyme preparation as 
formulated for commercial use. The serine protease (trypsin) enzyme prepa-
ration is used as a food additive in the manufacture of partially or exten-
sively hydrolysed proteins for applications in food and beverages, for protein 
f ortifi cation and for emulsifi cation or fl avour enhancement.

Genetic modifi cation

Serine protease (trypsin) is produced from a genetically modifi ed strain of 
Fusarium venenatum containing the serine protease (trypsin) gene from 
F. oxysporum. Fusarium venenatum is a fungus belonging to the class of 
hyphomycetales. It is a saprophyte found in the soil and is not considered 
to be a human pathogen. Although the Fusarium species are known for 
their ability to produce mycotoxins, this F. venenatum strain is genetically 
m odifi ed to be non-toxigenic.

Prior to the introduction of the serine protease (trypsin) gene, the F. venena-
tum host strain was rendered incapable of producing trichothecenes and 
other related toxins by the deletion of the tri5 gene encoding trichodiene 
synthase and replacing it with the acetamidase (amdS) gene from A. nid-
ulans. The modifi ed host strain was then transformed with an amplifi able 
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plasmid DNA fragment harbouring the serine protease (trypsin) gene from 
F. oxysporum. The individual transformed colonies were spore-purifi ed, and 
a high-yielding transformant was selected for enzyme production. The fi nal 
production strain is genetically stable and does not contain antibiotic resist-
ance genes or other heterologous DNA. Batch analysis demonstrated that the 
serine protease (trypsin) enzyme preparations from F. venenatum were free 
of afl atoxin B1, T2 toxin, ochratoxin A, zearalenone, sterigmatocystin and 
diacetoxyscirpenol.

 Chemical and technical considerations

Serine protease (trypsin) is manufactured by submerged, fed-batch, pure cul-
ture fermentation of a genetically modifi ed F. venenatum production strain. 
The enzyme is secreted into the fermentation broth and is subsequently puri-
fi ed and concentrated. The enzyme concentrate is formulated with sodium 
benzoate, potassium sorbate, glycerol and water to achieve the desired activ-
ity and stability. The serine protease (trypsin) enzyme preparation contains 
commonly used food-grade materials and conforms to the General Specifi ca-
tions and Considerations for Enzyme Preparations Used in Food P rocessing 
(Annex 1, reference 184).

Serine protease (trypsin) activity is measured in Kilo Microbial Trypsin 
Units (KMTU). One KMTU is defi ned as the amount of enzyme that releases 
1 µmol of p-nitroaniline per minute from substrate (Ac-Arg-pNA) at a con-
centration of 1 mmol/l at pH 8.0 and at 37 °C. The mean protease activity of 
two unstandardized batches of enzyme concentrate was 78 KMTU per gram 
of enzyme concentrate. TOS consists of the enzyme of interest and residues of 
organic materials, such as proteins, peptides and carbohydrates, derived from 
the production organism and the manufacturing process. The serine protease 
(trypsin) enzyme preparation is typically used up to a level of 12 g/kg of pro-
tein in the product. Serine protease (trypsin) enzyme preparation is expected 
to be inactivated during processing.

 Assessment of potential allergenicity

Serine protease (trypsin) was evaluated for potential allergenicity according 
to the bioinformatics criteria recommended by FAO and WHO (8). A similar-
ity search using the Allermatch database produced multiple matches showing 
a 35% or greater identity in a sliding window of 80 amino acids between the 
F. oxysporum serine protease (trypsin) and several allergenic proteins (Blo 
t 3, Der f 3, Der f 6, Der p 3, Der p 9, Eur m 3) that are not identifi ed as food 
allergens in the WHO-IUIS list. Similarly, a comparison using the Structural 
Database of Allergenic Proteins produced multiple matches showing 35% 
or greater identity in different sliding windows of 80 amino acids with the 
mite allergen Blo t 3. A second similarity search was performed using the 
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Allermatch database and the Structural Database of Allergenic Proteins to 
identify the six contiguous amino acid stretches of the F. oxysporum serine 
protease (trypsin) that are shared by allergenic proteins. The search produced 
multiple matches of six contiguous amino acids between the F. oxysporum 
serine protease (trypsin) and many allergenic proteins from the WHO-IUIS 
list that are not identifi ed as food allergens. Further search and bioinformat-
ics analysis using the National Center for Biotechnology Information pro-
tein database revealed that these sequences are widely distributed in v arious 
trypsin, trypsin-like, chymotrypsin, chymotrypsin-like and other serine 
proteases and in non-trypsin and non-allergenic proteins in prokaryotes as 
well as lower and higher eukaryotes. Many of the six contiguous amino acid 
sequences of the F. oxysporum serine protease (trypsin) that are shared by 
the allergenic proteins Blo t 3, Bom p 4, Der f 3, Der p 3, Der p 9, Eur m 3 
and Tyr p 3 are present in human trypsins as well. Therefore, the Committee 
considered that oral intake of the serine protease (trypsin) is not anticipated 
to pose a risk of allergenicity.

Toxicological data

Toxicological studies were performed with the serine protease (trypsin) 
enzyme preparation using a batch that was representative of commercial 
material and had an activity of 1.06 KMTU per milligram of TOS. In a 
13-week study of general toxicity in rats, no toxicologically relevant treat-
ment-related effects were seen when serine protease (trypsin) enzyme prepa-
ration was administered daily by gavage at doses up to 581 mg of TOS per 
kilogram of body weight. The NOAEL was identifi ed as the highest dose 
tested (i.e. 581 mg of TOS per kilogram of body weight per day). The ser-
ine protease (trypsin) enzyme preparation was not mutagenic in a bacter-
ial reverse mutation assay in vitro and was not clastogenic in an assay for 
c hromosomal a berrations in human lymphocytes in vitro.

Assessment of dietary exposure

The serine protease (trypsin) enzyme preparation is expected to be inactivated 
in processed food. An estimate of the theoretical maximum dietary exposure 
to the serine protease (trypsin) enzyme preparation was made by the Com-
mittee using the conservative budget method approach. Based on the level 
of TOS of 4% in the enzyme preparation and its uses in a variety of applica-
tions as ingredients in food and/or beverages at the maximum proposed use 
level per kilogram of processed protein, the Committee estimated theoretical 
maximum daily exposures of 0.9 mg of TOS per kilogram of body weight in 
adults and 2.7 mg of TOS per kilogram of body weight in children.

The Committee noted that the above exposure estimates were too conserva-
tive because they were made assuming that 100% of food products would be 
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manufactured using the enzyme preparation and that 100% of the enzyme 
preparation would remain in the fi nal food products. Therefore, the Com-
mittee concluded that a more refi ned estimate was necessary. Assuming that 
the serine protease (trypsin) enzyme preparation was used to hydrolyse the 
entire daily human protein requirement of 1 g/kg bw per day (9) and using 
a maximum proposed use level of 480 mg of TOS per kilogram of protein 
hydrolysate gives a dietary exposure estimate of 0.5 mg of TOS per kilogram 
of body weight per day. The Committee considered this estimate to be more 
relevant for the purpose of the safety assessment of the enzyme preparation, 
as it is based on human physiological protein requirements.

 Evaluation

Comparing the dietary exposure estimate with the NOAEL from the 13-week 
study of oral toxicity in rats, the margin of exposure is approximately 1200. 
The Committee allocated an ADI “not specifi ed” for the serine protease 
(trypsin) enzyme preparation from F. oxysporum expressed in the produc-
tion strain F. venenatum, used in the applications specifi ed and in accordance 
with good manufacturing practice.

A toxicological monograph was prepared.

A Chemical and Technical Assessment and new specifi cations were p repared.

3.2  Revision of specifi cations

3.2.1  Ethyl cellulose

Ethyl cellulose was placed on the agenda of the present meeting at the request 
of the Forty-third Session of CCFA (3) to consider the use of propyl gallate 
as an antioxidant in ethyl cellulose and to add a limit for propyl gallate in the 
specifi cations monograph. The Committee decided to add a general refer-
ence to the use of antioxidants in the defi nition section of the specifi cations 
monograph, as described under section 2.3. Considering the proposed use 
levels of this secondary additive and estimated exposure compared with the 
ADI of propyl gallate, the Committee concluded that a limit for propyl gal-
late was not necessary. Therefore, the Committee amended the specifi cations 
monograph for ethyl cellulose so that antioxidants permitted for use in food 
may be added for stabilizing purposes.

3.2.2  Mineral oil (medium viscosity)

During the evaluation of mineral oil (medium and low viscosity) classes II 
and III at the present meeting, the Committee withdrew the existing tempor-
ary ADI for these additives. Consequently, it was decided to withdraw the 
existing specifi cations for mineral oil (medium and low viscosity). However, 
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as the specifi cations monograph for mineral oil (medium and low viscos-
ity) covered not only classes II and III but also class I, for which an ADI of 
0–10 mg/kg bw was established at the fi fty-ninth meeting of the Committee 
(Annex 1, reference 160), it was found necessary to prepare specifi cations 
for class I only. For this purpose, the provisions for class I and the methods 
were extracted from the existing monograph to prepare the new specifi cations 
monograph with the title Mineral oil (medium viscosity). The p rovisions and 
methods were not reviewed.

3.2.3  Modifi ed starches

The Committee at its current meeting recognized an error in the specifi ca-
tions monograph for modifi ed starches. The error referred to the use of fi lter 
cake instead of fi ltrate in the titration step of the test method for the degree 
of substitution of starch sodium octenyl succinate. The specifi cations were 
revised to include the amended test method. The corrected test method will 
be published in FAO JECFA Monographs 13 (2012), and the online version 
will be amended accordingly.

3.2.4  Titanium dioxide

Titanium dioxide was placed on the agenda of the present meeting at the 
request of the Forty-third Session of CCFA (3) to consider alternative 
m ethods for the purity of titanium dioxide.

The Committee at its seventy-third meeting (Annex 1, reference 202) pre-
pared specifi cations for titanium dioxide and included titrimetric methods 
for the assay of titanium dioxide and determination of aluminium oxide, as 
well as a gravimetric method for the determination of silicon dioxide, in the 
specifi cations monograph. The Committee at its current meeting replaced 
the methods for the determination of aluminium oxide and silicon dioxide 
as well as the assay method with methods based on alkali fusion followed by 
ICP-AES determination. The specifi cations were revised accordingly.
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4. Flavouring agents

4.1 Flavouring agents evaluated by the Procedure for the Safety 
Evaluation of Flavouring Agents

Assignment to structural class

Twelve groups of fl avouring agents were evaluated using the Procedure for 
the Safety Evaluation of Flavouring Agents as outlined in Figure 1 (Annex 1, 
references 116, 122, 131, 137, 143, 149, 154, 160, 166, 173 and 178). In 
applying the Procedure, the chemical is fi rst assigned to a structural class 
as identifi ed by the Committee at its forty-sixth meeting (Annex 1, refer-
ence 122). The structural classes are as follows:

• Class I. Flavouring agents that have simple chemical structures and ef-
fi cient 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 
i nnocuous than those of substances in class I but are not suggestive of tox-
icity. 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 signifi cant 
t oxicity.

A key element of the Procedure involves determining whether a fl avour-
ing agent and the product(s) of its metabolism are innocuous and/or endog-
enous substances. For the purpose of the evaluations, the Committee used 
the following defi nitions, adapted from the report of its forty-sixth meeting 
(Annex 1, reference 122):

• Innocuous metabolic products are defi ned as products that are known 
or readily predicted to be harmless to humans at the estimated dietary 
exposure to the fl avouring agent.

• Endogenous substances are intermediary metabolites normally present 
in human tissues and fl uids, whether free or conjugated; hormones and 
other substances with biochemical or physiological regulatory functions 
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are not included. The estimated dietary exposure to a fl avouring agent 
that is, or is metabolized to, an endogenous substance should be judged 
not to give rise to perturbations outside the physiological range.

 Assessment of dietary exposure

 Maximized survey-derived intake (MSDI)

Estimates of the dietary exposure to fl avouring agents by populations are 
based on annual volumes of production. These data were derived from sur-
veys in Europe, Japan and the United States of America (USA). Manufactur-
ers were requested to exclude use of fl avouring agents in pharmaceutical, 
tobacco or cosmetic products when compiling these data. When using these 
production volumes to estimate dietary exposures, a correction factor of 0.8 
is applied to account for under-reporting.

MSDI (µg/day) =
annual volume of production (kg) × 109 (µg/kg)

population of consumers × 0.8 × 365 days

The population of consumers was assumed to be 32 × 106 in Europe, 13 × 106 
in Japan and 31 × 106 in the USA.

 Single portion exposure technique (SPET)

The SPET was developed by the Committee at its sixty-seventh meeting 
(Annex 1, reference 184) to account for presumed patterns of consumer 
behaviour with respect to food consumption and the possible uneven distri-
bution of dietary exposures among consumers of foods containing fl avouring 
agents. It is based on reported use levels supplied by the industry. This sin-
gle 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 Pro-
cedure was endorsed at the sixty-ninth meeting of the Committee (Annex 1, 
reference 190) 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 decision-tree. The Committee also 
agreed that it would not be necessary to re-evaluate fl avouring agents that 
had already been assessed previously using the Procedure.

The SPET provides an estimate of dietary exposure for an individual who 
consumes a specifi c food product containing the fl avouring agent every day. 
The SPET combines an average (or usual) added use level provided by the fl a-
vour industry with a standard portion size from 75 predefi ned food categories 
as described by the Committee at its sixty-seventh meeting. The standard por-
tion is taken to represent the mean food consumption for consumers of these 
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food categories. Among all the food categories with a reported use level, the 
calculated dietary exposure from the single food category leading to the high-
est 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 highest result is used in the evaluation.

The use level data provided by industry for each fl avouring agent evaluated 
at this meeting and used in the SPET calculations are available on the WHO 
JECFA web site at http://www.who.int/foodsafety/chem/jecfa/publications/
en/index.html.

 Consideration of combined intakes from use as fl avouring agents

The safety assessment of possible combined intakes of fl avouring agents was 
based on the presence of common metabolites or a homologous series (as 
proposed at the sixty-eighth meeting; Annex 1, reference 187) and using 
the MSDI exposure assessment (as proposed at the sixty-ninth meeting; 
Annex 1, reference 190).

4.1.1  Aliphatic and aromatic amines and amides

 Explanation

The Committee evaluated an additional seven fl avouring agents belonging 
to the group of aliphatic and aromatic amines and amides. The additional 
fl avouring agents comprised one aniline (No. 2043), three menthyl amides 
(Nos 2078–2080) and three amides with alicyclic, aromatic or alkyl side-
chains, including one with a pentafl uorophenyl group (Nos 2077, 2081 and 
2082). The evaluations were conducted using the Procedure for the Safety 
Evaluation of Flavouring Agents (see Figure 1) (Annex 1, reference 131). 
None of these fl avouring agents has previously been evaluated by the Com-
mittee. Four of the seven fl avouring agents in this group (Nos 2077 and 
2080–2082) are reported to be fl avour modifi ers.

The Committee evaluated 37 other members of this group of fl avouring agents 
at its sixty-fi fth meeting (Annex 1, reference 178). For 36 of these fl avour-
ing agents, the Committee concluded that they would not give rise to safety 
concerns based on estimated dietary exposures. For acetamide (No. 1592), 
the Committee considered it inappropriate for use as a fl avouring agent or for 
food additive purposes based on the available data indicating c arcinogenicity 
in mice and rats. For 27 fl avouring agents, the dietary exposure estimates 
were based on anticipated annual volumes of production, and these evalua-
tions were conditional pending submission of use levels or poundage data, 
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which were provided at the sixty-ninth meeting (Annex 1, reference 190). 
For the evaluation of 2-isopropyl-N-2,3-trimethylbutyramide (No. 1595), 
additional data available at the sixty-ninth meeting raised safety concerns, 
and the Committee concluded that the Procedure could not be applied to this 
fl avouring agent until additional safety data became available.

At its sixty-eighth meeting, the Committee evaluated 12 additional members 
of this group of fl avouring agents and concluded that all 12 were of no safety 
concern at estimated dietary exposures (Annex 1, reference 187).

The Committee evaluated nine additional members of this group of fl avour-
ing agents at its seventy-third meeting (Annex 1, reference 202). The Com-
mittee concluded that fi ve of the nine fl avouring agents did not raise any 
safety concerns at estimated dietary exposures. For one of the remaining four 
fl avouring agents (No. 2007), the available data did not provide an adequate 
margin of exposure, and for the other three fl avouring agents (Nos 2005, 2010 
and 2011), no additional data were available. The Committee concluded that 
for these four fl avouring agents, further data would be required to complete 
the safety evaluation.

One of the seven fl avouring agents considered at the current meeting—
namely, 2-aminoacetophenone (No. 2043)—is a natural component of food 
and has been detected in maize, corn chips, tuna, egg white, milk, soya milk, 
green tea, honey and beer.

 Assessment of dietary exposure

The total annual volumes of production of the seven aliphatic and aromatic 
amines and amides are approximately 362 kg in the USA, 0.1 kg in Europe and 
0.1 kg in Japan. Approximately 83% of the total annual volume of production 
in the USA is accounted for by one fl avouring agent in this group—namely, 
(2E,6Z,8E)-N-(2-methylpropyl)-2,6,8-decatrienamide (No. 2077). Dietary 
exposures were estimated using the MSDI method and the SPET. The highest 
estimates were all derived using the SPET and are reported in Table 2.

The highest estimated daily dietary exposure is for (2E,6Z,8E)-N-(2-
methylpropyl)-2,6,8-decatrienamide (No. 2077) (4500 µg, the SPET value 
obtained from non-alcoholic beverages). For the other fl avouring agents, 
daily dietary exposures as SPET or MSDI estimates range from 0.01 to 
3000 µg, with the SPET yielding the highest estimate in each case.

 Absorption, distribution, metabolism and elimination

The metabolism of aliphatic and aromatic amines and amides was described 
in the reports of the sixty-fi fth, sixty-eighth and seventy-third meetings of 
the Committee (Annex 1, references 178, 187 and 202).



36

Ta
bl

e 
2

S
u

m
m

ar
y 

o
f 

th
e 

re
su

lt
s 

o
f 

th
e 

sa
fe

ty
 e

va
lu

at
io

n
s 

o
f 

al
ip

h
at

ic
 a

n
d

 a
ro

m
at

ic
 a

m
in

es
 a

n
d

 a
m

id
es

 u
se

d
 a

s 
fl 

av
o

u
ri

n
g

 a
g

en
ts

a,
b

,c

F
la

vo
ur

in
g 

ag
en

t
N

o.
C

A
S

 N
o.

 a
nd

 
st

ru
ct

ur
e

S
te

p 
A

3/
B

3d

D
oe

s 
es

tim
at

ed
 

di
et

ar
y 

ex
po

su
re

ex
ce

ed
 th

e 
th

re
sh

ol
d 

of
 

co
nc

er
n?

F
ol

lo
w

-o
n 

fr
om

 s
te

p 
B

3e

A
re

 a
dd

iti
on

al
 d

at
a 

av
ai

la
bl

e 
fo

r 
fl a

vo
ur

in
g 

ag
en

t w
ith

 a
n 

es
tim

at
ed

 
di

et
ar

y 
ex

po
su

re
 e

xc
ee

di
ng

 th
e 

th
re

sh
ol

d 
of

 c
on

ce
rn

?

S
te

p 
A

4/
B

4e

A
de

qu
at

e 
m

ar
gi

n 
of

 e
xp

os
ur

e 
fo

r 
th

e 
fl a

vo
ur

in
g 

ag
en

t o
r 

a 
re

la
te

d 
su

bs
ta

nc
e?

 

C
om

m
en

ts
 

on
 m

et
ab

o-
lis

m

R
el

at
ed

 s
tr

uc
tu

re
 

na
m

e 
(N

o.
) 

an
d 

st
ru

ct
ur

e 
(if

 a
pp

lic
ab

le
)

C
on

cl
u-

si
on

 
ba

se
d 

on
 c

ur
-

re
nt

 e
s-

tim
at

ed
 

di
et

ar
y 

ex
po

-
su

re

S
tr

u
ct

u
ra

l c
la

ss
 I

2-
A

m
in

oa
ce

to
ph

e-
no

ne
20

43
55

1-
93

-9 N
H

2

O

A
3:

 N
o,

 
S

P
E

T
: 1

0 
N

R
N

ot
e 

1
N

o 
sa

fe
ty

 
co

nc
er

n

S
tr

u
ct

u
ra

l c
la

ss
 II

I

(2
E

,6
E

/Z
,8

E
)-

N
-

(2
-M

et
hy

lp
ro

py
l)-

2,
6,

8-
de

ca
tr

ie
na

m
id

e

20
77

 2
53

94
-5

7-
4 

B
3:

 Y
es

, 
S

P
E

T
: 4

50
0

T
he

 N
O

E
L 

of
 5

72
 m

g/
kg

 b
w

 p
er

 
da

y 
in

 a
 2

8-
da

y 
st

ud
y 

in
 r

at
s 

is
 

76
00

 ti
m

es
 th

e 
es

tim
at

ed
 d

ai
ly

 
di

et
ar

y 
ex

po
su

re
 to

 N
o.

 2
07

7 
w

he
n 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

e 
2

N
o 

sa
fe

ty
 

co
nc

er
n

 

N
H

O



37

(2
S

,5
R

)-
N

-[
4-

(2
-

A
m

in
o-

2-
ox

oe
th

yl
)-

ph
en

yl
]-

5-
m

et
hy

l-
2-

(p
ro

pa
n-

2-
yl

)-
cy

cl
oh

ex
an

ec
ar

-
bo

xa
m

id
e 

20
78

11
19

71
1-

29
-3

B
3:

 Y
es

, 
S

P
E

T
: 3

00
0

T
he

 N
O

A
E

L 
of

 3
00

 m
g/

kg
 b

w
 

pe
r 

da
y 

fo
r 

th
e 

st
ru

ct
ur

al
ly

 
re

la
te

d 
N

-p
-b

en
ze

ne
ac

et
on

itr
ile

 
m

en
th

an
ec

ar
bo

xa
m

id
e 

(N
o.

 
20

09
) 

in
 a

 9
0-

da
y 

st
ud

y 
in

 r
at

s 
is

 
60

00
 ti

m
es

 th
e 

es
tim

at
ed

 d
ai

ly
 

di
et

ar
y 

ex
po

su
re

 to
 N

o.
 2

07
8 

w
he

n 
us

ed
 a

s 
a 

fl a
vo

ur
in

g 
ag

en
t.

N
ot

e 
2

N
-p

-B
en

ze
ne

ac
et

o-
ni

tr
ile

 m
en

th
an

ec
ar

-
bo

xa
m

id
e 

(N
o.

 2
00

9)

N
H

O

N

N
o 

sa
fe

ty
 

co
nc

er
n

(1
R

,2
S

,5
R

)-
N

-(
4-

M
et

ho
xy

ph
en

yl
)-

5-
m

et
hy

l-2
-(

1-
m

et
hy

le
th

yl
)

cy
cl

oh
ex

an
ec

ar
-

bo
xa

m
id

e 

20
79

68
48

9-
09

-8
B

3:
 Y

es
, 

S
P

E
T

: 6
25

T
he

 N
O

A
E

L 
of

 3
00

 m
g/

kg
 b

w
 

pe
r 

da
y 

fo
r 

th
e 

st
ru

ct
ur

al
ly

 
re

la
te

d 
N

-p
-b

en
ze

ne
ac

et
on

itr
ile

 
m

en
th

an
ec

ar
bo

xa
m

id
e 

(N
o.

 
20

09
) 

in
 a

 9
0-

da
y 

st
ud

y 
in

 r
at

s 
is

 
29

 0
00

 ti
m

es
 th

e 
es

tim
at

ed
 d

ai
ly

 
di

et
ar

y 
ex

po
su

re
 to

 N
o.

 2
07

9 
w

he
n 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

e 
2

N
-p

-B
en

ze
ne

ac
et

o-
ni

tr
ile

 m
en

th
an

ec
ar

-
bo

xa
m

id
e 

(N
o.

 2
00

9)

N
H

O

N

N
o 

sa
fe

ty
 

co
nc

er
n

N
-C

yc
lo

pr
op

yl
-5

-
m

et
hy

l-2
-is

op
ro

py
l-

cy
cl

oh
ex

an
ec

ar
-

bo
xa

m
id

e

20
80

73
43

5-
61

-7

O

N
H

B
3:

 Y
es

, 
S

P
E

T
: 3

00
0

T
he

 N
O

E
L 

of
 8

 m
g/

kg
 b

w
 p

er
 d

ay
 

fo
r 

th
e 

st
ru

ct
ur

al
ly

 r
el

at
ed

 N
-e

th
yl

 
2-

is
op

ro
py

l-5
-m

et
hy

lc
yc

lo
he

xa
ne

-
ca

rb
ox

am
id

e 
(N

o.
 1

60
1)

 in
 a

 
28

-d
ay

 s
tu

dy
 in

 r
at

s 
is

 1
60

 ti
m

es
 

th
e 

S
P

E
T

 e
st

im
at

e 
(3

00
0 

µg
/d

ay
) 

an
d 

48
0 

00
0 

tim
es

 th
e 

M
S

D
I e

st
i-

m
at

e 
(1

 µ
g/

da
y)

 w
he

n 
N

o.
 2

08
0 

is
 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

e 
2

N
-E

th
yl

 2
-is

op
ro

py
l-5

-
m

et
hy

lc
yc

lo
he

xa
ne

ca
r-

bo
xa

m
id

e 
(N

o.
 1

60
1)

H
N

O

N
o 

sa
fe

ty
 

co
nc

er
n

N
-(

2-
M

et
hy

lc
yc

lo
he

xy
l)-

2,
3,

4,
5,

6-
pe

nt
a-

fl u
or

ob
en

za
m

id
e 

20
81

10
03

05
0-

32
-5

N
H

O

F

F
F

F

F

B
3:

 N
o,

 
S

P
E

T
: 5

0
B

4:
 Y

es
. T

he
 N

O
A

E
L 

of
 1

30
 m

g/
kg

 b
w

 p
er

 d
ay

 in
 a

 2
8-

da
y 

st
ud

y 
in

 r
at

s 
is

 1
60

 0
00

 ti
m

es
 th

e 
es

tim
at

ed
 d

ai
ly

 d
ie

ta
ry

 e
xp

os
ur

e 
to

 N
o.

 2
08

1 
w

he
n 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

e 
3

N
o 

sa
fe

ty
 

co
nc

er
n

N
H

N
H

2
O

O

N

O
O

H

co
nt

in
ue

d



38

3[
(4

-A
m

in
o-

2,
2-

di
ox

id
o-

1H
-

2,
1,

3-
be

nz
o-

th
ia

di
az

in
-5

-y
l)-

ox
y]

-2
,2

-d
im

et
hy

l-
N

-p
ro

py
lp

ro
pa

na
-

m
id

e

20
82

10
93

20
0-

92
-0

B
3:

 Y
es

, 
S

P
E

T
: 1

25
0

T
he

 N
O

E
L 

of
 2

0 
m

g/
kg

 b
w

 p
er

 
da

y 
in

 a
 9

0-
da

y 
st

ud
y 

in
 r

at
s 

is
 

96
0 

tim
es

 th
e 

es
tim

at
ed

 d
ai

ly
 

di
et

ar
y 

ex
po

su
re

 to
 N

o.
 2

08
2 

w
he

n 
us

ed
 a

s 
a 

fl a
vo

ur
in

g 
ag

en
t.

N
ot

e 
3

N
o 

sa
fe

ty
 

co
nc

er
n

C
A

S
, 

C
he

m
ic

al
 A

bs
tr

ac
ts

 S
er

vi
ce

; N
R

, 
no

t 
re

qu
ire

d 
fo

r 
ev

al
ua

tio
n 

be
ca

us
e 

co
ns

um
pt

io
n 

of
 t

he
 fl 

av
ou

rin
g 

ag
en

t 
w

as
 d

et
er

m
in

ed
 t

o 
be

 o
f 

no
 s

af
et

y 
co

nc
er

n 
at

 
st

ep
 A

3 
of

 th
e 

P
ro

ce
du

re

a  
F

ift
y-

ei
gh

t fl
 a

vo
ur

in
g 

ag
en

ts
 in

 th
is

 g
ro

up
 w

er
e 

pr
ev

io
us

ly
 e

va
lu

at
ed

 b
y 

th
e 

C
om

m
itt

ee
 (

A
nn

ex
 1

, r
ef

er
en

ce
s 

17
8,

 1
87

 a
nd

 2
02

).
b  

S
te

p 
1:

 O
ne

 fl 
av

ou
rin

g 
ag

en
t i

s 
in

 s
tr

uc
tu

ra
l c

la
ss

 I 
(N

o.
 2

04
3)

, a
nd

 s
ix

 fl 
av

ou
rin

g 
ag

en
ts

 (
N

os
 2

07
7–

20
82

) 
ar

e 
in

 s
tr

uc
tu

ra
l c

la
ss

 II
I.

c  
S

te
p 

2:
 F

la
vo

ur
in

g 
ag

en
t 

N
o.

 2
04

3 
is

 e
xp

ec
te

d 
to

 b
e 

m
et

ab
ol

iz
ed

 t
o 

in
no

cu
ou

s 
pr

od
uc

ts
. T

he
 r

em
ai

ni
ng

 s
ix

 fl
 a

vo
ur

in
g 

ag
en

ts
 (

N
os

 2
07

7–
20

82
) 

ca
nn

ot
 b

e 
pr

ed
ic

te
d 

to
 b

e 
m

et
ab

ol
iz

ed
 to

 in
no

cu
ou

s 
pr

od
uc

ts
.

d  
T

he
 th

re
sh

ol
ds

 fo
r 

hu
m

an
 d

ie
ta

ry
 e

xp
os

ur
e 

fo
r 

st
ru

ct
ur

al
 c

la
ss

es
 I 

an
d 

III
 a

re
 1

80
0 

an
d 

90
 µ

g/
pe

rs
on

 p
er

 d
ay

, r
es

pe
ct

iv
el

y.
 A

ll 
di

et
ar

y 
ex

po
su

re
 v

al
ue

s 
ar

e 
ex

-
pr

es
se

d 
in

 µ
g/

da
y.

 T
he

 d
ie

ta
ry

 e
xp

os
ur

e 
va

lu
e 

lis
te

d 
re

pr
es

en
ts

 th
e 

hi
gh

es
t e

st
im

at
ed

 d
ie

ta
ry

 e
xp

os
ur

e 
ca

lc
ul

at
ed

 u
si

ng
 e

ith
er

 th
e 

S
P

E
T

 o
r 

th
e 

M
S

D
I m

et
ho

d.
 

T
he

 S
P

E
T

 g
av

e 
th

e 
hi

gh
es

t e
st

im
at

ed
 d

ie
ta

ry
 e

xp
os

ur
e 

in
 e

ac
h 

ca
se

.
e  

T
he

 m
ar

gi
ns

 o
f e

xp
os

ur
e 

w
er

e 
ca

lc
ul

at
ed

 b
as

ed
 o

n 
th

e 
es

tim
at

ed
 d

ie
ta

ry
 e

xp
os

ur
e 

ca
lc

ul
at

ed
 u

si
ng

 th
e 

S
P

E
T.

 In
 c

as
es

 w
he

re
 th

e 
re

su
lti

ng
 m

ar
gi

n 
of

 e
xp

os
ur

e 
w

as
 r

el
at

iv
el

y 
lo

w
, a

 c
om

pa
ris

on
 w

ith
 th

e 
M

S
D

I w
as

 a
ls

o 
m

ad
e.

N
ot

es
:

1.
  2

-A
m

in
oa

ce
to

ph
en

on
e 

is
 a

 p
ro

du
ct

 o
f t

ry
pt

op
ha

n 
m

et
ab

ol
is

m
 a

nd
 is

 e
xp

ec
te

d 
to

 b
e 

tr
an

sf
or

m
ed

 to
 a

nt
hr

an
ili

c 
ac

id
, w

hi
ch

 is
 e

xc
re

te
d 

in
 th

e 
ur

in
e 

or
 in

vo
lv

ed
 

in
 s

ub
se

qu
en

t m
et

ab
ol

ic
 p

at
hw

ay
s.

2.
  A

m
id

es
 a

re
 e

xp
ec

te
d 

to
 u

nd
er

go
 h

yd
ro

ly
si

s 
an

d/
or

 o
xi

da
tio

n 
an

d 
en

te
r 

in
to

 k
no

w
n 

pa
th

w
ay

s 
of

 m
et

ab
ol

is
m

.
3.

  M
in

im
al

 m
et

ab
ol

is
m

 o
f N

os
 2

08
1 

an
d 

20
82

 w
as

 o
bs

er
ve

d 
in

 v
itr

o;
 s

m
al

l a
m

ou
nt

s 
of

 h
yd

ro
xy

la
tio

n 
pr

od
uc

ts
 w

er
e 

fo
rm

ed
 fo

r 
ea

ch
 fl 

av
ou

rin
g 

ag
en

t.

O

O

O

O

S N

H N

H N
N

H
2

F
la

vo
ur

in
g 

ag
en

t
N

o.
C

A
S

 N
o.

 a
nd

 
st

ru
ct

ur
e

S
te

p 
A

3/
B

3d

D
oe

s 
es

tim
at

ed
 

di
et

ar
y 

ex
po

su
re

ex
ce

ed
 th

e 
th

re
sh

ol
d 

of
 

co
nc

er
n?

F
ol

lo
w

-o
n 

fr
om

 s
te

p 
B

3e

A
re

 a
dd

iti
on

al
 d

at
a 

av
ai

la
bl

e 
fo

r 
fl a

vo
ur

in
g 

ag
en

t w
ith

 a
n 

es
tim

at
ed

 
di

et
ar

y 
ex

po
su

re
 e

xc
ee

di
ng

 th
e 

th
re

sh
ol

d 
of

 c
on

ce
rn

?

S
te

p 
A

4/
B

4e

A
de

qu
at

e 
m

ar
gi

n 
of

 e
xp

os
ur

e 
fo

r 
th

e 
fl a

vo
ur

in
g 

ag
en

t o
r 

a 
re

la
te

d 
su

bs
ta

nc
e?

 

C
om

m
en

ts
 

on
 m

et
ab

o-
lis

m

R
el

at
ed

 s
tr

uc
tu

re
 

na
m

e 
(N

o.
) 

an
d 

st
ru

ct
ur

e 
(if

 a
pp

lic
ab

le
)

C
on

cl
u-

si
on

 
ba

se
d 

on
 c

ur
-

re
nt

 e
s-

tim
at

ed
 

di
et

ar
y 

ex
po

-
su

re

Ta
b

le
 2

 (
co

n
ti

n
u

ed
)



39

In general, aliphatic and aromatic amines and amides are rapidly absorbed 
from the gastrointestinal tract and metabolized by deamination, hydrolysis 
or oxidation to polar metabolites that are readily eliminated in the urine. 
Aliphatic amides have been reported to undergo hydrolysis in mammals; 
however, the rate of hydrolysis is dependent on the chain length and may 
involve a number of different enzymes.

In relation to these additional fl avouring agents, only limited information 
regarding metabolic pathways is available for specifi c substances.

Published studies indicate that 2-aminoacetophenone (No. 2043) is a minor 
intermediate of tryptophan metabolism that is further metabolized to anthranilic 
acid, which is excreted in urine or involved in subsequent m etabolic p athways.

Distribution and metabolism studies were provided for N-(2-methylcyclohexyl)-
2,3,4,5,6-pentafl uorobenzamide (No. 2081). Widespread tissue distribution 
of parent compound and/or metabolites was observed following oral admin-
istration to rats. Minimal metabolite formation was observed following incu-
bation with rat liver microsomes. Those metabolites that were identifi ed were 
hydroxylation products.

A pharmacokinetic study on 3[(4-amino-2,2-dioxido-1H-2,1,3-benzothia-
diazin-5-yl)oxy]-2,2-dimethyl-N-propylpropanamide (No. 2082) indicated 
rapid absorption following oral administration to rats; however, oral bio-
availability was less than 10%. Minimal metabolite formation was observed 
following incubation with rat and human liver microsomes. Identifi ed 
m etabolites were hydroxylation products.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring Agents 
to the additional fl avouring agents in this group, the Committee assigned one 
fl avouring agent (No. 2043) to structural class I. The remaining six fl avouring 
agents (Nos 2077–2082) were assigned to structural class III (10).

Step 2. One of the fl avouring agents (No. 2043) in this group is predicted 
to be metabolized to innocuous products. The evaluation of this fl avouring 
agent therefore proceeded via the A-side of the Procedure. The remaining 
fl avouring agents (Nos 2077–2082) in this group could not be predicted to 
be metabolized to innocuous products. Therefore, the evaluation of these 
fl avouring agents proceeded via the B-side of the Procedure.

Step A3. The highest dietary exposure of 2-aminoacetophenone (No. 2043) is 
below the threshold of concern (i.e. 1800 µg/person per day for class I). This 
fl avouring agent would not be expected to be of safety concern at c urrent 
estimated dietary exposures.
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Step B3. The highest dietary exposures for fi ve fl avouring agents in structural 
class III are above the threshold of concern (i.e. 90 µg/person per day for 
class III). Accordingly, for all of these fl avouring agents, data are required on 
the fl avouring agent or a closely related substance in order to perform a safety 
evaluation. For one of the fl avouring agents in structural class III (No. 2081), 
the highest estimated dietary exposure is below the threshold of concern. 
Accordingly, evaluation of this fl avouring agent proceeded to step B4.

Step B4. For N-(2-methylcyclohexyl)-2,3,4,5,6-pentafluorobenzamide 
(No. 2081), the NOAEL of 130 mg/kg bw per day in a 28-day study in 
rats provides a margin of exposure of 160 000 in relation to the highest 
estimated dietary exposure to No. 2081 (SPET = 50 µg/day) when used 
as a flavouring agent.

Consideration of fl avouring agents with high exposure evaluated 
via the B-side of the decision-tree:

Toxicity data on fl avouring agent No. 2009, previously evaluated by the 
Committee (Annex 1, reference 202), were used in support of the safety 
evaluation of two fl avouring agents (Nos 2078 and 2079). Toxicity data on 
fl avouring agent No. 1601, previously evaluated by the Committee (Annex 1, 
reference 178), were used in support of the safety evaluation of fl avouring 
agent No. 2080. Toxicity data on fl avouring agent No. 2077 were previously 
evaluated by the Committee (Annex 1, reference 178).

For (2E,6E/Z,8E)-N-(2-methylpropyl)-2,6,8-decatrienamide (No. 2077), the 
no-observed-effect level (NOEL) of 572 mg/kg bw per day in a 28-day study 
in rats provides a margin of exposure of 7600 in relation to the highest esti-
mated dietary exposure to No. 2077 (SPET = 4500 µg/day) when used as a 
fl avouring agent.

For (2S,5R)-N-[4-(2-amino-2-oxoethyl)phenyl]-5-methyl-2-(propan-2-yl)-
cyclohexanecarboxamide (No. 2078), the NOAEL of 300 mg/kg bw per day 
for the structurally related substance N-p-benzeneacetonitrile menthanecar-
boxamide (No. 2009) in a 90-day study in rats is 6000 times the highest 
estimated dietary exposure to No. 2078 (SPET = 3000 µg/day) when used 
as a fl avouring agent.

For (1R,2S,5R)-N-(4-methoxyphenyl)-5-methyl-2-(1-methylethyl)cyclohexane-
carboxamide (No. 2079), the NOAEL of 300 mg/kg bw per day for the struc-
turally related substance N-p-benzeneacetonitrile menthanecarboxamide (No. 
2009) in a 90-day study in rats is 29 000 times the highest estimated dietary 
exposure to No. 2079 (SPET = 625 µg/day) when used as a fl  avouring agent.

For N-cyclopropyl-5-methyl-2-isopropylcyclohexanecarboxamide (No. 2080), 
the NOEL of 8 mg/kg bw per day for the structurally related substance 
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N-ethyl-2-isopropyl-5-methylcyclohexanecarboxamide (No. 1601) in a 28-day 
study in rats is 160 times the SPET estimate (3000 µg/day) and 480 000 times 
the MSDI estimate (1 µg/day) when No. 2080 is used as a fl avouring agent.

For 3[(4-amino-2,2-dioxido-1H-2,1,3-benzothiadiazin-5-yl)oxy]-2,2-dimeth-
yl-N-propylpropanamide (No. 2082), the NOEL of 20 mg/kg bw per day in 
a 90-day study in rats provides a margin of exposure of 960 in relation to the 
highest estimated dietary exposure to No. 2082 (SPET = 1250 µg/day) when 
used as a fl avouring agent.

The Committee concluded that the fi ve fl avouring agents with high expo-
sure evaluated via the B-side of the decision-tree (Nos 2077–2080 and 
2082) would not pose a safety concern at current estimated dietary expo-
sures.

Table 2 summarizes the evaluations of the seven additional fl avouring 
agents belonging to the group of aliphatic and aromatic amines and amides 
(Nos 2043 and 2077–2082).

Consideration of combined intakes from use as fl avouring agents

The highest MSDI values for members of the current group are 33 µg/day 
(No. 2077), 6 µg/day (No. 2078) and 1 µg/day (No. 2080). The seven addi-
tional fl avouring agents in this group have diverse structures, with various 
potential sites of metabolism, and are not likely to be metabolized to com-
mon products. The Committee concluded that under the conditions of use as 
fl avouring agents, the combined intake of the fl avouring agents in this group 
would not saturate metabolic pathways, and the combined intakes, including 
those of previously evaluated members of the group, would not raise safety 
concerns.

Conclusion

In the previous evaluations of members of this group of fl avouring agents, 
studies of acute toxicity, short-term studies of toxicity, long-term studies of 
toxicity and carcinogenicity, and studies of genotoxicity and reproductive 
toxicity were available. Previously evaluated data from short-term studies of 
toxicity were used to support the safety evaluations of four members of the 
current group. Data from short-term studies of toxicity on two members of 
the current group (Nos 2081 and 2082) were evaluated at the present meeting. 
The Committee concluded that none of the seven fl avouring agents evaluated 
at the present meeting, which are additions to the group of aliphatic and 
a romatic amines and amides evaluated previously, raise any safety concerns 
at current estimated dietary exposures.

An addendum to the toxicological monograph was prepared.
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4.1.2  Aliphatic and aromatic ethers

 Explanation

The Committee evaluated a group of 10 aliphatic and aromatic ethers used 
as fl avouring agents. The evaluations were conducted according to the Proce-
dure for the Safety Evaluation of Flavouring Agents (see Figure 1) (Annex 1, 
reference 131). None of these agents have previously been evaluated.

The Committee previously evaluated 29 other members of this group of fl a-
vouring agents at its sixty-fi rst meeting (Annex 1, reference 166), including 
benzyl butyl ether (No. 1253) and dibenzyl ether (No. 1256), which were 
evaluated only for specifi cations at the twenty-fourth meeting (Annex 1, ref-
erence 53). The Committee concluded that all 29 fl avouring agents in that 
group were of no safety concern at estimated dietary exposures.

Seven of the 10 fl avouring agents (Nos 2133–2135, 2137–2139 and 2142) 
in this group have been reported to occur naturally and can be found in 
strawberry, lychee, Salvia species, dill blossom, dill herb, clary sage, grape 
brandy, arctic bramble, black currant (buds), Cinnamomum, elder fl ower, 
elderberry juice, grapefruit juice, green tea (roasted), fresh tomato and white 
wine.

Assessment of dietary exposure

The total annual volumes of production of the 10 aliphatic and aromatic 
ethers are approximately 20 kg in the USA, 0.1 kg in Europe and 371 kg in 
Japan. Two fl avouring agents in this group, butyl β-naphthyl ether (No. 2141) 
and linalool oxide pyranoid (No. 2135), with annual volumes of produc-
tion of 202 kg and 159 kg, respectively, account for approximately 97% of 
the total annual volume of production in Japan. Approximately 95% of the 
reported volume of production in the USA is accounted for by 3,6-dimethyl-
2,3,3a,4,5,7a-hexahydrobenzofuran (No. 2133).

Dietary exposures were estimated using the MSDI method and the SPET, 
with the highest values reported in Table 3. The estimated daily dietary expo-
sure is highest for digeranyl ether (No. 2142) (10 000 µg, the SPET value 
obtained from gelatines and puddings). For the other fl avouring agents, the 
estimated daily dietary exposures range from 0.01 to 5000 µg, with the SPET 
yielding the highest estimates.

 Absorption, distribution, metabolism and elimination

Information on the hydrolysis, absorption, distribution, metabolism and 
elimination of fl avouring agents belonging to the group of aliphatic and aro-
matic ethers has previously been described in the report of the sixty-fi rst 
meeting (Annex 1, reference 166).
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The straight-chain aliphatic ethers (Nos 2134, 2138, 2139 and 2142) are pre-
dicted to undergo O-dealkylation in vivo to yield the corresponding alcohol 
and aldehyde, which subsequently undergo complete oxidation via the fatty 
acid pathway and tricarboxylic acid cycle. Alternatively, the aliphatic ether 
may undergo ω-1 oxidation to yield polar hydroxylated metabolites. These 
are conjugated with glucuronic acid and excreted or are further oxidized 
and/or excreted. The alicyclic ethers (Nos 2133, 2135, 2137 and 2140) are 
predicted to largely undergo ring hydroxylation by cytochrome P450. The 
resulting metabolites undergo conjugation with glucuronic acid, followed by 
excretion in the urine. The aromatic ethers (Nos 2136 and 2141) are pre-
dicted to undergo ring hydroxylation, O-demethylation or side-chain oxida-
tion (depending upon the position of the substituents). These metabolites can 
undergo conjugation with glucuronic acid, sulfate or glycine, the products of 
which are readily excreted.

Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the 10 fl avouring agents in this group of aliphatic and aromatic 
ethers, the Committee assigned 7 fl avouring agents to structural class II 
(Nos 2133–2135, 2137–2139 and 2142) and 3 fl avouring agents to structural 
class III (Nos 2136, 2140 and 2141) (10).

Step 2. All the fl avouring agents in this group are expected to be metabolized 
to innocuous products. The evaluation of all fl avouring agents in this group 
therefore proceeded via the A-side of the Procedure.

Step A3. The highest dietary exposures to three of the fl avouring agents 
(Nos 2133, 2134 and 2139) in structural class II are below the threshold of 
concern (i.e. 540 µg/person per day for class II). According to the Procedure, 
these fl avouring agents raise no safety concern at their current estimated 
dietary exposures. The estimated dietary exposures to four of the fl avouring 
agents (Nos 2135, 2137, 2138 and 2142) are above the threshold of concern 
for structural class II (i.e. 540 µg/person per day for class II). The three fl a-
vouring agents in structural class III (Nos 2136, 2140 and 2141) have esti-
mated dietary exposures above the threshold of concern (i.e. 90 µg/person 
per day for class III). The evaluation of the seven fl avouring agents with 
estimated dietary exposures above the thresholds of concern proceeded to 
step A4.

Step A4. Because all of the fl avouring agents with estimated dietary exposures 
above the thresholds of concern, and their metabolites, are not e ndogenous, 
the evaluation proceeded to step A5.
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Step A5. For linalool oxide pyranoid (No. 2135), the NOEL of 2.5 mg/kg 
bw per day for the structurally related substance tetrahydro-4-methyl-2-(2-
methylpropen-1-yl)pyran (No. 1237) from a 90-day dietary study in rats 
provides a margin of exposure of 250 in relation to the dietary exposure 
to No. 2135 as calculated using the SPET (600 µg/person per day) or 3300 
in relation to the MSDI (45 µg/day) when No. 2135 is used as a fl avouring 
agent.

For isoamyl phenethyl ether (No. 2136), the NOEL of 196 mg/kg bw per 
day for the structurally related substance dibenzyl ether (No. 1256) from a 
90-day dietary study in rats provides a margin of exposure of 75 000 in rela-
tion to the dietary exposure to No. 2136 calculated using the SPET (150 µg/
day) when No. 2136 is used as a fl avouring agent.

For nerolidol oxide (No. 2137), a NOAEL for this fl avouring agent or a 
structurally related substance was not available. The Committee therefore 
concluded that additional data would be necessary to complete the safety 
evaluation.

For methyl hexyl ether (No. 2138), the NOEL of 900 mg/kg bw per day 
for the structurally related substance methyl tert-butyl ether from a 90-day 
study in rats provides a margin of exposure of 10 000 in relation to the diet-
ary e xposure to No. 2138 (SPET = 5000 µg/day) when used as a fl avouring 
agent.

For 5-isopropyl-2,6-diethyl-2-methyltetrahydro-2H-pyran (No. 2140), the 
NOEL of 2.5 mg/kg bw per day for the structurally related substance tet-
rahydro-4-methyl-2-(2-methylpropen-1-yl)pyran (No. 1237) from a 90-day 
dietary study in rats provides a margin of exposure of 60 in relation to the 
dietary exposure to No. 2140 as the SPET value (2500 µg/day) or 15 million 
in relation to the MSDI (0.01 µg/day) when No. 2140 is used as a fl avouring 
agent.

For butyl β-naphthyl ether (No. 2141), the NOEL of 5.1 mg/kg bw per day 
for the structurally related β-naphthyl ethyl ether (No. 1258) from a 90-day 
study in rats provides a margin of exposure of 770 relative to the SPET value 
(400 µg/day) or 5000 in relation to the MSDI (58 µg/day) when No. 2141 is 
used as a fl avouring agent.

For digeranyl ether (No. 2142), the NOEL of 50 mg/kg bw per day from a 
196-day dietary study in rats for the structurally related substance, and pre-
dicted metabolite, geraniol (No. 1223; a mixture of 3,7-dimethyl-2,6-octadi-
enol and 3,7-dimethyl-1,6-octadienol) provides a margin of exposure of 300 
relative to the SPET value (10 000 µg/day) or 300 million in relation to the 
MSDI (0.01 µg/day) when No. 2142 is used as a fl avouring agent.
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The Committee therefore concluded that 9 of the 10 additional fl avour-
ing agents (Nos 2133–2136 and 2138–2142) in this group of aliphatic and 
a romatic ethers would not pose a safety concern at current estimated dietary 
exposures. Table 3 summarizes these evaluations.

 Consideration of combined intakes from use as fl avouring agents

Flavouring agents Nos 2142, 1257, 1258 and 1259 are ethers of 2-naphthol, 
which could be a common metabolite, but the combined intake of these is 
less than the threshold of concern for structural class III (i.e. 90 µg/person per 
day). Flavouring agents Nos 2136, 1252, 1253 and 1254 are benzyl or phen-
ethyl ethers, but the combined intake of these is also less than the threshold 
of concern for structural class III. The other fl avouring agents in this group 
have diverse structures, with various potential sites of metabolism, and are 
not likely to be metabolized to common products. The Committee concluded 
that combined intakes of the fl avouring agents in this group would not raise 
safety concerns.

 Consideration of secondary components

One fl avouring agent in this group (No. 2135) has a minimum assay value 
of less than 95% (see Annex 4). The secondary component of linalool oxide 
pyranoid (No. 2135) is linalool (No. 356), which was previously evaluated 
(Annex 1, reference 137) and considered not to present a safety concern at 
estimated dietary exposures. 

 Conclusion

In the previous evaluation of fl avouring agents in this group of aliphatic and 
aromatic ethers, studies of metabolism and acute toxicity, short-term and 
long-term studies of toxicity, and studies of genotoxicity were available. The 
results of those studies did not raise safety concerns. The additional data 
from acute toxicity studies (Nos 1237, 2136 and 2140), short-term studies 
of toxicity (No. 1239), studies of reproductive toxicity (No. 1243) and geno-
toxicity studies (Nos 2133 and 2140 and several fl avouring agents previ-
ously evaluated) considered at this meeting support the previous evaluation 
(Annex 1, reference 166) and raised no safety concerns.

The Committee concluded that 9 of these 10 fl avouring agents, which are 
additions to the group of aliphatic and aromatic ethers evaluated previously, 
would not give rise to safety concerns at current estimated dietary exposures. 
For one fl avouring agent (No. 2137), additional data are required to complete 
the evaluation.

An addendum to the toxicological monograph was prepared.
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4.1.3   Aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic 
acids and related esters, sulfi des, disulfi des and ethers containing 
furan substitution

 Explanation

At the present meeting, the Committee evaluated a group of 39 aliphatic 
hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids and related 
esters, sulfi des, disulfi des and ethers containing furan substitution as fl a-
vouring agents. This group contains 36 fl avouring agents from the origi-
nal 40 fl avouring agents evaluated previously, because 4 fl avouring agents 
(Nos 1487–1490) had been withdrawn from evaluation since the sixty-ninth 
meeting due to the current lack of use as fl avouring agents. Three new fl a-
vouring agents—(E)-ethyl 3-(2-furyl)acrylate (No. 2103), di-2-furylmethane 
(No. 2104) and 2-methylbenzofuran (No. 2105)—that were not part of the 
original evaluation have been added to the current submission.

The Committee previously evaluated a group of 40 aliphatic hydrocarbons, 
alcohols, aldehydes, ketones, carboxylic acids and related esters, sulfi des, 
disulfi des and ethers containing furan substitution at the sixty-fi fth meeting 
(Annex 1, reference 178). The Committee took note of the extensive positive 
genotoxicity data for several members of this group of fl avouring agents and 
the paucity of in vivo genotoxicity data to allay concern and concluded that 
the Procedure for the Safety Evaluation of Flavouring Agents could not be 
applied to this group.

At the sixty-ninth meeting (Annex 1, reference 190), the Committee 
reviewed new in vitro and in vivo genotoxicity studies that had been sub-
mitted for the same group of 40 aliphatic hydrocarbons, alcohols, alde-
hydes, ketones, carboxylic acids and related esters, sulfi des, disulfi des and 
ethers containing furan substitution. The Committee again concluded that 
the Procedure could not be applied to this group, because of unresolved 
toxicological concerns. Studies that would assist in the safety evaluation 
included investigations of the infl uence of the nature and position of ring 
substitution on metabolism and on covalent binding to macromolecules. 
Depending on the fi ndings, additional studies might include assays related 
to the mutagenic and carcinogenic potential of representative members 
of this group. In response to this, in vivo comet assays using furan and 
2-pentylfuran (No. 1491) (11) were submitted and evaluated at the present 
meeting.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

The Committee discussed the results of the in vivo comet assays (11). In 
these studies, the potential genotoxicity of 2-pentylfuran was compared
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with that of furan using isolated liver cells from male B6C3F1 mice that 
were gavaged with 2-pentylfuran or furan. Before the conduct of the main 
studies, pilot comet assays were performed with a single oral furan dose of 
250 mg/kg bw, and DNA damage was measured in liver cells at 3, 6 and 
24 hours. The 3-hour time point was found to be optimal for measuring the 
genotoxic response to furan. Based on this fi nding, the 3-hour time point was 
used in three separate studies with 2-pentylfuran.

In the fi rst study, 2-pentylfuran (508 mg/kg bw) produced an increase in per 
cent DNA in the comet tail in the absence of proteinase K compared with the 
vehicle control, indicating DNA damage. In the second study, 2-pentylfuran 
(762 mg/kg bw) produced no signifi cant changes in the per cent DNA in the 
comet tail in either the absence or presence of proteinase K, indicating the 
absence of DNA damage. In the third study, both 2-pentylfuran doses of 508 
and 762 mg/kg bw were used. Changes in the comet tail induced by 2-pentyl-
furan at 508 mg/kg bw in the fi rst study were not observed in the third study. 
However, in the third study, 2-pentylfuran at 762 mg/kg bw, both without 
and with proteinase K, provided evidence of DNA damage. The Committee 
concluded that the combined results of the three comet assays did not allow 
conclusions to be reached on the genotoxic potential of 2-pentylfuran and 
its mechanism. Additionally, the Committee also questioned the selection of 
only a single time point for the analysis of 2-pentylfuran genotoxicity based 
on the results of the furan.

 Conclusion

The Committee concluded that the Procedure could not be applied to this 
group because of the unresolved toxicological concerns. Studies that could 
assist in the safety evaluation include investigations of the infl uence of the 
nature and position of furan ring substitutions on metabolism and covalent 
binding to macromolecules, demonstration of the ring opening and reactivity 
of the resulting products. Depending on the fi ndings, additional genotoxicity 
or other studies might be needed.

An addendum to the toxicological monograph was not prepared.

4.1.4  Aliphatic linear α,β-unsaturated aldehydes, acids and related 
alcohols, acetals and esters

 Explanation

The Committee evaluated a group of fl avouring agents consisting of fi ve 
aliphatic linear α,β-unsaturated aldehydes, acids and related alcohols, 
acetals and esters. This group included trans-2-nonenyl acetate (No. 
2163), propyl sorbate (No. 2164), cis-2-octenol (No. 2165), trans-2-tride-
cenol (No. 2166) and ethyl 2-hexenoate (mixture of isomers) (No. 2167). 
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2-Phenyl-4-methyl-2-hexenal (No. 2069) was submitted for evaluation, but 
the Committee c onsidered that it did not belong to this group of fl avouring 
agents, and the compound was therefore not further considered. The evalu-
ations were conducted according to the Procedure for the Safety Evalua-
tion of Flavouring Agents (see Figure 1) (Annex 1, reference 131). None of 
these fl avouring agents have previously been evaluated by the Committee.

The Committee previously evaluated 37 other members of this group of fl a-
vouring agents at its sixty-third meeting (Annex 1, reference 173). The Com-
mittee concluded that all 37 fl avouring agents in that group were of no safety 
concern at estimated dietary exposures.

The Committee also evaluated 22 additional members of this group of fl a-
vouring agents at its sixty-ninth meeting (Annex 1, reference 190). The Com-
mittee concluded that the 22 additional fl avouring agents in that group were 
of no safety concern at estimated dietary exposures.

Two of the fi ve fl avouring agents (Nos 2165 and 2167) in this group have been 
reported to occur naturally and can be found in chicken, ginger, mushroom, 
raspberry, blackberry, boysenberry, apple, grapes, guava, feyoa, m angifera, 
passifl ora and wine. 

 Assessment of dietary exposure

The total annual volumes of production of the fi ve aliphatic linear α,β-
unsaturated aldehydes, acids and related alcohols, acetals and esters are 
approximately 0.1 kg in the USA and 113 kg in Japan. Two fl avouring agents 
in this group, propyl sorbate (No. 2164) with 80 kg and ethyl 2-hexenoate 
(mixture of isomers) (No. 2167) with 33 kg, account for approximately 99% 
of the total annual volume of production in Japan.

Dietary exposures were estimated using both the MSDI method and the 
SPET, with the highest values reported in Table 4. The estimated daily dietary 
exposure is highest for propyl sorbate (No. 2164) (300 µg, the SPET value 
obtained from non-alcoholic beverages). For the other fl avouring agents, the 
estimated daily dietary exposures range up to 25 µg.

 Absorption, distribution, metabolism and elimination

Information on the hydrolysis, absorption, distribution, metabolism and 
elimination of fl avouring agents belonging to the group of aliphatic linear 
α,β-unsaturated aldehydes, acids and related alcohols, acetals and esters has 
previously been described in the report of the sixty-third meeting (Annex 1, 
reference 173). The alkenols and alkenoic acid esters in this group are 
expected to be hydrolysed and completely metabolized by the fatty acid 
β-oxidation pathway or the tricarboxylic acid cycle.
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Table 4
Summary of the results of the safety evaluations of aliphatic linear α,β-unsaturated 
aldehydes, acids and related alcohols, acetals and esters used as fl avouring agentsa,b,c

Flavouring agent No. CAS No. and structure Step A3d

Does estimated 
dietary expo-
sure exceed 
the threshold of 
concern?

Com-
ments 
on pre-
dicted 
metab-
olism

Conclu-
sion based 
on current 
e stimated 
dietary 
e xposure

Structural class I

trans-2-Nonenyl 
acetate

2163 30418-89-4

O O

No, SPET: 2 Note 1 No safety 
concern

Propyl sorbate 2164 10297-72-0
O

O

No, SPET: 300 Note 1 No safety 
concern

cis-2-Octenol 2165 26001-58-1

OH

No, SPET: 20 Note 2 No safety 
concern

trans-2-Tridecenol 2166 74962-98-4
OH

No, SPET: 3 Note 2 No safety 
concern

Ethyl 2-hexenoate 
(mixture of iso-
mers)

2167 1552-67-6

O

O

O

O

No, SPET: 25 Note 1 No safety 
concern

CAS, Chemical Abstracts Service

a Fifty-nine fl avouring agents in this group were previously evaluated by the Committee (Annex 1, 
r eferences 173 and 190).

b Step 1: All of the fl avouring agents in this group (Nos 2163–2167) are in structural class I.
c Step 2: All of the fl avouring agents in this group can be predicted to be metabolized to innocuous 

p roducts.
d The threshold for human dietary exposure for structural class I is 1800 µg/person per 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.

Notes:
1.  Hydrolysed to corresponding alcohols and acids, followed by complete metabolism in the fatty acid 

pathway or the tricarboxylic acid cycle.
2.  The alcohol group would be oxidized to the corresponding carboxylic acid and completely metabolized 

by the fatty acid pathway.
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  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the fi ve additional fl avouring agents in this group of aliphatic 
linear α,β-unsaturated aldehydes, acids and related alcohols, acetals and 
esters, the Committee assigned all fi ve to structural class I (Nos 2163–
2167) (10).

Step 2. All fl avouring agents in this group are expected to be metabolized 
to innocuous products. The evaluation of all fl avouring agents in this group 
therefore proceeded via the A-side of the Procedure.

Step A3. The estimated dietary exposures to the fi ve fl avouring agents 
in structural class I are below the threshold of concern (i.e. 1800 µg/
person per day for class I). According to the Procedure, none of the fi ve 
fl avouring agents raise safety concern at their current estimated dietary 
exposures.

Table 4 summarizes the evaluations of the fi ve aliphatic linear α,β-unsaturated 
aldehydes, acids and related alcohols, acetals and esters (Nos 2163–2167) in 
this group.

 Consideration of combined intakes from use as fl avouring agents

The highest MSDI for any member of this group is 23 µg/person per day 
(No. 2164), which is less than 2% of the threshold of concern, 1800 µg/
person per day. Consideration of combined intakes is not deemed necessary, 
because the additional fl avouring agents would not contribute signifi cantly to 
the c ombined intake of this fl avouring group.

 Conclusion

In the previous evaluations of the aliphatic linear α,β-unsaturated aldehydes, 
acids and related alcohols, acetals and esters, studies of acute toxicity, short-
term studies of toxicity, long-term studies of toxicity and carcinogenicity, and 
studies of genotoxicity and reproductive toxicity were available. None raised 
safety concerns. New data on acute toxicity and genotoxicity were available 
at the present meeting, and these supported the previous safety evaluations 
(Annex 1, references 173 and 190).

The Committee concluded that these fi ve fl avouring agents, which are addi-
tions to the group of aliphatic linear α,β-unsaturated aldehydes, acids and 
related alcohols, acetals and esters 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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4.1.5  Amino acids and related substances

Explanation

The Committee evaluated six additional fl avouring agents belonging to the 
group of amino acids and related substances. The additional fl avouring agents 
included three L-amino acids (Nos 2118–2120), two dipeptides (Nos 2121 
and 2122) and one tripeptide (No. 2123). None of these fl avouring agents 
have previously been evaluated by the Committee. The safety of the submit-
ted substance (3R)-4-[[(1S)-1-benzyl-2-methoxy-2-oxo-ethyl]amino]-3-[3-
(3-hydroxy-4-methoxy-phenyl)propylamino]-4-oxo-butanoic acid hydrate 
(Advantame, No. 2124) was not assessed; the Committee decided that it 
would not be appropriate to evaluate this substance as a fl avouring agent, 
because it is a low-calorie intense sweetener. Three of the fl avouring agents in 
this group (Nos 2119, 2121 and 2123) evaluated at this meeting are reported 
to be fl avour modifi ers.

The Committee considered that the use of the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Figure 1) (Annex 1, reference 131) was inap-
propriate for two members of this group—namely, L-isoleucine (No. 2118) 
and L-threonine (No. 2119). These substances are macronutrients and nor-
mal components of protein; as such, human exposure through food is orders 
of magnitude higher than the anticipated level of exposure from their use as 
fl avouring agents. For the remaining four members of the group (Nos 2120–
2123), the evaluations were conducted according to the Procedure for the 
Safety Evaluation of Flavouring Agents.

The Committee previously evaluated 20 other members of this group of fl a-
vouring agents at its sixty-third meeting (Annex 1, reference 173). The Com-
mittee concluded that all 20 fl avouring agents in that group were of no safety 
concern at estimated dietary exposures.

As noted by the Committee at its sixty-third meeting (Annex 1, reference 173), 
amino acids may react with other food constituents upon heating. The mix-
tures thus formed are commonly referred to as “process fl avours”. The safety 
of process fl avours has not been reviewed by the Committee at the sixty-third 
meeting or at the current meeting and may be considered at a future meet-
ing. The evaluation of the fl avouring agents belonging to the group of amino 
acids and related substances is therefore conducted on the basis that these 
fl  avouring agents are present in an unchanged form at the point of consump-
tion.

In addition to Nos 2118 and 2119, which are normal components of protein, 
Nos 2120 and 2123 have been reported to occur in protein-rich foods, fi sh 
sauce, soya sauce, shrimp paste and scallops.
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 Assessment of dietary exposure

The total annual volume of production of the six amino acids and related sub-
stances for use as fl avouring agents only is approximately 49 140 kg in the 
USA, with no reported volume available for Europe or Japan. Approximately 
92% of the total annual volume of production in the USA is accounted for by 
one substance in this group—namely, L-alanyl-L-glutamine (No. 2121).

Dietary exposures were estimated using both the SPET and the MSDI method. 
The highest estimated dietary exposure for each fl avouring agent is reported 
in Table 5. The estimated daily dietary exposure is highest for L-alanyl-L-
glutamine (No. 2121) (280 000 µg, the SPET value obtained from milk prod-
ucts). For the other fl avouring agents, the estimated daily dietary exposures, 
calculated using either the SPET or the MSDI method, range from 0.02 to 
60 000 µg, with the SPET yielding the highest estimates.

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and elimination of 
amino acids has previously been described in the monograph of the sixty-
third meeting (Annex 1, reference 173). Also, dipeptides and tripeptides 
are readily hydrolysed into constituent amino acids in the intestine during 
absorption.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the four fl avouring agents in this group of amino acids and related 
substances, the Committee assigned all four fl avouring agents (Nos 2120–
2123) to structural class I (10).

Step 2. All four of the fl avouring agents in this group can be predicted to be 
metabolized to innocuous products. The evaluation of all of these fl avouring 
agents therefore proceeded via the A-side of the Procedure.

Step A3. The highest estimated dietary exposure to one fl avouring agent in 
structural class I (No. 2122) is below the threshold of concern (i.e. 1800 µg/per-
son per day for class I). According to the Procedure, this fl avouring agent is not 
of safety concern at current estimated dietary exposure. The highest estimated 
dietary exposures of the three remaining fl avouring agents in structural class I 
are above the threshold of concern. Accordingly, the e valuation of these fl avour-
ing agents proceeded to step A4.

Step A4. L-Ornithine (No. 2120) is an endogenous compound, and L-alanyl-
L-glutamine (No. 2121) is metabolized to the non-essential, endogenous 
amino acids, L-alanine and L-glutamine. According to the Procedure, these 
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two fl avouring agents are not of safety concern at current estimated die-
tary exposures. Also, glutamyl-valyl-glycine (No. 2123) is metabolized to 
its constituent amino acids, but valine is an essential amino acid that can-
not be synthesized in the human body and is therefore not an endogenous 
compound. Therefore, the evaluation of this fl avouring agent proceeded to 
step A5.

Step A5. For glutamyl-valyl-glycine (No. 2123), the NOAEL of 3130 mg/
kg bw per day in a 91-day study in rats for the related compound L-alanyl-
L-glutamine (No. 2121) provides a margin of exposure of approximately 
47 000 in relation to the highest estimated dietary exposure to glutamyl-
valyl-glycine (SPET = 4000 µg/day) when used as a fl avouring agent. The 
Committee therefore concluded that glutamyl-valyl-glycine is not of safety 
concern at current estimated dietary exposure.

Table 5 summarizes the evaluations of the four amino acids and related sub-
stances used as fl avouring agents in this group, as well as the evaluations of 
the two amino acids for which the Procedure was not used.

 Consideration of combined intakes from use as fl avouring agents

The four fl avouring agents evaluated using the Procedure are effi ciently 
metabolized and eliminated, and the overall evaluation of the data indicates 
that combined intake would not raise any safety c oncerns at current esti-
mated dietary exposures.

 Conclusion

In the previous evaluation of fl avouring agents in the group of amino acids 
and related substances, biochemical data and studies of acute toxicity, short-
term studies of toxicity, long-term studies of toxicity and carcinogenicity, 
and studies of in vitro and in vivo genotoxicity and reproductive toxicity 
were available (Annex 1, reference 173). The toxicity data for the current 
evaluation (biochemical data, studies of acute toxicity, short-term studies of 
toxicity and studies of in vitro genotoxicity) supported the previous safety 
evaluation.

In view of the fact that No. 2118 (L-isoleucine) and No. 2119 (L-threonine) 
are macronutrients and normal components of protein, the use of these sub-
stances as fl avouring agents would not raise any safety concerns at current 
estimated dietary exposures. The Committee also concluded that the use of 
the other four fl avouring agents in this group of amino acids and related 
s ubstances would not raise any safety concerns.

An addendum to the toxicological monograph was prepared.
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4.1.6  Epoxides

 Explanation

The Committee evaluated a group of seven epoxides that includes two 
phenylglycidate derivatives (Nos 2143 and 2144), two terpene epoxides 
(Nos 2145 and 2146) and three aliphatic epoxides (Nos 2147–2149). The 
evaluations were conducted according to the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Figure 1) (Annex 1, reference 131). None of 
these fl avouring agents have previously been evaluated.

The Committee previously evaluated nine other members of this group of 
fl avouring agents at the sixty-fi fth meeting (Annex 1, reference 178). The 
Committee concluded that the nine fl avouring agents in that group were of 
no safety concern at estimated dietary exposures.

One of the seven fl avouring agents (No. 2145) has been reported to occur 
naturally in food and has been detected in angelica oil, black currants, 
c ardamom, dill, ginger, orange oil and pepper.

 Assessment of dietary exposure

The total annual volume of production of the seven epoxides is approxi-
mately 19 kg in Japan, with no reported volumes of production from the USA 
or Europe. Two fl avouring agents in this group, methyl β-phenylglycidate 
(No. 2144) and ethyl α-ethyl-β-methyl-β-phenylglycidate (No. 2143), with 
annual volumes of production of 8 kg and 6 kg, respectively, account for 
approximately 74% of the total annual volume of production in Japan.

Dietary exposures were estimated using both the MSDI method and the 
SPET for each fl avouring agent, with the highest values reported in Table 6. 
The estimated dietary exposures are highest for ethyl α-ethyl-β-methyl-
β-phenylglycidate (No. 2143) and methyl β-phenylglycidate (No. 2144) 
(SPET = 60 µg/day for each fl avouring agent). This SPET value was obtained 
from gelatines and non-alcoholic beverages for No. 2143 and from non-alco-
holic beverages for No. 2144. For the other fl avouring agents, the estimated 
daily dietary exposures range from 0.03 to 40 µg, with the SPET yielding the 
h ighest estimates.

 Absorption, distribution, metabolism and elimination

The hydrolysis, absorption, distribution, metabolism and elimination of 
fl avouring agents belonging to the group of epoxides have previously been 
described in the report of the sixty-fi fth meeting (Annex 1, reference 178).

Epoxides are three-membered rings containing an oxygen atom. The inher-
ent ring strain and polarity of the C–O bond in the epoxide ring are factors 
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that promote cleavage of the three-membered ring in the presence of suit-
able nucleophiles. Epoxide hydrolases, enzymes with wide tissue distribu-
tion, catalyse epoxide ring cleavage by water to yield trans-diols. The diols 
are then excreted primarily in the urine unchanged or as the glucuronic acid 
or sulfate conjugates. Alternatively, epoxides may be conjugated with glu-
tathione mediated by glutathione S-transferases to yield the corresponding 
mercapturic acid conjugates, which are also excreted in the urine.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavour-
ing Agents to the seven fl avouring agents in this group of epoxides, the 
C ommittee assigned all seven (Nos 2143–2149) to structural class III (10).

Step 2. None of the fl avouring agents in this group can be predicted to be 
metabolized to innocuous products. The evaluation of these fl avouring agents 
therefore proceeded via the B-side of the Procedure.

Step B3. The highest dietary exposures to the seven fl avouring agents in 
this group are below the threshold of concern (i.e. 90 µg/person per day for 
class III). Accordingly, the evaluation of all seven fl avouring agents in the 
group proceeded to step B4.

Step B4. For ethyl α-ethyl-β-methyl-β-phenylglycidate (No. 2143), the 
NOEL of 35 mg/kg bw per day for the structurally related fl avouring agent 
ethyl methylphenylglycidate (No. 1577) in a 2-year study in rats provides a 
margin of exposure of 35 000 in relation to the dietary exposure to No. 2143 
(SPET = 60 µg/day) when used as a fl avouring agent.

For methyl β-phenylglycidate (No. 2144), the NOEL of 35 mg/kg bw per 
day for the structurally related fl avouring agent ethyl methylphenylglycidate 
(No. 1577) in a 2-year study in rats provides a margin of exposure of 35 000 
in relation to the dietary exposure to No. 2144 (SPET = 60 µg/day) when 
used as a fl avouring agent.

For d-8-p-menthene-1,2-epoxide (No. 2145), the NOEL of 48 mg/kg bw per 
day for the structurally related fl avouring agent piperitenone oxide (No. 1574) 
in a 28-day study in rats provides a margin of exposure of 190 000 in rela-
tion to the dietary exposure to No. 2145 (SPET = 15 µg/day) when used as a 
fl avouring agent.

For l-8-p-menthene-1,2-epoxide (No. 2146), the NOEL of 48 mg/kg bw per 
day for the structurally related fl avouring agent piperitenone oxide (No. 1574) 
in a 28-day study in rats provides a margin of exposure of 72 000 in rela-
tion to the dietary exposure to No. 2146 (SPET = 40 µg/day) when used as a 
fl avouring agent.
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For 2,3-epoxyoctanal (No. 2147), 2,3-epoxyheptanal (No. 2148) and 2,3-
epoxydecanal (No. 2149), no toxicological data are available on the fl avour-
ing agents or structurally related substances with which to calculate margins 
of exposure. Therefore, the evaluation of these fl avouring agents proceeded 
to step B5.

Step B5. The conditions of use for 2,3-epoxyoctanal (No. 2147), 2,3-epoxy-
heptanal (No. 2148) and 2,3-epoxydecanal (No. 2149) result in dietary 
exposures greater than 1.5 µg/day. Therefore, the Committee concluded 
that a dditional data would be necessary to complete the evaluation of these 
fl  avouring agents.

Table 6 summarizes the evaluations of the seven additional fl avouring agents 
in this group of epoxides (Nos 2143–2149).

 Consideration of combined intakes from use as fl avouring agents

A number of the fl avouring agents in this group (Nos 1576–1578, 2143 and 
2144) are alkyl phenylglycidates or closely related compounds. If these were 
to be consumed at the same time, the combined intake would exceed the class 
III threshold, primarily due to Nos 1576 and 1577; their combined intake was 
considered in detail at the sixty-fi fth meeting of the Committee (Annex 1, 
reference 178). The other fl avouring agents in this group have diverse struc-
tures, with various potential sites of metabolism, and are not likely to be 
metabolized to common products. The Committee concluded that the com-
bined intake of these fl avouring agents was not a safety concern.

 Consideration of secondary components

Three fl avouring agents in this group (Nos 2144, 2148 and 2149) have min-
imum assay values of less than 95% (see Annex 4). The secondary com-
ponent of methyl β-phenylglycidate (No. 2144) is ethyl β-phenylglycidate 
(No. 1576); the secondary component of 2,3-epoxyheptanal (No. 2148) is 
trans-2-heptenal (No. 1360); and the secondary component of 2,3-epoxy-
decanal (No. 2149) is trans-2-decenal (No. 1349). These secondary com-
ponents are considered not to present a safety concern at current estimated 
dietary exposures.

 Conclusion

In the previous evaluation of fl avouring agents in this group of epoxides, 
studies of acute toxicity, short-term studies of toxicity, long-term studies of 
t oxicity and carcinogenicity, and studies of genotoxicity and reproductive tox-
icity were available. The results of a short-term study of the toxicity of No. 
1574 and in vitro genotoxicity studies on Nos 1574 and 2145 considered at 
this meeting support the previous safety evaluation (Annex 1, reference 178).
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The Committee concluded that four fl avouring agents (Nos 2143–2146), 
which are additions to the group of epoxides evaluated previously, would not 
give rise to safety concerns at the current estimated dietary exposures.

The Committee concluded that additional toxicity data on the fl avouring 
agents or structurally related substances would be necessary to complete the 
evaluations of Nos 2147–2149.

An addendum to the toxicological monograph was prepared.

4.1.7  Furfuryl alcohol and related substances

 Explanation

At the present meeting, the Committee considered four additional fl avour-
ing agents (Nos 2099–2102) belonging to the group of furfuryl alcohol 
and related substances: one furfuryl alcohol (No. 2099), one furfural acetal 
(No. 2100) and two furfuryl esters (Nos 2101 and 2102). Three fl avouring 
agents (Nos 2103–2105) were originally assigned to the current group, but 
it was considered appropriate for these three to be evaluated in the group of 
aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids and 
related esters, sulfi des, disulfi des and ethers containing furan substitution 
(see section 4.1.3).

Furfural (No. 450) was evaluated previously by the Committee at its thirty-ninth 
and fi fty-fi rst meetings (Annex 1, references 101 and 137). An ADI was not 
established at either meeting because of concern about the fi ndings of tumours 
in male mice given furfural by gavage and the fact that no NOEL was identifi ed 
for hepatotoxicity in male rats. In the mouse study, the combined incidence of 
adenomas and carcinomas was increased in males at the highest dose tested. In 
order to address the concern regarding the formation of liver tumours in mice, 
the Committee at its fi fty-fi rst meeting requested the results of studies of DNA 
binding or adduct formation in vivo to clarify whether furfural interacts with 
DNA in the liver of mice (Annex 1, reference 137). While no specifi c stud-
ies of DNA binding were submitted, the results of an assay for unscheduled 
DNA synthesis in mice in vivo was evaluated by the Committee at its fi fty-fi fth 
meeting (Annex 1, reference 149). This study, in which single doses of up to 
350 mg/kg bw were given, was considered to be particularly relevant, as it 
addressed potential DNA repair in the cells in which tumours arose—namely, 
hepatocytes. The negative results obtained in this assay were considered by the 
Committee to provide evidence that the liver tumours observed in the long-term 
study in mice were unlikely to have occurred through a genotoxic mechanism. 
The Committee concluded that the concerns raised previously with respect to 
the liver tumours in mice were adequately addressed by this study and that a 
study of DNA binding was unnecessary.
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For furfuryl alcohol (No. 451), carcinogenicity studies in mice and rats using 
the inhalation route were considered by the Committee at its fi fty-fi fth meet-
ing (Annex 1, reference 150). Under the conditions of these 2-year inhalation 
studies, male mice exposed to the highest tested concentration had a signifi -
cantly increased incidence of renal tubular degeneration and a signifi cantly 
increased combined incidence of renal tubular adenomas and carcinomas. 
The Committee considered that, while these studies are of limited value 
for assessing the potential toxicity of oral exposure to furfuryl alcohol, the 
fi  ndings may provide some indication of potential long-term toxicity.

The Committee evaluated 15 members of this group of fl avouring agents at 
its fi fty-fi fth meeting and concluded that all 15 were of no safety concern at 
estimated dietary exposures (Annex 1, reference 149).

A group ADI of 0–0.5 mg/kg bw was established by the Committee at its 
fi fty-fi fth meeting for 12 members of the group—namely, furfural (No. 450), 
furfuryl alcohol (No. 451), furfuryl acetate (No. 739), furfuryl propionate 
(No. 740), furfuryl pentanoate (No. 741), furfuryl octanoate (No. 742), furfur-
yl 3-methylbutanoate (No. 743), methyl 2-furoate (No. 746), propyl 2-furo-
ate (No. 747), amyl 2-furoate (No. 748), hexyl 2-furoate (No. 749) and octyl 
2-furoate (No. 750). Furfural, furfuryl alcohol and these 10 derivatives are 
metabolized to the same metabolite, 2-furoic acid (Annex 1, reference 149). 
The ADI was established on the basis of a NOEL of 53 mg/kg bw per day in 
a 13-week rat study with furfural and using a safety factor of 100.

At the current meeting, the Committee included new in vitro and in vivo genoto-
xicity studies on several members of this group in its re-evaluation of the group 
of furfuryl alcohol and related substances. Genotoxicity data were available 
for one of the four additional fl avouring agents in this group (5-methylfurfuryl 
alcohol; No. 2099). Additional genotoxicity studies were also available on two 
fl avouring agents previously evaluated by the Committee—namely, furfuryl 
alcohol (No. 451) and furfuryl acetate (No. 739). In addition, new published 
genotoxicity data on furfural (No. 450) were available; however, these data 
were evaluated by the Committee at the fi fty-fi fth meeting (Annex 1, reference 
149) as separate unpublished in vitro and in vivo studies.

 Metabolism

All four members of the current group of fl avouring agents would be expected 
to be metabolized to furfuryl alcohol or a structural analogue that would 
undergo further oxidation to the corresponding 2-furoic acid.

 Genotoxicity

Positive genotoxicity fi ndings were observed in several in vitro and in vivo 
studies with three fl avouring agents in this group. In reverse mutation assays 
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with Salmonella typhimurium TA100-derived strains engineered to express 
various mouse and human sulfotransferases, furfuryl alcohol (No. 451) and 
5-methylfurfuryl alcohol (No. 2099) exhibited mutagenic activity. Furfur-
yl acetate (No. 739) was tested in the conventional TA100 strain only and 
exhibited mutagenic activity. These studies suggested that furfuryl alcohol 
is c onverted by intracellular sulfate conjugation to 2-sulfo-oxymethylfuran, 
an electrophile reacting with DNA. Subsequent experiments resulted in the 
detection of nucleoside adducts of 2′-deoxyadenosine and 2′-deoxyguanosine 
in porcine liver DNA incubated with freshly prepared 2-sulfo-oxymethylfuran. 
These adducts were also observed in the DNA of liver, lung and kidney of 
mice administered furfuryl alcohol (No. 451) at a dose of 390 mg/kg bw per 
day via drinking-water for 28 days. Another study indicated that furfuryl alco-
hol (No. 451) can induce sister chromatid exchange in human l ymphocytes in 
vitro and in vivo.

 Conclusion

New in vitro and in vivo studies raise concerns regarding the potential geno-
toxicity of furfuryl alcohol and derivatives that can be metabolized to furfur-
yl alcohol (e.g. furfuryl esters). The Committee concluded that this group of 
fl avouring agents could not be evaluated according to the Procedure because 
of the unresolved concerns regarding genotoxicity. In addition, the group 
ADI previously established by the Committee will need to be reconsidered 
at a future meeting.

An addendum to the toxicological monograph was prepared.

4.1.8   Linear and branched-chain aliphatic, unsaturated, unconjugated 
alcohols, aldehydes, acids and related esters

 Explanation

The Committee evaluated nine fl avouring agents (Nos 2177–2185) in the group 
of linear and branched-chain aliphatic, unsaturated, unconjugated a lcohols, 
aldehydes, acids and related esters using the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Figure 1) (Annex 1, reference 131). Five of 
the nine fl avouring agents are esters (Nos 2179, 2180 and 2182–2184). The 
remaining four fl avouring agents are linear unsaturated alcohols (Nos 2177 
and 2178), an unsaturated acid (No. 2181) and an aldehyde (No. 2185). None 
of these fl avouring agents have previously been evaluated.

The Committee evaluated 42 other members of this group of fl avouring 
agents at the fi fty-fi rst meeting (Annex 1, reference 137). Forty-one of the 
42 fl avouring agents in that group were concluded to be of no safety c oncern 
at estimated dietary exposures. The evaluation of one fl avouring agent, ethyl 
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2-methyl-3,4-pentadienoate (No. 353), was deferred pending review of a 
90-day rat feeding study. It was evaluated at the sixty-eighth meeting of the 
Committee (Annex 1, reference 187) and concluded to be of no safety con-
cern at the estimated dietary exposure.

The Committee evaluated 20 other members of this group of fl avouring 
agents at the sixty-fi rst meeting (Annex 1, reference 166). All of the fl a-
vouring agents in that group were concluded to be of no safety concern at 
e stimated dietary exposures.

The nine fl avouring agents (Nos 2177–2185) in this group are natural com-
ponents of foods. They have been detected in cucumber, maize, melon, peas, 
potato, pulasam, apple, banana, guava, raspberry, blackberry, boysenberry, 
tomato, wine, pork, grape, starfruit, tea, pepino fruit and prickly pear.

 Assessment of dietary exposure

The total annual volumes of production of the nine linear and branched-
chain aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and 
related esters are approximately 56 kg in Europe, 18 kg in the USA and 
6 kg in Japan. Approximately 98% of the total annual volume of produc-
tion in Europe is accounted for by one fl avouring agent in this group, trans-
3-hexenyl acetate (No. 2180). Two fl avouring agents, trans-3-nonen-1-ol 
(No. 2178) and cis,cis-3,6-nonadienyl acetate (No. 2179), with annual vol-
umes of production of 10 and 7 kg, respectively, account for 94% of the 
volume in the USA. In Japan, all of the volume of production is accounted 
for by cis-3-nonen-1-ol (No. 2177) and trans-3-hexenyl acetate (No. 2180), 
with 1 kg and 5 kg, respectively.

Dietary exposures were estimated for each fl avouring agent using both the 
SPET and the MSDI method, with the highest values reported in Table 7. 
The estimated daily dietary exposure is highest for (Z)-5-octenyl acetate 
(No. 2184) (2400 µg, the SPET value obtained from instant tea and coffee). 
For the other fl avouring agents, the estimated daily dietary exposures range 
from 0.01 to 600 µg, with the SPET yielding the highest estimates.

 Absorption, distribution, metabolism and elimination

Information on the hydrolysis, absorption, distribution, metabolism and elim-
ination of fl avouring agents belonging to this group of linear and branched-
chain aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and 
related esters has previously been described in the reports of the fi fty-fi rst 
and sixty-fi rst meetings (Annex 1, references 137 and 166).

The aliphatic esters in this group are predicted to be hydrolysed to the corres-
ponding unsaturated aliphatic alcohol and carboxylic acid in the gastrointestinal 
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tract. Once formed, the linear and branched-chain unsaturated primary alcohols 
will be rapidly absorbed and oxidized to their corresponding aldehydes and 
acids. Aliphatic aldehydes and acids are readily absorbed. Once absorbed, the 
aldehydes are oxidized to their corresponding u nsaturated c arboxylic acids.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the above-mentioned fl avouring agents, the Committee assigned 
all nine fl avouring agents (Nos 2177–2185) to structural class I (10).

Step 2. All the fl avouring agents in this group are expected to be metabolized 
to innocuous products. The evaluation of all fl avouring agents in this group 
therefore proceeded via the A-side of the Procedure.

Step A3. The estimated dietary exposures to eight of the fl avouring agents in 
this group are below the threshold of concern (i.e. 1800 µg/person per day for 
class I). According to the Procedure, the safety of these eight fl avouring agents 
raises no concern at their current estimated dietary exposures. The highest 
estimated dietary exposure for one fl avouring agent (No. 2184) in this group 
is above the threshold of concern (i.e. 1800 µg/person per day for class I). 
Accordingly, the evaluation of this fl avouring agent proceeded to step A4.

Step A4. The fl avouring agent No. 2184 and its metabolites are not endog-
enous, and therefore its evaluation proceeded to step A5.

Step A5. For (Z)-5-octenyl acetate (No. 2184), the NOEL of 120 mg/kg bw 
per day for the structurally related cis-3-hexenol (No. 315) obtained in a 
98-day study in rats provides a margin of exposure of 3000 in relation to the 
estimated dietary exposure to No. 2184 (SPET = 2400 µg/day) when used as 
a fl avouring agent.

The Committee concluded that none of the nine additional fl avouring agents 
(Nos 2177–2185) belonging to the group of linear and branched-chain 
aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and related 
esters would pose a safety concern at current estimated dietary exposures.

Table 7 summarizes the evaluations of these additional fl avouring agents.

 Consideration of combined intakes from use as fl avouring agents

The nine additional fl avouring agents in this group of linear and branched-
chain aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and 
related esters have very low MSDIs (0.01–1 µg/day). Consideration of com-
bined intake is not deemed necessary, because these additional fl avouring 
agents would not contribute signifi cantly to the combined intake of this 
fl  avouring group.
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 Conclusion

In the previous evaluations of fl avouring agents in this group of linear and 
branched-chain aliphatic, unsaturated, unconjugated alcohols, aldehydes, 
acids and related esters, studies of acute toxicity, short-term studies of tox-
icity, long-term studies of toxicity and carcinogenicity, and studies of geno-
toxicity and reproductive toxicity were available (Annex 1, references 137 
and 166). The results of a subchronic toxicity study on No. 345 and geno-
toxicity studies on Nos 336 and 349 considered at this meeting support the 
previous safety evaluations.

The Committee concluded that the nine fl avouring agents evaluated at this 
meeting, which are additions to the group of linear and branched-chain 
aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and related 
esters evaluated previously, would not present safety concerns at the current 
estimated dietary exposures.

An addendum to the toxicological monograph was prepared.

4.1.9  Miscellaneous nitrogen-containing substances

 Explanation

The Committee evaluated two additional fl avouring agents belonging to the 
group of miscellaneous nitrogen-containing substances. The additional fl a-
vouring agents were imidazolidines (Nos 2161 and 2162) that were initially 
submitted as additional fl avouring agents to the group of pyridine, pyrrole 
and quinoline derivatives. The evaluations were conducted according to the 
Procedure for the Safety Evaluation of Flavouring Agents (see Figure 1) 
(Annex 1, reference 131). Neither of these fl avouring agents has previously 
been evaluated by the Committee. Both fl avouring agents in this group that 
were evaluated at this meeting are reported to be fl avour modifi ers.

The Committee previously evaluated 16 other members of this group of 
fl avouring agents at its sixty-fi fth meeting (Annex 1, reference 178). The 
Committee concluded that the use of these 16 fl avouring agents would not 
present a safety concern at estimated dietary exposures. For 10 fl avouring 
agents, the evaluation was conditional, because the estimated exposures 
were based on anticipated annual volumes of production. At its sixty-ninth 
meeting (Annex 1, reference 190), the actual volumes of production for 
these fl avouring agents were provided, and the Committee confi rmed that 
these 10 fl avouring agents were of no safety concern based on estimated 
dietary exposures. The Committee also evaluated 14 other members of this 
group of fl avouring agents at its sixty-ninth meeting and concluded that all 
14 fl avouring agents in that group were of no safety concern at estimated 
dietary exposures.
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 Assessment of dietary exposure

The total annual volume of production of the two miscellaneous nitrogen-
containing substances is 2.2 kg in the USA, with no reported data from 
Europe or Japan. 3-(1-((3,5-Dimethylisoxazol-4-yl)methyl)-1H-pyrazol-
4-yl)-1-(3-hydroxybenzyl)-imidazolidine-2,4-dione (No. 2161), with 2 kg, 
accounts for approximately 90% of the total annual volume of production.

Dietary exposure estimates were made using the MSDI method and the 
SPET, with the highest values (calculated using the SPET) reported in 
Table 8. The highest estimated daily dietary exposure is 4000 µg for each 
fl avouring agent (the SPET value obtained from gelatines and puddings and 
from r econstituted vegetables).

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and elimination 
of the fl avouring agents belonging to the group of miscellaneous nitrogen-
containing substances has previously been described in the monographs of 
the sixty-fi fth and sixty-ninth meetings (Annex 1, references 179 and 191).

The imidazolidines under evaluation are rapidly absorbed, metabolized and 
excreted. They undergo hydroxylation of the benzyl ring as well as of the 
dimethylisoxazole group and conjugation with sulfates or glucuronides.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the two fl avouring agents in this group of miscellaneous nitrogen-
containing substances, the Committee assigned both fl avouring agents to 
structural class III (10).

Step 2. The two fl avouring agents in this group cannot be predicted to be 
metabolized to innocuous products. Therefore, the evaluation of these 
fl  avouring agents proceeded via the B-side of the Procedure.

Step B3. For both fl avouring agents, the highest estimated dietary exposure 
is 4000 µg/day (calculated using the SPET) and above the threshold of con-
cern (i.e. 90 µg/person per day for class III). Therefore, additional data are 
necessary for the evaluation of these fl avouring agents.

  Consideration of fl avouring agents with high exposure evaluated 
via the B-side of the decision-tree:

In accordance with the Procedure, additional data were evaluated for 3-(1-((3,5-
dimethylisoxazol-4-yl)methyl)-1H-pyrazol-4-yl)-1-(3-hydroxybenzyl)-imida-
zolidine-2,4-dione (No. 2161) and 3-(1-((3,5-dimethylisoxazol-4-yl)-methyl)-
1H-pyrazol-4-yl)-1-(3-hydroxybenzyl)-5,5-dimethylimidazolidine-2,4-dione 
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(No. 2162), as their estimated dietary exposures exceeded the threshold of 
concern for structural class III (90 µg/person per day).

For No. 2161, data on kinetics, oral 28- and 91-day studies of toxicity in rats 
and in vitro and in vivo studies of genotoxicity are available. For No. 2162, 
data on kinetics, an oral 28-day study of toxicity in rats and in vitro studies 
of genotoxicity are available.

Nos 2161 and 2162 undergo hydroxylation of the benzyl ring as well as of 
the dimethylisoxazole group and conjugation with sulfate or glucuronic acid. 
No. 2162 is rapidly excreted. Twenty-four hours after oral administration of 
10–100 mg/kg bw and 4–8 hours after intravenous administration of 1 mg/kg 
bw, blood levels of No. 2162 were below the limit of quantifi cation.

No. 2161 was negative in a bacterial reverse mutation test with and without 
S9, an in vitro chromosomal aberration test in human lymphocytes and an 
in vivo micronucleus test in mice. No. 2162 was negative in two bacterial 
reverse mutation assays with and without S9.

The NOAEL of 100 mg/kg bw per day in a 91-day study in rats provides a 
margin of exposure of 1500 for No. 2161 (SPET = 4000 µg/day) when used 
as a fl avouring agent. The NOAEL of 100 mg/kg bw per day in a 28-day 
study in rats provides a margin of exposure of 1500 for No. 2162 (SPET = 
4000 µg/day) when used as a fl avouring agent. The Committee therefore con-
cluded that these two fl avouring agents are not of safety concern at the cur-
rent estimated dietary exposures.

Table 8 summarizes the evaluations of the two miscellaneous nitrogen-
containing substances (Nos 2161 and 2162) in this group.

 Consideration of combined intakes from use as fl avouring agents

Both additional fl avouring agents in this group of miscellaneous nitrogen-
containing substances have MSDI values less than 20% of the threshold 
of concern for structural class III. Consideration of combined intakes is 
t herefore not deemed necessary.

 Conclusion

In the previous evaluation of fl avouring agents in the group of miscellaneous 
nitrogen-containing substances, studies of acute toxicity, short-term studies 
of toxicity, long-term studies of toxicity and carcinogenicity and studies of 
genotoxicity were available (Annex 1, references 179 and 191). The major-
ity of these data were on alkyl isothiocyanates. The additional toxicity data 
available for this evaluation on the two imidazolidines do not raise safety 
concerns.
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The Committee concluded that the two fl avouring agents evaluated at this 
meeting (Nos 2161 and 2162), which are additions to the group of miscel-
laneous nitrogen-containing substances evaluated previously, would not give 
rise to safety concerns at current estimated dietary exposures.

An addendum to the toxicological monograph was prepared.

4.1.10  Phenol and phenol derivatives

 Explanation

The Committee evaluated three additional fl avouring agents belonging to 
the group of phenol and phenol derivatives that was evaluated previously. 
The additional fl avouring agents included a fl avone (No. 2170), a dihy-
drochalcone (No. 2171) and a fl avanone (No. 2172). The safety of the two 
submitted substances rebaudioside C (No. 2168) and rebaudioside A (No. 
2169) was not assessed; the Committee decided that it would not be appro-
priate to evaluate these substances as fl avouring agents, as they had already 
been evaluated as food additives (sweeteners). The evaluations were con-
ducted according to the Procedure for the Safety Evaluation of Flavouring 
Agents (see Figure 1) (Annex 1, reference 131). None of these fl avouring 
agents have previously been evaluated by the Committee. All three fl a-
vouring agents evaluated at the current meeting are reported to be fl avour 
m odifi ers.

The Committee previously evaluated 48 other members of this group of fl a-
vouring agents at its fi fty-fi fth meeting (Annex 1, reference 149). The Com-
mittee concluded that all 48 fl avouring agents in that group were of no safety 
concern at estimated dietary exposures.

The Committee also evaluated 13 other members of this group of fl avouring 
agents at its seventy-third meeting (Annex 1, reference 202). The Commit-
tee concluded that all 13 fl avouring agents in that group were of no safety 
concern at estimated dietary exposures.

One of the three fl avouring agents in this group (No. 2172) is a natural 
c omponent of food and has been detected in grapefruit.

 Assessment of dietary exposure

The total annual volume of production of the three fl avouring agents belong-
ing to the group of phenol and phenol derivatives is 14.2 kg in the USA, with 
no reported data from Europe or Japan. Approximately 99% of the total annual 
volume of production in the USA is accounted for by trilobatin (No. 2171).

Dietary exposures were estimated using both the SPET and the MSDI 
method, with the highest values reported in Table 9. The estimated daily 
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dietary exposure is highest for trilobatin (No. 2171) (50 000 µg, the SPET 
value obtained from milk products). For the other fl avouring agents, the esti-
mated daily dietary exposures range from 0.01 to 15 000 µg, with the SPET 
y ielding the highest estimates.

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and elimination of 
the fl avouring agents belonging to the group of phenol and phenol derivatives 
has previously been described in the monographs of the fi fty-fi fth and seven-
ty-third meetings (Annex 1, references 150 and 203). Additional information 
on the absorption, distribution, metabolism and elimination of polyphenols 
was available for this meeting.

Glycoside conjugates of polyphenols are hydrolysed on the brush border 
of small intestine epithelial cells or within the epithelial cells. Polyphenols 
are rapidly but incompletely absorbed after oral administration. Metabolism 
occurs in the gastrointestinal tract and after absorption. Polyphenols are 
metabolized through hydrolysis, sulfation, glucuronidation and/or methyla-
tion. Urinary excretion is rapid to relatively slow, and biliary excretion also 
occurs. Metabolites not absorbed in the small intestine may undergo further 
metabolism in the large intestine. The microfl ora cleave conjugated moi-
eties, with the resultant aglycones undergoing ring fi ssion, leading to phe-
nolic acid and cinnamic acid derivatives. These metabolites can be absorbed 
and u ltimately excreted in the urine.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the three fl avouring agents in this group of phenol and phenol 
derivatives, the Committee assigned all three fl avouring agents (Nos 2170–
2172) to structural class III (10).

Step 2. All three fl avouring agents in this group can be predicted to be 
metabolized to innocuous products. The evaluation of all of these fl avouring 
agents therefore proceeded via the A-side of the Procedure.

Step A3. The highest estimated dietary exposures to all three fl avouring 
agents are above the threshold of concern (i.e. 90 µg/person per day for class 
III). Accordingly, the evaluation of all three fl avouring agents proceeded to 
step A4.

Step A4. None of the three fl avouring agents or their metabolites are endog-
enous substances. Accordingly, the evaluation of all three fl avouring agents 
proceeded to step A5.
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Step A5. The NOAEL of 7602 mg/kg bw per day for the structurally related 
substance neohesperidin dihydrochalcone from a 90-day study in rats provides 
adequate margins of exposure of 3000, 910 and 7600 for 3′,7-dihydroxy-4′-
methoxyfl avan (No. 2170; SPET = 15 000 µg/day), trilobatin (No. 2171; 
SPET = 50 000 µg/day) and (±)-eriodictyol (No. 2172; SPET = 6000 µg/
day), respectively, when used as fl avouring agents. The Committee therefore 
concluded that these fl avouring agents would not pose a safety concern at 
currently estimated dietary exposures.

Table 9 summarizes the evaluations of the three fl avouring agents belonging 
to the group of phenol and phenol derivatives (Nos 2070–2072).

 Consideration of combined intakes from use as fl avouring agents

The three additional fl avouring agents in this group of phenol and phenol 
derivatives have low MSDIs (0.01–2 µg/day). The Committee concluded that 
consideration of combined intakes is not necessary, because the additional 
fl avouring agents would not contribute signifi cantly to the combined intake 
of this fl avouring group.

 Conclusion

In the previous evaluation of fl avouring agents in the group of phenol and 
phenol derivatives, studies of acute toxicity, short-term and long-term stud-
ies of toxicity (18 days to 2 years), and studies of carcinogenicity, genotox-
icity, and reproductive and developmental toxicity were available (Annex 1, 
references 150 and 203).

For the present evaluation, additional biochemical data and in vitro stud-
ies of genotoxicity were available for two fl avouring agents in this group 
(Nos 2170 and 2172), three fl avouring agents previously evaluated in this 
group (Nos 706–708) and one related substance (neohesperidin dihydrochal-
cone). For neohesperidin dihydrochalcone, studies of acute toxicity, short-
term studies of toxicity, long-term studies of toxicity and carcinogenicity 
and studies of reproductive and developmental toxicity were also available. 
The studies available for the present evaluation support the previous safety 
evaluations.

The Committee concluded that these three fl avouring agents, which are 
additions to the group of phenol and phenol derivatives evaluated previ-
ously, would not give rise to safety concerns at current estimated dietary 
e xposures.

An addendum to the toxicological monograph was prepared.

2 Previously rounded to 750 mg/kg bw per day (Annex 1, reference 202).
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4.1.11  Pyrazine derivatives

 Explanation

The Committee evaluated a group of eight pyrazine derivatives used as 
fl  avouring agents. This group includes fi ve alkyl-substituted pyrazine deriva-
tives (Nos 2125–2128 and 2130), two alkoxy-substituted pyrazine deriva-
tives (Nos 2129 and 2131) and one sulfi de-substituted pyrazine derivative 
(No. 2132). The evaluations were conducted according to the Procedure 
for the Safety Evaluation of Flavouring Agents (see Figure 1) (Annex 1, 
r eference 131). None of these agents have been evaluated previously.

The Committee previously evaluated 41 other members of this group of fl a-
vouring agents at its fi fty-seventh meeting (Annex 1, reference 154). All 41 
substances in that group were concluded to be of no safety concern based on 
estimated dietary exposures.

Seven of the eight pyrazine derivatives (Nos 2125–2130 and 2132) in this 
group have been reported to occur naturally and can be found in chicken, 
cocoa, oats, malt, peanut, sesame seed, barley, beef, beer, coconut, coffee, 
pork, potato, shrimp, wild rice, popcorn, hazelnut, Capsicum species and 
beans.

 Assessment of dietary exposure

The total annual volumes of production of the eight pyrazine derivatives are 
approximately 1 kg in each of Europe, the USA and Japan. More than 90% 
of the total annual volumes of production is accounted for by the mixture of 
2,5-dimethyl-6,7-dihydro-5H-cyclopentapyrazine and 2,7-dimethyl-6,7-di-
hydro-5H-cyclopentapyrazine (No. 2128) in Europe, 2-methyl-5-vinylpyra-
zine (No. 2127) in the USA and 2-ethyl-3-methylthiopyrazine (No. 2132) in 
Japan.

Dietary exposures were estimated using the MSDI method and the SPET, 
with the highest values reported in Table 10. The estimated daily dietary 
exposure is highest for the mixture of 3,5-dimethyl-2-isobutylpyrazine 
and 3,6-dimethyl-2-isobutylpyrazine (No. 2130) (5000 µg, the SPET value 
obtained from seasonings and fl avours). For the other fl avouring agents, the 
estimated daily dietary exposures range from 0.01 to 3000 µg, with the SPET 
yielding the highest estimates.

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and elimina-
tion of fl avouring agents belonging to the group of pyrazine derivatives 
has been described in the report of the fi fty-seventh meeting (Annex 1, 
r eference 154).
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The pyrazine derivatives in this group are predicted to be absorbed rapidly 
from the gastrointestinal tract and excreted. The biotransformation of alkyl-
substituted pyrazine derivatives (Nos 2125–2128 and 2130) is predicted to 
occur primarily by oxidation of the side-chains to yield the corresponding 
secondary alcohols. The resulting alcohols are predicted to undergo conju-
gation with glucuronic acid. Additional products of oxidative metabolism 
can be excreted unchanged or conjugated with glycine, glucuronic acid 
or sulfate before excretion. Hydroxylation of the pyrazine ring may also 
occur.

Additionally, the alkoxy side-chains are predicted to undergo O-dealkylation 
reactions, followed by excretion as glucuronic acid conjugates in the urine. 
The presence of sulfur in the side-chain (No. 2132) permits rapid oxida-
tion to sulfoxides and then to sulfones, which are metabolically stable and 
p redicted to be excreted in the urine.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to these eight fl avouring agents, the Committee assigned fi ve fl avour-
ing agents (Nos 2125–2129) to structural class II and three fl avouring agents 
(Nos 2130–2132) to structural class III (10).

Step 2. Six fl avouring agents (Nos 2126 and 2128–2132) are predicted to be 
metabolized to innocuous products. Therefore, the safety evaluation for these 
fl avouring agents proceeded via the A-side of the Procedure. The remaining 
two fl avouring agents (Nos 2125 and 2127) are not predicted to be metabo-
lized to innocuous products. The safety evaluation for these two fl avouring 
agents proceeded down the B-side of the Procedure.

Step A3. Estimated dietary exposures to two of the three fl avouring agents in 
this group in structural class II (Nos 2126 and 2129) are below the threshold 
of concern (i.e. 540 µg/person per day for class II). These fl avouring agents 
would not be expected to be of concern at current estimated dietary expo-
sures. The estimated dietary exposure to the other fl avouring agent in this 
group (No. 2128) in structural class II is above the threshold of concern, 
and therefore its safety evaluation proceeded to step A4. The estimated daily 
dietary exposures to two of the three fl avouring agents in structural class III 
(Nos 2131 and 2132) are below the threshold of concern (i.e. 90 µg/person 
per day for class III). These fl avouring agents would not be expected to be of 
concern at current estimated dietary exposures. The estimated dietary expo-
sure to the remaining fl avouring agent (No. 2130) in structural class III is 
above the threshold of concern, and the safety evaluation of this fl avouring 
agent proceeded to step A4. 
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Step A4. The two fl avouring agents (Nos 2128 and 2130) and their respec-
tive metabolites considered at this step are not endogenous, and the safety 
e valuations for these fl avouring agents therefore proceeded to step A5.

Step A5. For the mixture of 2,5-dimethyl-6,7-dihydro-5H-cyclopentapyra-
zine and 2,7-dimethyl-6,7-dihydro-5H-cyclopentapyrazine (No. 2128), the 
NOAEL of 50 mg/kg bw per day for the structurally related 5-methyl-6,7-
dihydro-5H-cyclopentapyrazine (No. 781) from a 90-day dietary study in 
rats provides a margin of exposure of 1000 in relation to the current esti-
mated dietary exposure to No. 2128 (SPET = 3000 µg/day) when used as a 
fl avouring agent.

For the mixture of 3,5-dimethyl-2-isobutylpyrazine and 3,6-dimethyl-2-iso-
butylpyrazine (No. 2130), the NOEL of 44 mg/kg bw per day for the struc-
turally related 2,3,5,6-tetramethylpyrazine (No. 780) from a 90-day dietary 
study in rats provides a margin of exposure of 530 in relation to the current 
estimated dietary exposure to No. 2130 calculated using the SPET (5000 µg/
day) or 260 million in relation to the MSDI (0.01 µg/day), when used as a 
fl avouring agent.

Step B3. The estimated dietary exposures to two fl avouring agents (Nos 2125 
and 2127) in structural class II are above the threshold of concern (540 µg/
person per day for class II). Accordingly, for these fl avouring agents, data 
are required on the fl avouring agent or a closely related substance in order to 
perform a safety evaluation.

  Consideration of fl avouring agents with high exposure evaluated 
via the B-side of the decision-tree:

For isopropenylpyrazine (No. 2125), the NOAEL of 14 mg/kg bw per day 
(based on a dose of 20 mg/kg bw per day administered 5 days/week) for the 
structurally related 2-vinylpyridine from a 92-day oral toxicity study in rats 
provides a margin of exposure of 280 in relation to the current estimated diet-
ary exposure to No. 2125 calculated using the SPET (3000 µg/day) or 84 mil-
lion compared with the MSDI (0.01 µg/day) when used as a fl avouring agent.

For 2-methyl-5-vinylpyrazine (No. 2127), the NOAEL of 14 mg/kg bw per 
day (based on a dose of 20 mg/kg bw per day administered 5 days/week) for 
the structurally related 2-vinylpyridine from a 92-day oral toxicity study in rats 
provides a margin of exposure of 420 in relation to the current estimated die-
tary exposure to No. 2127 calculated using the SPET (2000 µg/day) or 8.4 mil-
lion compared with the MSDI (0.1 µg/day) when used as a fl avouring agent.

The Committee therefore concluded that none of the eight additional fl avour-
ing agents (Nos 2125–2132) in this group of pyrazine derivatives would pose 
a safety concern at current estimated dietary exposures.
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Table 10 summarizes the evaluations of all eight fl avouring agents in this group.

 Consideration of combined intakes from use as fl avouring agents

The highest MSDI for any of these eight pyrazine derivatives is 0.2 µg/day. 
Consideration of combined intakes is not deemed necessary, because the 
additional fl avouring agents would not contribute s ignifi cantly to the com-
bined intake of this fl avouring group.

 Conclusion

In the previous evaluation of the fl avouring agents in this group of pyrazine 
derivatives, biochemical data, metabolism and acute toxicity studies, short-
term studies of toxicity, long-term studies of toxicity and carcinogenicity, and 
studies of genotoxicity and reproductive toxicity were available (Annex 1, 
reference 154). The additional toxicity data on subchronic toxicity (No. 784 
and the structurally related 2-vinylpyridine) and on genotoxicity (several 
previously evaluated pyrazine derivatives and 2-vinylpyridine) considered at 
this meeting support the previous evaluation.

The Committee concluded that these eight fl avouring agents, which are addi-
tions to the group of pyrazine derivatives evaluated previously, would not 
give rise to safety concerns at current estimated dietary exposures.

An addendum to the toxicological monograph was prepared.

4.1.12  Pyridine, pyrrole and quinoline derivatives

 Explanation

The Committee evaluated 11 additional fl avouring agents belonging to the 
group of pyridine, pyrrole and quinoline derivatives. The additional fl avour-
ing agents included two pyrroles (Nos 2150 and 2152), eight alkylated pyri-
dines (Nos 2151, 2153–2156 and 2158–2160) and one quinoline (No. 2157). 
The Committee decided to evaluate two imidazolidines that were originally 
submitted in this group (Nos 2161 and 2162) as additional fl avouring agents 
belonging to the group of miscellaneous nitrogen-containing substances (see 
section 4.1.9). The evaluations were conducted according to the Procedure 
for the Safety Evaluation of Flavouring Agents (see Figure 1) (Annex 1, refer-
ence 131). None of these fl avouring agents have previously been evaluated by 
the Committee. Three of the fl avouring agents in this group (Nos 2158–2160) 
that were evaluated at this meeting are reported to be fl  avour m odifi ers.

The Committee previously evaluated 22 other members of this group of fl a-
vouring agents at its sixty-third meeting (Annex 1, reference 173). The Com-
mittee concluded that all 22 fl avouring agents in that group were of no safety 
concern at estimated dietary exposures.
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Three of the 11 fl avouring agents evaluated at the current meeting are natu-
ral components of food (Nos 2150–2152) and have been detected in black 
and green teas, coffee, cocoa, mate, skim milk powder, beer, wine, cognac, 
onion, popcorn, raisin, clam, cheese, egg, oats, pork, shoyu, wheaten bread, 
liquorice, honey, peanut, potato, okra, soya bean and tamarind.

 Assessment of dietary exposure

The total annual volumes of production of the 11 pyridine, pyrrole and quino-
line derivatives are approximately 0.4 kg in the USA, 0.2 kg in Europe and 
64 kg in Japan. Approximately 98% of the total annual volume of production 
in Japan is accounted for by one fl avouring agent in this group—namely, 
2-methoxypyridine (No. 2156).

Dietary exposures were estimated using the MSDI method and the SPET, 
with the highest values reported in Table 11. The estimated dietary exposure 
is highest for 2,4-dimethylpyridine (No. 2151) (4000 µg/day, the SPET value 
obtained from soups). For the other fl avouring agents, the estimated daily 
dietary exposures, calculated using either the MSDI method or the SPET, 
range from 0.01 to 1500 µg, with the SPET yielding the highest estimates.

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and elimination 
of the fl avouring agents belonging to the group of pyridine, pyrrole and 
q uinoline derivatives has previously been described in the monograph of the 
sixty-third meeting (Annex 1, reference 174).

New structural elements not evaluated previously are aldehyde-substituted 
pyrroles (Nos 2150 and 2152). The aldehyde group of aldehyde-substituted 
pyrroles can be expected to be oxidized to the corresponding carboxylic acid, 
as was shown for pyrrole-2-carboxaldehyde.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the 11 fl avouring agents in this group of pyridine, pyrrole and 
quinoline derivatives, the Committee assigned 3 fl avouring agents to struc-
tural class II (Nos 2150–2152) and 8 fl avouring agents to structural class III 
(Nos 2153–2160) (10).

Step 2. Four of the fl avouring agents (Nos 2151 and 2053–2155) in this 
group can be predicted to be metabolized to innocuous products. The evalua-
tion of these fl avouring agents therefore proceeded via the A-side of the Pro-
cedure. The remaining fl avouring agents (Nos 2050, 2052 and 2156–2160) 
in this group cannot be predicted to be metabolized to innocuous products. 
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T herefore, the evaluation of these fl avouring agents proceeded via the B-side 
of the Procedure.

Step A3. The highest estimated dietary exposure to one fl avouring agent 
in structural class II (No. 2151) is above the relevant threshold of concern 
(i.e. 540 µg/person per day for class II). Accordingly, the evaluation of this 
fl  avouring agent proceeded to step A4.

The highest estimated dietary exposures to all three fl avouring agents in struc-
tural class III (Nos 2153–2155) are below the threshold of concern (i.e. 90 µg/
person per day for class III). The Committee therefore concluded that these fl a-
vouring agents are not of safety concern at current estimated dietary exposures.

Step A4. Neither the fl avouring agent 2,4-dimethylpyridine (No. 2151) nor 
its metabolites are endogenous substances. Accordingly, the evaluation of 
this fl avouring agent proceeded to step A5.

Step A5. The NOAEL for the structurally related substance 5-ethyl-2-meth-
ylpyridine (No. 1318) of 30 mg/kg bw per day based on an abstract describ-
ing a 28-day study in rats provides a margin of exposure of 450 in relation 
to the highest estimated dietary exposure to 2,4-dimethylpyridine (No. 2151; 
SPET = 4000 µg/day) when used as a fl avouring agent. The Committee noted 
that the margin of exposure for No. 2151 based on the MSDI of 0.01 µg/day 
is 180 million and concluded that the margins of exposure of 450 (based on 
the SPET) and 180 million (based on the MSDI) are adequate.

The Committee therefore concluded that this fl avouring agent is not of safety 
concern at current estimated dietary exposures. However, because the full 
study was not available, the safety evaluation for No. 2151 was considered 
temporary.

Step B3. The highest estimated dietary exposures to the two fl avouring 
agents in structural class II (Nos 2150 and 2152) and two fl avouring agents 
in structural class III (Nos 2156 and 2157) are below the relevant thresh-
old of concern (i.e. 540 µg/person per day for class II and 90 µg/person per 
day for class III). Accordingly, the evaluation of these four fl avouring agents 
p roceeded to step B4.

The highest estimated dietary exposures to the three remaining fl avouring 
agents in structural class III (Nos 2158–2160) are above the relevant thresh-
old of concern. Therefore, additional data are necessary for the evaluation of 
these fl avouring agents.

Step B4. The NOAEL of 140 mg/kg bw per day for the structurally related 
substance 8-hydroxyquinoline in a 2-year study in rats and mice provides 
a margin of exposure of 340 000 for 6-methoxyquinoline (No. 2157; 
SPET = 25 µg/day) when used as a fl avouring agent.
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For 1-ethyl-2-pyrrolecarboxaldehyde (No. 2150), 1-methyl-1H-pyrrole-2-
carboxaldehyde (No. 2152) and 2-methoxypyridine (No. 2156), no toxicolog-
ical data are available on the fl avouring agents or adequate related substances 
with which to calculate a margin of exposure. Therefore, the evaluation of 
these fl avouring agents proceeded to step B5.

Step B5. The conditions of use for 1-ethyl-2-pyrrolecarboxaldehyde 
(No. 2150), 1-methyl-1H-pyrrole-2-carboxaldehyde (No. 2152) and 2-meth-
oxypyridine (No. 2156) result in dietary exposures greater than 1.5 µg/day. 
Therefore, the Committee determined that additional data would be neces-
sary to complete the evaluation of these fl avouring agents.

  Consideration of fl avouring agents with high exposure evaluated 
via the B-side of the decision-tree:

In accordance with the Procedure, additional data were evaluated for 1-(2-
hydroxyphenyl)-3-(pyridin-4-yl)propan-1-one (No. 2158), 1-(2-hydroxy-4-
isobutoxyphenyl)-3-(pyridin-2-yl)propan-1-one (No. 2159) and 1-(2-hydroxy-
4-methoxyphenyl)-3-(pyridin-2-yl)propan-1-one (No. 2160), as the estimated 
dietary exposures exceeded the threshold of concern for structural class III 
(90 µg/person per day).

For the three structurally related compounds Nos 2158–2160, the data avail-
able indicate potential genotoxicity.

No. 2158 was negative in two bacterial reverse mutation tests with and with-
out metabolic activation. It was positive for clastogenicity in an in vitro chro-
mosomal aberration assay using human lymphocytes at concentrations of 
245 µg/ml or more without metabolic activation in two independent tests. 
No. 2159 was negative in a bacterial reverse mutation test with and without 
metabolic activation and a forward mutation test in mouse lymphoma L5178Y 
cells. For No. 2160, no genotoxicity data are available. The data available for 
No. 2158 demonstrate that this compound has genotoxic potential in vitro. 
As in vivo genotoxicity data are not available for No. 2158 and as no tests on 
clastogenicity are available for the structurally related compounds Nos 2159 
and 2160, the Committee determined that additional data on genotoxicity 
would be necessary to complete the safety evaluations of Nos 2158–2160.

Table 11 summarizes the evaluations of the 11 pyridine, pyrrole and quino-
line derivatives (Nos 2150–2160) in this group.

 Consideration of combined intakes from use as fl avouring agents

The 11 additional fl avouring agents in this group of pyridine, pyrrole and 
quinoline derivatives all have MSDI values less than or equal to 20% of 
the threshold of concern for structural class III. Consideration of combined 
intakes is therefore not deemed necessary.
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 Conclusion

In the previous evaluation of fl avouring agents in the group of pyridine, 
pyrrole and quinoline derivatives, studies of acute toxicity, short-term and 
long-term studies of toxicity and carcinogenicity (21–460 days) and studies 
of genotoxicity were available (Annex 1, reference 173). The toxicity data 
available for this evaluation generally supported those from previous evalua-
tions. However, in the previous evaluation of this group, it was concluded, on 
the basis of the available evidence, that the 22 pyridine, pyrrole and quino-
line derivatives evaluated would not demonstrate genotoxic potential. On the 
basis of the data available for the current evaluation, this conclusion cannot 
be extended to Nos 2158–2160. The Committee concluded that, due to con-
cerns with genotoxicity, additional data on genotoxicity would be necessary 
to complete the evaluation of Nos 2158–2160 at current estimated dietary 
exposures.

The Committee concluded that additional toxicity data on the fl avouring agents 
or adequate related substances would be necessary to complete the evaluation 
of Nos 2150, 2152 and 2156 at current estimated dietary e xposures.

The Committee concluded that fi ve fl avouring agents (Nos 2151, 2153–2155 
and 2157), which are additions to the group of pyridine, pyrrole and quino-
line derivatives, would not give rise to safety concerns at current estimated 
dietary exposures. However, for No. 2151, the safety evaluation was tempor-
ary, pending the submission of the full report of the critical study for the next 
JECFA meeting at which fl avouring agents are evaluated.

An addendum to the toxicological monograph was prepared.

4.1.13   Saturated aliphatic acyclic branched-chain primary alcohols, 
aldehydes and acids

 Explanation

The Committee evaluated four additional fl avouring agents belonging to 
the group of saturated aliphatic acyclic branched-chain primary alcohols, 
aldehydes and acids that was evaluated previously. All four are aliphatic 
branched-chain aldehydes (Nos 2173–2176). The evaluations were con-
ducted according to the Procedure for the Safety Evaluation of Flavouring 
Agents (see Figure 1) (Annex 1, reference 131). None of these fl avouring 
agents have been evaluated previously by the Committee.

The Committee previously evaluated 25 other members of this group of fl a-
vouring agents at its forty-ninth meeting (Annex 1, reference 131). The Com-
mittee concluded that all 25 fl avouring agents in that group were of no safety 
concern at estimated dietary exposures. The Committee had evaluated 2 of 
these 25 fl avouring agents before the forty-ninth meeting. Isobutyl alcohol 
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(2-methyl-2-propanol) was considered at the twenty-third meeting (Annex 1, 
reference 50), when an evaluation of this compound was not possible owing 
to a paucity of toxicological data. 2-Ethyl-1-hexanol was evaluated at the 
forty-fi rst meeting (Annex 1, reference 107), when it was allocated an ADI 
of 0–0.5 mg/kg bw.

Three of the four fl avouring agents evaluated at the current meeting (Nos 2173–
2175) are natural components of food and have been detected in foods such 
as herbs and spices (Zanthoxylum alatum, Codonopsis pilosula), citrus fruit 
(yuzu) and meat (chicken, beef and pork) (12–15).

 Assessment of dietary exposure

The total annual volumes of production of the four saturated aliphatic acyc-
lic branched-chain primary alcohols, aldehydes and carboxylic acids are 
approximately 0.3 kg in the USA, 0.1 kg in Europe and 0.2 kg in Japan 
(16–19).

Dietary exposures were estimated using both the SPET and the MSDI method, 
with the highest values reported in Table 12. Two fl avouring agents have the 
highest estimated daily dietary exposure: 3-methylhexanal (No. 2173) and 
3,7-dimethyloctanal (No. 2176) (150 µg, the SPET value obtained from non-
alcoholic beverages [No. 2173] or instant coffee and tea [No. 2176]). For the 
other fl avouring agents, the estimated daily dietary exposures range from 
0.01 to 30 µg, with the SPET yielding the highest estimates.

Annual volumes of production of this group of fl avouring agents as well as 
the daily dietary exposures calculated using both the MSDI method and the 
SPET are summarized in Table 13.

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and e limination 
of the fl avouring agents belonging to the group of saturated aliphatic acyc-
lic branched-chain primary alcohols, aldehydes and acids has previously 
been described in the monograph of the forty-ninth meeting (Annex 1, 
reference 132). No relevant additional data have been reported since that 
m eeting.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the four fl avouring agents in this group of saturated aliphatic 
acyclic branched-chain primary alcohols, aldehydes and acids, the Com-
mittee assigned all four fl avouring agents (Nos 2173–2176) to structural 
class I (10).
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Table 13
Annual volumes of production and daily dietary exposures for saturated aliphatic 
acyclic branched-chain primary alcohols, aldehydes and acids used as fl avouring 
agents in Europe, the USA and Japan

Flavouring agent (No.) Most recent 
annual 
volume of 
production 
(kg)a

Dietary exposure Natural 
occur-
rence in 
foods

MSDIb SPETc

µg/day µg/kg bw 
per day

µg/day µg/kg bw 
per day

3-Methylhexanal (2173) 150 2.5 +

Europe ND ND ND

USA 0.2 0.02 0.0004

Japan ND ND ND

6-Methylheptanal (2174) 30 0.5 +

Europe ND ND ND

USA ND ND ND

Japan 0.1 0.03 0.0005

6-Methyloctanal (2175) 30 0.5 +

Europe 0.1 0.01 0.0002

USA 0.1 0.01 0.0002

Japan ND ND ND

3,7-Dimethyloctanal (2176) 150 2.5 −

Europe ND ND ND

USA ND ND ND

Japan 0.1 0.03 0.0005

Total

Europe 0.1

USA 0.3

Japan 0.2

ND, no data reported; +, reported to occur naturally in foods (12–15), but no quantitative data; −, not re-
ported to occur naturally in foods

a From references 16–19. Values greater than 0 kg but less than 0.1 kg were reported as 0.1 kg.
b MSDI (µg/person per day) calculated as follows:
 (annual volume, kg) × (1 × 109 µg/kg)/(population × survey correction factor × 365 days), where popula-

tion (10%, “eaters only”) = 32 × 106 for Europe, 31 × 106 for the USA and 13 × 106 for Japan; and where 
survey correction factor = 0.8 for the surveys in Europe, the USA and Japan, representing the assump-
tion that only 80% of the annual fl avour volume was reported in the poundage surveys (16–19).

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

ing.
c SPET (µg/person per day) calculated as follows:
 (standard food portion, g/day) × (highest usual use level) (19). 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/person per day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.
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Step 2. All four of the fl avouring agents in this group are expected to be 
metabolized to innocuous products. The evaluation of all of these fl avouring 
agents therefore proceeded via the A-side of the Procedure.

Step A3. The highest estimated dietary exposures to all four fl avouring 
agents are below the threshold of concern (i.e. 1800 µg/person per day for 
class I). The safety of these four fl avouring agents raises no concern at cur-
rent e stimated dietary exposures.

Table 12 summarizes the evaluations of the four saturated aliphatic acyclic 
branched-chain primary alcohols, aldehydes and acids (Nos 2173–2176) in 
this group.

 Additional toxicological studies

Additional studies of in vitro genotoxicity have been reported for fi ve fl avour-
ing agents previously evaluated in this group (Nos 255, 268, 269, 272 and 
275). The results of these studies are summarized in Table 14 and described 
below.

No evidence of mutagenicity was observed in Ames assays when 2-methyl-
butyric acid (No. 255), 3,5,5-trimethylhexanal (No. 269), 3,7-dimethyl-1-
octanol (No. 272) or 2-methylundecanal (No. 275) were incubated with Sal-
monella typhimurium strains TA97a, TA98, TA100, TA102, TA1535, TA1537 
and/or TA1538 with or without metabolic activation at concentrations up to 
5000 µg/plate (20–23).

No evidence of clastogenic potential was observed for 3,5,5-trimethyl-1-
hexanol (No. 268) in a chromosomal aberration assay in Chinese hamster 
CHL/IU cells (24).

The results support the conclusion of the previous evaluation that the weight 
of evidence indicates that members of the group of saturated aliphatic acyclic 
branched-chain primary alcohols, aldehydes and acids are not genotoxic.

 Consideration of combined intakes from use as fl avouring agents

The four additional fl avouring agents in this group of saturated aliphatic acyc-
lic branched-chain primary alcohols, aldehydes and acids have very low MSDIs 
(0.01–0.03 µg/day). Consideration of combined intakes is not deemed neces-
sary, because the additional fl avouring agents would not c ontribute s ignifi cantly 
to the combined intake of this fl avouring group.

 Conclusion

In the previous evaluation of fl avouring agents in the group of saturated 
aliphatic acyclic branched-chain primary alcohols, aldehydes and acids, stud-
ies of acute toxicity, short-term and long-term toxicity (7 days to 2 years), 



106

Ta
bl

e 
14

S
tu

d
ie

s 
o

f 
g

en
o

to
xi

ci
ty

 in
 v

it
ro

 w
it

h
 s

at
u

ra
te

d
 a

lip
h

at
ic

 a
cy

cl
ic

 b
ra

n
ch

ed
-c

h
ai

n
 p

ri
m

ar
y 

al
co

h
o

ls
, a

ld
eh

yd
es

 a
n

d
 a

ci
d

s 
u

se
d

 a
s 

fl 
av

o
u

ri
n

g
 a

g
en

ts

N
o.

F
la

vo
ur

in
g 

ag
en

t
E

nd
-p

oi
nt

Te
st

 s
ys

te
m

C
on

ce
nt

ra
tio

n
R

es
ul

ts
R

ef
er

en
ce

25
5

2-
M

et
hy

lb
ut

yr
ic

 a
ci

d
R

ev
er

se
 

m
ut

at
io

n
S

al
m

on
el

la
 ty

ph
im

ur
iu

m
 T

A
97

a,
 

TA
98

, T
A

10
0,

 T
A

10
2,

 T
A

15
35

50
–5

00
0 

µg
/p

la
te

, ±
S

9a
N

eg
at

iv
eb

21

26
8

3,
5,

5-
Tr

im
et

hy
l-1

-h
ex

an
ol

C
hr

om
os

om
al

 
ab

er
ra

tio
n

C
hi

ne
se

 h
am

st
er

 C
H

L/
IU

 c
el

ls
 

0–
50

00
 µ

g/
m

l, 
±

S
9c

N
eg

at
iv

ed
24

26
9

3,
5,

5-
Tr

im
et

hy
lh

ex
an

al
R

ev
er

se
 

m
ut

at
io

n
S

. t
yp

hi
m

ur
iu

m
 T

A
98

, T
A

10
0,

 
TA

15
35

, T
A

15
37

, T
A

15
38

0.
00

0 
82

–0
.8

2 
µg

/p
la

te
 

(0
.0

01
–1

 n
l/p

la
te

),
 ±

S
9e

N
eg

at
iv

e
21

 

27
2

3,
7-

D
im

et
hy

l-1
-o

ct
an

ol
R

ev
er

se
 

m
ut

at
io

n
S

. t
yp

hi
m

ur
iu

m
 T

A
98

, T
A

10
0,

 
TA

10
2,

 T
A

15
35

, T
A

15
37

1.
5–

50
0 

µg
/p

la
te

, −
S

9a

1.
5–

15
00

 µ
g/

pl
at

e,
 +

S
9g

N
eg

at
iv

ef
22

27
5

2-
M

et
hy

lu
nd

ec
an

al
R

ev
er

se
 

m
ut

at
io

n
S

. t
yp

hi
m

ur
iu

m
 T

A
98

, T
A

10
0,

 
TA

10
2,

 T
A

15
35

, T
A

15
37

5–
50

00
 µ

g/
pl

at
e,

 ±
S

9a
N

eg
at

iv
eh

23

 S
9,

 9
00

0 
×

 g
 s

up
er

na
ta

nt
 fr

ac
tio

n 
of

 r
at

 li
ve

r 
ho

m
og

en
at

e

a  T
w

o 
in

de
pe

nd
en

t e
xp

er
im

en
ts

.
b  T

ox
ic

ity
 w

as
 o

bs
er

ve
d 

in
 s

tr
ai

n 
TA

97
a,

 w
ith

 m
et

ab
ol

ic
 a

ct
iv

at
io

n,
 a

t t
he

 h
ig

he
st

 d
os

e 
te

st
ed

.
c   C

el
ls

 w
er

e 
an

al
ys

ed
 e

ith
er

 1
8 

ho
ur

s 
af

te
r 

6 
ho

ur
s 

of
 tr

ea
tm

en
t (

w
ith

 a
nd

 w
ith

ou
t m

et
ab

ol
ic

 a
ct

iv
at

io
n)

 o
r 

im
m

ed
ia

te
ly

 a
fte

r 
24

 o
r 

48
 h

ou
rs

 o
f t

re
at

m
en

t (
w

ith
ou

t 
m

et
ab

ol
ic

 a
ct

iv
at

io
n)

.
d 
N

o 
nu

m
er

ic
al

 d
at

a 
w

er
e 

pr
ov

id
ed

.
e  

C
al

cu
la

te
d 

us
in

g 
th

e 
de

ns
ity

 o
f 3

,3
,5

-t
rim

et
hy

lh
ex

an
al

 =
 0

.8
2 

g/
m

l.
f   T

ox
ic

ity
 w

as
 o

bs
er

ve
d 

fr
om

 1
50

 µ
g/

pl
at

e 
up

w
ar

ds
 in

 s
tr

ai
n 

TA
15

37
 a

nd
 a

t t
he

 h
ig

he
st

 d
os

e 
te

st
ed

 in
 s

tr
ai

ns
 T

A
98

, T
A

10
0,

 T
A

10
2 

an
d 

TA
15

35
 w

ith
ou

t m
et

ab
ol

ic
 

ac
tiv

at
io

n.
 W

ith
 m

et
ab

ol
ic

 a
ct

iv
at

io
n,

 to
xi

ci
ty

 w
as

 o
bs

er
ve

d 
in

 a
ll 

st
ra

in
s 

fr
om

 5
00

 µ
g/

pl
at

e 
up

w
ar

ds
.

g   T
w

o 
in

de
pe

nd
en

t e
xp

er
im

en
ts

. D
os

e 
le

ve
ls

 r
an

ge
d 

fr
om

 1
.5

 to
 5

00
 µ

g/
pl

at
e 

in
 th

e 
fi r

st
 e

xp
er

im
en

t a
nd

 fr
om

 1
.5

 to
 1

50
0 

µg
/p

la
te

 in
 th

e 
se

co
nd

 e
xp

er
im

en
t.

h   T
ox

ic
ity

 w
as

 o
bs

er
ve

d 
in

 s
tr

ai
ns

 T
A

10
0,

 T
A

10
2,

 T
A

15
35

 a
nd

 T
A

15
37

 fr
om

 5
00

 µ
g/

pl
at

e 
up

w
ar

ds
, w

ith
 a

nd
 w

ith
ou

t m
et

ab
ol

ic
 a

ct
iv

at
io

n,
 a

nd
 in

 s
tr

ai
n 

TA
98

 a
t t

he
 

hi
gh

es
t d

os
e 

te
st

ed
, w

ith
 a

nd
 w

ith
ou

t m
et

ab
ol

ic
 a

ct
iv

at
io

n.



107

genotoxicity, and reproductive and developmental toxicity as well as spe-
cial studies on peroxisome proliferation and immunotoxicity were available 
(Annex 1, reference 132). None raised safety concerns. The genotoxicity 
data available for the present evaluation supported the previous evaluations.

The Committee concluded that these four fl avouring agents, which are addi-
tions to the group of saturated aliphatic acyclic branched-chain primary 
alcohols, aldehydes and acids evaluated previously, would not give rise to 
safety concerns at current estimated dietary exposures.

An addendum to the toxicological monograph was not prepared.

4.1.14  Simple aliphatic and aromatic sulfi des and thiols

 Explanation

The Committee evaluated seven additional fl avouring agents belonging to 
the group of simple aliphatic and aromatic sulfi des and thiols. The additional 
fl avouring agents included one acyclic sulfi de with an oxidized side-chain 
(No. 2086), one cyclic sulfi de (No. 2089), one simple thiol (No. 2083), two 
thiols with oxidized side-chains (Nos 2084 and 2085), one dithiol (No. 2087) 
and one disulfi de with an oxidized side-chain (No. 2088). The evaluations 
were conducted according to the Procedure for the Safety Evaluation of 
Flavouring Agents (see Figure 1) (Annex 1, reference 131). None of these 
fl  avouring agents have previously been evaluated by the Committee.

The Committee previously evaluated 137 other members of this group of fl a-
vouring agents at its fi fty-third meeting (Annex 1, reference 143). The group 
was divided into 12 subgroups on the basis of the position of the sulfur atom, 
in order to facilitate the assessment of the relevant data on metabolism and 
toxicity. The Committee concluded that all 137 fl avouring agents in that group 
were unlikely to pose a safety concern at the estimated dietary e xposures.

The Committee evaluated 12 additional members of this group of fl avour-
ing agents at its sixty-fi rst meeting (Annex 1, reference 166), another 51 
at its sixty-eighth meeting (Annex 1, reference 187) and a further 36 at its 
seventy-third meeting (Annex 1, reference 203). The Committee concluded 
that 93 additional members of this group were unlikely to pose a safety con-
cern at their estimated dietary exposures. For the six remaining fl avouring 
agents (Nos 1914, 1931, 1939, 1941, 1943 and 1944), the Committee at the 
seventy-third meeting concluded that the evaluation could not be completed 
because additional data were required.

Three of the seven fl avouring agents evaluated at the current meeting are nat-
ural components of food (Nos 2083, 2086 and 2088) and have been detected 
in guava fruit, tomato and roasted sesame oil (13, 25, 26).
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 Assessment of dietary exposure

The total annual volumes of production of the seven simple aliphatic and 
aromatic sulfi des and thiols are approximately 0.7 kg in the USA and 0.2 kg 
in Europe, with no data available from Japan. Each of the seven fl avouring 
agents has a reported annual volume of production of 0.1 kg in either the 
USA or Europe, or both.

Dietary exposure estimates were made using the MSDI method and the SPET, 
with the highest estimates reported in Table 15. The estimated dietary expo-
sure is highest for 1-methyldithio-2-propanone (No. 2088) (100 µg/day, the 
SPET value obtained from soups and processed vegetables). For the other fl a-
vouring agents, the estimated dietary exposures range from 0.01 to 40 µg/day, 
with the SPET yielding the highest estimates.

Annual volumes of production of this group of fl avouring agents as well as 
the daily dietary exposures calculated using both the MSDI method and the 
SPET are summarized in Table 16.

 Absorption, distribution, metabolism and elimination

Information on the absorption, distribution, metabolism and elimination of 
the fl avouring agents belonging to the group of simple aliphatic and aromatic 
sulfi des and thiols has previously been described in the monographs of the 
fi fty-third, sixty-fi rst and sixty-eighth meetings (Annex 1, references 144, 
167 and 188). No relevant additional data have been reported since these 
meetings.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to the seven fl avouring agents in this group of simple aliphatic and 
aromatic sulfi des and thiols, the Committee assigned four fl avouring agents 
to structural class I (Nos 2083–2086) and three fl avouring agents to s tructural 
class III (Nos 2087–2089) (10).

Step 2. None of the fl avouring agents in this group can be predicted to be 
metabolized to innocuous products. The evaluation of these fl avouring agents 
therefore proceeded via the B-side of the Procedure.

Step B3. The highest dietary exposures of the four fl avouring agents in struc-
tural class I (Nos 2083–2086) are below the relevant threshold of concern 
(i.e. 1800 µg/person per day). The highest dietary exposures of two fl avour-
ing agents in structural class III (Nos 2087 and 2089) are below the relevant 
threshold of concern (i.e. 90 µg/person per day). Accordingly, the evaluation 
of these six fl avouring agents proceeded to step B4.



109

Ta
bl

e 
15

S
u

m
m

ar
y 

o
f 

th
e 

re
su

lt
s 

o
f 

th
e 

sa
fe

ty
 e

va
lu

at
io

n
s 

o
f 

si
m

p
le

 a
lip

h
at

ic
 a

n
d

 a
ro

m
at

ic
 s

u
lfi 

d
es

 a
n

d
 t

h
io

ls
 u

se
d

 a
s 

fl 
av

o
u

ri
n

g
 a

g
en

ts
a,

b
,c

F
la

vo
ur

in
g 

ag
en

t
N

o.
C

A
S

 N
o.

 a
nd

 s
tr

uc
tu

re
S

te
p 

B
3d

D
oe

s 
es

tim
at

ed
 

di
et

ar
y 

ex
po

su
re

 
ex

ce
ed

 th
e 

th
re

sh
ol

d 
of

 
co

nc
er

n?

S
te

p 
B

4e

A
de

qu
at

e 
m

ar
gi

n 
of

 e
xp

os
ur

e 
fo

r 
th

e 
fl a

vo
ur

in
g 

ag
en

t o
r 

a 
re

la
te

d 
su

bs
ta

nc
e?

F
ol

lo
w

-o
n 

fr
om

 s
te

p 
B

3e

A
re

 a
dd

iti
on

al
 d

at
a 

av
ai

la
bl

e 
fo

r 
fl a

vo
ur

in
g 

ag
en

t w
ith

 a
n 

es
tim

at
ed

 
di

et
ar

y 
ex

po
su

re
 e

xc
ee

di
ng

 th
e 

th
re

sh
ol

d 
of

 c
on

ce
rn

?

C
om

m
en

ts
 

on
 p

re
di

ct
ed

 
m

et
ab

ol
is

m

R
el

at
ed

 s
tr

uc
tu

re
 n

am
e 

(N
o.

) 
an

d 
st

ru
ct

ur
e 

(if
 

ap
pl

ic
ab

le
)

C
on

cl
u-

si
on

 
ba

se
d 

on
 

cu
rr

en
t 

es
ti-

m
at

ed
 

di
et

ar
y 

ex
po

su
re

S
u

b
g

ro
u

p
 ii

: A
cy

cl
ic

 s
u

lfi 
d

es
 w

it
h

 o
xi

d
iz

ed
 s

id
e-

ch
ai

n
s

S
tr

u
ct

u
ra

l c
la

ss
 I

1-
(M

et
hy

lth
io

)-
3-

oc
ta

no
ne

20
86

61
83

7-
77

-2

s

o

N
o,

 S
P

E
T

: 3
B

4.
 Y

es
. T

he
 N

O
E

L 
of

 1
.4

 m
g/

kg
 b

w
 p

er
 d

ay
 fo

r 
th

e 
re

la
te

d 
su

bs
ta

nc
e 

2-
(m

et
hy

lth
io

m
et

hy
l)-

3-
ph

en
yl

pr
op

en
al

 (
N

o.
 5

05
) 

(2
7)

 fr
om

 a
n 

or
al

 9
0-

da
y 

st
ud

y 
in

 r
at

s 
is

 2
8 

00
0 

tim
es

 
th

e 
es

tim
at

ed
 d

ai
ly

 d
ie

ta
ry

 
ex

po
su

re
 to

 N
o.

 2
08

6 
w

he
n 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

es
 1

 a
nd

 2
2-

(M
et

hy
lth

io
m

et
hy

l)-
3-

ph
en

yl
pr

op
en

al
 (

N
o.

 
50

5)

S O
H

H

S O
H

H

+

N
o 

sa
fe

ty
 

co
nc

er
n

co
nt

in
ue

d



110

S
u

b
g

ro
u

p
 ii

i: 
C

yc
lic

 s
u

lfi 
d

es
 

S
tr

u
ct

u
ra

l c
la

ss
 II

I

4-
M

et
hy

l-2
-p

ro
py

l-
1,

3-
ox

at
hi

an
e

20
89

10
64

67
8-

08
-5 O

S

N
o,

 S
P

E
T

: 
15

B
4.

 Y
es

. T
he

 N
O

E
L 

of
 0

.4
4 

m
g/

kg
 b

w
 p

er
 d

ay
 fo

r 
th

e 
re

la
te

d 
su

bs
ta

nc
e 

2-
m

et
hy

l-4
-p

ro
py

l-
1,

3-
ox

at
hi

an
e 

(N
o.

 4
64

) 
(2

8)
 is

 
18

00
 ti

m
es

 th
e 

es
tim

at
ed

 d
ai

ly
 

ex
po

su
re

 to
 N

o.
 2

08
9 

w
he

n 
us

ed
 a

s 
a 

fl a
vo

ur
in

g 
ag

en
t. 

N
ot

e 
2

2-
M

et
hy

l-4
-p

ro
py

l-1
,3

-
ox

at
hi

an
e 

(N
o.

 4
64

)

O

S

 

N
o 

sa
fe

ty
 

co
nc

er
n

S
u

b
g

ro
u

p
 iv

: S
im

p
le

 t
h

io
ls

 

S
tr

u
ct

u
ra

l c
la

ss
 I

 

3-
P

en
ta

ne
th

io
l

20
83

61
6-

31
-9

S
H

N
o,

 S
P

E
T

: 
0.

01
B

4.
 Y

es
. T

he
 N

O
E

L 
of

 0
.5

6 
m

g/
kg

 b
w

 p
er

 d
ay

 fo
r 

th
e 

re
la

te
d 

su
bs

ta
nc

e 
cy

cl
op

en
ta

ne
th

io
l 

(N
o.

 5
16

) 
fr

om
 a

n 
or

al
 9

0-
da

y 
st

ud
y 

in
 r

at
s 

(2
9)

 is
 3

 m
ill

io
n 

tim
es

 th
e 

es
tim

at
ed

 d
ai

ly
 d

ie
ta

ry
 

ex
po

su
re

 to
 N

o.
 2

08
3 

w
he

n 
us

ed
 a

s 
a 

fl a
vo

ur
in

g 
ag

en
t. 

N
ot

es
 3

 a
nd

 5
C

yc
lo

pe
nt

an
et

hi
ol

 (
N

o.
 

51
6)

 S
H

N
o 

sa
fe

ty
 

co
nc

er
n

F
la

vo
ur

in
g 

ag
en

t
N

o.
C

A
S

 N
o.

 a
nd

 s
tr

uc
tu

re
S

te
p 

B
3d

D
oe

s 
es

tim
at

ed
 

di
et

ar
y 

ex
po

su
re

 
ex

ce
ed

 th
e 

th
re

sh
ol

d 
of

 
co

nc
er

n?

S
te

p 
B

4e

A
de

qu
at

e 
m

ar
gi

n 
of

 e
xp

os
ur

e 
fo

r 
th

e 
fl a

vo
ur

in
g 

ag
en

t o
r 

a 
re

la
te

d 
su

bs
ta

nc
e?

F
ol

lo
w

-o
n 

fr
om

 s
te

p 
B

3e

A
re

 a
dd

iti
on

al
 d

at
a 

av
ai

la
bl

e 
fo

r 
fl a

vo
ur

in
g 

ag
en

t w
ith

 a
n 

es
tim

at
ed

 
di

et
ar

y 
ex

po
su

re
 e

xc
ee

di
ng

 th
e 

th
re

sh
ol

d 
of

 c
on

ce
rn

?

C
om

m
en

ts
 

on
 p

re
di

ct
ed

 
m

et
ab

ol
is

m

R
el

at
ed

 s
tr

uc
tu

re
 n

am
e 

(N
o.

) 
an

d 
st

ru
ct

ur
e 

(if
 

ap
pl

ic
ab

le
)

C
on

cl
u-

si
on

 
ba

se
d 

on
 

cu
rr

en
t 

es
ti-

m
at

ed
 

di
et

ar
y 

ex
po

su
re

Ta
b

le
 1

5 
(c

o
n

ti
n

u
ed

)



111

S
u

b
g

ro
u

p
 v

: T
h

io
ls

 w
it

h
 o

xi
d

iz
ed

 s
id

e-
ch

ai
n

s

S
tr

u
ct

u
ra

l c
la

ss
 I

 

4-
M

er
ca

pt
o-

3-
m

et
hy

l-2
-b

ut
an

ol
20

84
33

95
9-

27
-2

O
H

S
H

N
o,

 S
P

E
T

: 
40

B
4.

 Y
es

. T
he

 N
O

E
Ls

 o
f 1

.9
, 

2.
8 

an
d 

1.
9 

m
g/

kg
 b

w
 p

er
 d

ay
 

fo
r, 

re
sp

ec
tiv

el
y,

 th
e 

re
la

te
d 

su
bs

ta
nc

es
 2

-m
er

ca
pt

o-
3-

bu
ta

no
l (

N
o.

 5
46

),
 α

-m
et

hy
l-

β-
hy

dr
ox

yp
ro

py
l α

-m
et

hy
l-β

-
m

er
ca

pt
op

ro
py

l s
ul

fi d
e 

(N
o.

 5
47

) 
an

d 
3-

m
er

ca
pt

o-
2-

pe
nt

an
on

e 
(N

o.
 5

60
) 

fr
om

 o
ra

l 9
0-

da
y 

st
ud

ie
s 

in
 r

at
s 

(3
0–

32
) 

ar
e 

28
00

 
tim

es
 th

e 
es

tim
at

ed
 d

ai
ly

 d
ie

ta
ry

 
ex

po
su

re
 to

 N
o.

 2
08

4 
w

he
n 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

es
 3

, 5
 

an
d 

6
2-

M
er

ca
pt

o-
3-

bu
ta

no
l 

(N
o.

 5
46

)

S
H

O
H

α-
M

et
hy

l-β
-

hy
dr

ox
yp

ro
py

l α
-m

et
hy

l-
β-

m
er

ca
pt

op
ro

py
l s

ul
fi d

e 
(N

o.
 5

47
)

S

S
H

O
H

3-
M

er
ca

pt
o-

2-
pe

nt
an

on
e 

(N
o.

 5
60

) O

S
H

N
o 

sa
fe

ty
 

co
nc

er
n

co
nt

in
ue

d



112

E
th

yl
 2

-m
er

ca
pt

o-
2-

m
et

hy
lp

ro
pi

on
at

e
20

85
33

44
1-

50
-8

H
S

O

O

N
o,

 S
P

E
T

: 
15

B
4.

 Y
es

. T
he

 N
O

E
Ls

 o
f 1

.9
, 

2.
8 

an
d 

1.
9 

m
g/

kg
 b

w
 p

er
 d

ay
 

fo
r, 

re
sp

ec
tiv

el
y,

 th
e 

re
la

te
d 

su
bs

ta
nc

es
 2

-m
er

ca
pt

o-
3-

bu
ta

no
l (

N
o.

 5
46

),
 α

-m
et

hy
l-

β-
hy

dr
ox

yp
ro

py
l α

-m
et

hy
l-

β-
m

er
ca

pt
op

ro
py

l s
ul

fi d
e 

(N
o.

 5
47

) 
an

d 
3-

m
er

ca
pt

o-
2-

pe
nt

an
on

e 
(N

o.
 5

60
) 

fr
om

 9
0-

da
y 

st
ud

ie
s 

in
 r

at
s 

(3
0–

32
) 

ar
e 

76
00

 ti
m

es
 th

e 
es

tim
at

ed
 d

ai
ly

 
di

et
ar

y 
ex

po
su

re
 to

 N
o.

 2
08

5 
w

he
n 

us
ed

 a
s 

a 
fl a

vo
ur

in
g 

ag
en

t.

N
ot

es
 3

–5
2-

M
er

ca
pt

o-
3-

bu
ta

no
l 

(N
o.

 5
46

)
S

H

O
H

α-
M

et
hy

l-β
-

hy
dr

ox
yp

ro
py

l α
-m

et
hy

l-
β-

m
er

ca
pt

op
ro

py
l 

su
lfi 

de
 (

N
o.

 5
47

)

S

S
H

O
H

3-
M

er
ca

pt
o-

2-
pe

nt
an

on
e 

(N
o.

 5
60

) 
O

S
H

N
o 

sa
fe

ty
 

co
nc

er
n

F
la

vo
ur

in
g 

ag
en

t
N

o.
C

A
S

 N
o.

 a
nd

 s
tr

uc
tu

re
S

te
p 

B
3d

D
oe

s 
es

tim
at

ed
 

di
et

ar
y 

ex
po

su
re

 
ex

ce
ed

 th
e 

th
re

sh
ol

d 
of

 
co

nc
er

n?

S
te

p 
B

4e

A
de

qu
at

e 
m

ar
gi

n 
of

 e
xp

os
ur

e 
fo

r 
th

e 
fl a

vo
ur

in
g 

ag
en

t o
r 

a 
re

la
te

d 
su

bs
ta

nc
e?

F
ol

lo
w

-o
n 

fr
om

 s
te

p 
B

3e

A
re

 a
dd

iti
on

al
 d

at
a 

av
ai

la
bl

e 
fo

r 
fl a

vo
ur

in
g 

ag
en

t w
ith

 a
n 

es
tim

at
ed

 
di

et
ar

y 
ex

po
su

re
 e

xc
ee

di
ng

 th
e 

th
re

sh
ol

d 
of

 c
on

ce
rn

?

C
om

m
en

ts
 

on
 p

re
di

ct
ed

 
m

et
ab

ol
is

m

R
el

at
ed

 s
tr

uc
tu

re
 n

am
e 

(N
o.

) 
an

d 
st

ru
ct

ur
e 

(if
 

ap
pl

ic
ab

le
)

C
on

cl
u-

si
on

 
ba

se
d 

on
 

cu
rr

en
t 

es
ti-

m
at

ed
 

di
et

ar
y 

ex
po

su
re

Ta
b

le
 1

5 
(c

o
n

ti
n

u
ed

)



113

S
u

b
g

ro
u

p
 v

i: 
D

it
h

io
ls

 

S
tr

u
ct

u
ra

l c
la

ss
 II

I
 

1,
1-

P
ro

pa
ne

di
th

io
l

20
87

88
49

7-
17

-0

S
H

S
H

N
o,

 S
P

E
T

: 2
B

4.
 Y

es
. T

he
 N

O
E

L 
of

 0
.7

 m
g/

kg
 b

w
 p

er
 d

ay
 fo

r 
th

e 
re

la
te

d 
su

bs
ta

nc
e 

2,
3-

bu
ta

ne
di

th
io

l 
(N

o.
 5

39
) 

fr
om

 a
n 

or
al

 9
0-

da
y 

st
ud

y 
in

 r
at

s 
(3

3)
 is

 2
1 

00
0 

tim
es

 th
e 

es
tim

at
ed

 d
ai

ly
 d

ie
ta

ry
 

ex
po

su
re

 to
 N

o.
 2

08
7 

w
he

n 
us

ed
 a

s 
a 

fl a
vo

ur
in

g 
ag

en
t. 

N
ot

es
 3

 a
nd

 5
 

2,
3-

B
ut

an
ed

ith
io

l 
(N

o.
 5

39
)

S
H S

H

N
o 

sa
fe

ty
 

co
nc

er
n

S
u

b
g

ro
u

p
 v

iii
: D

is
u

lfi 
d

es
 w

it
h

 o
xi

d
iz

ed
 s

id
e-

ch
ai

n
s

 

S
tr

u
ct

u
ra

l c
la

ss
 II

I
 

1-
M

et
hy

ld
ith

io
-2

-
pr

op
an

on
e

20
88

12
28

61
-7

8-
3

S
S

O

Ye
s,

 S
P

E
T

: 
10

0
A

dd
iti

on
al

 d
at

a:
 T

he
 N

O
E

LS
 o

f 
7.

3,
 0

.5
6,

 1
.9

, 2
.8

 a
nd

 1
.9

 m
g/

kg
 b

w
 p

er
 d

ay
 fo

r t
he

 re
la

te
d 

su
bs

ta
nc

es
 p

ro
py

l d
is

ul
fi d

e 
(N

o.
 

56
6)

, c
yc

lo
pe

nt
an

et
hi

ol
 (N

o.
 

51
6)

, 2
-m

er
ca

pt
o-

3-
bu

ta
no

l (
N

o.
 

54
6)

, α
-m

et
hy

l-β
-h

yd
ro

xy
pr

op
yl

 
α-

m
et

hy
l-β

-m
er

ca
pt

op
ro

py
l 

su
lfi 

de
 (N

o.
 5

47
) a

nd
 

3-
m

er
ca

pt
o-

2-
pe

nt
an

on
e 

(N
o.

 
56

0)
 fr

om
 9

0-
da

y 
st

ud
ie

s 
in

 ra
ts

 
(2

9–
32

, 3
4)

 p
ro

vi
de

 m
ar

gi
ns

 o
f

N
ot

es
 1

, 3
, 5

 
an

d 
7 

P
ro

py
l d

is
ul

fi d
e 

(N
o.

 5
66

)
S

S

C
yc

lo
pe

nt
an

et
hi

ol
 (

N
o.

 
51

6)
S

H

2-
M

er
ca

pt
o-

3-
bu

ta
no

l 
(N

o.
 5

46
)

S
H

O
H

N
o 

sa
fe

ty
 

co
nc

er
n



114

ex
po

su
re

 ra
ng

in
g 

fro
m

 3
40

 
to

 4
40

0 
us

in
g 

th
e 

S
P

E
T

 a
nd

 
gr

ea
te

r t
ha

n 
3 

m
ill

io
n 

us
in

g 
th

e 
M

S
D

I.

α-
M

et
hy

l-β
-h

yd
ro

xy
pr

op
yl

 
α-

m
et

hy
l-β

-
m

er
ca

pt
op

ro
py

l s
ul

fi d
e 

(N
o.

 5
47

)

S

S
H

O
H

3-
M

er
ca

pt
o-

2-
pe

nt
an

on
e 

(N
o.

 5
60

) O

S
H

C
A

S
, C

he
m

ic
al

 A
bs

tr
ac

ts
 S

er
vi

ce

a  
O

ne
 h

un
dr

ed
 a

nd
 t

hi
rt

y-
se

ve
n 

fl a
vo

ur
in

g 
ag

en
ts

 in
 t

hi
s 

gr
ou

p 
w

er
e 

pr
ev

io
us

ly
 e

va
lu

at
ed

 b
y 

th
e 

C
om

m
itt

ee
 a

t 
its

 fi 
fty

-t
hi

rd
 m

ee
tin

g 
(A

nn
ex

 1
, 

re
fe

re
nc

e 
14

3)
, 

12
 

ad
di

tio
na

l m
em

be
rs

 a
t i

ts
 s

ix
ty

-fi
 r

st
 m

ee
tin

g 
(A

nn
ex

 1
, r

ef
er

en
ce

 1
66

),
 5

1 
ad

di
tio

na
l m

em
be

rs
 a

t i
ts

 s
ix

ty
-e

ig
ht

h 
m

ee
tin

g 
(A

nn
ex

 1
, r

ef
er

en
ce

 1
87

) a
nd

 3
6 

ad
di

tio
na

l 
m

em
be

rs
 a

t i
ts

 s
ev

en
ty

-t
hi

rd
 m

ee
tin

g 
(A

nn
ex

 1
, r

ef
er

en
ce

 2
02

).
b 

S
te

p 
1:

 F
ou

r 
fl a

vo
ur

in
g 

ag
en

ts
 in

 th
is

 g
ro

up
 a

re
 in

 s
tr

uc
tu

ra
l c

la
ss

 I 
(N

os
 2

08
3–

20
86

),
 a

nd
 th

e 
re

m
ai

ni
ng

 th
re

e 
ar

e 
in

 s
tr

uc
tu

ra
l c

la
ss

 II
I (

N
os

 2
08

7–
20

89
).

c 
S

te
p 

2:
 N

on
e 

of
 th

e 
fl a

vo
ur

in
g 

ag
en

ts
 in

 th
is

 g
ro

up
 c

an
 b

e 
pr

ed
ic

te
d 

to
 b

e 
m

et
ab

ol
iz

ed
 to

 in
no

cu
ou

s 
pr

od
uc

ts
.

d 
T

he
 t

hr
es

ho
ld

s 
fo

r 
hu

m
an

 d
ie

ta
ry

 e
xp

os
ur

e 
fo

r 
st

ru
ct

ur
al

 c
la

ss
es

 I
 a

nd
 I

II 
ar

e 
18

00
 a

nd
 9

0 
µg

/p
er

so
n 

pe
r 

da
y,

 r
es

pe
ct

iv
el

y.
 A

ll 
di

et
ar

y 
ex

po
su

re
 v

al
ue

s 
ar

e 
ex

-
pr

es
se

d 
in

 µ
g/

da
y.

 T
he

 d
ie

ta
ry

 e
xp

os
ur

e 
va

lu
e 

lis
te

d 
re

pr
es

en
ts

 th
e 

hi
gh

es
t e

st
im

at
ed

 d
ie

ta
ry

 e
xp

os
ur

e 
ca

lc
ul

at
ed

 u
si

ng
 e

ith
er

 th
e 

S
P

E
T

 o
r 

th
e 

M
S

D
I m

et
ho

d.
 T

he
 

hi
gh

es
t e

st
im

at
es

 w
er

e 
al

l d
er

iv
ed

 u
si

ng
 th

e 
S

P
E

T.
e 

T
he

 m
ar

gi
ns

 o
f e

xp
os

ur
e 

w
er

e 
ca

lc
ul

at
ed

 b
as

ed
 o

n 
th

e 
es

tim
at

ed
 d

ie
ta

ry
 e

xp
os

ur
e 

ca
lc

ul
at

ed
 b

y 
th

e 
S

P
E

T.
 In

 c
as

es
 w

he
re

 th
e 

re
su

lti
ng

 m
ar

gi
n 

of
 e

xp
os

ur
e 

w
as

 
re

la
tiv

el
y 

lo
w

, a
 c

om
pa

ris
on

 w
ith

 th
e 

M
S

D
I w

as
 a

ls
o 

m
ad

e.

F
la

vo
ur

in
g 

ag
en

t
N

o.
C

A
S

 N
o.

 a
nd

 s
tr

uc
tu

re
S

te
p 

B
3d

D
oe

s 
es

tim
at

ed
 

di
et

ar
y 

ex
po

su
re

 
ex

ce
ed

 th
e 

th
re

sh
ol

d 
of

 
co

nc
er

n?

S
te

p 
B

4e

A
de

qu
at

e 
m

ar
gi

n 
of

 e
xp

os
ur

e 
fo

r 
th

e 
fl a

vo
ur

in
g 

ag
en

t o
r 

a 
re

la
te

d 
su

bs
ta

nc
e?

F
ol

lo
w

-o
n 

fr
om

 s
te

p 
B

3e

A
re

 a
dd

iti
on

al
 d

at
a 

av
ai

la
bl

e 
fo

r 
fl a

vo
ur

in
g 

ag
en

t w
ith

 a
n 

es
tim

at
ed

 
di

et
ar

y 
ex

po
su

re
 e

xc
ee

di
ng

 th
e 

th
re

sh
ol

d 
of

 c
on

ce
rn

?

C
om

m
en

ts
 

on
 p

re
di

ct
ed

 
m

et
ab

ol
is

m

R
el

at
ed

 s
tr

uc
tu

re
 n

am
e 

(N
o.

) 
an

d 
st

ru
ct

ur
e 

(if
 

ap
pl

ic
ab

le
)

C
on

cl
u-

si
on

 
ba

se
d 

on
 

cu
rr

en
t 

es
ti-

m
at

ed
 

di
et

ar
y 

ex
po

su
re

Ta
b

le
 1

5 
(c

o
n

ti
n

u
ed

)



115

N
ot

es
:

1.
  D

et
ox

ic
at

io
n 

of
 th

e 
ke

to
ne

 g
ro

up
 in

vo
lv

es
 r

ed
uc

tio
n 

fo
llo

w
ed

 b
y 

co
nj

ug
at

io
n 

w
ith

 g
lu

cu
ro

ni
c 

ac
id

 a
nd

 s
ub

se
qu

en
t e

lim
in

at
io

n 
in

 th
e 

ur
in

e.
2.

  T
he

 s
ul

fu
r 

is
 e

xp
ec

te
d 

to
 b

e 
ox

id
iz

ed
 to

 th
e 

su
lfo

xi
de

 a
nd

 s
ul

fo
ne

.
3.

  T
he

 s
ul

fu
r 

is
 e

xp
ec

te
d 

to
 b

e 
ox

id
iz

ed
 to

 s
ul

fo
ni

c 
ac

id
 a

nd
/o

r 
un

de
rg

o 
m

et
hy

la
tio

n 
fo

llo
w

ed
 b

y 
ex

cr
et

io
n.

4.
 T

he
 e

st
er

 is
 e

xp
ec

te
d 

to
 u

nd
er

go
 h

yd
ro

ly
si

s 
to

 th
e 

co
rr

es
po

nd
in

g 
ca

rb
ox

yl
ic

 a
ci

d 
an

d 
al

co
ho

l.
5.

 F
re

e 
th

io
ls

 m
ay

 fo
rm

 m
ix

ed
 d

is
ul

fi d
es

 w
ith

 g
lu

ta
th

io
ne

 o
r 

cy
st

ei
ne

. 
6.

  T
he

 h
yd

ro
xy

 g
ro

up
 is

 e
xp

ec
te

d 
to

 u
nd

er
go

 o
xi

da
tio

n 
to

 th
e 

ca
rb

ox
yl

ic
 a

ci
d 

an
d/

or
 c

on
ju

ga
tio

n 
w

ith
 g

lu
cu

ro
ni

c 
ac

id
, f

ol
lo

w
ed

 b
y 

ex
cr

et
io

n.
7.

 D
is

ul
fi d

es
 a

re
 e

xp
ec

te
d 

to
 b

e 
re

du
ce

d 
to

 fr
ee

 th
io

ls
.



116

Table 16
Annual volumes of production and daily dietary exposures for simple aliphatic and 
aromatic sulfi des and thiols used as fl avouring agents in Europe, the USA and Japan

Flavouring agent (No.) Most recent
annual volume 
of production 
(kg)a

Dietary exposure Natural 
occurrence 
in foods

MSDIb SPETc

µg/day µg/kg bw 
per day

µg/day µg/kg bw 
per day

3-Pentanethiol (2083) 0.01 0.0002 +

 Europe ND ND ND

 USA 0.1 0.01 0.0002

 Japan ND ND ND

4-Mercapto-3-methyl-2-butanol (2084) 40 1 −

 Europe ND ND ND

 USA 0.1 0.01 0.0002

 Japan ND ND ND

Ethyl 2-mercapto-2-methylpropionate (2085) 15 0.3 −

 Europe ND ND ND

 USA 0.1 0.01 0.0002

 Japan ND ND ND

1-(Methylthio)-3-octanone (2086) 3 0.1 +

 Europe 0.1 0.01 0.0002

 USA 0.1 0.01 0.0002

 Japan ND ND ND

1,1-Propanedithiol (2087) 2 0.03 −

 Europe ND ND ND

 USA 0.1 0.01 0.0002

 Japan ND ND ND

1-Methyldithio-2-propanone (2088) 100 2 +

 Europe 0.1 0.01 0.0002

 USA 0.1 0.01 0.0002

 Japan ND ND ND

4-Methyl-2-propyl-1,3-oxathiane (2089) 15 0.3 −

 Europe ND ND ND

 USA 0.1 0.01 0.0002

 Japan ND ND ND
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Flavouring agent (No.) Most recent
annual volume 
of production 
(kg)a

Dietary exposure Natural 
occurrence 
in foods

MSDIb SPETc

µg/day µg/kg bw 
per day

µg/day µg/kg bw 
per day

Total

 Europe 0.2

 USA 0.7

 Japan ND

ND, no data reported; +, reported to occur naturally in foods (13, 25, 26), but no quantitative data; −, not 
reported to occur naturally in foods

a From references 16–19. Values greater than 0 kg but less than 0.1 kg were reported as 0.1 kg.
b MSDI (µg/person per day) calculated as follows:
 (annual volume, kg) × (1 × 109 µg/kg)/(population × survey correction factor × 365 days), where popula-

tion (10%, “eaters only”) = 32 × 106 for Europe, 31 × 106 for the USA and 13 × 106 for Japan; and where 
survey correction factor = 0.8 for the USA, Europe and the Japan surveys, representing the assumption 
that only 80% of the annual fl avour volume was reported in the poundage surveys (16–19). 
MSDI (µg/kg bw per day) calculated as follows:

 (µg/person per day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.
c SPET (µg/person per day) calculated as follows:
 (standard food portion, g/day) × (highest usual use level) (19). 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/person per day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.

The dietary exposure of the remaining fl avouring agent in structural class III 
(No. 2088) is 100 µg/day (calculated using the SPET). This is above the 
threshold of concern (i.e. 90 µg/person per day for class III), and therefore 
additional data are necessary for the evaluation of this fl avouring agent.

Step B4. Subgroup ii: Acyclic sulfi des with oxidized side-chains. The 
NOEL of 1.4 mg/kg bw per day for the structurally related substance 
2-(methylthiomethyl)-3-phenylpropenal (No. 505) from an oral 90-day study 
in rats (27) provides a margin of exposure of 28 000 for 1-(methylthio)-3-
octanone (No. 2086; SPET = 3 µg/day) when used as a fl avouring agent.

Subgroup iii: Cyclic sulfi des. Using the NOEL of 0.44 mg/kg bw per day for 
the structurally related substance 2-methyl-4-propyl-1,3-oxathiane (No. 464) 
from an oral 90-day study in rats (28), the margin of exposure is 1800 for 
4-methyl-2-propyl-1,3-oxathiane (No. 2089; SPET = 15 µg/day) when used 
as a fl avouring agent.

Subgroup iv: Simple thiols. The NOEL of 0.56 mg/kg bw per day for the 
structurally related substance cyclopentanethiol (No. 516) from an oral 
90-day study in rats (29) provides a margin of exposure of greater than 3 mil-
lion for 3-pentanethiol (No. 2083; SPET = 0.01 µg/day) when used as a 
fl avouring agent.

Table 16 (continued)
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Subgroup v: Thiols with oxidized side-chains. The NOELS of 1.9, 2.8 and 
1.9 mg/kg bw per day for, respectively, the structurally related substances 
2-mercapto-3-butanol (No. 546), α-methyl-β-hydroxypropyl α-methyl-β-
mercaptopropyl sulfi de (No. 547) and 3-mercapto-2-pentanone (No. 560) from 
oral 90-day studies in rats (30–32) provide margins of exposure of at least 2800 
for 4-mercapto-3-methyl-2-butanol (No. 2084; SPET = 40 µg/day) and at least 
7600 for ethyl 2-mercapto-2-methylpropionate (No. 2085; SPET = 15 µg/day) 
when used as fl avouring agents.

Subgroup vi: Dithiols. The NOEL of 0.7 mg/kg bw per day for the structur-
ally related substance 2,3-butanedithiol (No. 539) from an oral 90-day study 
in rats (33) provides a margin of exposure of 21 000 for 1,1-propanedithiol 
(No. 2087; SPET = 2 µg/day) when used as a fl avouring agent.

  Consideration of additional data for the fl avouring agent with high 
exposure evaluated via the B-side of the decision-tree:

In accordance with the Procedure, additional data were evaluated for 1-meth-
yldithio-2-propanone (No. 2088), as the estimated dietary exposure exceeded 
the threshold of concern for structural class III (90 µg/person per day).

No toxicological data were available for 1-methyldithio-2-propanone 
(No. 2088). Therefore, the NOEL of 7.3 mg/kg bw per day from a 90-day 
feeding study in rats for the structurally related substance propyl disulfi de 
(No. 566) (34) was used, resulting in a margin of exposure of 4400.

In addition, 1-methyldithio-2-propanone (No. 2088) is expected to be rapidly 
reduced to the thiols methyl mercaptan (No. 508) and 1-mercapto-2-propanone 
(No. 557). These thiols were evaluated previously using the NOELs of 0.56, 
1.9, 2.8 and 1.9 mg/kg bw per day for the related substances cyclopentane-
thiol (No. 516), 2-mercapto-3-butanol (No. 546), α-methyl-β-hydroxypropyl 
α-methyl-β-mercaptopropyl sulfi de (No. 547) and 3-mercapto-2-pentanone 
(No. 560), respectively, from 90-day studies in rats (29–32, 34).

These NOELs provide margins of exposure ranging from 340 to 1700 using 
the SPET and greater than 3 million using the MSDI method for No. 2088.

The Committee therefore concluded that this fl avouring agent is unlikely to 
pose a safety concern at current estimated dietary exposure.

Table 15 summarizes the evaluations of the seven simple aliphatic and 
a romatic sulfi des and thiols (Nos 2083–2089) in this group.

 Consideration of combined intakes from use as fl avouring agents

The seven additional fl avouring agents in this group of simple aliphatic 
and aromatic sulfi des and thiols all have a very low MSDI (0.01 µg/day). 
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The Committee concluded that consideration of combined intakes is not 
necessary, because the additional fl avouring agents would not contribute 
s ignifi cantly to the combined intake of this fl avouring group.

 Consideration of secondary components

One fl avouring agent in this group, 1-methyldithio-2-propanone (No. 2088), 
has an assay value of less than 95% (Annex 4). Two of its secondary com-
ponents, 1-mercapto-2-propanone (No. 557) and 1,3-dimethyltrisulfane 
(No. 582), were evaluated by the Committee at its fi fty-third meeting 
(Annex 1, reference 149) and were considered unlikely to pose a safety 
c oncern at their estimated dietary exposures. The third secondary component, 
1,1′-disulfanediyldipropan-2-one, is expected to be hydrolysed to 1-mercap-
to-2-propanone (No. 557) and is therefore considered not to present a safety 
concern at estimated dietary exposures.

 Conclusion

In the previous evaluations of fl avouring agents in the group of simple 
aliphatic and aromatic sulfi des and thiols, studies of acute toxicity, short-
term and long-term studies of toxicity (6 days to 2 years), and studies of 
genotoxicity and developmental/reproductive toxicity, as well as observa-
tions in humans, were available (Annex 1, references 144, 167 and 188). No 
relevant additional toxicity data were available for this evaluation.

The Committee concluded that the seven fl avouring agents evaluated at 
this meeting (Nos 2083–2089), which are additions to the group of simple 
aliphatic and aromatic sulfi des and thiols evaluated previously, would not 
give rise to safety concerns at current estimated dietary exposures.

An addendum to the toxicological monograph was not prepared.

4.1.15  Sulfur-containing heterocyclic compounds

 Explanation

The Committee evaluated an additional 12 fl avouring agents belonging to the 
group of sulfur-containing heterocyclic compounds. The additional fl avour-
ing agents comprised fi ve thiophenes (Nos 2106, 2107 and 2110–2112), four 
thiazoles (Nos 2108, 2109, 2113 and 2114), one thiazoline (No. 2115), one 
dithiazine (No. 2116) and one thiophene-pyrimidine derivative (No. 2117). 
The evaluations were conducted using the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Figure 1) (Annex 1, reference 131). None 
of these fl avouring agents have previously been evaluated by the Com-
mittee. One of the fl avouring agents in this group—namely, 4-amino-5,6-
dimethylthieno[2,3-d]pyrimidin-2(1H)-one hydrochloride (No. 2117)—is 
reported to be a fl avour modifi er.
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The Committee evaluated 47 other members of this group of fl avouring 
agents at its fi fty-ninth and sixty-eighth meetings and concluded that none 
would give rise to safety concerns based on estimated dietary exposures 
(Annex 1, references 160 and 187).

Eight of the 12 fl avouring agents (Nos 2106–2111, 2113 and 2116) in this 
group have been reported to occur naturally in coffee, cocoa, pig liver, sheep 
liver, chicken, beef, lamb, shrimp, squid, trassi, beans, soya bean, onion, shallot, 
leek, asparagus, oats, peanut butter, potato, coriander seed and sweet corn.

 Assessment of dietary exposure

The total annual volumes of production of the 12 sulfur-containing hetero-
cyclic compounds are approximately 1000 kg in the USA, 1 kg in Europe 
and 1.5 kg in Japan. Approximately 99% of the total annual volume of pro-
duction in the USA is accounted for by one fl avouring agent in this group—
namely, 4-amino-5,6-dimethylthieno[2,3-d]pyrimidin-2(1H)-one hydro-
chloride (No. 2117).

Dietary exposures were estimated using the MSDI method and the SPET, 
with the highest estimates reported in Table 17. The highest estimated daily 
dietary exposure is for 4-amino-5,6-dimethylthieno[2,3-d]pyrimidin-2(1H)-
one hydrochloride (No. 2117) (4500 µg, the SPET value from sugar substi-
tutes). For the other fl avouring agents, the estimated daily dietary exposures 
range from 0.05 to 90 µg, with the SPET yielding the highest estimates.

 Absorption, distribution, metabolism and elimination

The metabolism of sulfur-containing heterocyclic compounds was described 
in the reports of the fi fty-ninth and sixty-eighth meetings of the Committee 
(Annex 1, references 160 and 187).

Thiophene derivatives are metabolized primarily by S-oxidation, followed 
by conjugation with glutathione. Thiazole and its derivatives are metabo-
lized primarily by side-chain oxidation or oxidation of the ring sulfur or 
nitrogen atoms. Dithiazine and thiazoline derivatives, being cyclic sulfi des, 
are metabolized primarily by S-oxidation to yield corresponding sulfoxides 
and sulfones. Other routes of metabolism for sulfur-containing heterocyclic 
compounds, including ring oxidation and cleavage, are also possible.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavour-
ing Agents to the additional fl avouring agents in this group, the Commit-
tee assigned four fl avouring agents (Nos 2106–2109) to structural class II. 
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The remaining eight fl avouring agents (Nos 2110–2117) were assigned to 
s tructural class III (10).

Step 2. None of the fl avouring agents in this group are predicted to be metab-
olized to innocuous products. Therefore, the evaluation of these fl avouring 
agents proceeded via the B-side of the Procedure.

Step B3. The highest dietary exposure for one fl avouring agent (No. 2117) 
is above the threshold of concern (i.e. 90 µg/person per day for class III). 
Accordingly, for this fl avouring agent, data are required on the fl avouring 
agent or a closely related substance in order to perform a safety evaluation. 
For the remaining 11 fl avouring agents, the dietary exposures are below the 
thresholds of concern (i.e. 540 µg/person per day for class II and 90 µg/per-
son per day for class III). Accordingly, evaluation of these fl avouring agents 
proceeded to step B4.

Step B4. For 2-pentylthiophene (No. 2106), available data give a NOEL 
of 3 mg/kg bw per day from a 28-day study in rats. This provides a mar-
gin of exposure of 4500 in relation to the dietary exposure to No. 2106 
(SPET = 40 µg/day) when used as a fl avouring agent.

For 2-acetyl-5-methylthiophene (No. 2107), 3,4-dimethylthiophene (No. 2110), 
2-thienylmethanol (No. 2111) and 1-(2-thienyl)ethanethiol (No. 2112), the 
NOEL of 3 mg/kg bw per day for the structurally related 2-pentylthiophene 
(No. 2106) provides respective margins of exposure of 600 000, 90 000, 
600 000 and 3.6 million in relation to the dietary exposures to No. 2107 
(SPET = 0.3 µg/day), No. 2110 (SPET = 2 µg/day), No. 2111 (SPET = 0.3 µg/
day) and No. 2112 (SPET = 0.05 µg/day) when used as fl avouring agents.

For 2-pentylthiazole (No. 2108), 4,5-dimethyl-2-isobutylthiazole (No. 2109) 
and 5-ethyl-2-methylthiazole (No. 2113), available data on the structurally 
related 2,4-dimethyl-5-vinylthiazole (No. 1039) give a NOEL of 0.92 mg/kg 
bw per day from a 90-day study in rats. This provides respective margins of 
exposure of 110 000, 180 000 and 28 000 in relation to the dietary expo-
sures to No. 2108 (SPET = 0.5 µg/day), No. 2109 (SPET = 0.3 µg/day) and 
No. 2113 (SPET = 2 µg/day) when used as fl avouring agents.

For 2-ethyl-2,5-dihydro-4-methylthiazoline (No. 2114) and 4-methyl-3-thi-
azoline (No. 2115), available data on the structurally related 2-(2-butyl)-
4,5-dimethyl-3-thiazoline (No. 1059) give a NOEL of 1.2 mg/kg bw per 
day from a 90-day study in rats. This provides respective margins of expo-
sure of 800 and 18 000 in relation to the dietary exposures to No. 2114 
(SPET = 90 µg/day) and No. 2115 (SPET = 4 µg/day) when used as fl avour-
ing agents. For No. 2114, the margin of exposure calculated using the MSDI 
of 0.01 µg/day is 7.2 million.
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3  The Committee noted that No. 2116 was originally submitted as a mixture of two isomers, but that only 
one of the two isomers is in commercial use.

For 2-ethyl-4,6-dimethyldihydro-1,3,5-dithiazine (No. 2116)3, available data 
on the structurally related 2-isopropyl-4,6-dimethyldihydro-1,3,5-dithiazine 
and 4-isopropyl-2,6-dimethyldihydro-1,3,5-dithiazine (mixture of isomers; 
No. 1047) give a NOEL of 11 mg/kg bw per day from a 14-day study in 
rats. This provides a margin of exposure of 73 000 in relation to the dietary 
e xposure to No. 2116 (SPET = 9 µg/day) when used as a fl avouring agent.

  Consideration of the fl avouring agent with high exposure evalu-
ated via the B-side of the decision-tree:

Short-term toxicity data are available on 4-amino-5,6-dimethylthieno[2,3-d]-
pyrimidin-2(1H)-one hydrochloride (No. 2117). In a 90-day rat study, the 
NOAEL of 60 mg/kg bw per day provides margins of exposure of approxi-
mately 800 in relation to the dietary exposure calculated using the SPET 
(4500 µg/day) and 33 000 in relation to the MSDI (110 µg/day) when No. 2117 
is used as a fl avouring agent. Therefore, No. 2117 is not considered to pose a 
safety concern at current estimated dietary exposure.

The Committee therefore concluded that none of the 12 additional fl avour-
ing agents (Nos 2106–2117) belonging to the group of sulfur-containing 
heterocyclic compounds would pose a safety concern at current estimated 
dietary exposures. Table 17 summarizes the evaluations of these additional 
fl  avouring agents.

 Consideration of combined intakes from use as fl avouring agents

The highest MSDI for members of the current group of fl avouring agents is 
110 µg/day (No. 2117). No. 2117 does not share a close structural relation-
ship with any other members of the current group or with those members 
evaluated previously. The MSDI values of the remaining members of the 
current group are negligible (≤0.2 µg/day). Combined intakes are therefore 
not a safety concern.

 Consideration of secondary components

Two fl avouring agents in this group (Nos 2114 and 2116) have minimum assay 
values of less than 95% (Annex 4). The secondary components of 2-ethyl-2,5-
dihydro-4-methylthiazole (No. 2114) are 2-ethyl-4-methyl-4,5-dihydrothia-
zole-4-ol (2–3%), 3,4-dimethylthiophene (2–3%) and 2-ethyl-4-methylthia-
zole (2–3%). 3,4-Dimethylthiophene (No. 2110) is a member of the current 
group. 2-Ethyl-4-methylthiazole (No. 1044) was evaluated at the fi fty-ninth 
meeting (Annex 1, reference 160) and concluded to be of no safety concern 



128

at estimated dietary exposures when used as a fl avouring agent. 2-Ethyl-4-
methyl-4,5-dihydrothiazole-4-ol is anticipated to undergo further oxidative 
metabolism and/or conjugate formation with subsequent elimination in urine. 
It does not present a safety concern at current estimated dietary exposures.

The secondary components of 2-ethyl-4,6-dimethyldihydro-1,3,5-dithiazine 
(No. 2116)—namely, 2,4,6-trimethyldihydro-4H-1,3,5-dithiazine (No. 1049) 
and 3,5-diethyl-1,2,4-trithiolane (No. 1686)—were evaluated at the fi fty-
ninth and sixty-eighth meetings of the Committee, respectively (Annex 1, 
references 160 and 187), and concluded to be of no safety concern at esti-
mated dietary exposures.

 Conclusion

In the previous evaluations of members of this group, studies of acute tox-
icity, short-term studies of toxicity, and studies of genotoxicity and reproduc-
tive and developmental toxicity were available. The toxicity data available 
for this evaluation supported the previous evaluations.

The Committee concluded that none of the 12 fl avouring agents evaluated 
at the present meeting, which are additions to the group of sulfur-containing 
heterocyclic compounds evaluated previously, raise any safety concerns at 
current estimated dietary exposures.

An addendum to the toxicological monograph was prepared.

4.1.16  Sulfur-substituted furan derivatives

 Explanation

The Committee evaluated a group of nine fl avouring agents belonging to 
the group of sulfur-substituted furan derivatives. The additional fl avouring 
agents included one furfuryl mercaptan (No. 2090), two furyl disulfi des 
(Nos 2091 and 2092), one tetrahydrofurfuryl thiol (No. 2093), two furfuryl 
thioethers (Nos 2094 and 2096), one furyl thioether (No. 2095), one dihy-
drofuryl thiol (No. 2097) and one tetrahydrofuryl thioester (No. 2098). The 
evaluations were conducted according to the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Figure 1) (Annex 1, reference 131). None of 
these fl avouring agents have previously been evaluated by the Committee.

The Committee evaluated 33 other members of this group of fl avouring 
agents at the fi fty-ninth meeting (Annex 1, reference 160). It was concluded 
that none of the 33 fl avouring agents would give rise to safety concerns based 
on estimated dietary exposures.

One of the nine fl avouring agents, 5-methylfurfuryl mercaptan (No. 2090), 
considered at the current meeting has been reported to occur naturally in 
food and has been detected in coffee and roasted sesame (35, 36).
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 Assessment of dietary exposure

The total annual volumes of production of the sulfur-substituted furan deriva-
tives are approximately 11 kg in the USA, 52 kg in Europe and 5 kg in Japan. 
Approximately 95% of the volume of production reported in Europe is from 
one substance, 2-methyl-4,5-dihydrofuran-3-thiol (No. 2097). Additionally, 
approximately 95% of the reported volume of production in the USA is from 
3-[(2-methyl-3-furyl)thio]butanal (No. 2095), while in Japan, 99% of the 
reported volume of production is from 2-tetrahydrofurfuryl 2-mercaptopro-
pionate (No. 2093).

Dietary exposures were estimated using the MSDI method and the SPET, and 
the highest estimates are reported in Table 18. The estimated daily dietary 
exposure is highest for 1-(2-furfurylthio)-propanone (No. 2096) (600 µg, the 
SPET value obtained from instant coffee and tea). For the other fl avouring 
agents, the estimated daily dietary exposures range from 0.01 to 200 µg, with 
the SPET yielding the highest estimates except for No. 2095, for which the 
MSDI estimate was higher.

Annual volumes of production of this group of fl avouring agents as well as 
the daily dietary exposures calculated using both the MSDI method and the 
SPET are summarized in Table 19.

 Absorption, distribution, metabolism and elimination

At the fi fty-ninth meeting of the Committee, no metabolism data were avail-
able for the 33 sulfur-substituted furan derivatives evaluated (Annex 1, 
r eference 160). Because all members of the group contain a reactive divalent 
sulfur atom attached to the heteroaromatic or heterocyclic ring, these fl avouring 
agents were predicted to be metabolized via reactions of the divalent sulfur.

Published metabolism data were provided for the current meeting on the 
previously evaluated fl avouring agents 2-methyl-3-furanthiol (No. 1060) and 
furfuryl mercaptan (No. 1072). Both fl avouring agents were shown to be 
metabolized in vitro to their thiofuran methyl sulfi de derivatives, which were 
subsequently S-oxidized to form thiofuran methyl sulfoxides (37).

No data were provided on the nine additional sulfur-substituted furan deriva-
tives evaluated by the Committee at its current meeting. Each of these fl a-
vouring agents contains one or more divalent sulfur atoms and is predicted 
to be metabolized via reactions of the divalent sulfur plus hydrolysis of ester 
groups and oxidation of aldehyde groups.

  Application of the Procedure for the Safety Evaluation of Flavouring 
Agents

Step 1. In applying the Procedure for the Safety Evaluation of Flavouring 
Agents to these nine fl avouring agents, the Committee assigned all of the 
fl avouring agents to structural class III (10).
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Table 19
Annual volumes of production and daily dietary exposures for sulfur-substituted furan 
derivatives used as fl avouring agents in Europe, the USA and Japan

Flavouring agent (No.) Most recent 
annual 
volume of 
production 
(kg)a

Dietary exposure Natural 
occurrence 
in foods 

MSDIb SPETc

µg/day µg/kg bw 
per day

µg/day µg/kg bw 
per day

5-Methylfurfuryl mercaptan (2090) 1.5 0.03 +d

Europe 0.1 0.01 0.0002

USA 0.1 0.01 0.0002

Japan ND ND ND

2-Methyl-3-furyl methylthiomethyl 
disulfi de (2091)

0.6 0.01 −

Europe ND ND ND

USA 0.1 0.01 0.0002

Japan ND ND ND

2-Methyl-3-furyl 2-methyl-3-tetrahydrofuryl 
disulfi de (2092)

20 0.3 −

Europe ND ND ND

USA ND ND ND

Japan 0.2 0.1 0.001

2-Tetrahydrofurfuryl 
2-mercaptopropionate (2093)

200 3 −

Europe ND ND ND

USA ND ND ND

Japan 5 1.4 0.02

Methyl 3-(furfurylthio)propionate 
(2094)

5 0.1 −

Europe 2 0.2 0.003

USA 0.2 0.02 0.0004

Japan 0.2 0.1 0.001

3-[(2-Methyl-3-furyl)thio]butanal 
(2095)

0.6 0.01 −

Europe ND ND ND

USA 10 1.1 0.02

Japan ND ND ND

1-(2-Furfurylthio)-propanone (2096) 600 10 −

Europe 0.1 0.01 0.0002

USA 0.1 0.01 0.0002

Japan ND ND ND
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Flavouring agent (No.) Most recent 
annual 
volume of 
production 
(kg)a

Dietary exposure Natural 
occurrence 
in foods 

MSDIb SPETc

µg/day µg/kg bw 
per day

µg/day µg/kg bw 
per day

2-Methyl-4,5-dihydrofuran-3-thiol 
(2097)

115 2 −

Europe 50 5 0.09

USA ND ND ND

Japan ND ND ND

(±)-2-Methyltetrahydrofuran-3-thiol 
acetate (2098)

5 0.1 −

Europe 0.1 0.01 0.0002

USA 0.1 0.01 0.0002

Japan ND ND ND

Total

Europe 52

USA 11

Japan 5.4

ND, no data reported; +, reported to occur naturally in foods, but no quantitative data; −, not reported to 
occur naturally in foods

a From references 16–19. Values greater than 0 kg but less than 0.1 kg were reported as 0.1 kg.
b MSDI (µg/person per day) calculated as follows:
 (annual volume, kg) × (1 × 109 µg/kg)/(population × survey correction factor × 365 days), where popula-

tion (10%, “eaters only”) = 32 × 106 for Europe, 31 × 106 for the USA and 13 × 106 for Japan; and where 
survey correction factor = 0.8 for the surveys in Europe, the USA and Japan, representing the assump-
tion that only 80% of the annual fl avour volume was reported in the poundage surveys (16–19).

 MSDI (µg/kg bw per day) calculated as follows:
 (µg/person per day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.
c SPET (µg/person per day) calculated as follows:
 (standard food portion, g/day) × (average use level) (19). 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/person per day)/body weight, where body weight = 60 kg. Slight variations may occur from rounding.
d Reported to occur naturally in food (35, 36).

Table 19 (continued)

Step 2. None of the fl avouring agents in this group can be predicted to be 
metabolized to innocuous products. The evaluation of these fl avouring agents 
therefore proceeded via the B-side of the Procedure.

Step B3. The highest estimated dietary exposures for six of the fl avouring 
agents (Nos 2090–2092, 2094, 2095 and 2098) are below the threshold of 
concern (i.e. 90 µg/person per day for class III). Accordingly, the evaluation 
of these six fl avouring agents proceeded to step B4.
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The highest estimated dietary exposures for three of the fl avouring agents 
(Nos 2093, 2096 and 2097) are above the threshold of concern (i.e. 90 µg/per-
son per day for class III). Accordingly, for these three fl avouring agents, data 
are required on the fl avouring agent or a closely related substance in order to 
perform a safety evaluation.

Step B4. For 5-methylfurfuryl mercaptan (No. 2090), available data on the 
structurally related furfuryl mercaptan (No. 1072) from a 90-day study in 
rats give a NOEL of 3 mg/kg bw per day (38). This provides an adequate 
margin of exposure of 120 000 in relation to the highest estimated dietary 
exposure to No. 2090 (SPET = 1.5 µg/day) when used as a fl avouring agent.

For 2-methyl-3-furyl methylthiomethyl disulfi de (No. 2091), available data 
on the structurally related methyl 2-methyl-3-furyl disulfi de (No. 1064) from 
a 90-day study in rats give a NOEL of 1.2 mg/kg bw per day (39). This pro-
vides an adequate margin of exposure of 120 000 in relation to the highest 
estimated dietary exposure to No. 2091 (SPET = 0.6 µg/day) when used as 
a fl avouring agent.

For 2-methyl-3-furyl 2-methyl-3-tetrahydrofuryl disulfi de (No. 2092), available 
data on the structurally related 2-methyl-3-furanthiol (No. 1060) from a 90-day 
study in rats give a NOEL of 5 mg/kg bw per day (40). This provides an ade-
quate margin of exposure of 15 000 in relation to the highest estimated dietary 
exposure to No. 2092 (SPET = 20 µg/day) when used as a fl avouring agent.

For methyl 3-(furfurylthio)propionate (No. 2094) and 3-[(2-methyl-3-fur-
yl)thio]butanal (No. 2095), available data on the structurally related ethyl 
3-(furfurylthio)propionate (No. 1088) from a 90-day study in rats give a 
NOEL of 17 mg/kg bw per day (41). This provides adequate margins of 
exposure of 200 000 and 900 000, respectively, in relation to the highest 
estimated dietary exposures to No. 2094 (SPET = 5 µg/day) and No. 2095 
(MSDI = 1.1 µg/day) when used as fl avouring agents.

For 2-methyltetrahydrofuran-3-thiol acetate (No. 2098), available data on 
the structurally related 2-methyl-3-thioacetoxy-4,5-dihydrofuran (No. 1089) 
from a 1-year study in rats give a NOEL of 8.3 mg/kg bw per day (42). This 
provides an adequate margin of exposure of 100 000 in relation to the h ighest 
estimated dietary exposure to No. 2098 (SPET = 5 µg/day) when used as a 
fl avouring agent.

  Consideration of fl avouring agents with high exposure evaluated 
via the B-side of the decision-tree:

For 2-tetrahydrofurfuryl 2-mercaptopropionate (No. 2093), a NOEL for 
this fl avouring agent or a structurally related substance was not available. 
T herefore, for this fl avouring agent, the Committee concluded that additional 
data would be necessary to complete the safety evaluation.
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For 1-(2-furfurylthio)-propanone (No. 2096), available data on the struc-
turally related 3-[(2-methyl-3-furyl)thio]-4-heptanone (No. 1085) from a 
90-day study in rats give a NOEL of 3.8 mg/kg bw per day (43). This pro-
vides a margin of exposure of 380 in relation to the SPET (600 µg/day) and 
greater than 20 million in relation to the MSDI (0.01 µg/day) when No. 2096 
is used as a fl avouring agent.

For 2-methyl-4,5-dihydrofuran-3-thiol (No. 2097), available data on the 
structurally related 2-methyl-3-thioacetoxy-4,5-dihydrofuran (No. 1089), 
which is predicted to be hydrolysed to 2-methyl-4,5-dihydrofuran-3-thiol, 
from a 1-year study in rats give a NOEL of 8.3 mg/kg bw per day (42). This 
provides an adequate margin of exposure of 4300 in relation to the highest 
estimated dietary exposure to No. 2097 (SPET = 115 µg/day) when used as 
a fl avouring agent.

Table 18 summarizes the evaluations of the nine sulfur-substituted furan 
derivatives in this group (Nos 2090–2098).

 Consideration of combined intakes from use as fl avouring agents

The highest MSDI values for members of the current group are 5 µg/day 
(No. 2097), 1.4 µg/day (No. 2093) and 1.1 µg/day (No. 2095). The dietary 
exposures to the fl avouring agents evaluated at the present meeting would not 
contribute signifi cantly to the combined intakes considered at the fi fty-ninth 
meeting.

 Consideration of secondary components

One fl avouring agent in this group, 2-methyl-4,5-dihydrofuran-3-thiol 
(No. 2097), has a minimum assay value of less than 95% (named material 
55%) (Annex 4). The secondary components of 2-methyl-4,5-dihydrofuran-
3-thiol (No. 2097)—namely, 2-methyl-3-furanthiol (No. 1060) (5–7%) and 
2-methyl-3-tetrahydrofuranthiol (No. 1090) (35–40%)—were evaluated by 
the Committee at its fi fty-ninth meeting and were concluded to be of no 
safety concern at estimated dietary exposures (Annex 1, reference 160).

 Conclusion

In the previous evaluation of sulfur-substituted furan derivatives, studies of 
acute toxicity and short-term studies of toxicity were available. Results from 
the short-term studies of toxicity were used to support the safety evalua-
tions of eight of the nine additional members of this group considered at the 
present meeting.

The Committee concluded that eight of the nine fl avouring agents evaluated 
at the present meeting, which are additions to the group of sulfur-substituted 
furan derivatives evaluated previously, do not raise any safety concerns at 
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current estimated dietary exposures. For the remaining fl avouring agent 
(No. 2093), no appropriate toxicity data were available on the fl avouring 
agent or a closely related substance. The Committee concluded that for this 
fl avouring agent, additional data would be required to complete the safety 
evaluation.

An addendum to the toxicological monograph was not prepared.

4.2 Specifi cations of identity and purity of fl avouring agents

4.2.1  New specifi cations

The Committee received information related to specifi cations for the 111 
new fl avouring agents from the call for data for the present meeting. Speci-
fi cations were prepared for 107 fl avouring agents. At the current meeting, 
no specifi cations were prepared for four substances (Nos 2069, 2124, 2168 
and 2169). Specifi cations for the fl avouring agents Nos 2153 and 2154 were 
made tentative pending the submission of further information (see Annex 3). 
The specifi cations prepared for 18 fl avouring agents—No. 2137 (see sec-
tion 4.1.2); Nos 2103–2105 (see section 4.1.3); Nos 2147–2149 (see sec-
tion 4.1.6); Nos 2099–2102 (see section 4.1.7); Nos 2150, 2152, 2156 and 
2158–2160 (see section 4.1.12); and No. 2093 (see section 4.1.16)—include 
a statement that the safety evaluations for these fl avouring agents had not 
been completed. The evaluation for No. 2151 is temporary pending receipt 
of additional toxicological data (see section 4.1.12).

The Committee noted that the Flavor and Extract Manufacturers Association 
of the United States (FEMA) number provided for No. 2116 encompasses 
two substances, but only one of the substances was evaluated for safety and 
specifi cations at the current meeting. As a result, a FEMA number was not 
included in the specifi cations monograph for No. 2116.
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5. Future work

 Food additives (other than fl avouring agents)

  Food additive specifi cations

For the revision of the specifi cation for paprika extract, no data were received, 
and, based on the commitment by the sponsor to provide data for a future 
meeting, this evaluation was postponed.

With respect to the introduction of a method based on ICP-AES in the speci-
fi cations monograph of magnesium dihydrogen diphosphate to replace the 
existing method for the determination of phosphorus as phosphorus pentox-
ide, the Committee may consider replacing corresponding methods for other 
diphosphate additives at a future meeting.

The Committee noted that the current specifi cations monograph for titanium 
dioxide has a provision for aluminium oxide, up to a maximum level of 2%. 
Consequently, the Committee may consider inclusion of titanium dioxide in 
evaluations of the dietary exposure to aluminium.

 Food additives containing aluminium and/or silicon

The Committee, while reviewing the specifi cations of food additives contain-
ing aluminium and silicon, considered it relevant to update the test methods 
for the determination of aluminium oxide and silicon dioxide. Some of the 
test methods for the food additives listed in section 2.5.3 use potentially cor-
rosive or hazardous reagents that are not always permitted in current labora-
tory practices because of safety concerns. The Committee also noted that the 
specifi cations of some additives were rather old or tentative and that it requires 
additional information to revise the specifi cations. Consequently, the Com-
mittee recommends placing these additives on the agenda for re-evaluation.

 Food additives containing magnesium and phosphate

The Committee noted that an ADI “not specifi ed” has been allocated individ-
ually to a number of magnesium-containing food additives and r ecommended 
that total dietary exposure to magnesium from food additives and other 
sources in the diet should be assessed.
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The information submitted to the Committee for its evaluation of the food 
additive magnesium dihydrogen diphosphate and in the scientifi c literature 
did not indicate that the MTDI of 70 mg/kg bw for phosphate salts, expressed 
as phosphorus, is insuffi ciently health protective. On the contrary, because 
the basis for its derivation might not be relevant to humans, it could be overly 
conservative. Therefore, there is a need to review the toxicological basis of 
the MTDI for phosphate salts expressed as phosphorus.

 Flavouring agents

 Specifi cations for fl avouring agents

The specifi cations for Nos 2153 (2-acetyl-4-isopropenylpyridine) and 2154 
(4-acetyl-2-isopropenylpyridine) were made tentative at the current meet-
ing because the submitted information was insuffi cient. The two fl avouring 
agents are positional isomers, and the Committee concluded that the current 
specifi cations would not allow for differentiation between the two substances. 
Information that could be used to differentiate between the two substances 
(e.g. optical [specifi c] rotation) is requested.

Aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic acids and 
related esters, sulfi des, disulfi des and ethers containing furan substitution

The Committee concluded that the Procedure could not be applied to this 
group because of unresolved toxicological concerns. Studies that could assist 
in the safety evaluation include investigations of the infl uence of the nature 
and position of furan ring substitutions on metabolism and covalent bind-
ing to macromolecules, demonstration of the ring opening and reactivity of 
the resulting products. Depending on the fi ndings, additional genotoxicity or 
other studies might be needed.

 Furfuryl alcohol and related substances

New in vitro and in vivo studies raise concerns regarding the potential geno-
toxicity of furfuryl alcohol and derivatives that can be metabolized to furfuryl 
alcohol (e.g. furfuryl esters). The Committee concluded that this group of fl a-
vouring agents could not be evaluated according to the Procedure because of 
the unresolved concerns regarding genotoxicity. In addition, the group ADI 
previously established by the Committee will need to be reconsidered at a 
future meeting.

 Pyridine, pyrrole and quinoline derivatives

For 2,4-dimethylpyridine (No. 2151), the safety evaluation was made tem-
porary, pending the submission of the full report of the critical study for the 
next JECFA meeting at which fl avouring agents are evaluated.
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  Additional data required to complete the evaluation according to the 
P rocedure for the Safety Evaluation of Flavouring Agents

Additional data are required to complete the toxicological evaluations of 11 
fl  avouring agents (Nos 2093, 2137, 2147–2150, 2152, 2156 and 2158–2160).
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Annex 1
   Reports and other documents 

resulting from previous meetings 
of the Joint FAO/WHO Expert 
Committee on Food Additives

1. General principles governing the use of food additives (First report 
of the Joint FAO/WHO Expert Committee on Food Additives). FAO 
Nutrition Meetings Report Series, No. 15, 1957; WHO Technical Report 
Series, No. 129, 1957 (out of print).

2. Procedures for the testing of intentional food additives to establish their 
safety for use (Second report of the Joint FAO/WHO Expert Committee 
on Food Additives). FAO Nutrition Meetings Report Series, No. 17, 
1958; WHO Technical Report Series, No. 144, 1958 (out of print).

3. Specifi cations for identity and purity of food additives (antimicrobial 
preservatives and antioxidants) (Third report of the Joint FAO/WHO 
Expert Committee on Food Additives). These specifi cations were 
subsequently revised and published as Specifi cations for identity 
and purity of food additives, Vol. I. Antimicrobial preservatives and 
antioxidants, Rome, Food and Agriculture Organization of the United 
Nations, 1962 (out of print).

4.  Specifi cations for identity and purity of food additives (food colours) 
(Fourth report of the Joint FAO/WHO Expert Committee on Food 
Additives). These specifi cations were subsequently revised and 
published as Specifi cations for identity and purity of food additives, 
Vol. II. Food colours, Rome, Food and Agriculture Organization of the 
United Nations, 1963 (out of print).

5. Evaluation of the carcinogenic hazards of food additives (Fifth report 
of the Joint FAO/WHO Expert Committee on Food Additives). FAO 
Nutrition Meetings Report Series, No. 29, 1961; WHO Technical Report 
Series, No. 220, 1961 (out of print).

6. Evaluation of the toxicity of a number of antimicrobials and antioxidants 
(Sixth report of the Joint FAO/WHO Expert Committee on Food 
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Additives). FAO Nutrition Meetings Report Series, No. 31, 1962; WHO 
Technical Report Series, No. 228, 1962 (out of print).

7.  Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: emulsifi ers, stabilizers, bleaching and maturing 
agents (Seventh report of the Joint FAO/WHO Expert Committee on 
Food Additives). FAO Nutrition Meetings Series, No. 35, 1964; WHO 
Technical Report Series, No. 281, 1964 (out of print).

8. Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: food colours and some antimicrobials and 
antioxidants (Eighth report of the Joint FAO/WHO Expert Committee 
on Food Additives). FAO Nutrition Meetings Series, No. 38, 1965; WHO 
Technical Report Series, No. 309, 1965 (out of print).

9. Specifi cations for identity and purity and toxicological evaluation of 
some antimicrobials and antioxidants. FAO Nutrition Meetings Report 
Series, No. 38A, 1965; WHO/Food Add/24.65 (out of print).

10. Specifi cations for identity and purity and toxicological evaluation of food 
colours. FAO Nutrition Meetings Report Series, No. 38B, 1966; WHO/
Food Add/66.25.

11. Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: some antimicrobials, antioxidants, emulsifi ers, 
stabilizers, fl our treatment agents, acids, and bases (Ninth report of the 
Joint FAO/WHO Expert Committee on Food Additives). FAO Nutrition 
Meetings Series, No. 40, 1966; WHO Technical Report Series, No. 339, 
1966 (out of print).

12. Toxicological evaluation of some antimicrobials, antioxidants, emulsifi ers, 
stabilizers, fl our treatment agents, acids, and bases. FAO Nutrition 
Meetings Report Series, No. 40A, B, C; WHO/Food Add/67.29.

13. Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: some emulsifi ers and stabilizers and certain 
other substances (Tenth report of the Joint FAO/WHO Expert Committee 
on Food Additives). FAO Nutrition Meetings Series, No. 43, 1967; WHO 
Technical Report Series, No. 373, 1967.

14. Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: some fl avouring substances and non nutritive 
sweetening agents (Eleventh report of the Joint FAO/WHO Expert 
Committee on Food Additives). FAO Nutrition Meetings Series, No. 44, 
1968; WHO Technical Report Series, No. 383, 1968.

15. Toxicological evaluation of some fl avouring substances and non nutritive 
sweetening agents. FAO Nutrition Meetings Report Series, No. 44A, 
1968; WHO/Food Add/68.33.

16. Specifi cations and criteria for identity and purity of some fl avouring 
substances and non-nutritive sweetening agents. FAO Nutrition 
Meetings Report Series, No. 44B, 1969; WHO/Food Add/69.31.
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17. Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: some antibiotics (Twelfth report of the Joint 
FAO/WHO Expert Committee on Food Additives). FAO Nutrition 
Meetings Series, No. 45, 1969; WHO Technical Report Series, No. 430, 
1969.

18. Specifi cations for the identity and purity of some antibiotics. FAO 
Nutrition Meetings Series, No. 45A, 1969; WHO/Food Add/69.34.

19. Specifi cations for the identity and purity of food additives and their 
toxicological evaluation: some food colours, emulsifi ers, stabilizers, 
anticaking agents, and certain other substances (Thirteenth report 
of the Joint FAO/WHO Expert Committee on Food Additives). FAO 
Nutrition Meetings Series, No. 46, 1970; WHO Technical Report Series, 
No. 445, 1970.

20.  Toxicological evaluation of some food colours, emulsifi ers, stabilizers, 
anticaking agents, and certain other substances. FAO Nutrition 
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Food Add/70.37.

22. Evaluation of food additives: specifi cations for the identity and purity of 
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FAO Nutrition Meetings Report Series, No. 48C, 1971; WHO/Food 
Add/70.41.

26. Evaluation of food additives: some enzymes, modifi ed starches, and 
certain other substances: Toxicological evaluations and specifi cations 
and a review of the technological effi cacy of some antioxidants (Fifteenth 
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Annex 2
Toxicological information and 
information on specifi cations

Food additives considered for specifi cations only

Food additive Specifi cationsa

Ethyl cellulose R

Mineral oil (medium viscosity) Nb

Modifi ed starches R

Titanium dioxide R

a N, new specifi cations; R, existing specifi cations revised.
b The existing specifi cations for mineral oil (medium and low viscosity) were withdrawn (see below).

Food additives evaluated toxicologically and assessed for dietary 
exposure

Food additive Specifi cationsa Acceptable or tolerable daily intakes and other 
toxicological recommendations

Magnesium 
dihydrogen 
diphosphate

N Although an acceptable daily intake (ADI) “not specifi ed”b 
has been established for a number of magnesium salts 
used as food additives, the estimated chronic dietary 
exposures to magnesium (960 mg/day for a 60 kg 
adult at the 95th percentile) from the proposed uses of 
magnesium dihydrogen diphosphate are up to twice the 
background exposures from food previously noted by 
the Committee (180–480 mg/day) and in the region of 
the minimum laxative effective dose of approximately 
1000 mg of magnesium when taken as a single dose. The 
estimates of dietary exposure to phosphorus from the 
proposed uses of magnesium dihydrogen diphosphate 
were in the region of, or slightly exceeded, the maximum 
tolerable daily intake (MTDI) of 70 mg/kg body weight (bw) 
for phosphate salts, expressed as phosphorus, from this 
source alone. Thus, the MTDI is further exceeded when 
other sources of phosphate in the diet are taken into
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Food additive Specifi cationsa Acceptable or tolerable daily intakes and other 
toxicological recommendations

account. The Committee therefore concluded that the 
proposed use levels and food categories result in an 
estimated dietary exposure to magnesium dihydrogen 
diphosphate that is of potential concern.

The Committee emphasized that in evaluating 
individual phosphate-containing food additives, there 
is a need for assessment of total dietary exposure to 
phosphorus.

The Committee recommended that total dietary 
exposure to magnesium from food additives and 
other sources in the diet should be assessed.

The information submitted to the Committee and in 
the scientifi c literature did not indicate that the MTDI 
of 70 mg/kg bw for phosphate salts, expressed as 
phosphorus, is insuffi ciently health protective. On the 
contrary, because the basis for its derivation might not 
be relevant to humans, it could be overly conservative. 
Therefore, the Committee recommended that the 
toxicological basis of the MTDI for phosphate salts 
expressed as phosphorus be reviewed.

Mineral oil 
(medium and 
low viscosity) 
classes II 
and III

W The Committee concluded that the newly submitted 
data did not adequately address its previous requests 
for information on the relevance to humans of the 
response of F344 and Sprague-Dawley rats to mineral 
oil (medium and low viscosity) classes II and III. The 
studies were conducted with a single administration, and 
it was not possible to predict the concentration in the 
target organ (liver) at steady state, or the potential for 
accumulation, in humans. Information requested at the 
forty-fourth meeting on compositional factors of mineral 
oils that infl uence absorption and toxicity had not been 
provided for materials meeting the criteria of mineral oil 
(medium and low viscosity) classes II and III.

The Committee noted that hydrocarbon deposits with 
carbon numbers consistent with mineral oils, including 
those of classes II and III, and associated lesions 
have been reported in human tissues, demonstrating 
the potential relevance to humans of the effects in the 
F344 rat. Because all blood levels were below the limit 
of detection in the single-dose human toxicokinetic 
study, it was not possible to reach conclusions on the 
rate of elimination of mineral oils in humans or on 
the concentration in the liver at steady state following 
prolonged exposure. Therefore, the new data did not 
provide information that would allow an ADI to be 
established based on internal exposure.
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Food additive Specifi cationsa Acceptable or tolerable daily intakes and other 
toxicological recommendations

Similarly, it was not possible to establish an ADI based on 
external dose in the absence of information on the relative 
accumulation potential of classes II and III mineral oils in 
humans compared with rats.

The Committee noted that the temporary group ADI for 
mineral oil (medium and low viscosity) classes II and III 
had been established in 1995 and extended on a number 
of occasions. As data supporting the establishment of 
a full ADI had not been made available, the previously 
established temporary group ADI was withdrawn.

3-Phytase 
from 
Aspergillus 
niger 
expressed in 
Aspergillus 
niger

N Comparing the conservative exposure estimate with 
the no-observed-adverse-effect level (NOAEL) from 
the 13-week study of oral toxicity in rats, the margin 
of exposure is approximately 250. The Committee 
allocated an ADI “not specifi ed”b for 3-phytase 
enzyme preparation from A. niger expressed in 
A. niger, used in the applications specifi ed and in 
accordance with good manufacturing practice.

Serine 
protease 
(chymotrypsin) 
from 
Nocardiopsis 
prasina 
expressed 
in Bacillus 
licheniformis

N Comparing the exposure estimate with the NOAEL from 
the 13-week study of oral toxicity in rats, the margin 
of exposure is approximately 350. The Committee 
allocated an ADI “not specifi ed”b for serine protease 
(chymotrypsin) enzyme preparation from N. prasina 
expressed in the production strain B. licheniformis, 
used in the applications specifi ed and in accordance 
with good manufacturing practice.

Serine 
protease 
(trypsin) from 
Fusarium 
oxysporum 
expressed 
in Fusarium 
venenatum

N Comparing the dietary exposure estimate with the NOAEL 
from the 13-week study of oral toxicity in rats, the margin 
of exposure is approximately 1200. The Committee 
allocated an ADI “not specifi ed”b for serine protease 
(trypsin) enzyme preparation from F. oxysporum 
expressed in the production strain F. venenatum, used 
in the applications specifi ed and in accordance with 
good manufacturing practice.

a N, new specifi cations; W, existing specifi cations withdrawn.
b  ADI “not specifi ed” is used to refer to a food substance of very low toxicity that, on the basis of the 

available data (chemical, biochemical, toxicological and other) and the total dietary exposure to the 
substance arising from its use at the levels necessary to achieve the desired effects and from its ac-
ceptable background levels in food, does not, in the opinion of the Committee, represent a hazard to 
health. For that reason, and for the reasons stated in the individual evaluations, the establishment of an 
ADI expressed in numerical form is not deemed necessary. An additive meeting this criterion must be 
used within the bounds of good manufacturing practice—i.e. it should be technologically effi cacious and 
should be used at the lowest level necessary to achieve this effect, it should not conceal food of inferior 
quality or adulterated food, and it should not create a nutritional imbalance.
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Flavouring agents evaluated by the Procedure for the Safety 
Evaluation of Flavouring Agents4

A. Aliphatic and aromatic amines and amides

Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

Structural class I

2-Aminoacetophenone 2043 N No safety concern

Structural class III

(2E,6E/Z,8E)-N-(2-Methylpropyl)-2,6,8-
decatrienamide

2077 N No safety concern

(2S,5R)-N-[4-(2-Amino-2-oxoethyl)-
phenyl]-5-methyl-2-(propan-2-yl)-
cyclohexanecarboxamide

2078 N No safety concern

(1R,2S,5R)-N-(4-Methoxyphenyl)-5-methyl-2-
(1-methylethyl)cyclohexanecarboxamide

2079 N No safety concern

N-Cyclopropyl-5-methyl-2-
isopropylcyclohexanecarboxamide 

2080 N No safety concern

N-(2-Methylcyclohexyl)-2,3,4,5,6-
pentafl uorobenzamide

2081 N No safety concern

3[(4-Amino-2,2-dioxido-1H-2,1,3-
benzothiadiazin-5-yl)oxy]-2,2-dimethyl-N-
propylpropanamide

2082 N No safety concern

a N, new specifi cations.

B. Aliphatic and aromatic ethers

Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

Structural class II

3,6-Dimethyl-2,3,3a,4,5,7a-
hexahydrobenzofuran

2133 N No safety concern

4  The fl avouring agent 2-phenyl-2-methyl-2-hexenal (No. 2069) was submitted for evaluation in the 
group of aliphatic linear α,β-unsaturated aldehydes, acids and related alcohols, acetals and esters; the 
Committee considered that it did not belong to this group of fl avouring agents, and therefore it was 
not further considered. The safety of the submitted substance (3R)-4-[[(1S)-1-benzyl-2-methoxy-2-
oxo-ethyl]amino]-3-[3-(3-hydroxy-4-methoxy-phenyl)propylamino]-4-oxo-butanoic acid hydrate 
(Advantame, No. 2124) in the group of amino acids and related substances was not assessed; the 
Committee decided that it would not be appropriate to evaluate this substance as a fl avouring agent, 
because it is a low-calorie intense sweetener. The safety of the two submitted substances rebaudioside 
C (No. 2168) and rebaudioside A (No. 2169) in the group of phenol and phenol derivatives was not 
assessed; the Committee decided that it would not be appropriate to evaluate these substances as 
fl avouring agents, as they had already been evaluated as food additives (sweeteners).
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Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

Ethyl linalyl ether 2134 N No safety concern

Linalool oxide pyranoid 2135 N No safety concern

Nerolidol oxide 2137 N Additional data 
required to complete 
evaluation

Methyl hexyl ether 2138 N No safety concern 

Myrcenyl methyl ether 2139 N No safety concern

Digeranyl ether 2142 N No safety concern

Structural class III

Isoamyl phenethyl ether 2136 N No safety concern

5-Isopropyl-2,6-diethyl-2-methyltetrahydro-
2H-pyran

2140 N No safety concern

Butyl β-naphthyl ether 2141 N No safety concern

a N, new specifi cations.

C.  Aliphatic hydrocarbons, alcohols, aldehydes, ketones, carboxylic a cids and 
related esters, sulfi des, disulfi des and ethers containing furan s ubstitution

The Committee concluded that the Procedure could not be applied to this group 
because of unresolved toxicological concerns. Studies that could assist in the safety 
evaluation include investigations of the infl uence of the nature and position of furan 
ring substitutions on metabolism and covalent binding to macromolecules, demon-
stration of the ring opening and reactivity of the resulting products. Depending on 
the fi ndings, additional genotoxicity or other studies might be needed.

Flavouring agent No. Specifi cationsa

2-Pentylfuran 1491 M

2-Heptylfuran 1492 M

2-Decylfuran 1493 M

3-Methyl-2-(3-methylbut-2-enyl)-furan 1494 M

3-(2-Furyl)acrolein 1497 M

3-(5-Methyl-2-furyl)prop-2-enal 1499 M

2-Furyl methyl ketone 1503 M

2-Acetyl-5-methylfuran 1504 M

2-Acetyl-3,5-dimethylfuran 1505 M

2-Butyrylfuran 1507 M

(2-Furyl)-2-propanone 1508 M

2-Pentanoylfuran 1509 M
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Flavouring agent No. Specifi cationsa

1-(2-Furyl)butan-3-one 1510 M

4-(2-Furyl)-3-buten-2-one 1511 M

Ethyl 3-(2-furyl)propanoate 1513 M

Isobutyl 3-(2-furan)propionate 1514 M

Isoamyl 3-(2-furan)propionate 1515 M

Isoamyl 4-(2-furan)butyrate 1516 M

Phenethyl 2-furoate 1517 M

Furfuryl methyl ether 1520 M

Ethyl furfuryl ether 1521 M

Difurfuryl ether 1522 M

2,5-Dimethyl-3-furanthiol acetate 1523 M

Furfuryl 2-methyl-3-furyl disulfi de 1524 M

3-[(2-Methyl-3-furyl)thio]-2-butanone 1525 M

O-Ethyl S-(2-furylmethyl)thiocarbonate 1526 M

2,3-Dimethylbenzofuran 1495 M

2,4-Difurfurylfuran 1496 M

2-Methyl-3(2-furyl)acrolein 1498 M

3-(5-Methyl-2-furyl)-butanal 1500 M

2-Furfurylidene-butyraldehyde 1501 M

2-Phenyl-3-(2-furyl)prop-2-enal 1502 M

3-Acetyl-2,5-dimethylfuran 1506 M

Pentyl 2-furyl ketone 1512 M

Propyl 2-furanacrylate 1518 M

2,5-Dimethyl-3-oxo-(2H)-fur-4-yl butyrate 1519 M

(E)-Ethyl 3-(2-furyl)acrylate 2103 N

Di-2-furylmethane 2104 N

2-Methylbenzofuran 2105 N

a M, specifi cations maintained; N, new specifi cations.

D.  Aliphatic linear α,β-unsaturated aldehydes, acids and related alcohols, 
acetals and esters

Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

Structural class I

trans-2-Nonenyl acetate 2163 N No safety concern

Propyl sorbate 2164 N No safety concern

cis-2-Octenol 2165 N No safety concern



173

Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

trans-2-Tridecenol 2166 N No safety concern

Ethyl 2-hexenoate (mixture of isomers) 2167 N No safety concern

a N, new specifi cations.

E. Amino acids and related substances

Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

Structural class I

L-Ornithine (as the monochlorohydrate) 2120 N No safety concern

L-Alanyl-L-glutamine 2121 N No safety concern

L-Methionylglycine 2122 N No safety concern

Glutamyl-valyl-glycine 2123 N No safety concern

a N, new specifi cations.

The Committee considered that the use of the Procedure for the Safety Evaluation 
of Flavouring Agents was inappropriate for two members of this group—namely, 
L-isoleucine (No. 2118) and L-threonine (No. 2119). In view of the fact that these 
substances are macronutrients and normal components of protein, the Committee 
concluded that the use of these substances as fl avouring agents would not raise any 
safety concerns at current estimated dietary exposures.

Flavouring agent No. Specifi cationsa

L-Isoleucine 2118 N

L-Threonine 2119 N

a N, new specifi cations.

F. Epoxides

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class III

Ethyl α-ethyl-β-methyl-β-phenylglycidate 2143 N No safety concern

Methyl β-phenylglycidate 2144 N No safety concern

d-8-p-Menthene-1,2-epoxide 2145 N No safety concern

l-8-p-Menthene-1,2-epoxide 2146 N No safety concern

2,3-Epoxyoctanal 2147 N Additional data required 
to complete evaluation
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Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

2,3-Epoxyheptanal 2148 N Additional data required 
to complete evaluation

2,3-Epoxydecanal 2149 N Additional data required 
to complete evaluation

a  N, new specifi cations.

G. Furfuryl alcohol and related substances

New in vitro and in vivo studies raise concerns regarding the potential genotox-
icity of furfuryl alcohol and derivatives that can be metabolized to furfuryl alcohol 
(e.g. furfuryl esters). The Committee concluded that this group of fl avouring agents 
could not be evaluated according to the Procedure because of the unresolved con-
cerns regarding genotoxicity. In addition, the group ADI previously established by 
the Committee will need to be reconsidered at a future meeting.

Flavouring agent No. Specifi cationsa

5-Methylfurfuryl alcohol 2099 N

Furfural propyleneglycol acetal 2100 N

Furfuryl formate 2101 N

Furfuryl decanoate 2102 N

a N, new specifi cations.

H.  Linear and branched-chain aliphatic, unsaturated, unconjugated alcohols, 
aldehydes, acids and related esters

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class I

cis-3-Nonen-1-ol 2177 N No safety concern

trans-3-Nonen-1-ol 2178 N No safety concern

cis,cis-3,6-Nonadienyl acetate 2179 N No safety concern

trans-3-Hexenyl acetate 2180 N No safety concern

cis-3-Hexenoic acid 2181 N No safety concern

cis-3-Nonenyl acetate 2182 N No safety concern

cis-6-Nonenyl acetate 2183 N No safety concern

(Z)-5-Octenyl acetate 2184 N No safety concern

(E)-4-Undecenal 2185 N No safety concern

a N, new specifi cations.
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I. Miscellaneous nitrogen-containing compounds

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class II

3-(1-((3,5-Dimethylisoxazol-4-yl)methyl)-
1H-pyrazol-4-yl)-1-(3-hydroxybenzyl)-
imidazolidine-2,4-dione

2161 N No safety concern

3-(1-((3,5-Dimethylisoxazol-4-yl)methyl)-
1H-pyrazol-4-yl)-1-(3-hydroxybenzyl)-
5,5-dimethylimidazolidine-2,4-dione

2162 N No safety concern

a N, new specifi cations.

J. Phenol and phenol derivatives

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class III

3′,7-Dihydroxy-4′-methoxyfl avan 2170 N No safety concern

Trilobatin 2171 N No safety concern

(±)-Eriodictyol 2172 N No safety concern

a N, new specifi cations.

K. Pyrazine derivatives

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class II

Isopropenylpyrazine 2125 N No safety concern

5-Ethyl-2,3-dimethylpyrazine 2126 N No safety concern

2-Methyl-5-vinylpyrazine 2127 N No safety concern

Mixture of 2,5-dimethyl-6,7-dihydro-5H-
cyclopentapyrazine and 2,7-dimethyl-
6,7-dihydro-5H-cyclopentapyrazine

2128 N No safety concern

2-Ethoxy-3-isopropylpyrazine 2065 N No safety concern

Structural class III

Mixture of 3,5-dimethyl-2-
isobutylpyrazine and 3,6-dimethyl-2-
isobutylpyrazine

2130 N No safety concern

2-Ethoxy-3-ethylpyrazine 2131 N No safety concern

2-Ethyl-3-methylthiopyrazine 2132 N No safety concern

a N, new specifi cations.
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L. Pyridine, pyrrole and quinoline derivatives

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class II

1-Ethyl-2-pyrrolecarboxaldehyde 2150 N Additional data required 
to complete evaluation

2,4-Dimethylpyridine 2151 N No safety concern 
(temporary)b

1-Methyl-1H-pyrrole-2-carboxaldehyde 2152 N Additional data required 
to complete evaluation

Structural class III

2-Acetyl-4-isopropenylpyridine 2153 T No safety concern

4-Acetyl-2-isopropenylpyridine 2154 T No safety concern

2-Acetyl-4-isopropylpyridine 2155 N No safety concern

2-Methoxypyridine 2156 N Additional data required 
to complete evaluation

6-Methoxyquinoline 2157 N No safety concern

1-(2-Hydroxyphenyl)-3-(pyridin-4-yl)-
propan-1-one

2158 N Additional data required 
to complete evaluation

1-(2-Hydroxy-4-isobutoxyphenyl)-3-
(pyridin-2-yl)propan-1-one

2159 N Additional data required 
to complete evaluation

1-(2-Hydroxy-4-methoxyphenyl)-3-
(pyridin-2-yl)propan-1-one

2160 N Additional data required 
to complete evaluation

a N, new specifi cations; T, tentative specifi cations.
b The evaluation for No. 2151 is temporary pending receipt of additional toxicological data.

M.  Saturated aliphatic acyclic branched-chain primary alcohols, aldehydes 
and acids

Flavouring agent No. Specifi cationsa Conclusion based on 
current estimated dietary 
exposure

Structural class I

3-Methylhexanal 2173 N No safety concern

6-Methylheptanal 2174 N No safety concern

6-Methyloctanal 2175 N No safety concern

3,7-Dimethyloctanal 2176 N No safety concern

a N, new specifi cations.
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N. Simple aliphatic and aromatic sulfi des and thiols

Flavouring agent No. Specifi cationsa Conclusion 
based on current 
estimated dietary 
exposure

Subgroup ii: Acyclic sulfi des with oxidized 
side-chains

Structural class I

1-(Methylthio)-3-octanone 2086 N No safety concern

Subgroup iii: Cyclic sulfi des

Structural class III

4-Methyl-2-propyl-1,3-oxathiane 2089 N No safety concern

Subgroup iv: Simple thiols

Structural class I

3-Pentanethiol 2083 N No safety concern

Subgroup v: Thiols with oxidized side-chains

Structural class I

4-Mercapto-3-methyl-2-butanol 2084 N No safety concern

Ethyl 2-mercapto-2-methylpropionate 2085 N No safety concern

Subgroup vi: Dithiols

Structural class III

1,1-Propanedithiol 2087 N No safety concern

Subgroup viii: Disulfi des with oxidized side-
chains

Structural class III

1-Methyldithio-2-propanone 2088 N No safety concern

a N, new specifi cations.

O. Sulfur-containing heterocyclic compounds

Flavouring agent No. Specifi cationsa Conclusion 
based on current 
estimated dietary 
exposure

Structural class II

2-Pentylthiophene 2106 N No safety concern

2-Acetyl-5-methylthiophene 2107 N No safety concern

2-Pentylthiazole 2108 N No safety concern

4,5-Dimethyl-2-isobutylthiazole 2109 N No safety concern

Structural class III

3,4-Dimethylthiophene 2110 N No safety concern
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Flavouring agent No. Specifi cationsa Conclusion 
based on current 
estimated dietary 
exposure

2-Thienylmethanol 2111 N No safety concern

1-(2-Thienyl)ethanethiol 2112 N No safety concern

5-Ethyl-2-methylthiazole 2113 N No safety concern

2-Ethyl-2,5-dihydro-4-methylthiazole 2114 N No safety concern

4-Methyl-3-thiazoline 2115 N No safety concern

2-Ethyl-4,6-dimethyldihydro-1,3,5-dithiazine 2116 N No safety concern

4-Amino-5,6-dimethylthieno[2,3-d]pyrimidin-
2(1H)-one hydrochloride

2117 N No safety concern

a N, new specifi cations.

P. Sulfur-substituted furan derivatives

Flavouring agent No. Specifi cationsa Conclusion based 
on current estimated 
dietary exposure

Structural class III

5-Methylfurfuryl mercaptan 2090 N No safety concern

2-Methyl-3-furyl methylthiomethyl disulfi de 2091 N No safety concern

2-Methyl-3-furyl 2-methyl-3-tetrahydrofuryl 
disulfi de

2092 N No safety concern

2-Tetrahydrofurfuryl 2-mercaptopropionate 2093 N Additional data 
required to complete 
evaluation

Methyl 3-(furfurylthio)propionate 2094 N No safety concern

3-[(2-Methyl-3-furyl)thio]butanal 2095 N No safety concern

1-(2-Furfurylthio)-propanone 2096 N No safety concern

2-Methyl-4,5-dihydrofuran-3-thiol 2097 N No safety concern

2-Methyltetrahydrofuran-3-thiol acetate 2098 N No safety concern

a N, new specifi cations.
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Annex 3
  Further information required or desired

 Paprika extract

For the revision of the specifi cation for paprika extract, no data were received. 
Based on the commitment by the sponsor to provide data for a future meet-
ing, this evaluation was postponed.

 Specifi cations for fl avouring agents

The specifi cations for Nos 2153 (2-acetyl-4-isopropenylpyridine) and 2154 
(4-acetyl-2-isopropenylpyridine) were made tentative at the current meet-
ing because the submitted information was insuffi cient. The two fl avouring 
agents are positional isomers, and the Committee concluded that the current 
specifi cations would not allow for differentiation between the two substances. 
Information that could be used to differentiate between the two substances 
(e.g. optical [specifi c] rotation) is requested.

  Aliphatic hydrocarbons, alcohols, aldehydes, ketones, 
carboxylic acids and related esters, sulfi des, disulfi des 
and ethers containing furan substitution

The Committee concluded that the Procedure could not be applied to this 
group because of unresolved toxicological concerns. Studies that could 
assist in the safety evaluation include investigations of the infl uence of the 
nature and position of furan ring substitutions on metabolism and covalent 
binding to macromolecules, demonstration of the ring opening and reactivity 
of the resulting products. Depending on the fi ndings, additional genotoxicity 
or other studies might be needed.

 Furfuryl alcohol and related substances

New in vitro and in vivo studies raise concerns regarding the potential geno-
toxicity of furfuryl alcohol and derivatives that can be metabolized to furfur-
yl alcohol (e.g. furfuryl esters). The Committee concluded that this group of 
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fl avouring agents could not be evaluated according to the Procedure because 
of the unresolved concerns regarding genotoxicity. In addition, the group 
ADI previously established by the Committee will need to be reconsidered at 
a future meeting.

 Pyridine, pyrrole and quinoline derivatives

For 2,4-dimethylpyridine (No. 2151), the safety evaluation was made tem-
porary, pending the submission of the full report of the critical study for the 
next JECFA meeting at which fl avouring agents are evaluated.

 Additional data required to complete the evaluation according 
to the Procedure for the Safety Evaluation of Flavouring Agents

Additional data are required to complete the toxicological evaluations of 
11 fl avouring agents (Nos 2093, 2137, 2147–2150, 2152, 2156 and 2158–
2160).
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Annex 4
   Summary of the safety evaluation 

of the secondary components of 
fl avouring agents with minimum 
assay values of less than 95%
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This report represents the conclusions of a Joint FAO/WHO Expert Committee 
convened to evaluate the safety of various food additives, including flavouring 
agents, with a view to concluding as to safety concerns and to preparing 
specifications for identity and purity. 

The first part of the report contains a general discussion of the principles 
governing the toxicological evaluation of and assessment of dietary exposure 
to food additives, including flavouring agents. A summary follows of the 
Committee’s evaluations of technical, toxicological and dietary exposure 
data for five food additives (magnesium dihydrogen diphosphate; mineral 
oil (medium and low viscosity) classes II and III; 3-phytase from Aspergillus 
niger expressed in Aspergillus niger; serine protease (chymotrypsin) from 
Nocardiopsis prasina expressed in Bacillus licheniformis; and serine protease 
(trypsin) from Fusarium oxysporum expressed in Fusarium venenatum) and 
16 groups of flavouring agents (aliphatic and aromatic amines and amides; 
aliphatic and aromatic ethers; aliphatic hydrocarbons, alcohols, aldehydes, 
ketones, carboxylic acids and related esters, sulfides, disulfides and ethers 
containing furan substitution; aliphatic linear α,β-unsaturated aldehydes, acids 
and related alcohols, acetals and esters; amino acids and related substances; 
epoxides; furfuryl alcohol and related substances; linear and branched-chain 
aliphatic, unsaturated, unconjugated alcohols, aldehydes, acids and related 
esters; miscellaneous nitrogen-containing substances; phenol and phenol 
derivatives; pyrazine derivatives; pyridine, pyrrole and quinoline derivatives; 
saturated aliphatic acyclic branched-chain primary alcohols, aldehydes and 
acids; simple aliphatic and aromatic sulfides and thiols; sulfur-containing 
heterocyclic compounds; and sulfur-substituted furan derivatives).

Specifications for the following food additives were revised: ethyl cellulose, 
mineral oil (medium viscosity), modified starches and titanium dioxide.

Annexed to the report are tables summarizing the Committee’s 
recommendations for dietary exposures to and toxicological evaluations of 
the food additives and flavouring agents considered.
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