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INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY

The preparatory work for toxicological evaluations of food additives and
contaminants by the Joint FAO/WHO Expert Committee on Food
Additives (JECFA) is actively supported by certain of the Member States
that contribute to the work of the International Programme on Chemical
Safety (IPCS).

The International Programme on Chemical Safety (IPCS) is a joint
venture of the United Nations Environment Programme, the International
Labour Organization and the World Health Organization. One of the
main objectives of the IPCS is to carry out and disseminate evaluations
of the effects of chemicals on human health and the quality of the
environment.




Contents

1. Introduction

2. General considerations

21
2.2

23
24

25

2.6
2.7

2.8

Modification of the agenda

Principles governing the toxicological evaluation of compounds

on the agenda

Principles for the safety assessment of chemicals in food

Flavouring agents evaluated by the Procedure for the Safety

Evaluation of Flavouring Agents

o,B-Unsaturated carbonyl compounds and aldehydes

Minimum assay values for flavouring agents

Requests for data relating to intake assessments

2.7.1 Food additives

2.7.2 Contaminants

Principles governing the establishment and revision of

specifications

2.8.1 Inclusion of raw materials and manufacturing methods in
specifications

2.8.2 General specifications and considerations for enzyme
preparations used in food processing

3. Specific food additives (other than flavouring agents)

3.1

3.2

Safety evaluations
3.1.1 Emulsifiers
3.1.1.1 Diacetyltartaric and fatty acid esters of glycerol
3.1.1.2 Quillaia extracts
3.1.2 Enzyme preparation
3.1.2.1 Invertase from Saccharomyces cerevisiae
3.1.3 Food colours
3.1.3.1 B-Carotene from Blakeslea trispora
3.1.3.2 Curcumin
3.1.4 Food salts
3.1.4.1 Phosphates, diphosphates and polyphosphates
3.1.5 Glazing agent
3.1.5.1 Hydrogenated poly-1-decene
3.1.6 Preservative
3.1.6.1 Natamycin (pimaricin)
3.1.7 Sweetening agent
3.1.7.1 p-Tagatose
3.1.8 Thickening agents
3.1.8.1 Carrageenan and processed Eucheuma seaweed
3.1.8.2 Curdlan
3.1.9 Miscellaneous substances
3.1.9.1 Acetylated oxidized starch
3.1.9.2 a-Cyclodextrin
3.1.9.3 Sodium sulfate
Revision of specifications
3.2.1 Acesulfame K
3.2.2 Blackcurrant extract

-

~NoO O OWww NN

~

10
10
10
14
18
18
19
19
20
21
21
23
23
25
25
29
29
32
32
36
38
38
40
42
43
43
43



4.

3.23
3.2.4
3.25
3.26
3.27

L-Malic acid
Oxystearin

Pectins

Smoke flavourings
Tagetes extract

3.3 Revision of limits for metals in food additives

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

41

4141

4.1.2

41.4

4.1.5

Pyrazine derivatives

4.1.1.1 Estimated daily per capita intake

4.1.1.2 Absorption, distribution, metabolism and elimination

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

4.1.1.4 Consideration of combined intakes from use as
flavouring agents

4.1.1.5 Conclusions

Aromatic substituted secondary alcohols, ketones and

related esters

4.1.2.1 Estimated daily per capita intake

4.1.2.2 Absorption, distribution, metabolism and elimination

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

4.1.2.4 Consideration of combined intakes from use as
flavouring agents

4.1.2.5 Conclusions

Benzyl derivatives

4.1.3.1 Estimated daily per capita intake

4.1.3.2 Absorption, distribution, metabolism and elimination

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

4.1.3.4 Consideration of combined intakes from use as
flavouring agents

4.1.3.5 Conclusions

Hydroxy- and alkoxy-substituted benzy| derivatives

4.1.4.1 Estimated daily per capita intake

4.1.4.2 Absorption, distribution, metabolism and elimination

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

4.1.4.4 Consideration of combined intakes from use as
flavouring agents

4.1.4.5 Conclusions

Aliphatic acyclic diols, triols and related substances

4.1.5.1 Estimated daily per capita intake

4.1.5.2 Absorption, distribution, metabolism and elimination

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

4.1.5.4 Consideration of combined intakes from use as
flavouring agents

4.1.56.5 Conclusions

44
44
44
45
45
46

49

49
51
59
59

60

61
61

61
70
70

71

72
2
73
81
81

82

83
83
84
95
95

95

98
98
98
99
105

105

107
107



4.2

416

Aliphatic acyclic acetals
4.1.6.1 Estimated daily per capita intake

4.1.6.2 Absorption, distribution, metabolism and elimination

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

4.1.6.4 Consideration of combined intakes from use as
flavouring agents

4.1.6.5 Conclusions

Revision of certain specifications for purity

4.21

4.2.2

4.2.3

Flavouring agents with specifications designated as
“tentative” at previous meetings

Flavouring agents with minimum assay values less than
95%

Specifications for flavouring agents being reviewed for
safety

5. Contaminants
Chloropropanols

51

5.2

511

3-Chloro-1,2-propanediol

5.1.1.1 Absorption, distribution, metabolism and excretion
5.1.1.2 Toxicological studies

5.1.1.3 Occurrence

5.1.1.4 Estimates of dietary intake

5.1.1.5 Evaluation

5.1.1.6 Impact of regulatory limits

1,3-Dichloro-2-propanol

5.1.2.1 Absorption, distribution, metabolism and excretion
5.1.2.2 Toxicological studies

5.1.2.3 Occurrence

5.1.2.4 Estimates of dietary intake

5.1.2.5 Evaluation

Polychlorinated dibenzodioxins, polychlorinated dibenzofurans
and coplanar polychlorinated biphenyls

5.2.1
522

523

524

525
526
527

Introduction

Toxicokinetics

5.2.2.1 Absorption and biotransformation

5.2.2.2 Metabolism and excretion

5.2.2.3 Relationship between human intake and doses
used in studies in laboratory animals

5.2.2.4 Determinants of dose received by fetuses in
studies of developmental toxicity

Toxicological studies

5.2.3.1 Acute toxicity studies

5.2.3.2 Carcinogenicity studies

5.2.3.3 Genotoxicity studies

5.2.3.4 Developmental toxicity studies

Observations in humans

5.2.4.1 Effects other than cancer

5.2.4.2 Carcinogenicity

Sampling and analytical methods

Levels and patterns of contamination of food commodities

Estimated dietary intake

107
110
110

111

112
112
112

112

113

113

114
114
114
114
114
116
116
117
118
118
118
118
119
119
120

121
121
123
123
125

125

127
128
128
129
129
129
133
133
134
135
137
139



Vi

5.2.8 Evaluation
5.2.8.1 Background body burdens in laboratory animals
5.2.8.2 |dentification of safety factors
5.2.8.3 Tolerable intake
5.2.8.4 Comparison of PTMI with estimated intake from food
5.2.8.5 Uncertainties
5.2.8.6 Effect of maximum limits on intake, risk and food

availability

6. Future work

7. Recommendations

Acknowledgement

References

Annex 1

Reports and other documents resulting from previous meetings of the
Joint FAO/WHO Expert Committee on Food Additives

Annex 2

Acceptable Daily Intakes, other toxicological information and information

on specifications

Annex 3
Further information required or desired

141
141
142
143
144
145
146
146
147
148

148

150

159

170



Introduction

The Joint FAO/WHO Expert Committee on Food Additives met
in Rome from 5 to 14 June 2001. The meeting was opened by Mr
W. Clay, Chief, Nutrition Programmes Service, Food and Nutrition
Division, FAO, on behalf of the Directors-General of the Food and
Agriculture Organization of the United Nations and the World
Health Organization. Mr Clay reminded the Committee that one of
its tasks was to provide scientific advice to Member States of the two
organizations with respect to food regulations and control. He noted
that dioxins and some related compounds were to be discussed by the
Committee for the first time, almost 25 years after the accident in
Seveso, Italy, in which large quantities of dioxins had been released
into the environment. That event had raised awareness and concern
both in the general population and among regulators, leading to a
greater demand for global assessment, management and communica-
tion of risks relating to environmental contamination and food. The
Committee’s deliberations on the topic would therefore be important
and should help to improve communication between those respon-
sible for risk assessment and risk management. Mr Clay informed
the Committee that its activities would be part of a wider effort by
FAO and WHO to improve food safety. The two organizations
were planning to establish a Global Forum for Food Safety Regula-
tors, in order to promote the exchange of information about ways
of dealing with issues of potential importance to public health and
international food trade among those responsible for regulating food
safety.

General considerations

As a result of the recommendations of the first Joint FAO/WHO
Conference on Food Additives, held in September 1955 (7), there
have been fifty-six previous meetings of the Committee (Annex 1).
The present meeting was convened on the basis of a recommendation
made at the fifty-fifth meeting (Annex 1, reference 7149).

The tasks before the Committee were:

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

— to undertake toxicological evaluations of certain food additives,
flavouring agents and contaminants (sections 3-5 and Annex 2);

— to review and prepare specifications for selected food additives
and flavouring agents (sections 3 and 4 and Annex 2).
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2.3

Modification of the agenda

Annatto extracts were scheduled for evaluation at a future meeting,
when the results of toxicological studies that were being performed
would become available to the Committee for consideration. Amylo-
glucosidase from Aspergillus oryzae, var. had been included in the call
for data erroneously.

Sodium ethyl p-hydroxybenzoate, sodium propyl p-hydroxybenzoate,
sodium methyl p-hydroxybenzoate, calcium sulfite, sodium formate,
calcium formate, synthetic y-tocopherol, synthetic 6-tocopherol,
calcium tartrate, sorbitan trioleate, dipotassium diphosphate and
dimagnesium diphosphate have been removed from the draft Codex
General Standard for Food Additives and were referred to the Com-
mittee for evaluation. There was no indication, however, that any of
these substances are used as food additives, and consequently little
information was provided that would permit the establishment of
Acceptable Daily Intakes (ADIs) or the preparation of specifications.

Phenyl salicylate was removed from the agenda because no data were
available.

Principles governing the toxicological evaluation of
compounds on the agenda

In making recommendations on the safety of food additives and
contaminants, the Committee took into consideration the principles
established and contained in Environmental Health Criteria, No. 70,
Principles for the safety assessment of food additives and contaminants
in food (Annex 1, reference 76), as well as the principles elaborated
subsequently at a number of its meetings (Annex 1, references 77, 83,
88,94,101,107,116,122,131, 137, 143 and 149), including the present
one. Environmental Health Criteria, No. 70 (Annex 1, reference 76)
contains the most important observations, comments and recommen-
dations made, up to the time of its publication, by the Committee and
associated bodies in their reports on the safety assessment of food
additives and contaminants. At its present meeting, the Committee
noted that the publication included recommendations that are still
appropriate and indicated potential problems associated with those
that are no longer valid in the light of technological changes.

Principles for the safety assessment of chemicals in food

The Committee was informed that FAO and WHO are intending to
update and consolidate principles and methods for the safety assess-
ment of chemicals in food, including food additives, contaminants,
and residues of veterinary drugs and pesticides. The project was
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initiated on the basis of a recommendation of the Conference on
International Food Trade Beyond 2000 that was held in Melbourne,
Australia, in October 1999 (2), and in view of the scientific advances,
changes in procedures and the increasing complexity of assessments
of chemicals in food that have occurred since the publication of Envi-
ronmental Health Criteria, No. 70 (Annex 1, reference 76) and Envi-
ronmental Health Criteria, No. 104, Principles for the toxicological
assessment of pesticide residues in food (3). The project would include
consideration of all those aspects of the assessment of chemicals in
food that are addressed by the Committee and by the Joint FAO/
WHO Meeting on Pesticide Residues.

The Committee recognized the importance of this initiative and rec-
ommended that it be undertaken as soon as possible.

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

The Committee questioned whether some of the substances included
in the lists of flavouring agents that it had been asked to evaluate at its
present meeting were in fact used as flavouring agents. The Commit-
tee noted that some of the substances were used extensively in food
processing as solvents, emulsifiers or preservatives.

The Committee stressed that the Procedure for the Safety Evaluation
of Flavouring Agents is intended for application to flavouring agents
used to impart flavour to foods and not to other uses of these sub-
stances or to other chemicals that may be used in flavouring formu-
lations. Consequently, the Committee was unable to finalize the
evaluations of certain substances listed on the agenda,' pending
confirmation of their use and intake as flavouring agents.

A clear definition of “flavouring agent” has not been elaborated by
the Committee. Although Environmental Health Criteria, No. 70
(Annex 1, reference 76) provides some guidance, the Committee
recommended that this issue be addressed at a future meeting.

o,p-Unsaturated carbonyl compounds and aldehydes

The o.B-unsaturated carbonyl group is a reactive moiety that repre-
sents a potential structural alert for toxicity. Five flavouring agents
containing such a group were considered by the Committee at its
forty-ninth meeting (Annex 1, reference /37), but their evaluation
was postponed, pending consideration of other o,B-unsaturated car-
bonyl compounds. The safety of these five agents was reconsidered by

! See sections 4.1.3-4.1.5.



the Committee at its fifty-fiftth meeting (Annex 1, reference /49),
when it also evaluated furfural, cinnamaldehyde, structural analogues
of cinnamaldehyde, pulegone and esters of the corresponding
alcohols, which are predicted to be metabolized by formation of o,[3-
unsaturated carbonyls. The available data on the toxicity of these
compounds in experimental animals showed a number of adverse
effects at high doses, and no-observed-effect-levels (NOELs) for
these effects were identified. The presence of protective processes in
cells, such as conjugation with glutathione, provides adequate capac-
ity for detoxification at the low doses associated with the use of such
compounds as flavouring agents. In consequence, the Committee con-
cluded that the presence of an a,B-unsaturated carbonyl group in a
flavouring agent, or its formation during metabolism, would not pre-
clude assessment of that substance by the Procedure for the Safety
Evaluation of Flavouring Agents. This conclusion was supported by
data on the toxicokinetics of 4-phenyl-3-buten-2-one (No. 820), which
was considered by the Committee at its present meeting. This o.,f3-
unsaturated carbonyl compound undergoes complete first-pass me-
tabolism in rats and mice after oral administration and is rapidly
eliminated (with a half-life of 20min in rats and 10min in mice) after
intravenous administration. A number of other o,B-unsaturated car-
bonyl compounds were also evaluated by the Committee at its present
meeting (Nos 821, 826 and 829), as were several compounds predicted
to be metabolized to an o.B-unsaturated carbonyl compound (Nos
819, 944, 946 and 948).

Aldehyde groups are also chemically reactive and can bind to soluble
proteins and protein components of membranes. Several aldehydes
were evaluated previously by the Committee, and the potential
genotoxicity of furfural was considered in detail at the fifty-first meet-
ing (Annex 1, reference /37). Furfural was reported to be genotoxic in
three of 16 assays for reverse mutation in Salmonella typhimurium
and in one of three assays for rec gene mutation in Bacillus subtilis. A
few chromosomal aberrations were seen in Chinese hamster ovary
cells in culture when furfural was added at relatively high concentra-
tions (Annex 1, reference /38). Sister chromatid exchanges and for-
ward mutations were induced in mouse lymphoma cells. The
Committee concluded that the weak activity seen in vitro in some
tests for genotoxicity might be explained by the reactivity of the
aldehyde group. Various metabolic processes (i.e. oxidation, conjuga-
tion and condensation) effectively eliminate the reactive aldehyde
functional group, when the metabolic pathways are not saturated by
high, non-physiological doses. The flavouring agents evaluated at the
present meeting included a number of aldehydes (Nos 22, 865, 866,
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868, 869, 877-879, 889-893, 896-898 and 937) and compounds that are
predicted to be metabolized to aldehydes, such as acetals (Nos 837-
840, 867, 940-949 and 954). Metabolism of these flavouring agents is
predicted to result in gradual formation of aldehydes, which undergo
extensive biotransformation, resulting in only low concentrations of
the aldehydes per se. The results of tests for reverse mutation in
bacteria were positive for pyruvaldehyde (No. 937), but consistently
negative for Nos 22, 80, 95, 98, 867, 868, 877-879, 889, 893, 896, 897
and 953; the results of assays for rec gene mutation in B. subtilis were
negative (Nos 878, 889 and 893) or equivocal (Nos 22 and 896).
Chromosomal aberrations were reported in vitro in some studies with
Nos 22, 878, 889, 893, 896 and 937, but not with No. 80. Similarly,
sister chromatid exchanges were reported in some studies with Nos
22, 80, 878, 889 and 937, but not with Nos 868, 893 and 897. Mutations
were reported in mouse lymphoma cells exposed to some aldehydes
(Nos 80, 877, 878 and 893), but not other aldehydes or acetate (Nos
867, 889 and 896). The results of studies in vivo did not indicate
genotoxicity after oral administration in a variety of test systems: in
Drosophila melanogaster (with Nos 22, 80, 879 and 893), in assays for
micronucleus formation in mice (with Nos 879, 889 and 893) and in
assays for dominant lethal mutations in mice (No. 896). Sister chro-
matid exchange was induced in mice and hamsters by intraperitoneal
injection of acetaldehyde (No. 80), and weakly positive results were
obtained in several tests in vivo with pyruvaldehyde (No. 937) at very
high doses (>200mg/kg of body weight). Pyruvaldehyde is a natural
component of some foods, and the amount ingested due to its use as
a flavouring agent would be much less than the estimated intake from
natural sources. The Committee concluded that metabolic processes
such as oxidation and conjugation effectively eliminate reactive alde-
hyde functional groups from such substances when they are consumed
in the amounts that would arise from their use as flavouring agents.

Minimum assay values for flavouring agents

At its fifty-third meeting, the Committee developed criteria for estab-
lishing specifications for flavouring agents (Annex 1, reference 743).
The Committee noted that these criteria — chemical formula and
relative molecular mass, identity test and the minimum amount that
can be determined (minimum assay value) — constitute the core infor-
mation required to establish acceptable specifications. At its present
meeting, the Committee considered that a minimum assay value of 95%
for an individual flavouring agent would apply to both the flavouring
agent itself and to the agent plus its known secondary components.
The minimum assay values of about 90% of the flavouring agents
evaluated to date meet or exceed 95%, and the Committee received



