WHO Technical Report Series
909

EVALUATION OF CERTAIN
FOOD ADDITIVES AND
CONTAMINANTS

Fifty-seventh report of the
Joint FAO /WHO Expert Committee on
Food Additives

4 l N\ f
@ @
S/

World Health Organization
Geneva




The World Health Organization was established in 1948 as a specialized agency
of the United Nations serving as the directing and coordinating authority for
international health matters and public health. One of WHQO’s constitutional
functions is to provide objective and reliable information and advice in the field of
human health, a responsibility that it fulfils in part through its extensive programme
of publications.

The Organization seeks through its publications to support national health strat-
egies and address the most pressing public health concerns of populations
around the world. To respond to the needs of Member States at all levels of
development, WHO publishes practical manuals, handbooks and training material
for specific categories of health workers; internationally applicable guidelines and
standards; reviews and analyses of health policies, programmes and research;
and state-of-the-art consensus reports that offer technical advice and recommen-
dations for decision-makers. These books are closely tied to the Organization’s
priority activities, encompassing disease prevention and control, the development
of equitable health systems based on primary health care, and health promotion for
individuals and communities. Progress towards better health for all also demands
the global dissemination and exchange of information that draws on the knowledge
and experience of all WHO’s Member countries and the collaboration of world
leaders in public health and the biomedical sciences.

To ensure the widest possible availability of authoritative information and guidance
on health matters, WHO secures the broad international distribution of its publica-
tions and encourages their translation and adaptation. By helping to promote and
protect health and prevent and control disease throughout the world, WHO’s books
contribute to achieving the Organization’s principal objective — the attainment by
all people of the highest possible level of health.

The WHO Technical Report Series makes available the findings of various interna-
tional groups of experts that provide WHO with the latest scientific and technical
advice on a broad range of medical and public health subjects. Members of such
expert groups serve without remuneration in their personal capacities rather than
as representatives of governments or other bodies; their views do not necessarily
reflect the decisions or the stated policy of WHO. An annual subscription to this
series, comprising about 10 such reports, costs Sw. fr. 132.— (Sw. fr. 92.40 in
developing countries).



This report contains the collective views of an international group of experts and does not necessarily represent the decisions
or the stated policy of the World Health Organization or of the Food and Agriculture Organization of the Unifed Nafions

WHO Technical Report Series
909

EVALUATION OF CERTAIN
FOOD ADDITIVES AND
CONTAMINANTS

Fifty-seventh report of the
Joint FAO /WHO Expert Committee on
Food Additives

’ ' N SA/
@ @

World Health Organization
Geneva 2002



WHO Library Cataloguing-in-Publication Data

Joint FAO/WHO Expert Committee on Food Additives (2001 : Rome, Italy)
Evaluation of certain food additives and contaminants : fifty-seventh report of the
Joint FAO/WHO Expert Committee on Food Additives.

(WHO technical report series ; 909)

1.Food additives — toxicity 2.Food additives — analysis 3.Flavoring agents — analysis
4.Food contamination |.Title Il.Series

ISBN 92 4 120909 7 (NLM classification: WA 712)
ISSN 0512-3054

© World Health Organization 2002

All rights reserved. Publications of the World Health Organization can be obtained from Marketing and
Dissemination, World Health Organization, 20 Avenue Appia, 1211 Geneva 27, Switzerland (tel.: +41 22
791 2476; fax: +41 22 791 4857; email: bookorders@who.int). Requests for permission to reproduce or
translate WHO publications — whether for sale or for noncommercial distribution — should be addressed
to Publications, at the above address (fax: +41 22 791 4806; email: permissions@who.int).

The designations employed and the presentation of the material in this publication do not imply the
expression of any opinion whatsoever on the part of the World Health Organization concerning the legal
status of any country, territory, city or area or of its authorities, or concerning the delimitation of its frontiers
or boundaries. Dotted lines on maps represent approximate border lines for which there may not yet be
full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply that they are
endorsed or recommended by the World Health Organization in preference to others of a similar nature
that are not mentioned. Errors and omissions excepted, the names of proprietary products are distin-
guished by initial capital letters.

The World Health Organization does not warrant that the information contained in this publication is
complete and correct and shall not be liable for any damages incurred as a result of its use.

This publication contains the collective views of an international group of experts and does not necessarily
represent the decisions or the stated policy of the World Health Organization.

Typeset in Hong Kong
Printed in Switzerland
2001/14227 — SNPBest-set/Schuler — 6800



Contents

1. Introduction

2. General considerations

21
22

2.3
2.4

2.5

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 o-Cyclodextrin
3.1.9.3 Sodium sulfate
Revision of specifications
3.2.1 Acesulfame K
3.2.2 Blackcurrant extract

N Y

~N OO OrwWww

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



323
3.2.4
3.2.5
3.2.6
327

L-Malic acid
Oxystearin

Pectins

Smoke flavourings
Tagetes extract

3.3 Revision of limits for metals in food additives

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

411

41.2

415

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 benzyl 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

4.1.5.5 Conclusions

44
44
44
45
45
46

49

49
51
59
59

60

61
61

61
70
70

71

72
72
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

4.2.1

422

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

5.1

5.2

5.1.1

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
5.2.6
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



Joint FAO/WHO Expert Committee on Food Additives
Rome, 5-14 June 2001

Members

Dr J. Alexander, Department of Environmental Medicine, National Institute of Public
Health, Oslo, Norway

Ms J. Baines, Senior Nutritionist, Australia New Zealand Food Authority, Barton,
ACT, Australia

Professor J.R. Bend, Chairman, Department of Pharmacology and Toxicology,
Faculty of Medicine and Dentistry, University of Western Ontario, London,
Ontario, Canada (Joint Rapporteur)

Professor S.M. Dagher, Department of Biology, American University of Beirut,
Beirut, Lebanon

Dr D.G. Hattan, Director, Division of Health Effects Evaluation, Office of Premarket
Approval, Center for Food Safety and Applied Nutrition, Food and Drug
Administration, Washington, DC, USA

Dr Y. Kawamura, Section Chief, Division of Food Additives, National Institute of
Health Sciences, Tokyo, Japan

Dr A.G.A.C. Knaap, Centre for Substances and Risk Assessment, National Institute
of Public Health and the Environment, Bilthoven, Netherlands

Dr P.M. Kuznesof, Leader, Chemistry and Exposure Assessment Team, Division of
Product Manufacture and Use, Office of Premarket Approval, Center for Food
Safety and Applied Nutrition, Food and Drug Administration, Washington, DC,
USA (Joint Rapporteur)

Dr J.C. Larsen, Head, Division of Biochemical and Molecular Toxicology, Institute
of Food Safety and Toxicology, Danish Veterinary and Food Administration,
Ministry of Food, Agriculture and Fisheries, Sgborg, Denmark

Mrs I. Meyland, Senior Scientific Adviser, Institute of Food Research and Nutrition,
Danish Veterinary and Food Administration, Ministry of Food, Agriculture and
Fisheries, Sgborg, Denmark (Chairman)

Dr G. Pascal, Scientific Director, Human Nutrition and Food Safety, National
Institute for Agricultural Research, Paris, France

Dr M.V. Rao, Head, Chemistry Unit, Food and Environment Laboratory, Dubai,
United Arab Emirates

Dr P. Sinhaseni, Deputy Director for Research, Institute of Health Research,
Chulalongkorn University, Bangkok, Thailand

Professor R. Walker, Emeritus Professor of Food Science, School of Biological
Sciences, University of Surrey, Guildford, Surrey, England (Vice-Chairman)

Mrs H. Wallin, Senior Food Control Officer, National Food Agency, Helsinki, Finland

Dr D.B. Whitehouse, Food Regulatory Affairs, Bowdon, Cheshire, England

vii



Secretariat

viii

Dr P.J. Abbott, Australia New Zealand Food Authority, Canberra, ACT, Australia
(WHO Temporary Adviser)

Dr A.J. Baars, National Institute of Public Health and the Environment, Bilthoven,
Netherlands (WHO Temporary Adviser)

Dr D. Benford, Food Standards Agency, London, England (WHO Temporary
Aaviser)

Dr R.A. Canady, Toxicologist, Office of Plant and Dairy Foods and Beverages,
Center for Food Safety and Applied Nutrition, Food and Drug Administration,
Washington, DC, USA (WHO Temporary Adviser)

Dr C.E. Cerniglia, Director, Division of Microbiology and Chemistry, National
Center for Toxicological Research, Food and Drug Administration, Jefferson,
AR, USA (WHO Temporary Adviser)

Ms M.L. Costarrica, Senior Nutrition Officer, Food Quality Liaison Group, Food
Quality and Standards Service, Food and Nutrition Division, FAO, Rome, ltaly

Dr K. Crump, Ruston, LA, USA (WHO Temporary Adviser)

Dr M. DiNovi, Division of Product Manufacture and Use, Office of Premarket
Approval, Center for Food Safety and Applied Nutrition, Food and Drug
Administration, Washington, DC, USA (WHO Temporary Adviser)

Ms J. Eastwood, Bureau of Chemical Safety, Food Directorate, Health Products
and Food Branch, Health Canada, Ottawa, Ontario, Canada (WHO Temporary
Aaviser)

Dr C.E. Fisher, Head, Risk Analysis and International Coordination Branch, Ministry
of Agriculture, Fisheries and Food, London, England (FAO Consultant)

Dr J. Freijer, National Institute of Public Health and the Environment, Bilthoven,
Netherlands (WHO Temporary Adviser)

Dr J. Gry, Institute of Toxicology, National Food Agency of Denmark, Ministry
of Food, Agriculture and Fisheries, Sgborg, Denmark (WHO Temporary
Aaviser)

Mr E.F.F. Hecker, Chairman, Codex Committee on Food Additives and
Contaminants, Department of Veterinary and Food Policy and Environmental
Affairs, Ministry of Agriculture, Nature Management and Fisheries, The Hague,
Netherlands (WHO Temporary Adviser)

Dr J.L. Herrman, Scientist, International Programme on Chemical Safety, WHO,
Geneva, Switzerland (Joint Secretary)

Dr F. Kayama, Division of Environmental Immunology and Toxicology, Department
of Health Science, Jichi Medical School, Tochigi, Japan (WHO Temporary
Aaqviser)

Dr M. Kogevinas, Associate Professor, Respiratory and Environmental Health
Research Unit, Municipal Institute of Medical Research, Barcelona, Spain
(WHO Temporary Adviser)

Dr C.A. Lawrie, Food Standards Agency, London, England (FAO Consultant)

Dr R. Lorentzen, Office of Science, Center for Food Safety and Applied Nutrition,
Food and Drug Administration, Washington, DC, USA (WHO Temporary Adviser)



Dr M. Luetzow, Nutrition Officer, Food Quality and Standards Service, Food and
Nutrition Division, FAO, Rome, ltaly (Joint Secretary)

Dr R. Malisch, State Institute for Chemical and Veterinarian Analysis of Food,
Freiburg, Germany (FAO Consultant)

Dr A. Mattia, Division of Product Policy, Office of Premarket Approval, Center for
Food Safety and Applied Nutrition, Food and Drug Administration, Washington,
DC, USA (WHO Temporary Adviser)

Dr G. Moy, Food Safety, WHO, Geneva, Switzerland

Dr I.C. Munro, President, CanTox Health Sciences International, Mississauga,
Ontario, Canada (WHO Temporary Adviser)

Dr A. Nishikawa, Division of Pathology, Biological Safety Research Centre, National
Institute of Health Sciences, Tokyo, Japan (WHO Temporary Adviser)

Dr S.W. Page, Joint Institute of Food Safety and Applied Nutrition, Food and Drug
Administration, Washington, DC, USA (WHO Temporary Adviser)

Dr J. Park, President, LabFrontier Co., Seoul, Republic of Korea (WHO Temporary
Aaviser)

Professor A.G. Renwick, Head, Clinical Pharmacology Group, University of
Southampton, Southampton, England (WHO Temporary Adviser)

Dr J. Rice, Chief, Unit of Carcinogen Identification and Evaluation, International
Agency for Research on Cancer, Lyon, France

Dr J. Schlatter, Swiss Federal Office of Public Health, Institute of Veterinary
Pharmacology and Toxicology, University of Zurich, Zurich, Switzerland (WHO
Temporary Adviser)

Professor P. Shubik, Senior Research Fellow, Green College, University of Oxford,
Oxford, England (WHO Temporary Adviser)

Professor |.G. Sipes, Department of Pharmacology and Toxicology, College of
Pharmacy, University of Arizona, Tucson, AZ, USA (WHO Temporary Adviser)

Dr G.J.A. Speijers, Head, Section on Public Health, Centre for Substances
and Risk Assessment, National Institute of Public Health and Environmental
Protection, Bilthoven, Netherlands (WHO Temporary Adviser)

Dr P.J.P. Verger, Scientific Directorate on Human Nutrition and Food Safety,
National Institute for Agricultural Research, Paris, France (FAO Consultant)

Dr J.D. Wilson, Senior Fellow, Center for Risk Management, Resources for the
Future, Washington, DC, USA (WHO Temporary Adviser)

Dr M. Zeilmaker, Centre for Substances and Risk Assessment, National Institute of
Public Health and the Environment, Bilthoven, Netherlands (WHO Temporary
Aaqviser)

Dr N.W. Zeman, Triangle Biotechnology Consulting, Chapel Hill, NC, USA (FAO
Consultant)



Monographs containing summaries of relevant data and toxicological evalu-
ations are available from WHO under the title:

Safety evaluation of certain food additives and contaminants. WHO Food
Additives Series, No. 48, 2002.

Specifications are issued separately by FAO under the title:

Compendium of food additive specifications, addendum 9. FAO Food and
Nutrition Paper, No. 52, Add. 9, 2001.

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
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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, FAQO, 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 (1), 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 149).

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).



2.1

2.2

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 &-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



2.4

2.5

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,B-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 131), but their evaluation
was postponed, pending consideration of other a,-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 749),
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 a,p3-
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.,p-
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,3-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 137). 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 138). 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,



2.6

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 143).
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
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information about the nature of the secondary components of the others.
The Committee noted that 95% is not a fixed value for the acceptabil-
ity of specifications for flavouring agents and that flexibility can be used
in establishing an acceptable level of secondary components, taking
into account the probable levels of intake and other considerations.

Many of the secondary components are structurally related to the
named flavouring agents. They typically comprise small amounts of
starting materials, isomers and other flavouring agents. As these
secondary components share many of the properties of the named
flavouring agents, and in some cases are metabolites, their safety
would not be expected to present a concern or can be evaluated from
appropriate data on metabolism and toxicity.

The Committee noted that, in applying the Procedure for the Safety
Evaluation of Flavouring Agents, information on secondary compo-
nents included in the specifications should be considered with data
on intake and on the potential toxicity of the flavouring agent and its
structural analogues. The Committee therefore recommended that
data on specifications be submitted before or at the same time as all
other information necessary for evaluating the safety of a flavouring
agent.

Requests for data relating to intake assessments

The Committee recognized that it is unnecessary to request data for
assessing intake for all the substances on its agenda, as it had done
recently, and developed criteria for determining when such informa-
tion would be needed. These are described below. In general, calls for
data should specify the information required for each substance on
the agenda, as the data required for evaluating food additives are
different from those required for evaluating contaminants.

Food additives

Data for assessing intake should be requested in the case of food
additives that are being evaluated for the first time or are being re-
evaluated, except for food additives:

— for which only specifications are to be considered;

— for which the Committee has recently deferred an evaluation,
pending the provision of a specific toxicological study or informa-
tion on specifications, provided it has evaluated intake of the
additive during the preceding 3-5 years.

Information on proposed maximum levels should be provided in the
call for data for food additives included in the draft Codex General



Standard for Food Additives, so that national assessments of intake
based on such maximum levels, national maximum levels and/or ac-
tual levels of use can be submitted. The Committee has formulated
data sheets for submission of national data, which are included in the
guidelines for the preparation of working papers on the intake of food
additives.

2.7.2 Contaminants

2.8

2.8.1

For contaminants, an intake assessment is required in all cases. The
call for data should request data on:

— the occurrence and concentrations of the contaminant (both indi-
vidual and summary data) from all available sources, preferably
submitted on data sheets, with information on sampling and ana-
lytical techniques, data quality and reliability, reporting conven-
tions and appropriate processing factors;

— national intake of the contaminant derived from national surveys
of food consumption and concentrations.

Principles governing the establishment and revision of
specifications

Inclusion of raw materials and manufacturing methods in
specifications

Principles for the safety assessment of food additives and contaminants
in food (Annex 1, reference 76) states that “to establish the chemical
identities of additives, it is necessary to know the nature of the raw
materials, methods of manufacture and impurities. This information
is used to assess the completeness of analytical data on the composi-
tion of additives, and to assess the similarity of materials used in
biological testing with those commercially produced.”

As there are increasing volumes of food additives in international
trade, specifications must include brief descriptions of the raw mate-
rials and methods of manufacture used, excluding proprietary details,
in order to provide a full account of the product being evaluated. If
this information is not available, the Committee cannot know
whether the products being evaluated were produced from materials
or methods that are different from those in the specifications; con-
sequently, impurities might have arisen that were not considered
during the toxicological evaluation. The level of detail of the des-
criptions should be similar to that in specifications elaborated by
the Committee for additives made by fermentation or from plant
materials.



2.8.2 General specifications and considerations for enzyme preparations
used in food processing
The Committee has, on many occasions, addressed issues related to
specifications for enzyme preparations used in food processing. The
general specifications currently in use for enzymes were first elabo-
rated by the Committee at its twenty-sixth meeting (Annex 1, refer-
ence 59). Several revisions have been made, including the following:

— an addendum to address issues arising from use of enzymes from
genetically modified microorganisms (Annex 1, references 94, 96,
137 and 139);

— addition of an appendix to describe the method for determining
antimicrobial activity (Annex 1, reference 58);

— an amendment to address inclusion of microbial strain numbers in
the specifications for enzyme preparations (Annex 1, reference 139);

— addition of the general requirement that source microorganisms
be non-pathogenic and non-toxigenic (Annex 1, reference 745).

At its fifty-fifth meeting (Annex 1, reference 749), the Committee
reiterated its view, expressed at its fifty-third meeting (Annex 1, ref-
erence /45), that Annex 1 (General specifications for enzyme prepa-
rations used in food processing) of the Compendium of food additive
specifications (Annex 1, reference 96) required updating in the light of
technological developments and to ensure consistency and coherence
with the appendices, including Appendix B (General considerations and
specifications for enzymes from genetically manipulated microorganisms).

At its present meeting, the Committee noted that the revised general
specifications require that all new enzyme preparations undergo a
general safety assessment. Many of the requirements previously out-
lined for enzyme preparations from genetically modified microorgan-
isms are appropriate for all preparations, regardless of source, and the
Committee revised the general specifications to reflect those require-
ments. For enzymes from genetically modified sources, information is
now required on the microbial strain used as the source organism and
the genetic material introduced into and remaining in the final micro-
bial strain used in production.

At its present meeting, the Committee noted that the list of mycotox-
ins contained in the existing general specifications was not relevant to
all food enzyme preparations from fungal sources. It agreed that an
attempt to list all known mycotoxins of potential concern was imprac-
tical and unwarranted. The Committee further agreed that enzyme
preparations derived from fungal sources be evaluated for those my-
cotoxins that are known to be synthesized by strains of the species or
related species used in the production of the enzyme preparation.



With regard to limits on heavy metals, the Committee agreed that the
specifications for lead contained in the existing general specifications
should be lowered from 10mg/kg to Smg/kg. The Committee recog-
nized that arsenic is not a concern in enzyme preparations, and there-
fore deleted the limit for this metal. Moreover, as there is no traceable
source of cadmium or mercury in enzyme preparations, the Commit-
tee saw no need to establish limits for those metals. Such changes are
consistent with the Committee’s current policy on heavy metals
(Annex 1, reference 145).

In considering microbiological contamination of enzyme prepara-
tions, the Committee agreed that the existing microbiological criteria
(for Salmonella spp., Escherichia coli and total coliforms) and the
requirement that use of preparations should not increase the total
microbial count in treated food above the threshold considered to be
acceptable for the respective foods are sufficient to ensure microbial
safety. The criteria and the requirement were thus retained. The
Committee noted that the specification for a total viable count of 5 X
10" organisms per gram included in the existing general specifications
did not provide an indication of the safety of an enzyme preparation.
It was therefore deleted.

In considering allergenic potential, the Committee emphasized that,
when the source organism of an enzyme preparation is a genetically
modified microorganism, the necessity for evaluating the allergenic
potential of the gene products encoded by the inserted DNA should
be assessed. The Committee agreed that, when the DNA sequence of
an enzyme from a genetically modified production microorganism is
comparable to that coding for an enzyme already known to have a
history of safe use in food, there would be no need to assess the
allergenic potential of that enzyme further.

Finally, the Committee recognized that the revised specifications in-
clude many criteria for safety evaluation that would be more appro-
priately listed elsewhere. The Committee strongly recommended that
Principles for the safety assessment of food additives and contaminants
in food (Annex 1, reference 76) be revised to include the safety
assessment of enzymes intended for use in food and that such guide-
lines should subsequently be removed from the general specifications.

Specific food additives (other than flavouring
agents)

The Committee evaluated two food additives for the first time and re-
evaluated a number of others. Information on the safety evaluations



3.1
3.1.1

10

and on specifications is summarized in Annex 2. Details of further
toxicological studies and other information required for certain sub-
stances are given in Annex 3.

Safety evaluations

Emulsifiers

3.1.1.1 Diacetyltartaric and fatty acid esters of glycerol
Diacetyltartaric and fatty acid esters of glycerol were reviewed by the
Committee at its tenth and seventeenth meetings (Annex 1, refer-
ences /3 and 32). At its seventeenth meeting, the Committee allo-
cated an ADI of 0-50mg/kg of body weight on the basis of the results
of biochemical and metabolic studies and feeding tests in animals. At
the same meeting, the Committee also reviewed mixed tartaric, acetic
and fatty acid esters of glycerol and allocated an ADI “not limited”,
with the provision that the total intake of tartaric acid from food
additives should not exceed 30mg/kg of body weight per day.

Specifications established by the Committee at its fifty-first meeting
(Annex 1, reference 137) covered both the above-mentioned products
under the name “diacetyltartaric and fatty acid esters of glycerol”, as
the Committee was aware that the two products could not be distin-
guished analytically. At that meeting, the Committee recommended
that the material defined in the specifications be evaluated toxicologi-
cally. At its present meeting, the Committee considered the data that
were available previously as well as newly submitted information.

The diacetyltartaric and fatty acid esters of glycerol consist of mixed
glycerol esters of mono- and diacetyltartaric acid and fatty acids of food
fats. They can be manufactured either by the interaction of diacetyl-
tartaric anhydride and mono- and diglycerides of fatty acids in the
presence of acetic acid, or by the interaction of acetic anhydride and
mono- and diglycerides of fatty acids in the presence of tartaric acid.

Owing to inter- and intramolecular exchange of acyl groups, the two
methods of production result in essentially the same components, the
distribution of which depends on the relative proportions of the basic
raw materials, on temperature and on reaction time. Diacetyltartaric
and fatty acid esters of glycerol may contain small amounts of free
glycerol, free fatty acids and free tartaric and acetic acids. They may
be further specified as to the acid value, total tartaric acid content,
free acetic acid content, saponification value, iodine value, free fatty
acid content and the solidification point of the free fatty acids.

The draft Codex General Standard for Food Additives includes use of
diacetyltartaric and fatty acid esters of glycerol as an emulsifier,
sequestrant and stabilizing agent in a wide range of foods at a maxi-
mum concentration of 10g/kg.



Biological data. Biochemical studies suggest that diacetyltartaric and
fatty acid esters of glycerol are hydrolysed in the gastrointestinal tract
to yield mono- and diglycerides and acetylated tartaric acid. As mono-
and diglycerides are natural dietary constituents, they would be sub-
jected to natural digestion and absorption processes. Diacetyltartaric
acid is not a natural constituent of the diet, and there is evidence that
it may be further hydrolysed to yield acetic and tartaric acids. When
labelled diacetyltartaric and fatty acid esters of glycerol were admin-
istered to rats, only about one-third of a *C label on tartaric acid was
absorbed; slightly more was excreted in expired air than in urine.

The studies reviewed previously indicated little toxicity after admin-
istration of a single oral dose of diacetyltartaric and fatty acid esters of
glycerol. Three studies of the potential long-term toxicity of this
product when given in the diet to small numbers of rats showed no
adverse effects of dietary concentrations of up to 200 g/kg on mortal-
ity rate, physical appearance, body weight, food consumption, repro-
duction or the histological appearance of the main organs. Dogs also
showed no adverse effects when fed diets containing concentrations
of up to 200g/kg for more than 2 years.

The information reviewed for the first time at the present meeting
consisted of a 2-week study of palatability, a long-term study of toxic-
ity and carcinogenicity, a two-generation study of reproductive toxic-
ity and a study of developmental toxicity, all conducted in rats, plus
two studies of genotoxicity, for point mutations in bacteria and for
clastogenicity in isolated human lymphocytes. In addition, a 6-month
study was conducted in male rats to elucidate some of the effects seen
in the long-term study of toxicity and carcinogenicity.

In the short- and long-term studies in rats, diacetyltartaric and fatty
acid esters of glycerol at a concentration of 100g/kg of diet caused a
transient occurrence of soft stools, particularly in males. Food con-
sumption was frequently depressed at this concentration, most consis-
tently during the first weeks of treatment. The palatability of the diet
was not improved by incorporating diacetyltartaric and fatty acid
esters of glycerol into breadcrumbs or by volatilizing the fatty acids in
the substance by freeze—drying the diet before administration. Body-
weight gain tended to be reduced, but this effect was not observed
consistently in the short-term study. In the long-term study, consump-
tion of a diet containing diacetyltartaric and fatty acid esters of glyc-
erol at 100g/kg was associated with decreased body weight. This
effect was transient in male rats, but body weights more than 10%
lower than those of controls persisted in females into the second
year of the study. Supplementing the diet with additional protein,
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magnesium, pyridoxine (vitamin By) and cyanocobalamin (vitamin
B,,) reduced the decrease in weight observed with the compound at
100g/kg of diet in the 6-month study.

Administration of diacetyltartaric and fatty acid esters of glycerol was
associated with a decrease in the proportion of lymphocytes and an
increase in the proportion of neutrophils in the total leukocyte count
during the 6-month study and during the first year of the long-term
study. However, these effects were transient and dependent on the
type of diet.

In the 6-month study, inclusion of diacetyltartaric and fatty acid esters
of glycerol at a concentration of 60 or 100g/kg of diet was associated
with an increase in the urinary excretion of calcium. In the long-term
study, differences in the weights of the adrenal glands, kidneys and
spleen were observed after 1 year of treatment but were no longer
evident after 2 years. Males fed a diet containing 100 g/kg showed an
increase in both the incidence and the severity of mineralization in the
kidney papilla and pelvis after 1 and 2 years of treatment. Administra-
tion at 100 g/kg of diet for 2 years resulted in an increased prevalence
of microscopic abscesses in the kidneys of males and an increased
severity of nephrocalcinosis in females.

After 2 years of treatment, a dose-related increase in the incidence of
adrenal medullary adenomas was seen in males, affecting 4/50, 6/50,
11/50 and 15/50 (statistically significant) animals at 0, 30, 60 and 100 g/kg
of diet, respectively, and 1/50 and 4/50 females at 0 and 100g/kg of
diet, respectively. Focal medullary hyperplasia was observed in 3/50,
10/48 (statistically significant), 15/50 (statistically significant) and 15/50
(statistically significant) males at 0, 30, 60 and 100 g/kg of diet, respec-
tively, and in 0/50 and 9/50 (statistically significant) females at 0 and
100g/kg of diet, respectively.

Statistically significantly higher incidences of haemangioma and
haemorrhage in the mesenteric lymph nodes were observed in males
fed diets containing 100 g/kg of diacetyltartaric and fatty acid esters of
glycerol, while the incidence of sinus histiocytosis of the mesenteric
lymph nodes was statistically significantly increased in all treated
males.

Myocardial fibrosis was observed more frequently in males at the
highest dietary concentration (13/50) than in the control group (3/50).
Females at the highest concentration had higher incidences of en-
dometrial hyperplasia (7/50 vs 0/50) and cystic endometrial hyper-
plasia (14/50 vs 7/50) than controls at the end of the study.
Histopathological examinations were carried out on the hearts of only



some of the males and on the uteri of only some of the females at the
two lower doses.

In a two-generation study of reproductive toxicity, parental males
of the F,, generation ate less of the diet containing 100 g/kg of diacetyl-
tartaric and fatty acid esters of glycerol and gained less weight during
the pre-mating period. Although F, females at this dietary concentra-
tion also ate less food during the first few weeks of the study, their
body-weight gains were not affected. The body weights, body-weight
gains and food consumption of the F, adults were unchanged. The
survival of the F, and F, litters was not affected by treatment. The
weight gains during lactation of the F, generation litters of dams given
diacetyltartaric and fatty acid esters of glycerol at concentrations of 60
or 100g/kg of diet and of the F, generation litters of dams at 100g/kg
of diet were significantly reduced. The reproductive organs were not
assessed histologically. The NOEL for reproductive toxicity was
30g/kg of diet, equivalent to 1500 g/kg of body weight per day.

Evaluation. High dietary concentrations of diacetyltartaric and fatty
acid esters of glycerol were associated with decreased body weights in
adult rats and their offspring, but it could not be ascertained from the
available data whether these decreases were secondary to or indepen-
dent of decreased food consumption.

In the 2-year study in rats, the groups treated with diacetyltartaric and
fatty acid esters of glycerol were apparently compared with controls
fed diets containing monoglyceride. In order to assess whether some
of the adverse effects were treatment-related, it would be necessary to
compare the effects in treated groups with those in both untreated
and monoglyceride-treated control groups, and to compare the con-
trol groups with one another. In the absence of additional data on the
incidence of myocardial fibrosis and adrenal medullary hyperplasia in
animals at the lowest and intermediate doses, no NOEL could be
identified in the long-term study. The previous ADI of 0-50mg/kg of
body weight was made temporary until 2003, pending submission of
all the necessary additional information.

The specifications for diacetyltartaric and fatty acid esters of glycerol
were revised. As specifications no longer exist for tartaric, acetic and
fatty acid esters of glycerol, mixed, the previous ADI is no longer
applicable and was withdrawn.

A toxicological monograph was prepared, incorporating information
from the earlier monographs and summaries of the studies reviewed
for the first time at the present meeting.

13



14

3.1.1.2 Quillaia extracts

Quillaia extracts (synonyms: bois de Panama, Panama bark extracts,
quillai extracts, Quillay bark extracts, soapbark extracts) are
obtained by aqueous extraction of the milled inner bark or wood of
pruned stems and branches of Quillaja saponaria Molina (family
Rosaceae), which is a large evergreen with shiny, leathery leaves and
a thick bark, native to China and several South American countries,
principally Bolivia, Chile and Peru. The term “quillaia” refers to the
dried inner bark of the tree.

Unpurified extracts contain over 60 triterpenoid saponins, consisting
predominantly of glycosides of quillaic acid. Polyphenols and tannins
are major components. Some simple sugars and calcium oxalate
are also present. The saponin concentration of freshly prepared,
unpurified extracts is 190-200 g/kg of solids (about 20%). The extracts
are treated with “stabilizing agents” such as egg albumin and poly-
vinylpyrrolidone and then filtered through diatomaceous earth. The
stabilizing agents remove substances that would probably precipitate
during storage, such as protein—polyphenol complexes. After filtra-
tion, the liquid is concentrated, and the concentrate may be sold as
such (solids constituting about 550g/1) or be spray—dried and sold as a
powder containing carriers such as lactose and maltodextrin. The
unpurified extracts are used in food applications, primarily for their
foaming properties.

Semi-purified powdered extracts are produced by subjecting un-
purified extracts to ultra-filtration or affinity chromatography to re-
move most solids other than saponins, such as polyphenols. These
semi-purified extracts have higher saponin concentrations (750-800 g/
kg of solids; about 80%) and better emulsifying properties than
unpurified extracts.

Highly purified extracts are produced for use as adjuvants in the
production of animal and human vaccines and not for food use. These
products generally contain more than 90% saponins.

In previous evaluations, the Committee considered data on
unpurified quillaia extracts. Quillaia extracts were reviewed toxico-
logically by the Committee at its twenty-sixth meeting (Annex 1,
reference 59). The available toxicological data included adequate
lifetime studies in mice and rats, from which a NOEL was identified.
However, in the absence of data, no specifications were prepared,
and, hence, no ADI could be allocated. At its twenty-ninth meeting
(Annex 1, reference 70), the Committee prepared new tentative
specifications and established an ADI of 0-5mg/kg of body weight.
The present evaluation was conducted in response to a request by the
Codex Committee on Food Additives and Contaminants at its Thirty-



second Session (4) that the Expert Committee re-evaluate all relevant
information on the toxicity and, in particular, the intake of quillaia
extracts. No new data were submitted to the Committee at its present
meeting. The Committee evaluated published reports on quillaia ex-
tracts or specific saponins that provided information relevant to a
toxicological assessment of quillaia extracts.

Biological data. Quillaia extracts are mixtures of biologically active
compounds that include saponins, tannins, polyphenols and calcium
oxalate. The saponins present in quillaia extracts have a variety of
biological activities: they are haemolytic, cytotoxic, enhance immune
reactions, cause mucosal irritation and inflammation and are anti-
hypercholesterolaemic. The biological activities and the potency of
individual saponins vary widely and depend primarily on the route of
administration.

Studies of acute toxicity showed that quillaia extracts are less toxic
when administered orally than when administered subcutaneously or
intravenously. Fractions isolated from Q. saponaria differed widely in
acute toxicity as well as in adjuvant activity and cholesterol-binding
capacity. QS-18, the major saponin of quillaia extracts, was more
acutely toxic to mice than two other saponins that were isolated
and was more toxic than the extract itself when administered
intradermally.

In a 90-day study, rats were fed diets containing 40g/kg quillaia
extract (equivalent to 2000mg/kg of body weight per day). The
specifications of the preparation conformed to the Emulsifiers and
Stabilisers in Food Regulations 1975 of the United Kingdom, but
information on the actual composition of the material tested was
not available. The animals showed decreased body-weight gain,
decreased weight of the liver relative to body weight and increased
stomach weight, with no treatment-related histological changes. The
NOEL was 6g/kg of diet, equivalent to 400mg/kg of body weight per
day.

In a more recent 90-day study, rats were given quillaia saponins in
deionized water by gavage at a dose of 1200mg/kg of body weight.
Severe and lethal toxic effects were observed during the study. In the
surviving animals, the weights of several organs were increased, and
several haematological and clinical parameters were changed. Histo-
pathological examination showed inflammatory changes in the fore-
stomach, larynx, trachea and lungs.

Minor changes in body-weight gain and in the relative weights of
some organs were reported in lifetime studies in mice and rats given
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quillaia extracts (with specifications conforming to the Emulsifiers
and Stabilisers in Food Regulations 1975 of the United Kingdom), at
dietary concentrations of up to 30g/kg for mice and 15g/kg for rats.
No compound-related histopathological changes were reported. The
NOELs for quillaia extracts in the diet were 5g/kg (equivalent to
700mg/kg of body weight per day) for mice and 10g/kg (equivalent to
500mg/kg of body weight per day) for rats.

The Committee noted that the differences in toxicity observed in the
90-day studies in rats treated orally, outlined above, might have been
due to differences in the concentrations and types of saponins present
in the test material and/or differences in the method of administra-
tion, i.e. in the diet and by gavage in water.

Evaluation. The existing specifications for quillaia extracts were
revised in order to clarify the differences between unpurified and
semi-purified extracts. As additional information on composition
was determined to be necessary, the specifications were designated
as tentative. Once the requested information has been received,
the Committee will consider whether separate specifications for
unpurified and semi-purified extracts are required.

The Committee decided that the previously established ADI of
0-5mg/kg of body weight for unpurified extracts should be made
temporary and extended it until 2003, pending clarification of the
specifications for quillaia extracts; further studies of toxicity with
specified quillaia products similar to the product consumed by hu-
mans may be required. The Committee emphasized that the tempo-
rary ADI is not applicable to the semi-purified extract or to any other
product derived from Q. saponaria or from other species of Quillaia.

Assessment of intake. Quillaia extracts can be used as foaming agents
in soft drinks and cocktail mixes and as emulsifiers in foods such as
baked goods, sweets, frozen dairy products, gelatine and puddings.
Their major food use is in soft drinks such as ginger beer, root beer
and cream soda.

Calculations based on the temporary ADI of 0-5mg/kg of body
weight and the assumption that quillaia extracts are used in soft
drinks at a concentration of 500mg/kg indicated that a person weigh-
ing 60kg could drink up to 600g/day of a soft drink before exceeding
the ADI, while a child weighing 15kg could drink only 150 ¢g/day of a
soft drink before exceeding the ADI. Data on food consumption
submitted to the Committee indicated that consumers in Australia
who are at the 95th percentile of the distribution of consumption of
soft drinks that are likely to contain the additive and children aged
1.5-4 years in the United Kingdom who consume soft drinks at the



97.5th percentile could exceed these amounts. However, these calcu-
lations may have overestimated long-term consumption because the
data were derived from short-term surveys.

Estimates of intake based on consumption of soft drinks likely to
contain this food additive and the levels of use of quillaia extracts
permitted in the draft Codex General Standard for Food Additives
were submitted by Australia and the USA. Estimates of the mean
intake in the United Kingdom were also available, which were based
on consumption of all water-based flavoured drinks and are therefore
conservative. In Australia, the mean intakes were 3mg/kg of body
weight per day (60% of the ADI) for consumers of drinks containing
the additive at the level permitted in the draft Codex General Stan-
dard for Food Additives (500mg/kg) and 7.2mg/kg of body weight
per day (145% of the ADI) for persons at the 95th percentile of
consumption. In the USA, the estimated mean intakes of quillaia
extracts were 1.5mg/kg of body weight per day (30% of the ADI) for
consumers of drinks containing the additive at the level permitted in
the draft Codex General Standard for Food Additives and 2.7mg/kg
of body weight per day (54% of the ADI) for consumers at the 90th
percentile.

Estimates of intake based only on consumption of soft drinks likely to
contain the food additive and national levels of use were submitted by
the USA. The maximum level of use of quillaia extracts by manufac-
turers in the USA is 100mg/kg. The estimated mean intake by con-
sumers was 0.3mg/kg of body weight per day (6% of the ADI), and
that by consumers at the 90th percentile was 0.54mg/kg of body
weight per day (11% of the ADI). Data from the United Kingdom,
based on a level of use by manufacturers of 95mg/kg, indicated that
children who consume soft drinks at the 97.5th percentile level would
consume quillaia extracts at 5.2mg/kg of body weight per day (105%
of the ADI), but this value may be an overestimate of intake as it is
based on consumption of all water-based flavoured drinks.

Use at a maximum level of 95-100mg/day (that reported by the
manufacturers), as in the United Kingdom and the USA, appeared to
be adequate for the technological functioning of quillaia extracts as
foaming agents in soft drinks and did not appear to result in intakes
that exceed the ADI. Young children are a possible exception, but, as
the results of a short-term nutritional survey were used, the frequency
or duration of their potential excursion above the ADI could not be
determined.

The Committee recommended that the Codex Committee on Food
Additives and Contaminants review the use of quillaia extracts at
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500mg/kg proposed in the draft Codex General Standard for Food
Additives.

A toxicological monograph was prepared.

3.1.2 Enzyme preparation

18

3.1.2.1 Invertase from Saccharomyces cerevisiae

Invertase from Saccharomyces cerevisiae, or “bakers’ yeast”, hydroly-
ses sucrose to a mixture of glucose and fructose (invert sugar). This
substance was reviewed by the Committee at its fifteenth meeting
(Annex 1, reference 26) as one of the active principles of carbohy-
drase from Saccharomyces species. It is produced by controlled, sub-
merged fermentation of a pure culture of S. cerevisiae. At the end of
fermentation, the yeast cells are collected, washed and subjected to
autolysis. The lysate is centrifuged and/or filtered to remove cell
debris. The resulting enzyme preparation may be dried or ultra-
filtered to a desired enzyme concentration. Liquid ultra-filtered prod-
ucts can be treated further with activated charcoal to remove colour
and then filtered under sterile conditions. The invertase product is
standardized with food-grade diluents.

At its fifteenth meeting (Annex 1, reference 26), the Committee
concluded that enzymes derived from microorganisms that are tradi-
tionally accepted as constituents of foods or are normally used in the
preparation of foods should themselves be regarded as foods. Inver-
tase from S. cerevisiae was evaluated at the present meeting because
it was being considered for inclusion in the draft Codex General
Standard for Food Additives.

Invertase is fundamental to the manufacture of soft-filled chocolates
and liquid-centre confectionery, there being no additive that fulfils
the same technological function. In the filling for chocolates, invertase
is used at a concentration of 1g/kg of sucrose, resulting in a concentra-
tion of 0.6g/kg (600mg/kg) in the finished product.

The intake of invertase predicted by the Scientific Committee on
Food of the Commission of the European Union was 15mg/day,
assuming consumption of 25¢g of filled chocolates per day out of a
total of 50g of chocolate of all types and a concentration of invertase
of 600mg/kg of chocolate.

The potential intake of invertase from its use in chocolates was also
predicted for the Australian population from individual dietary records
obtained in a survey in 1995. Assuming consumption of 600 mg/kg of
filled chocolate, the mean invertase intake by consumers was 20mg/
day (33g/day of filled chocolate), and that of persons at the 95th
percentile of consumption was 61 mg/day (100g/day of filled choco-



late). These estimates were based on 24-h recalls of food consump-
tion, which tend to result in overestimates of consumption on a long-
term basis. The intake of invertase by young children and adolescents
was similar to that of adults but would be relatively higher than that
of the general population if expressed per kilogram of body weight.

No biological data were available. S. cerevisiae has a well-established
history of use in fermented foods, including bread, alcoholic bever-
ages, some milk products and cocoa. In line with the general prin-
ciples outlined in Principles for the safety assessment of food additives
and contaminants in food (Annex 1, reference 76), invertase from S.
cerevisiae that meets the specifications developed at the present meet-
ing was considered to be acceptable, as S. cerevisiae is commonly used
in the preparation of food. Its use should be limited by good manufac-
turing practice.

A toxicological monograph was not prepared. New specifications
were prepared.

3.1.3 Food colours
3.1.3.1 B-Carotene from Blakeslea trispora
The Committee did not undertake a general re-evaluation of B-
carotene for use as a colouring agent but focused its assessment on
the production and analytical characteristics of -carotene produced
from Blakeslea trispora.

B-Carotene is obtained from B. trispora by co-fermentation of the two
sexual types of the fungus in specific proportions. Both types are
stable in cultures maintained under conditions consistent with good
manufacturing practice. These source organisms are neither patho-
genic nor toxinogenic. The compound is isolated from the fungal
biomass by solvent extraction and crystallized. The main articles of
commerce are suspensions in food-grade vegetable or plant oil and
water-dispersible powders, which are easy to use and improve stabil-
ity, as carotenes readily undergo oxidation.

As in synthetic B-carotene, the colouring principle of B-carotene
from B. trispora consists predominantly of the all-trans isomer of
B-carotene. The content of total colouring matter is not less than
96% (expressed as B-carotene). B-Carotene from B. trispora may also
contain other carotenoids, of which y-carotene accounts for the
major part, at concentrations up to 3%. These molecules occur natu-
rally in carotenoid-containing vegetables.

The Committee considered that the source organisms, the production
process and the composition of B-carotene from B. trispora do not
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raise specific concerns and that the material should be considered
toxicologically equivalent to chemically synthesized B-carotene, for
which an ADI of 0-5mg/kg of body weight was established by the
Committee at its eighteenth meeting (Annex 1, reference 35). This
opinion was given further credence by the negative results obtained in
two tests for genotoxicity (mutagenicity and chromosomal aberra-
tion) considered at the present meeting. Therefore, the Committee
established a group ADI of 0-5mg/kg of body weight for synthetic j3-
carotene and B-carotene derived from B. trispora. The ADI relates
strictly to use of B-carotene as a food colouring agent and not to its
use as a food supplement.

Use of this preparation is unlikely to result in increased use of
B-carotene as a food colour because the material is expected to be
substituted for synthetic -carotene.

A toxicological monograph was prepared. New specifications were
prepared and designated as tentative, pending information on a suit-
able method for determination of residual ethyl acetate and isobutyl
acetate used as solvents. This information is required by 2003.

3.1.3.2 Curcumin

Curcumin is obtained by solvent extraction of turmeric, which is in
turn derived from ground rhizomes of Curcuma longa L. (C. domestica
Valeton). In order to obtain concentrated curcumin powder, the ex-
tract is purified by crystallization. The commercial product consists
predominantly of curcumins: the colouring principle (1,7-bis(4-
hydroxy-3-methoxyphenyl)hepta-1,6-diene-3,5-dione) and its desme-
thoxy and bisdesmethoxy derivatives, in varying proportions. Minor
amounts of oils and resins that occur naturally in turmeric may be
present.

Turmeric oleoresin and curcumin, the main colouring component of
turmeric oleoresin, were evaluated by the Committee at its thirteenth,
eighteenth, twenty-second, twenty-fourth, twenty-sixth, thirtieth,
thirty-fifth, thirty-ninth, forty-fourth and fifty-first meetings (Annex 1,
references 19, 35,47,53,59,73,88,101, 116 and 137). At its eighteenth
meeting, the Committee established a temporary ADI of 0-0.1mg/kg
of body weight for curcumin on the basis of the ADI for turmeric
oleoresin (0-2.5mg/kg of body weight) and an assumed average con-
centration of 3% curcumin in turmeric. The temporary ADI for
curcumin was extended at the twenty-second, twenty-fourth, twenty-
sixth, thirtieth, thirty-fifth and thirty-ninth meetings of the Com-
mittee. At its thirty-ninth meeting, the Committee requested the
results of studies of carcinogenicity in mice and rats fed turmeric



oleoresin and the results of a study of reproductive and developmen-
tal toxicity with curcumin.

At its forty-fourth meeting, the Committee evaluated the results of
the studies of carcinogenicity in rats and mice given turmeric oleo-
resin containing 79-85% curcumin and new data on the biochemistry
and genotoxicity of the compound. The Committee concluded that
data on the developmental toxicity of curcumin were no longer re-
quired, but reiterated its request for a study of reproductive toxicity.
On the basis of a NOEL of 220mg/kg of body weight per day in the
study of carcinogenicity in mice and a safety factor of 200, the Com-
mittee increased the temporary ADI to 0-1 mg/kg of body weight and
extended it, pending submission of the results of a study of reproduc-
tive toxicity with curcumin.

At its fifty-first meeting, the Committee evaluated the results of stud-
ies of fertility in rats and mice treated with turmeric oleoresin and
concluded that they did not provide assurance that the potential
reproductive effects of curcumin had been adequately investigated.
The Committee again extended the temporary ADI, pending submis-
sion of the results of a study of reproductive toxicity with a substance
that complied with the specifications for curcumin, for review in 2001.

The results of the requested study were not available to the Com-
mittee at its present meeting. Nevertheless, the Committee was
informed that a multigeneration study of reproductive toxicity with a
substance that complied with the specifications for curcumin was
under way and would be completed within the next few months. In
view of this information, the temporary ADI of 0-1mg/kg of body
weight for curcumin was extended until 2003, pending submission of
the results of this study.

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

3.1.4 Food salts

3.1.4.1 Phosphates, diphosphates and polyphosphates

Phosphates, diphosphates and polyphosphates were evaluated by the
Committee at its sixth, seventh, eighth, ninth, thirteenth, fourteenth,
seventeenth and twenty-sixth meetings (Annex 1, references 6-8, 11,
19, 22, 32 and 59). A maximum tolerable daily intake (MTDI) of
70mg/kg of body weight was established at the twenty-sixth meeting
on the basis of the lowest concentration of phosphorus (6600 mg/day)
that caused nephrocalcinosis in rats. It was considered inappropriate
to establish an ADI, as phosphorus (as phosphates) is an essential
nutrient and an unavoidable constituent of food. The MTDI is
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expressed as phosphorus and applies to the sum of phosphates natu-
rally present in food and the phosphates derived from use of these
food additives.

This 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. However, in this case, while an MTDI has been
established for the class of phosphate salts, certain specific salts were
not included because specifications were lacking and because infor-
mation was not available to indicate whether they were being used as
food-grade materials.

At its present meeting, the Committee established specifications for
certain specific phosphate salts, pending further information, as indi-
cated below.

¢ Calcium dihydrogen diphosphate is manufactured by calcination of
calcium orthophosphate at a temperature of about 270°C, with a
molar ratio of calcium:phosphorus of about 1:2. It is used in fine
bakery wares at concentrations of up to 20g/kg.

e Monomagnesium orthophosphate is manufactured by partial neu-
tralization of phosphoric acid with magnesium oxide and drying the
resultant product. It is used in fine bakery wares at concentrations
of up to 20g/kg. The Committee noted that this substance is more
concisely denoted as monomagnesium phosphate. It therefore de-
leted the prefix “ortho” for the substance in the specifications. The
specifications were made tentative, pending further information on
loss on drying, loss on ignition, the test method for loss on ignition
and the assay method for the dihydrate.

e Sodium calcium polyphosphate is manufactured by the fusion of
sodium phosphate and calcium carbonate at temperatures greater
than 1000°C. Phosphoric acid is neutralized with sodium and cal-
cium hydroxides in a molar ratio of 5:1. The resulting mixture
undergoes calcination and is cooled, milled and sieved. It is used in
processed cheese and processed cheese analogues at concentrations
of up to 20g/kg.

¢ Trisodium diphosphate is manufactured by hydration and drying of
mixtures of sodium diphosphate. It is used in meat products at
concentrations of up to 5 g/kg. The specifications were made tenta-
tive, pending further information on loss on drying, loss on ignition,
the test method for loss on ignition and the assay method for the
monohydrate.



The Committee included these salts in the group MTDI for phos-
phates, diphosphates and polyphosphates.

A toxicological monograph was not prepared.

3.1.5 Glazing agent

3.1.5.1 Hydrogenated poly-1-decene

Hydrogenated poly-1-decene is obtained by catalytic hydrogenation
of mixtures of trimers, tetramers, pentamers and hexamers of 1-
decenes, produced by oligomerization of 1-decene in the presence of
a catalyst. The product is purified by filtration through activated clay.
Hydrogenated poly-1-decene consists of a mixture of branched iso-
meric hydrocarbons, predominantly with more than 30 carbon atoms.
Minor amounts of molecules with fewer carbons may be present.

Hydrogenated poly-1-decene was first evaluated by the Committee at
its forty-ninth meeting (Annex 1, reference 137) for use as a glazing
and releasing agent. A 28-day range-finding study and a 90-day study
in rats that were available at that time were considered inadequate to
support use of this product as a food additive. Data were requested to
demonstrate that the oily coats observed in rats fed hydrogenated
poly-1-decene in the 90-day study were not the result of systemic
absorption of the material. The Committee also requested that the
results of a study demonstrating lack of absorption in humans be
provided. In the absence of such data, the results of long-term studies
of toxicity and reproductive toxicity and information on the metabo-
lism, distribution and excretion of hydrogenated poly-1-decene would
be required.

At its fifty-third meeting (Annex 1, reference 743), the Committee
reviewed a study of the distribution and excretion of [*H]hydro-
genated poly-1-decene conducted in rats. This study established
that the oiliness of the fur observed within 1-6h of administration of
a bolus dose was associated with radiolabelled material originating
from the anal region, which was spread by grooming. However, while
the study indicated that very little hydrogenated poly-1-decene was
absorbed after oral administration, it did not allow clear definition of
the fate or disposition of any absorbed material. The Committee was
therefore unable to establish an ADI and requested an adequate
study of the absorption and deposition of hydrogenated poly-1-
decene in order to determine whether further studies were required.

At its present meeting, the Committee re-evaluated the results of the
study of the distribution and excretion of hydrogenated poly-1-
decene. Although no additional studies on distribution and excretion
were submitted, the Committee’s attention was drawn to arguments
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that supported the validity of the previous study. In addition, the
Committee evaluated a study of the effect of hydrogenated poly-1-
decene on the absorption, distribution and excretion of linoleic acid
and glycerol trioleate that had been submitted for consideration.

The Committee also revised the existing specifications for hydroge-
nated poly-1-decene in order to take into account the decrease from
3% to 1.5% in the concentration of molecules with fewer than 30
carbon atoms in products on the market for food additive use.

In its re-evaluation, the Committee accepted that equivalent infor-
mation can be obtained with *H and "“C, provided that the label is
located in a metabolically stable position, as was the case for
[’H]hydrogenated poly-1-decene. It also accepted that, for technical
reasons, use of “C-labelled hydrogenated poly-1-decene might be less
appropriate, as the synthetic "“C-labelled compound might be differ-
ent from the substance used in the studies of toxicity. The results of
the study indicated that <1% of the dose of ['H]hydrogenated poly-1-
decene was absorbed from the gut. The absorbed radiolabel was
present largely as *H,O, probably arising from tritium exchange be-
tween the labelled substance and body water. The Committee con-
cluded that absorption of hydrogenated poly-1-decene was negligible.
This conclusion was corroborated by the results of the 90-day study in
rats, which provided no evidence of its accumulation in tissues. Fur-
thermore, the revised specifications for the substance, which require
that it contains a maximum of 1.5% of compounds with fewer than 30
carbon atoms should ensure that absorption of components of low
relative molecular mass is kept to a minimum.

The Committee concluded that the available studies were adequate to
assess the toxicity and safety of hydrogenated poly-1-decene. An ADI
of 0-6mg/kg of body weight was established on the basis of the NOEL
of 550mg/kg of body weight per day in the 90-day study in rats for
effects on the condition of the fur, liver weight and histological
appearance, and a safety factor of 100.

An additional study in rats submitted for consideration by the Com-
mittee suggested that hydrogenated poly-1-decene may decrease the
bioavailability of linoleic acid, an essential fatty acid. However, the
Committee concluded that a nutritionally relevant decrease in bioava-
ilability would not occur if hydrogenated poly-1-decene was consumed
at the level of the ADI, i.e. a maximum of 360 mg/person per day.

Hydrogenated poly-1-decene can be used as a release agent in bread
prepared in commercial baking operations at concentrations of
up to 300-500mg/kg and in glazed fruit at concentrations of up to
2000mg/kg. Bread is expected to be the major source of total intake of



this compound. If use only in bread is assumed, it can be calculated
that up to 720 g of bread containing hydrogenated poly-1-decene at a
concentration of 500mg/kg could be consumed by a 60-kg person
before the ADI of 0-6mg/kg of body weight was exceeded. However,
it was considered highly unlikely that a person would consume this
amount of bread containing hydrogenated poly-1-decene at the maxi-
mum level of use each day.

An addendum to the toxicological monograph was prepared.

3.1.6 Preservative
3.1.6.1 Natamycin (pimaricin)
Natamycin (pimaricin) is a polyene macrolide antibiotic produced by
submerged aerobic fermentation of Streptomyces natalensis and re-
lated species. The fermentation process takes several days, after
which the antibiotic is isolated by extraction from broth or by extrac-
tion of the mycelium.

Natamycin is used as a food additive to control the growth of yeasts
and moulds on the surface of cheese and other non-sterile products,
such as meat and sausages.

Natamycin was evaluated by the Committee at its twelfth and twenti-
eth meetings (Annex 1, references /7 and 47). At its twentieth meet-
ing, the Committee established an ADI of 0-0.3mg/kg of body
weight. The present evaluation was conducted in response to a re-
quest by the Codex Committee on Food Additives and Contaminants
at its Thirty-second Session (4).

The Committee considered information on the current uses of
natamycin, data on its intake and biological data that had not been
evaluated previously.

Uses. Because natamycin is active against yeasts and moulds, but not
bacteria, it is used in foods that undergo a ripening period after
processing. Its low solubility in water and most organic solvents
makes it appropriate for the surface treatment of foods.

Natamycin is used topically in veterinary medicine to treat mycotic
infections, such as ringworm in cattle and horses. Previously, it was
used topically against fungal infections of the skin and mucous mem-
branes in humans. Its medical use is now confined to topical treatment
of fungal infections of the cornea and the prevention of such infec-
tions in contact lens wearers.

Assessment of intake. The Committee noted that as the draft Codex
General Standard for Food Additives proposes restricted use of
natamycin only in cheese and in dried, non-heat-treated meats, intake
would not be expected to exceed the ADI.
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Data submitted by Australia, Germany, New Zealand, the United
Kingdom and the USA indicated that the intakes at mean and high
percentiles of consumption were well below the ADI, although the
estimates for the United Kingdom and the USA covered cheese con-
sumption only. The estimated mean intakes by consumers ranged
from 0.01 to 0.03mg/kg of body weight per day (representing 3% and
9% of the ADI in Germany and the United Kingdom, respectively),
and those by consumers at high percentiles were 0.03-0.08 mg/kg
of body weight per day (representing 9% and 27% of the ADI in
Australia and the United Kingdom, respectively), if it is assumed
that natamycin was used at 40mg/kg in all cheese products and 20mg/kg
in all cured meat products, as proposed in the draft Codex General
Standard for Food Additives. The estimated intakes of natamycin
were lower when national levels of use were assumed.

Toxicological studies. The Committee considered eight studies that
had not been evaluated previously and had been conducted before
the 1980s. A study of single intraperitoneal administration was con-
sidered to be irrelevant to the safety assessment of an ingested sub-
stance. The results of two studies of genotoxicity in three bacterial
systems (Bacillus subtilis, Salmonella typhimurium and Escherichia
coli) were negative.

Two studies in rats and one in dogs given radiolabelled material for
investigation of the distribution and elimination of the compound
supported the previous conclusion that natamycin is excreted prima-
rily in the faeces, with minimal absorption. The only adverse effect
reported in a short-term study of toxicity in dogs was diarrhoea, which
occurred most frequently in animals given the highest dose (equiva-
lent to 25mg/kg of body weight per day); however, the usefulness of
this study was limited, as only two dogs were tested.

In a study of developmental toxicity, an aqueous suspension of
natamycin at 500mg/l was given to groups of 20-26 rabbits at a dose
of 0, 5, 15 or 50mg/kg of body weight per day by gavage on days 6-18
of gestation. The maternal mortality rate was 0%, 5%, 9% and 19%
at the four doses, respectively. No clinical signs of toxicity were ob-
served in the does, and the cause of death was unknown. The mean
maternal body weight, pregnancy rate, number of implantation sites,
number of resorption sites, numbers of live and dead fetuses, propor-
tion of viable fetuses and incidence of soft-tissue anomalies were
comparable in the treated groups and a control group given the ve-
hicle only. The fetal body weight in the group dosed at 15 mg/kg of
body weight by gavage was lower than that of fetuses in the control
group given the vehicle only. The incidence of extra sternebrae was
increased at the two highest doses in comparison with the control



group, but not in a dose-related manner. However, in view of the
unusual sensitivity of the gastrointestinal tract of rabbits to poorly
absorbed substances and to compounds with antimicrobial activity,
this study was considered unsuitable for deriving the ADI.

Microbiological studies. The antifungal activities of natamycin and
other polyenes depend on their binding to cell membrane sterols,
primarily ergosterol, the principal sterol in fungal membranes.
Oomycetes fungi and bacteria are insensitive to these antibiotics be-
cause their membranes lack ergosterol.

Use of natamycin as an antifungal agent in food may result in expo-
sure of the indigenous microflora to trace quantities of antimicrobial
residues. The human intestinal microflora is a complex mixture of
more than 400 bacterial species, consisting primarily of bacterial cells
at a concentration of approximately 10"-10" colony-forming units
per gram (CFU/g). Fungi are much less abundant than bacteria in
the human gastrointestinal tract, the concentration of yeast in stool
samples from healthy subjects being up to 10°CFU/g. As bacteria are
not affected by polyenes, natamycin residues should not harm them;
as yeasts are found in low quantities, the consequences of exposure to
traces of natamycin would be minimal.

Several studies in experimental animals indicated a lack of antimicro-
bial activity in the colon, suggesting that natamycin was degraded into
microbiologically inactive compounds by bacterial flora. However,
no data were available on the degradation of natamycin by human
intestinal microflora. In one study, natamycin was present in faecal
specimens of volunteers who ingested 500mg of the compound, indi-
cating that it is incompletely absorbed or degraded.

As emergence of resistance to antimicrobials is a concern, the Com-
mittee evaluated the possible development of resistance among mi-
croflora as a consequence of exposure to natamycin. A preparation
containing 50% natamycin has been used since the 1980s to preserve
cheese and sausages. Surveys in cheese warehouses and in dry-
sausage factories where the preparation has been used showed no
change in the composition or the sensitivity of the contaminating
fungal flora. All but one of the species of yeasts and moulds isolated
in cheese warehouses where natamycin was used were inhibited by
similarly low concentrations (0.5-8 ug/ml). In another study, 26 strains
of fungi were isolated in eight warehouses where natamycin was
used and two warehouses where it had never been used, and were
tested for sensitivity to the compound; no insensitive yeasts or
moulds were found. The results of laboratory experiments to induce
resistance to natamycin in strains of fungi isolated from cheese
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warehouses indicated that, after 25-30 transfers to media with increas-
ing concentrations of natamycin, none of the strains had become less
sensitive. When the sensitivity of yeasts and moulds isolated from dry-
sausage factories where natamycin had been used for several years
was compared with that of isolates from factories where natamycin
had never been used, no significant differences were demonstrated.

It has been found difficult to induce resistance to polyenes, especially
natamycin, in fungi in vitro. Resistant isolates invariably show re-
duced metabolic and growth rates and, in the absence of polyenes,
readily revert to normal metabolism, growth and sensitivity to na-
tamycin. One means of obtaining isolates resistant to natamycin is
successive subculturing in vitro in the presence of gradually increasing
concentrations of the polyene. Typically, such isolates are resistant
only up to the highest concentration to which they have been exposed.
After 25 passages, the concentration that inhibited Candida albicans
was minimally increased, from 2.5-12ug/ml to 12-50 ug/ml.

Evaluation. Natamycin is a polyene macrolide antibiotic that is effec-
tive against yeasts and moulds but not against bacteria or oomycetes
fungi. The antifungal activities of natamycin depend on its binding to
cell membrane sterols, primarily ergosterol, the principal sterol in
fungal membranes, which is absent in bacteria. The use of natamycin
as an antifungal agent in food may result in exposure of the indig-
enous flora to trace quantities of antimicrobial residues. As bacteria
in the human gastrointestinal tract are not affected by polyenes, the
Committee concluded that natamycin would not have an effect and
that disruption of the barrier to colonization of the intestinal tract was
therefore not a concern. Fungi are much less prevalent than bacteria
in the human gastrointestinal tract, and, in light of the negative results
of the studies of acquired resistance, selection of natamycin-resistant
fungi was not considered an issue.

The Committee noted the finding of extra sternebrae in the study of
developmental toxicity in rabbits, in which a dose-related increase in
the mortality rate was also reported. It considered, however, that admini-
stration of an antimicrobial agent to rabbits by gavage was an inap-
propriate way of testing for developmental toxicity. In addition, extra
sternebrae have been described as a skeletal variation rather than a
frank sign of teratogenicity. Thus, the Committee did not consider the
finding of extra sternebrae to be evidence that natamycin is teratogenic.

The Committee confirmed the previously established ADI of 0-
0.3mg/kg of body weight for natamycin, which was based on observa-
tions of gastrointestinal effects in humans. The Committee noted that
the estimated intakes of natamycin, based on maximum levels of use



in cheese and processed meats proposed in the draft Codex General
Standard for Food Additives, do not exceed this ADI.

A toxicological monograph was prepared and the existing specifica-
tions were revised. The title of the specifications was changed from
pimaricin to natamycin, the commonly used designation. The specifi-
cations were made tentative, pending the receipt of information on
the level and determination of water content, limit for lead, specific
rotation, assay value and method of assay for the commercial product.
This information was required for evaluation in 2003.

3.1.7 Sweetening agent
3.1.7.1 bp-Tagatose
p-Tagatose is a keto-hexose, an epimer of p-fructose inverted at C-4,
with a sweet taste. It is obtained from D-galactose by isomerization
under alkaline conditions in the presence of calcium.

p-Tagatose was evaluated by the Committee at its fifty-fifth meeting
(Annex 1, reference 149), when it concluded that the available data
indicated that Dp-tagatose is not genotoxic, embryotoxic or terato-
genic. It noted that the increased liver weights and hepatocellular
hypertrophy seen in Sprague-Dawley rats occurred concurrently with
increased glycogen deposition; however, the reversal of increased
glycogen storage after removal of D-tagatose from the feed was more
rapid than regression of the liver hypertrophy. Although the gas-
trointestinal symptoms seen in adult humans with the expected daily
intake of D-tagatose were minor, the Committee was concerned about
the increased serum uric acid concentrations observed in a number of
studies in humans after administration of either single or repeated
doses of D-tagatose. Similar increases were observed with other
sugars, such as fructose, but D-tagatose appeared to be a more potent
inducer of this effect. The Committee also noted that this effect of p-
tagatose had not been studied in persons prone to high serum uric
acid concentrations. The Committee concluded that an ADI could
not be allocated for p-tagatose because of concern about its potential
to induce glycogen deposition in the liver and liver hypertrophy and
to increase the serum concentration of uric acid.

Two studies of up to 7 days’ duration in Wistar and Sprague-Dawley
rats given repeated doses of D-tagatose were submitted to the Com-
mittee at its fifty-fiftth meeting, but the reports were received only in
draft form and were not suitable for consideration at that time. The
Committee therefore asked for the final reports and for further data
to clarify the extent, mechanism and toxicological consequences of the
increased serum uric acid concentrations observed in humans exposed
to D-tagatose. At its present meeting, the Committee reviewed the
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reports of the two studies in rats, the results of a study in volunteers
(on the relevance of the glycogen deposition and liver hypertrophy)
and some published studies on the increased uric acid concentrations in
serum after intake of D-tagatose, other sugars and other food components.

Biological data. Review of the results of the studies considered by the
Committee at its fifty-fifth meeting and comparisons with the data
reviewed at the present meeting revealed a difference in sensitivity
between Wistar and Sprague-Dawley rats. Sprague-Dawley rats given
D-tagatose at a concentration of 50g/kg of diet for 28 days showed
increased hepatic glycogen only when they had not been fasted the
night before necropsy, and this effect was not associated with any
microscopic changes in the liver. In a 90-day study in which Sprague-
Dawley rats were killed after fasting overnight, administration of p-
tagatose at a concentration of 50 g/kg of diet had no adverse effect on
the liver. In a 6-month study in Wistar rats in which the animals were
killed after fasting 3, 7, 14 and 28 days and 3 and 5 months after treat-
ment, administration of D-tagatose at concentrations of up to 100g/kg
of diet had no adverse effects. Wistar rats are therefore less suscep-
tible to the hepatic effects of p-tagatose than Sprague-Dawley rats. As
D-tagatose stimulated glycogen deposition to a similar degree in the
two rat strains in short-term studies, the difference is likely to occur at a
later stage, during glycogen-induced or other stimulation of liver growth.

The authors suggested that the increase in normal liver mass seen
in fasted rats fed diets containing 100 or 200g/kg D-tagatose is trig-
gered by increased postprandial storage of liver glycogen resulting
from simultaneous feeding of p-tagatose and glucose equivalents.
In order to test this hypothesis, the effects of separate and simulta-
neous administration of p-tagatose and glycogen precursors on liver
weight and glycogen level were investigated in Wistar and Sprague-
Dawley rats. The results neither supported nor invalidated the hypothesis.

As several studies have been performed in healthy volunteers and in
patients with diabetes, the number of persons varying from 4 to 73,
the Committee based its toxicological evaluation on the data from
these studies. The length of these studies varied from several days to
several weeks; one study of 12 months’ duration included only a
limited number of patients with type 2 diabetes. The toxicological
aspects investigated included gastrointestinal effects, increased serum
uric acid concentrations and hepatic effects.

Mild gastrointestinal symptoms were reported in only one study, in 3
of 10 patients with type 2 diabetes receiving D-tagatose at 10 g/day for
several days, whereas in other studies diarrhoea was observed only in
patients receiving 25¢g three times daily for 8 weeks. In healthy indi-
viduals, administration of a single dose of 30g induced diarrhoea in



some persons only, whereas other studies showed no laxative effect of
single doses of D-tagatose as high as 75g.

The serum or plasma concentration of uric acid was increased tran-
siently in some studies, but the increased uric acid concentration was
above the normal range for a number of days in only one study of
persons receiving 75g/day. The other studies showed either no in-
crease or a transient increase in serum uric acid concentrations within
the normal range.

In a 28-day study in which 15g of p-tagatose or 15g of sucrose were
given three times daily to volunteers, magnetic resonance imaging
was used to determine liver volume, and glycogen concentrations and
several clinical chemical parameters were measured. The results did
not reveal any relevant effect on the liver. In addition, no diarrhoea
and no increase in serum uric acid concentration were observed.
Therefore, the NOEL was 45 g/person per day, equivalent to 0.75 g/kg
of body weight per day (for a person weighing 60kg).

Evaluation. The Committee considered the 28-day study in which
humans received a daily dose of 45 g of p-tagatose or sucrose in three
divided doses as most representative of human dietary intake and
therefore most relevant for assessing the acceptable intake of p-
tagatose accurately. While effects were observed after administration
of a single dose of 75 g, no effects were seen following administration
of three daily doses of 15 g of p-tagatose, equivalent to 0.75 g/kg of
body weight per day. The Committee established an ADI of 0-80 mg/
kg of body weight on the basis of this NOEL and a safety factor of 10.

Assessment of intake. D-Tagatose is proposed for use as a bulk sweet-
ener in low-energy foods, such as edible ices (at a concentration of
3 g/kg), chewing-gum and confectionery (at 15 g/kg), breakfast cere-
als (at 15 g/kg) and soft drinks (at 1 g/kg). At its present meeting, the
Committee considered that the predicted intakes of D-tagatose deter-
mined at the fifty-fiftth meeting, which were based on the manufac-
turers’ proposed levels of use and individual dietary records in several
countries, were conservative. This was because use had been assumed
in the entire food category rather than only in the low-energy food com-
ponent. The mean consumer intakes of p-tagatose from all proposed
uses (except chewing-gum, dietary supplements and meal replace-
ments) predicted for Australia, the Member States of the European
Union and the USA ranged from 3 to 9 g/day (63-190% of the ADI),
and the predicted intakes by persons at high percentiles of consump-
tion were up to 18 g/day (375% of the ADI). On the basis of the
information on possible uses, the Committee concluded that the ADI
for p-tagatose may be exceeded by some groups of the population.
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A toxicological monograph was prepared. The specifications pre-
pared by the Committee at its fifty-fiftth meeting were maintained.

3.1.8 Thickening agents
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3.1.8.1 Carrageenan and processed Eucheuma seaweed
Carrageenan, a substance with hydrocolloid properties owing to the
presence of sulfated polyglycans with average relative molecular masses
well above 100000, is derived from a number of secaweeds of the
family Rhodophyceae. It has no nutritional value and is used in food
preparation for its gelling, thickening and emulsifying properties. Three
main types of carrageenan, known as 1-, k- and A-carrageenan, are used
commercially in the food industry. These names do not reflect definitive
chemical structures but only general differences in the composition
and degree of sulfation at specific locations in the polymer. Processed
Eucheuma seaweed is derived from either E. cottonii (K-carrageenan)
or E. spinosum (A-carrageenan), which are also Rhodophyceae.

Carrageenan is obtained by extraction of the seaweed into water or
aqueous dilute alkali and may be recovered by precipitation with
alcohol, by drying in a rotary drum or by precipitation with aqueous
potassium chloride and subsequent freezing. In contrast, processed
Eucheuma seaweed is prepared by soaking the cleaned seaweed in
alkaline solution for a short time at elevated temperatures. The
treated material is then thoroughly washed with water to remove
residual salts and further washed with alcohol, dried and milled to a
powder. For both carrageenan and processed Eucheuma seaweed, the
alcohols that may be used during purification are restricted to metha-
nol, ethanol and isopropanol. The articles of commerce may contain
sugars added for standardization purposes, salts to obtain specific
gelling or thickening characteristics, or emulsifiers carried over from
the drum-drying process.

Carrageenan was reviewed by the Committee at its thirteenth, seven-
teenth, twenty-eighth and fifty-first meetings (Annex 1, references 19,
32, 66 and 137). At its twenty-eighth meeting, the Committee estab-
lished an ADI “not specified”! on the basis of the results of a number

' ADI “not specified” is used to refer to a food substance of very low toxicity which, on the
basis of the available data (chemical, biochemical, toxicological and other) and the total
dietary intake of the substance arising from its use at the levels necessary to achieve
the desired effect and from its acceptable background levels in food, does not, in the
opinion of the Committee, represent a hazard to health. For that reason, and for reasons
stated in the individual evaluation, the establishment of an ADI expressed in numerical
form is not deemed necessary. An additive meeting this criterion must be used within
the bounds of good manufacturing practice, i.e. it should be technologically efficacious
and should be used at the lowest level necessary to achieve this effect, it should not
conceal food of inferior quality or adulterated food, and it should not create a nutritional
imbalance.



of toxicological studies on carrageenans obtained from various
sources.

Processed Eucheuma seaweed was considered by the Committee at
its thirtieth, thirty-ninth, forty-first, forty-fourth and fifty-first meet-
ings (Annex 1, references 73, 101, 107, 116 and 137). At its forty-
fourth meeting, the Committee concluded that, because of the chemical
relationship between processed Eucheuma seaweed and traditionally
refined carrageenan, the toxicological data on carrageenan were rel-
evant to the safety assessment of the carrageenan polysaccharide
constituents of processed Eucheuma seaweed, but could not replace
adequate toxicological studies on processed Eucheuma seaweed it-
self. At its fifty-first meeting, the Committee reviewed the results of a
90-day study on toxicity in rats fed processed Eucheuma seaweed
from E. cottonii and E. spinosum. The Committee concluded that the
toxicity of this material was sufficiently similar to that of carrageenan
to allow extension of the previous ADI “not specified” for carrag-
eenan to a group ADI that covered processed Eucheuma seaweed.
The Committee also considered all studies on carrageenan that had
been published since its twenty-eighth meeting and, for the earlier
studies, noted the identity of the source material and the type of car-
rageenan, when these could be identified. It expressed concern about
the potential promotion of colon carcinogenesis by carrageenans and
processed Eucheuma seaweed and therefore made the group ADI
“not specified” temporary, pending clarification of the significance of the
promotion of colon cancer observed in studies in rats. At its present
meeting, the Committee reviewed the available evidence for the tu-
mour-promoting and related effects of these compounds in rat colon.

Assessment of intake. Carrageenan and processed Eucheuma sea-
weed are used as thickeners, gelling agents, stabilizers or emulsifiers
in a wide range of foods at concentrations of up to 1500mg/kg. Per
capita intakes in 1995 derived from “poundage” (disappearance) data
in Europe and the USA ranged from 28 to 51 mg/day. These estimates
corresponded to those reported for 1993 by the Seaweed Industry
Association of the Philippines on the basis of sales of 44mg/person
per day for the populations of Canada and the USA and 33 mg/person
per day for European populations.

The estimates derived from poundage data were also consistent with
those derived for the population of the USA from model diets, with
reported mean intakes of carrageenan of 20mg/day for all consumers
and 40mg/day for persons at the 90th percentile of consumption
(derived by multiplying the mean by a factor of 2). The intakes were
derived from data on the food consumption of individuals aged
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2 years and over that were available in 1976 from nutrition surveys in
the USA, combined with the results of a 2-week study by the Market-
ing Research Corporation of America on the frequency of food
consumption.

Biological data. Two studies showed that carrageenan administered
before, during and after administration of known carcinogens
(dimethylhydrazine, azoxymethane, N-methyl-N-nitrosourea) enhanced
the tumorigenicity of these carcinogens. One of the studies involved
administration of carrageenan at 150g/kg of diet, which resulted in
decreased body-weight gain. In the second study, involving adminis-
tration of carrageenan at 60g/kg of diet, the body-weight gain of
treated animals was comparable to that of controls. The increased
incidence of tumours seen under these circumstances may have re-
sulted from promotion but may also have resulted from altered
toxicokinetics or biotransformation of the carcinogen. In addition,
there were indications that the bacterial flora had been altered as a
result of administration of carrageenan. In a separate study conducted
according to a classical tumour initiation—promotion protocol, in
which rats were given dimethylhydrazine, subsequent administration
of carrageenan at dietary concentrations of up to 50 g/kg did not result
in a statistically significant increase in the incidence of colon tumours
over that seen with dimethylhydrazine alone.

Two further studies in rats involved use of a conventional tumour
initiation—promotion protocol but in which formation of aberrant
crypt foci was the end-point, instead of tumour formation. Rats were
given azoxymethane with or without subsequent administration of
carrageenan in their drinking-water. The higher concentration of car-
rageenan, 25 g/kg, was given in the form of a solid gel, which may have
altered the food and water consumption patterns of the animals. The
first study demonstrated that dietary administration of carrageenan
after the carcinogen decreased the number of aberrant crypt foci seen
relative to the number observed with the carcinogen alone, but
significantly increased their size. A subsequent study in rats injected
with human faecal microflora showed no effect of carrageenan on
either the number or size of aberrant crypt foci. As the relationship
between aberrant crypt foci and tumorigenesis is still unclear, it is
difficult to interpret the biological significance of these results.

Increased cell proliferation has frequently been postulated as a
mechanism of non-genotoxic carcinogenicity or tumour promotion.
The preferred methods of assessing cell proliferation are based on
histological techniques, which allow identification of the nature and
location of proliferating cells. There was no consistent pattern of
colon damage in rats treated with carrageenan for prolonged periods.



Some studies showed caecal enlargement, but most did not show
histological damage. In one study in which rats underwent autoradio-
graphic examination, no significant difference from controls in the
number of cells per crypt or in the proportion of labelled cells was
seen in rats fed a diet containing carrageenan at 74 g/kg for 28 days.

Methods for measuring cell proliferation that are based on measure-
ment of cell cycle-dependent enzyme activities, such as thymidine
kinase activity, are cruder means of measuring overall cell prolifera-
tion in an entire tissue specimen. A significant increase in thymidine
kinase activity, expressed relative to protein content, was found in
homogenized mucosal scrapings from the colon of rats fed diets
containing carrageenan at 26 or 50g/kg for 4 weeks; no significant
effects were observed in the animals fed 0, 6.5 or 13 g/kg carrageenan
in the diet for 4 weeks. Histological examination revealed no evidence
of infiltration by inflammatory cells in any of the treated groups. In
another study, the increased thymidine kinase activity observed in
rats fed diets containing carrageenan at 50 g/kg returned to the basal
level within 28 days when the animals were returned to a diet with no
carrageenan. No increase in thymidine kinase activity was seen in
animals receiving diets containing 2 or 15g/kg carrageenan for 28
days. Staining for proliferating cell nuclear antigen (PCNA) revealed
a significant increase in PCNA-positive cells in the upper third of the
crypts of rats receiving a diet containing carrageenan at 50g/kg for 91
days, but not after 28 or 64 days followed by a 28-day recovery period
on a normal diet. No PCNA-positive cells were observed at the lumi-
nal surface. The pattern of staining for PCNA seen with carrageenan
was considered indicative of an adaptive response, which would not
contribute to an increased risk for colonic neoplasia.

In one study, carrageenan inhibited gap-junctional intercellular com-
munication in vitro. However, the mechanism of action was different
from that of a known tumour-promoting agent, phorbol ester, and the
relevance of this observation is unclear for a substance that is not
absorbed in vivo.

Evaluation. In a recent study with a classical tumour initiation—
promotion protocol, administration of carrageenan at concentrations
of up to 50 g/kg of diet did not promote colon carcinogenesis in rats
given dimethylhydrazine. The Committee noted, however, that, in
two studies that showed enhancement of colon carcinogenesis in rats,
higher dietary concentrations of carrageenan were used and carrag-
eenan was administered before, during and after the carcinogens.
The enhanced carcinogenicity seen under these circumstances may
have resulted from promotion or from altered toxicokinetics or bio-
transformation of the carcinogen. Therefore, the mechanism of the
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enhancement of colon carcinogenesis in these studies remains unre-
solved. Continuous feeding of high doses of carrageenan caused a
generalized proliferative response, measured as increased thymidine
kinase activity, in the mucosal tissue of the colon of male rats. This
effect might play a role in the observed enhancement of the tumorige-
nicity of known colon carcinogens by high dietary concentrations of
carrageenan. However, a proliferative effect of carrageenan on the
mucosa of the colon was seen only at a dietary concentration of
26 g/lkg or more. No effect was seen at a concentration of 15 g/kg in the
diet, corresponding to 750 mg/kg of body weight per day, which greatly
exceeded the estimated human intake of carrageenan and processed
Eucheuma seaweed of 30-50 g/person per day from their use as food
additives. Bearing in mind that the enhancement of colon carcinogen-
esis in rats was seen at much higher concentrations and that carrag-
eenan at 50 g/kg of diet did not promote tumours in rat colon in a
classical initiation—promotion study, the Committee considered that
the intake of carrageenan and processed Eucheuma seaweed from
their use as food additives was of no concern. It therefore allocated a
group ADI “not specified” to the sum of carrageenan and processed
Eucheuma seaweed.

An addendum to the toxicological monograph was prepared. The
existing specifications for both carrageenan and processed Eucheuma
seaweed were revised by incorporating more complete descriptions of
the analytical procedures for the determination of lead, cadmium and
mercury and by raising the acceptable limit for lead from 2mg/kg to
Smg/kg and the acceptable limit for cadmium from 1mg/kg to 2mg/
kg. These limits were raised to take into account new information on
inadequacies of the analytical methods for determination of these
elements, which are due to the high salt content of the polysaccha-
rides of both processed Eucheuma seaweed and carrageenan. The
changes were not made because of information about higher concen-
trations of lead and cadmium than those previously considered by
the Committee. The Committee also observed that the new limits
are consistent with the limits established for these heavy metals in
specifications for other hydrocolloids, such as alginic acid.

3.1.8.2 Curdlan

Curdlan (synonym, 3-1,3-glucan) is a linear polymer of high relative
molecular mass, consisting of 3-1,3-linked glucose units. Curdlan is
produced by fermentation of pure cultures from a non-pathogenic,
non-toxinogenic strain of Agrobacterium Biovarl (identified as
Alcaligens faecalis var. myxogenes at the time of its isolation) or

" See footnote on page 32.



Alcaligens radiobacter. Curdlan is recovered from the fermentation
medium by addition of acid and alkali to disrupt the cells, which
releases the curdlan into the medium, followed by separation by
centrifugation. It is then washed with copious amounts of water to
eliminate mineral salts and other water-soluble substances that may
have been carried over from the fermentation broth. The commercial
product is an odourless or nearly odourless, tasteless, white to nearly-
white spray-dried powder.

The use of curdlan in a wide variety of foods is based on its ability to
form an elastic gel upon heating in an aqueous suspension. Thus, it
can be used in processed meat, fish and poultry products and in
gelatins, puddings and fillings as a firming or gelling agent or as a
stabilizer or thickener.

The Committee reviewed curdlan at its fifty-third meeting (Annex 1,
reference 743), when it allocated a temporary ADI “not specified”,'
pending information on the use of curdlan, including the maximum
and typical expected levels in the food categories in which it is pro-
posed for use in the draft Codex General Standard for Food Addi-
tives, and on the consumption in various regions of the world of foods
that might contain curdlan.

Use of curdlan is based on its physical properties, which imply a self-
limiting level of use in solid foods. A submission from the USA
described a model constructed to predict the intakes of curdlan by a
long-term consumer on the basis of a study of the frequency of con-
sumption of foods in 1982-1988 from the Market Research Corpora-
tion of America, and average portion sizes from a 3-day national food
consumption survey conducted in 1987-1988 by the United States
Department of Agriculture. Intake was assessed on the basis of the
self-limiting levels of use (20 mg/kg of processed meat, 15 mg/kg of
processed poultry and fish, 10 mg/kg of dairy products, 35 mg/kg of
egg products, 15 mg/kg of grain products and pasta, 30 mg/kg of cere-
als and starch desserts, 20 mg/kg of gravies and sauces and 40 mg/kg
of gelatins). The resulting mean intake by consumers was estimated to
be 3.6 g/person per day, corresponding to 60 mg/kg of body weight
per day.

The sponsor submitted an estimate based on daily food intake per
capita and typical levels of use in Japan (15mg/kg of processed
meat, 10mg/kg of processed poultry and fish, Smg/kg of dairy prod-
ucts, 30mg/kg of egg products, 10mg/kg of grain products and pasta,
10mg/kg of cereals and starch desserts, 10mg/kg of gravies and sauces
and 30mg/kg of gelatins). The mean intakes were estimated to be

' See footnote on page 32.
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0.77 g/person per day, corresponding to 13mg/kg of body weight per
day, for typical levels of use and 1.7 g/person per day, corresponding
to 28 mg/kg of body weight per day, for maximum levels of use.

Estimates of the intake of curdlan based on individual dietary records
were submitted by the USA on the basis of a survey by the Depart-
ment of Agriculture and the Continuing Survey of Food Intakes by
Individuals (1989-1992). When intake was estimated on the basis of
the upper limit of the range of recommended use, the intake of
curdlan by consumers was 20mg/kg of body weight per day for con-
sumption at the mean and 47mg/kg of body weight per day for con-
sumption at the 90th percentile. When intake was estimated on the
basis of self-limiting levels of use, the intake of consumers was 30mg/
kg of body weight per day for consumption at the mean and 68 mg/kg
of body weight per day for consumption at the 90th percentile.

The data on uses and intake requested by the Committee at its fifty-
third meeting were provided and raised no safety concern. The
Committee therefore established an ADI “not specified” for use of
curdlan as a food additive.

The existing specifications were revised, with minor changes.

3.1.9 Miscellaneous substances
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3.1.9.1 Acetylated oxidized starch

Acetylated oxidized starch is a chemically modified root or grain
starch. It is produced by oxidation of a slurry of starch granules in
alkaline hypochlorite at low temperatures (21-38°C). The alkaline
medium is neutralized with sodium bisulfite, and the resulting organic
salts are removed by washing with water. The oxidized starch is then
esterified with acetic anhydride under mildly alkaline conditions. The
product is neutralized with hydrochloric acid, washed and dried.

Acetylated oxidized starch had not been evaluated previously by the
Committee. At the present meeting, it was proposed for use as a
binding agent in soft confectionery at a concentration of about
300mg/kg — it is mixed with water, sugars and flavours in a batch
process until a clear solution with a dry-solid content of 70% is ob-
tained. The characteristics of the end-product important for confec-
tionery use are gel strength and clarity. Acid hydrolysis results in
starch products that are relatively unclear, and oxidized starch prod-
ucts result in overly soft confectionery. Acetylation of oxidized starch
enhances the desired properties, resulting in a gummy, clear jelly. It

' See footnote on page 32.



can be used as a substitute for gelatin or gum arabic and would
replace a large amount of sugar.

Acetylated oxidized starch has a stable configuration under normal
conditions in food. It is hydrolysed slowly in the presence of strong
acids, yielding glucose, gluconic acid and acetic acid. No degradation
products are expected or known to result from storage or use of this
substance in the preparation of foods at neutral pH. The substance is
not known to sequester minerals, nor does it interact with proteins or
vitamins. It has no known effect on other nutrients.

In a 14-day range-finding study in rats, administration of a diet con-
taining acetylated oxidized starch at a concentration of 300 or 500 mg/
kg increased the weights of full and empty caeca, and dilated caeca
were found at autopsy. At the higher concentration, soft faeces also
occurred. The NOEL was 100mg/kg of diet.

In a 90-day study in rats given a diet containing acetylated oxidized
starch, increased full and empty caecal weights were seen at the
highest concentration of 300mg/kg of diet. Macroscopic examination
showed a dilated caecum in one male rat. Histological examination
did not reveal changes in the caecal wall or other parts of the digestive
tract. Increased caecal weights are a known response to high dietary
concentrations of poorly digested carbohydrates in rats, due perhaps
to an increased osmotic load of short-chain fatty acids produced by
microbial degradation and the associated water retention. Focal
hyperplasia of the urinary bladder epithelium was seen in 4 out of 10
male rats that received the highest dietary concentration but not in
males given lower concentrations, in controls or in females. The
change was probably treatment-related and a consequence of irrita-
tion of the urinary bladder by calculi. The NOEL was 100mg/kg of
diet, equivalent to 5900mg/kg of body weight per day.

If acetylated oxidized starch was to be used only in jelly confectionery
at a concentration of 300g/kg and if the maximum consumption by
consumers was 200g of jelly confectionery per day, the maximum
intake of acetylated oxidized starch would be 60g/day.

The effects seen in the 14-day and 90-day studies in rats were similar
to those observed with high dietary concentrations of other slowly
digested carbohydrates and are commonly seen in rats given other
modified starches in the diet. Because of the nature of acetylated
oxidized starch and its similarity to other modified starches with non-
systemic effects, the Committee established an ADI “not specified”,'
on the basis of the known uses of acetylated oxidized starch as an
ingredient in confectionery products.

' See footnote on page 32.
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A toxicological monograph was prepared. New specifications for
acetylated oxidized starch were prepared and incorporated into the
specifications for modified starches.

3.1.9.2 «a-Cyclodextrin

o-Cyclodextrin is a non-reducing cyclic saccharide composed of six
glucose units linked by a-1,4 bonds. It is produced by the action of
cyclodextrin glucosyltransferase (CGTase, EC 2.4.1.19) on hydroly-
sed starch syrups at neutral pH (6.0-7.0) and moderate temperatures
(35-40°C). The annular structure of a-cyclodextrin provides a hydro-
phobic cavity that allows formation of inclusion complexes with a
variety of non-polar organic molecules of appropriate size. The
hydrophilic nature of the outer surface of the cyclic structure makes
o-cyclodextrin water-soluble.

The principal method for the isolation and purification of «-
cyclodextrin takes advantage of its complex-forming ability. At the
end of the reaction, 1-decanol is added to the reaction mixture to form
an insoluble 1:1 inclusion complex of a-cyclodextrin:1-decanol. The
complex is continuously mixed with water and separated from the
reaction mixture by centrifugation. The recovered complex is resus-
pended in water and dissolved by heating. Subsequent cooling leads
to precipitation of the complex. The precipitate is recovered by cen-
trifugation, and 1-decanol is removed by steam distillation. Upon
cooling, a-cyclodextrin crystallizes from the solution. The crystals are
removed by filtration and dried, yielding a white crystalline powder
with a water content of less than 11%. The purity on a dried basis is
at least 98%.

The hydrophobic cavity and the hydrophilic outer surface of -
cyclodextrin form the basis for its use in the food industry. o-
Cyclodextrin, like its homologues B- and y-cyclodextrin, can function
as a carrier and stabilizer for flavours, colours and sweeteners; as an
absorbent for suppression of undesirable flavours and odours in foods;
as an absorbent for suppression of halitosis (in breath-freshening
preparations); and as a water-solubilizer for fatty acids and vitamins.

o-Cyclodextrin had not been evaluated previously by the Committee,
but the structurally related compound B-cyclodextrin was evaluated
at the forty-first and forty-fourth meetings (Annex 1, references 107
and 7/16), and y-cyclodextrin was evaluated at the fifty-first and fifty-
third meetings (Annex 1, references 737 and 743). At its present
meeting, the Committee noted the close structural similarity between
o- and B-cyclodextrin (seven glucose units) and y-cyclodextrin (eight
glucose units), which permitted comparisons of the metabolism and
toxicity of these compounds.



Biological data. o-Cyclodextrin, like B-cyclodextrin, is not digested in
the gastrointestinal tract but is fermented by the intestinal microflora.
In germ-free rats, o-cyclodextrin is almost completely excreted in the
faeces, whereas y-cyclodextrin is readily digested to glucose by the
luminal and/or epithelial enzymes of the gastrointestinal tract. At low
concentrations in the diet (about 20 g/kg), a-cyclodextrin is absorbed
intact from the small intestine and is then excreted rapidly in the
urine. The majority of the absorption takes place after metabolism of
the substance by the microflora in the caecum. Although no studies of
metabolism in humans in vivo were available, in vitro studies indi-
cated that o~ and B-cyclodextrin, unlike y-cyclodextrin, cannot be
hydrolysed by human salivary and pancreatic amylases.

The acute toxicity of a-cyclodextrin was studied in mice and rats that
received the substance by intraperitoneal or intravenous injection. It
caused osmotic nephrosis, probably because it was not degraded by
lysosomal amylases. At high doses, this led to renal failure.

The results of short-term (28-day and 90-day) studies of the toxicity of
a-cyclodextrin indicated that it had little effect when given orally to
rats or dogs. After administration of a very high dietary concentration
(200g/kg), caecal enlargement and associated changes were seen
in both species. This effect was probably the consequence of the
presence of a high concentration of an osmotically active substance in
the large intestine. No studies of intravenous administration were
available to permit a comparison of the systemic toxicity of this com-
pound with that of - and y-cyclodextrin.

Studies conducted in mice, rats and rabbits given o-cyclodextrin in the
diet at concentrations of up to 200g/kg did not indicate any teratoge-
nic effects. Similarly, the results of assays for genotoxicity were nega-
tive. No long-term studies of toxicity, carcinogenicity or reproductive
toxicity have been conducted with a-cyclodextrin, but the Committee
concluded that, given the known fate of this compound in the gut,
such studies were not required for an evaluation.

In vitro, a-cyclodextrin, like B-cyclodextrin, sequestered components
of the membranes of erythrocytes, causing haemolysis. The threshold
concentration for this effect was, however, higher than that observed
with B-cyclodextrin.

While the potential interaction of a-cyclodextrin with lipophilic vita-
mins, which might impair their bioavailability, has not been studied
directly, such an effect was considered unlikely, by analogy with the
results of studies with B-cyclodextrin. Complexes between fat-soluble
vitamins and B-cyclodextrin have been shown to have greater
bioavailability than uncomplexed forms.
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The enzyme cyclodextrin-glycosyltransferase, which is used in the
production of a-cyclodextrin, is derived from a non-genotoxic, non-
toxinogenic source and is completely removed from o-cyclodextrin
during purification.

Assessment of intake. The predicted mean intake of a-cyclodextrin by
consumers, based on individual dietary records for 1994-1998 in the
USA and the proposed maximum levels of use in a variety of foods,
would be 1.7g/day (28 mg/kg of body weight per day) for the whole
population and 1.6g/day (87 mg/kg of body weight per day) for chil-
dren aged 2-6 years. The main contributors to the total intake of -
cyclodextrin are likely to be soya milk and sweets. For persons at the
90th percentile of consumption, the predicted intake of o-cyclodextrin
would be 3g/day (50mg/kg of body weight per day) for the whole
population and 2.6 g/day (140 mg/kg of body weight per day) for chil-
dren aged 2-6 years.

Evaluation. No studies of human tolerance to a-cyclodextrin were
submitted to the Committee, despite the potentially high dietary in-
take. Nevertheless, the Committee was reassured by the relatively low
toxicity of this compound in animals and the fact that it was less toxic
than B-cyclodextrin, for which studies of human tolerance were avail-
able. Furthermore, the fact that it is fermented in the gastrointestinal
tract in an analogous manner to B-cyclodextrin supported the conclu-
sion that, as in laboratory animals, it would be fermented to innocuous
metabolites before its absorption in the human gastrointestinal tract.

The Committee concluded that, on the basis of the available studies
on a-cyclodextrin and studies on the related compounds (-
cyclodextrin and y-cyclodextrin, for which ADIs have been allocated,
there was sufficient information to allocate an ADI “not specified”.'
This ADI was based on the known current uses of o-cyclodextrin
within good manufacturing practice as a carrier and stabilizer for
flavours, colours and sweeteners; as a water-solubilizer for fatty acids
and certain vitamins; as a flavour modifier in soya milk; and as an
absorbent in confectionery.

A toxicological monograph and new specifications for a-cyclodextrin
were prepared.

3.1.9.3 Sodium sulfate

Sodium sulfate was evaluated by the Committee at its fifty-third
meeting (Annex 1, reference 143), when a temporary ADI “not
specified”' was established. The ADI was made temporary because
information was required on the functional effect and actual uses of

' See footnote on page 32.
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sodium sulfate in food. This information was provided to the Commit-
tee at its fifty-fifth meeting (Annex 1, reference 7/49), and the “tenta-
tive” designation was removed from the specifications. At that time,
the temporary ADI was not reconsidered.

Sodium sulfate is used as a colour adjuvant. Worldwide consumption
from its use in food is approximately 100 tonnes per year.

Atits present meeting, the Committee noted that the results of the few
published studies conducted in experimental animals do not raise
concern about the toxicity of sodium sulfate. Little is absorbed from
the gut, and it is therefore used clinically as a laxative. The small
amount absorbed remains in the extracellular fluid space and is rapidly
excreted via the kidneys. Minor adverse effects have been reported in a
small number of clinical trials and in case reports. All of the effects
were seen with preparations containing sodium sulfate and may have
resulted from other components of the preparations.

In the absence of evidence of toxicity and given the current uses of
this substance, the Committee allocated an ADI “not specified” for
sodium sulfate.

A toxicological monograph was not prepared. The specifications pre-
pared by the Committee at its fifty-fiftth meeting were maintained.

Revision of specifications
Acesulfame K

Acesulfame K is prepared in a three-step process in which sulfamic
acid and diketene are reacted to produce an adduct, which undergoes
cyclization to the acid form of acesulfame. This product is neutralized
with potassium hydroxide to form the potassium salt.

The specifications for acesulfame K were revised. In addition to edi-
torial revisions, a new criterion for purity with regard to the pH value
of the aqueous solution was introduced, and the limit for lead was
lowered from 10mg/kg to 1 mg/kg.

3.2.2 Blackcurrant extract

Blackcurrant extract is obtained from blackcurrant pomace by aque-
ous extraction. The main colouring principles are four anthocyanins
(cyanidin 3-rutinoside, delphinidin 3-rutinoside, cyanidin 3-glucoside
and delphinidin 3-glucoside). Most of the extracted sugars are fer-
mented to alcohol, and virtually all the alcohol is removed during
concentration of the extract by vacuum evaporation. Sulfur dioxide
is used during the extraction process, and residual sulfur dioxide may

" See footnote on page 32.
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be present in the final product. The commercial products are concen-
trated liquids, pastes or spray-dried powders. Spray-dried powder
may contain an added carrier such as maltodextrin or glucose syrup.
At its present meeting, the Committee revised the specifications to
include a chromatographic identification test which distinguishes
blackcurrant extract from other anthocyanin colours and removed the
“tentative” designation.

3.2.3 L-Malic acid

The Committee received no information about the uses of r-malic
acid, other than its well-established use as a flavouring agent. As DL-
and L-malic acid are different compounds made by different manufac-
turing processes, the specifications for pL-malic acid were corrected
by removing the reference to the specifications for L-malic acid.

3.2.4 Oxystearin

The specifications for oxystearin were considered by the Committee
at its fifty-fifth meeting (Annex 1, reference 749). At that meeting, the
Committee maintained the “tentative” designation, with the stipula-
tion that the specifications would be withdrawn if information on the
levels of, and a suitable analytical method for, epoxides was not
provided by 1 May 2001. The Committee noted that oxystearin was no
longer in commercial use as a food additive.

At its present meeting, the Committee withdrew the specifications, as
the requested information had not been received. The Committee
also withdrew the ADI of 0-25mg/kg of body weight for oxystearin
established at its seventeenth meeting (Annex 1, reference 32), as it
considered that there could not be an ADI for a substance for which
there were no specifications.

3.2.5 Pectins

44

Pectins consist mainly of the partially methylated esters of
polygalacturonic acid and its ammonium, sodium, potassium and cal-
cium salts. Amidated pectins also contain amides of polygalacturonic
acid. Pectins are obtained by extraction in an aqueous medium of an
appropriate edible plant material, usually citrus fruits or apples.
Amidated pectins are obtained by treating the extract with ammonia
under alkaline conditions.

The specifications for pectins were revised. The four separate tests for
the identification of pectins contained in the specifications prepared
at the thirty-ninth meeting (Annex 1, reference 107) were replaced by
a new test involving enzymatic degradation, which is specific for pec-
tins, as the Committee had been informed that the previous tests were



not adequate for all commercial samples of pectins. The Committee
was also informed that new separation techniques were used which
could result in contamination of pectins with insoluble organic com-
pounds. Therefore, a new criterion for purity, the percentage of “total
insolubles”, was introduced. In addition, the limits for copper, zinc
and arsenic were deleted, and the limit for lead was lowered from
10mg/kg to Smg/kg.

3.2.6 Smoke flavourings

Smoke flavourings are complex mixtures of components of smoke
obtained by subjecting untreated hardwoods to pyrolysis in a limited,
controlled amount of air, dry distillation at 200-800°C or exposure to super-
heated steam at 300-500°C. The major flavouring principles are car-
boxylic acids, compounds with carbonyl groups and phenolic compounds.

During manufacture of smoke flavourings, hazardous constituents
such as polycyclic aromatic hydrocarbons are removed by subjecting
wood smoke to aqueous extraction or to distillation, condensation and
separation for collection of the aqueous phase. The aqueous smoke
fraction, containing water-soluble constituents, can be diluted with
water or extracted with an edible vegetable oil to produce a smoke
flavouring with a higher concentration of non-polar constituents,
which may be further extracted with food-grade substances, such as
propylene glycol or aqueous solutions of polysorbates.

The commercial products may also contain additives such as emulsi-
fiers, antifoaming agents and gums. Smoke flavourings may also be
prepared in dry form by the addition of carriers such as yeasts, flours,
salt, phosphates, carbohydrates and anticaking agents.

The specifications for smoke flavourings were considered by the
Committee at its fifty-fiftth meeting (Annex 1, reference /49) and were
maintained as “tentative”, pending the receipt of information on an
alternative solvent to benzene for use in the analysis of the carbonyl
content. At its present meeting, the Committee revised the existing
tentative specifications and removed the “tentative” designation. The
revised specifications apply only to water-soluble distillates of con-
densed wood smoke, to their aqueous, vegetable oil or polysorbate
extracts and to concentrates of these products. They do not apply to
products derived from the water-insoluble tars, to certain commercial
products or to pyroligneous acid, a by-product of the manufacture of
charcoal by carbonation of wood in the absence of air.

3.2.7 Tagetes extract

Tagetes extract is obtained by hexane extraction of dried petals of
Tagetes erecta L., with subsequent removal of the solvent. The major
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colouring principles are the xanthophyll lutein and its dipalmitate
(helenien). Other hydroxy derivatives of carotenes may be present,
together with other oxy derivatives, such as epoxides. The product
may contain fats, oils and waxes that occur naturally in the plant
material. The articles of commerce are usually further formulated,
e.g. in order to standardize the colour content or to obtain water-
soluble or dispersible products.

The specifications for tagetes extract were considered by the Commit-
tee at its fifty-fifth meeting (Annex 1, reference 149) and were desig-
nated as “tentative”, pending the receipt of information on the
composition of the commercial products, a test for the identification of
xanthophylls and a method of assay. As the Committee had received
the requested information, it revised the existing tentative
specifications and removed the “tentative” designation.

Revision of limits for metals in food additives

At its fifty-fifth meeting (Annex 1, reference 749), the Committee
began to implement a systematic 5-year programme to replace the
outdated test for heavy metals (as lead) in all existing food additive
specifications with appropriate limits for individual metals of concern.
Limits for lead and arsenic in 43 emulsifiers were proposed. As no
alternative proposals were received by the Secretariat before the
deadline for submission of data for the present meeting, the new pub-
lished limits (Annex 1, reference /57) were adopted, replacing those
published in the Compendium of food additive specifications and its
addenda (Annex 1, references 103, 109, 118, 124,133,139, 145 and 151).

The second group of substances, considered at the present meeting,
comprised 10 anticaking agents, 17 flavour enhancers, 10 sweetening
agents and 13 thickening agents. In response to the call for data,
proposed limits and data to support the proposals were received for
sodium ferrocyanide. Comments and proposals only were received
for calcium silicate, magnesium silicates (synthetic), silicon dioxide
(amorphous), sodium aluminosilicate, monosodium L-glutamate,
sorbitol, lactitol, xylitol, ammonium alginate, tara gum, methyl cellu-
lose, ethyl cellulose, methylethyl cellulose, powdered -cellulose,
hydroxypropyl cellulose and hydroxypropylmethyl cellulose.

All the comments, proposals and supporting data were taken into
account. Comments on the Committee’s new proposed limits (see
Table 1) are invited. When higher limits are requested, analytical data
in support of such limits must be provided. If alternative values and
supporting data are not received by the deadline for submission of
data for the fifty-ninth meeting of the Committee, the proposed limits
will supersede the existing ones, replacing those published in the
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Compendium of food additive specifications and its addenda (Annex
1, references 103, 109, 118, 124, 133, 139, 145 and 151).

In summary, the proposed changes to the current limits are as follows:

¢ The limits for arsenic are to be deleted, except in ferrocyanides of cal-
cium, potassium and sodium, for which a limit of 3mg/kg is proposed.

e The proposed limits for lead are 2mg/kg in thickening agents and
in the anticaking agent magnesium oxide, 1mg/kg in flavour
enhancers and sweeteners, 4mg/kg in phosphates and 5Smg/kg in
silicate and ferrocyanide anticaking agents.

¢ No limits were proposed for cadmium or mercury, as there was no
concern that they are present in any of the substances under review.

e The limits for heavy metals (as lead) were deleted.

The Committee emphasized that the absence of a limit test for a
particular metal from a specification which previously included the
limit test for heavy metals (as lead) indicated that the level of con-
tamination with that particular metal is so low as to be of no concern.

Flavouring agents

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

Six groups of flavouring agents were evaluated by the Procedure for
the Safety Evaluation of Flavouring Agents, as outlined in Fig. 1
(Annex 1, references 116, 122, 131 and 137).

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

® Class I. Substances that have simple chemical structures and
efficient modes of metabolism which would suggest a low order of
toxicity when given by the oral route.

e (Class II. Substances that have structural features that are less in-
nocuous than those of substances in class I but are not suggestive of
toxicity. Substances in this class may contain reactive functional
groups.

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

A key element of the Procedure involves determining whether a
flavouring agent and the product(s) of its metabolism are innocuous
and/or endogenous substances. For the purpose of the evaluations,
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the Committee used the following definitions, adapted from the re-
port of its forty-sixth meeting (Annex 1, reference 122):

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

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

Intake data

Estimates of the intake of flavouring agents by populations typically
involve the acquisition of data on the amounts used in food. These
data were derived from surveys in Europe and the USA. In Europe,
a survey was conducted in 1995 by the International Organization of
the Flavour Industry, in which flavour manufacturers reported the
total amount of each flavouring agent that had been incorporated into
food sold in the European Union during the previous year. Manufac-
turers were requested to exclude use of flavouring agents in pharma-
ceutical, tobacco or cosmetic products.

In the USA, a series of surveys was conducted between 1970 and
1987 by the National Research Council of the National Academy of
Sciences (under contract to the Food and Drug Administration), in
which information was obtained from ingredient manufacturers and
food processors on the amount of each substance destined for addi-
tion to the food supply and on the usual and maximal levels at which
each substance was added to foods in a number of broad categories.

In using the data from these surveys to estimate intakes of flavouring
agents, the Committee assumed that only 60% of the total amount
used in Europe and 80% of that used in the USA is reported and that
the total amount used in food is consumed by only 10% of the popu-
lation. Intake was thus calculated from the following equation:

Intake _ Annual volume of production (kg) x 10°(ug/kg)
(ug/person per day) Population of consumers x 0.6 (or 0.8) x 365 days

The population of consumers was assumed to be 32 x 10° in Europe
and 26 x 10° in the USA.

Pyrazine derivatives

The Committee evaluated a group of 41 flavouring agents consisting
of pyrazine and pyrazine derivatives (see Table 2) by the Procedure

51



N
2 VSN \m\ E/
2 :edoing SN
| ©lou 883 ON 6-05-80+ 19/ suizesAdiAylewa-9'c
N
8 :vsn \m\ E\
2z edoing SN
| 8lou o83 ON 0-ce-eclh 99/ aulzesAdiAylewa-g'e
N
¥ 2vSN /\ﬂ\ E
9} :edoin3 SN
| 910U 883 ON 7-68-0165 G9/ suizelAdiAylewia-g'z
N
UJeoU0D Ajojes oN r.oau,qmj J\m/zE
L0 :edoingy
| 8lou 993 ON 0-06-09%62 79/ auizeiAd|Adoidos|-g
N
1'0 VSN >\m\ E
L0 :edoing SN
| 8lou eeg ON 6-€0-8€ 181 €9/ auizesAd|Adoid-g
N
9 1vSN <m\ E
¢ :edoing SN
| sl0u 888 ON £-00-Ge6et 9. suizeiAdiAnz-¢
. VSN \m\za
0z :edoing SN
| 8lou 983 ON 0-80-60+ 19/ auizelAdiAyioN-g
|| Sse|o |ein}onais
¢9Melul uewny JIoj
wsllogelaw ploysaiu) ey}
ayejul Jusiind uo paloipaid pe80xa 8yelul seo( 2InjonJ1s
pPaseq uoISN[ou0) uo SjUBWIWOYD £V deis pue Jagqwinu SyD "'ON Jusbe Bulnone(

Sluabe Burinoaely se pasn sanneAlap auizelAd jo suonenjena Alajes ayy Jo synsai jo Alewwnsg

¢ olqeL

52



uJeduod \ﬁw%mw ON

—

—

—

—

—

—

aj0U

al0u

a]j0u

alou

a]j0u

aj0U

olou

a]j0u

09g

093

093

093

993

099

003

093

6 VSN
¥ :2doin3
ON

9r ‘vSN
0z} :edoing

ON

L0'0 -¥SN
¥0°0 :odoing
ON

¥'0 'vSN
aN :edoing
ON

L VSN

2 :edoing
ON

FvSN

G :edoing
ON

¥'0 VSN
¥°0 :edoing
ON

6 VSN

8 2doin3
ON

\z
LT
N
0-/0-G¢6e L
\Z
L
N
1-G9-09€€C |
\Z
11
N
}-GG-/99V |

\z
JoN
N
6-90-G¢6E L
\Z
Vs T
N
8-G0-G¢6E L
\z
o8
N
l-¥2-20/GL
\z
LT
N
0-¥9-09¢€ |
\Z
el
N
9-€0-G¢6e L
\Z
L
N

0-€¢-20.G}

Gl.

VL

€L

clLl

L.

042

69/

89/

auizelAdjAyrewip
(9 10 g)'e-1Ayia-¢

auizesAd|Aylewi]-G'ee

auizesAd|Ayrew-g-1AINQos|-g

aulzelAd|AdoidosI-G-|Ay1BN-¢

auizeJAdiAyleig-g'z

auizesAdAylow-G-1Ay1g-g

suizelAdiAyoW-9-Ay13-g

suizelAdiAylew-g-1Ay1g-¢

53



N
L0'0 '¥SN Q ﬁ
100 :2doin3 SN auizelAdejuadooho
| 810U 983 ON ¥-€9-/168¢ 28l HS-IAylewip-g'z-01pAyIa-2'9
\z
¥ 1vSN /za
G :edoing auizelAdejuado|oAo
| 8l0u 983 ON 0-8Y¥-L¥.€2 182 +HG-01pAyIp-/ ‘9-IAYIBIN-G
N
61 VSN \(m ﬁ
g :edoing SN
| 8lou eeg ON vrL-velt 08/ suizelAdjAylewens 1-9'G'e'g
N
uleouoo Ajejes oN L0'0 VSN \\(ﬁ\ E\/
100 :0doing SN
| 910U 995 ON 1-GO-8E 181 6./ suizelAd|Aytew-z-|AyielIg-G'e
N
100 :¥SN /H E\/
100 :0doing SN
| 8lou 8983 ON /-16-9€/2€ 8/L suizelAd|Ayiew-¢-1Ay11a-G'g
N
L vSn “m\ E\
2’0 edoing SN
| 910U 993 ON 0-¥0-8€1 81 i auizelAd|Ayraw-G-1Aye1q-¢°2
N
€0 :¥SN - Wm\ ﬁ
g -edoing SN
| 8lou o83 ON 0-,0-Gzeel 9./ suizesAdiAyiewip-9‘z-1Aui3-¢
¢,@¥elul uewny 1o}
wsljogersw ployselyl eyl
9)elul JUs4INd uo paloipald po90X8 B¥elul S80(] 2In1oNnJ1s
paseq uoIsnjouo) uo sjuswwo) £V deis pue Jeqwinu Sy)D "ON 1uabe BulnoAe|4

(penujjuoo) ¢ e|qeL

54



uloou0?d Alajes oN

L VSN
aN :edoing
€ 9]ou 983 ON

Gl 'vsSn
aN :edoing
€ 910U 993 ON

L VSN
7 :edoing
€ 910U 993 ON

L VSN
| :edoing
Z 9lou 8989 ON

L0 VSN
| :2doing
Z 910U 993 ON

0ct ‘¥SN
71 :odoing

Z olou 993 ON

~

e

6-86-G¥8.9

N N
HW ﬁ>2
S0 N S0 N

6-0G9-6£089 +-85-0895¢

Ty

G-1¢-¢88¢

L
SN S0 SN

9-¢c-¢88¢ G-0€-L¥8¢

\Z
L)
0" 'N

8-8C-6V €

T

€-60-00€vS

¢-80-00€VS
_ N
N
N
¢}
8-¢6-7.62¢
\Z
o]
N
6}

¢-S¢-Lv0cce

681

88/

VASYA

982

g8/

8.

aulzelAdAxoylew
-(9 10 G Jo g)-lAui3-g

auizelAdjAyrow
-g-AXoUisN-(9 40 G Jo 2)

auizelAdAxoyioN

aulzelAd|Aylewip

~(9 1o g)'g-lA1e0V-2

auizesAd|Ayle-g-1A190y-2

auizelAd|A1eoy

55



N
10°0 SN Q\m\ )
dN :edoun3 SN
ulaouod Alajes oN | 8lou 993 ON /-26-.1282 £g/ aulzeAd(jAyiow|AxayoloAD)
Ill Ssejo |eanonas
N
. )
L0 VSN NN
L0 :edoing o
¢ ol0U 993 ON 9-08-/8/¢€¢ 056 auizesAd|Aylew-g-1A190v-¢
ON
Lvsn L/\H\ E
2 :oedoing SN
€ 8lou 883 ON 6-00-£891¢ 26/ suizelAdAxoyiew-g-1AiNqos|-g
N
uIeouod Alejes oN 1’0 '¥SN U/\m\ E
| :2doing ~o0” SN auizesAd(jAdoidAylow-|)
€ ©jou 8835 ON G-0/.-89tv¢e L6/ -c-AXoy1o|N-g
_N
.y f
07N
€-97-6£089
N N
o LT X0
aN :edoung ~o0 SN S0 SN auizesAd|Adoidosi
€ 9jou 893 ON /-66-1689G ¥-0v-€//S¢ 062 (9 10 G Jo g)-AxoyleN-¢
$Melul uewny 1o}
wsijogelaw ploysaiyl syl
Ye1ul JUslINd uo palolpaid pPa90X8d a)elul $80( ain1onis
pPaseq uoISN[OU0) uo SjUBWIWOYD £V deis pue Jagqwinu Syd ‘'ON 1usabe Bulinore(

(penunuoo) g eigeL

©
n



uloouo?d Alajes oN

gl 'vsSn
/ :edoing
G 910U 993 ON

L0'0 VSN
aN :edoing
G 9J0U 89S ON

L VSN
2’0 :edoing
7 8]0U 985 ON

LO'0 VSN
100 :2doing
7 8J0uU 983 ON

F0'0 VSN
dN :edoun3
© 9lou 993 ON

_N
L
NS
_
F-€1-¥88¢

!
N_S _S_N
Ly L)
N N
cv-¥88¢ 1¥-0c-¢88¢

\Z
L
S N

6-0,-8v61¢

N

z
L
HS N

¥-€5-09¢5€

N
L)
HS SN

¢¢0-1c06S
\Z
L
N™ O
\
9-/6-€91€G

\
Ly )

S-vE-Gv8.9 L-vl-LE/LCE

161

96/

G6.

6.

€6/

auizelAdjAyrew
-g-(oluHAuIeN)-(9 40 G Jo €)

apins |Aylew |AylawiAuizeifd

o1yl sueyejAuizelhd-g

auizelAd(|Ayrawoidedls|n)-2

auizelAdAxoyle
-(9 10 G Jo g)-lAyleIN-¢

57



‘'senfojeue BuUOYNS puUe BpPIX0JNS 0} UolepIXo-§ snid | 810U Ul USAIB Se uoneoIxola(
‘proe oluoinonB yum uonebnluod pue seplnNsIp Paxiw JO Uonew.o) ‘uonejAyiaw ‘uonepIxo oyl snid | 810u ul UsAlb Se uoneoIxo1eq
‘uoneIoxe pue uonebnluoo Ag pamoljo) uonelAyesp-0 snid | 81ou Ul UsAIB Se uoieoIxole(
‘proe ouononB yum uonebnluod pue joyode Buipuodsaliod ayl 01 uoionpal snid | 810U ul UsAIB Se UoieoIX018(

aA®<w

‘uoneJoxse pue uonebnfuoo

AQ pamoj|o} uonejAxolpAy Bull Jo ‘uoneloxa pue uonebnluod Ag pamo|o} UCIIEPIXO Ureyd-apIs ‘pabueyoun auun ayl ul uonaioxs Ag uoneoixoleq |

L 8/qe] O] SION

‘Aep/Bri ul pessaidxe aie sanjeA axelul ||y “AjeAnoadsal ‘Aep/6Tioe pue Aep/BTiopS eJe ||| PUB || S8SSE|D [BINJONIAS 10} 8¥ejuUl UBWINY IO} SPjoysaiy) 8yl
'sjonpoid snonoouul 0} pazijogelew ag o} pajoadxa ale dnoib syl Ul sjuabe Bulnoaely ayy Jo |1y ¢ deis
‘pauodal 8xelul UO Blep OU (N ‘92IAI9S SI0BIISqY [edlway) SYD

N
an :vsn m\ @
g :edoing Y
| 8lou o83 ON 6-Ge-Clive cs6 aulexouinboipAyelie]-8'/'9's
N
20:vsn m\ E
ulaouod Alajes oN 2’0 :edoing SN
| 8J0ou 883 ON 6-L£-06¢ 1G6 aulzelid
N
L VSN /zg
9z :edoing
| 810U 983 ON 8-¢1-80.E1 86/ aulfexoulnblAueIN-G
JMelul uewny 1o}
wsijogelsw ployselyl eyl
9¥elul JUalIind uo pa1oIpaid pPB90X8 9¥eIul $80(] aInonis
paseq uoISN[OuU0) uo SJUBWIWOYD LV deis pue Jaqwinu SyD ‘ON 1uabe BulnoAe|4

(penunuoo) g ejgel

58



for the Safety Evaluation of Flavouring Agents (see Fig. 1). None of
these agents has previously been evaluated by the Committee.

Thirty-four of the flavouring agents in this group are naturally occur-
ring components of food. Members of this group have been detected
in asparagus, potato, kohlrabi and wheaten bread.

4.1.1.1 Estimated daily per capita intake

The total annual volume of production of pyrazine and the 40
pyrazine derivatives in this group is approximately 2700kg in
Europe and 2100kg in the USA. About 64% of the total annual
volume of production in Europe is accounted for by 2,3,5-
trimethylpyrazine (No. 774), 2-ethyl-3-methylpyrazine (No. 768) and
2-ethyl-3,(5 or 6)-dimethylpyrazine (No. 775). In the USA, about
66% of the total annual volume of production is accounted for by
acetylpyrazine (No. 784), 2,3,5-trimethylpyrazine (No. 774) and
2,3,5,6-tetramethylpyrazine (No. 780). The estimated daily per capita
intake of 2,3,5-trimethylpyrazine (No. 774) in Europe and of
acetylpyrazine (No. 784) in the USA is about 120ug. The daily per
capita intake of each agent in Europe and the USA is reported in
Table 2.

4.1.1.2 Absorption, distribution, metabolism and elimination

Pyrazine is a weak base (log,, of the reciprocal of the dissociation
constant, 13.4). Absorption of weak amine bases such as pyrazine
derivatives is optimal at the pH of the intestine (5.0-7.0). In humans
and laboratory rodents, orally administered substituted pyrazines are
rapidly absorbed from the gut and excreted.

Alkyl-, alicyclic- and alkylaryl-substituted pyrazine derivatives. The
biotransformation of alkyl-, alicyclic- and alkylaryl-substituted pyra-
zine derivatives (Nos 761-783 and 798) is expected to occur by oxida-
tion of the alkyl side-chains. Methyl-substituted pyrazines are
oxidized to yield the corresponding pyrazine-2-carboxylic acids. 5-
Methylquinoxaline (No. 798) would be expected to be metabolized
by the same pathway as the methyl- and ring-substituted pyrazine
derivative 2-amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MelQx),
which is oxidized to yield the corresponding hydroxymethyl deriva-
tives. An alternative pathway for the metabolism of pyrazine deriva-
tives and the primary metabolic pathway for pyrazine (No. 951) itself
involves hydroxylation of the pyrazine ring. Products of oxidative
metabolism can be excreted unchanged or conjugated with glycine,
glucuronic acid or sulfate before excretion.

Pyrazine derivatives containing an oxygenated functional group in the
side-chain. In pyrazine derivatives containing a ring activator (e.g. a
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methoxy substituent), significant ring hydroxylation may occur.
Pyrazines with a methoxy side-chain, such as methoxypyrazine (No.
787), are more susceptible to nucleophilic attack, probably by molyb-
denum hydroxylases, and therefore primarily undergo ring hydroxy-
lation. Additionally, the methoxy side-chain is O-demethylated. In
rats, 3-acetylpyridine is reduced mainly to the secondary alcohol and
excreted as the glucuronic acid conjugate. Therefore, acylated
pyrazines (Nos 784-786 and 950) are expected to be metabolized
mainly by reduction of the ketone functional group.

Pyrazine derivatives containing a thiol or sulfide functional group in
the side-chain. Four pyrazine derivatives in this group contain either
a thiol or a sulfide functional group in their side-chain. The possible
metabolic pathways for the thiols, 2-(mercaptomethyl)pyrazine (No.
794) and 2-pyrazinylethane thiol (No. 795), include oxidation to form
sulfinic acid (RSO,H) and sulfonic acid (RSO;H); methylation to
yield methyl sulfides, which then form sulfoxides and sulfones; reac-
tion with physiological thiols to form mixed disulfides and conjuga-
tion with glucuronic acid; or oxidation of the a-carbon, which results
in desulfuration and formation of an aldehyde. Pyrazinylmethyl me-
thyl sulfide (No. 796) and (3 or 5 or 6)-(methylthio)-2-methylpyrazine
(No. 797) are predicted to be metabolized to sulfoxides and then to
sulfones, which are the main urinary metabolites of simple sulfides.
The Committee at its fifty-third meeting (Annex 1, reference 743)
considered the pathways of metabolism of sulfur centres in its evalu-
ation of a group of 137 flavouring agents that included aliphatic and
aromatic sulfides and thiols, with and without an additional oxygen-
ated functional group.

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

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents, the Committee assigned 32 of the 41 flavouring
agents with one aromatic ring to structural class II on the basis of
structural considerations and because they occur naturally (Nos 761-
782, 784-792 and 950). Six flavouring agents with one aromatic ring
were assigned to structural class 111 (Nos 783 and 793-797), as was
5,6,7,8-tetrahydroquinoxaline (No. 952). Pyrazine (No. 951) is the
only agent in the group that bears no ring substituent, and it was
therefore also assigned to structural class III. 5-Methylquinoxaline
(No. 798) was assigned to structural class III because it is a poly-
heteroaromatic substance that does not contain sodium, potassium or
calcium sulfonate or sulfamate.

Step 2. At current levels of intake, all 41 flavouring agents can be
predicted to be metabolized to innocuous products, and the pathways



involved would not be expected to be saturated. The evaluation of
these substances therefore proceeded via the left-hand side of the
decision-tree.

Step A3. The estimated daily per capita intakes of all 32 flavouring
agents in structural class II and all nine substances in structural class
IIT are below the thresholds of concern for these classes (540ug and
90 g, respectively). The Committee concluded that these substances
would not be expected to be of safety concern at the currently esti-
mated levels of use.

Table 2 summarizes the evaluations of pyrazine and 40 pyrazine de-
rivatives used as flavouring agents.

4.1.1.4 Consideration of combined intakes from use as flavouring agents
In the unlikely event that all 32 pyrazine derivatives in structural class
IT were to be consumed concurrently on a daily basis, the estimated
combined intake would not exceed the threshold for human intake for
this class (540ug/day). In the unlikely event that all nine flavouring
agents in structural class III were to be consumed concurrently on a
daily basis, the estimated combined intake would not exceed the
threshold for human intake for this class (90ug/day). All the
flavouring agents in this group are expected to be efficiently metabo-
lized, and the available metabolic pathways would not be saturated.
Evaluation of all the data indicated no safety concern associated with
combined intake.

4.1.1.5 Conclusions

The Committee concluded that the safety of pyrazine and the 40
derivatives of pyrazine in this group would not raise concern at the
currently estimated levels of intake.

A monograph summarizing the data on the safety of this group of
flavouring agents and specifications were prepared.

4.1.2 Aromatic substituted secondary alcohols, ketones and related

esters

The Committee evaluated a group of flavouring agents that included
o-methylbenzyl alcohol (No. 799), acetophenone (No. 806) and 36
structurally related aromatic secondary alcohols, ketones and related
esters (Table 3) by the Procedure for the Safety Evaluation of
Flavouring Agents (see Fig. 1). All the members of this group are
considered to be aromatic secondary alcohols, ketones or related
esters. The aromatic ring may contain additional alkyl substituents or
a methoxy group, and the aliphatic side-chain may be unsaturated or
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contain additional oxygenated functional groups. Of the 38 flavouring
agents in this group, 34 are simple saturated or unsaturated methoxy-
or alkyl-substituted benzene derivatives containing a secondary alco-
hol, corresponding ketone and/or related ester functional group.

The Committee had previously evaluated three members of this
group. a-Methylbenzyl alcohol (No. 799) was evaluated at the forty-
first meeting (Annex 1, reference 707), when an ADI of 0-0.1 mg/kg
of body weight was established. At its twenty-fourth meeting, the
Committee reviewed data on o-isobutylphenethyl alcohol (No. 827)
(Annex 1, reference 53), and at its twenty-third and twenty-fifth meet-
ings, it reviewed data on methyl B-naphthyl ketone (No. 811) (Annex
1, references 50 and 56). No ADI was allocated to either of these
flavouring agents.

Of the 38 aromatic substituted secondary alcohols, ketones and re-
lated esters considered, 16 have been reported to occur naturally
in foods. For instance, o-methylbenzyl alcohol (No. 799) has been
detected in cheese, fruit and tea, and the corresponding ketone ace-
tophenone (No. 806) is a natural component of berries, seafood, beef
and nuts.

4.1.2.1 Estimated daily per capita intake

The total annual volume of production of the 38 aromatic secondary
alcohols, ketones and related esters considered here is approximately
4.2 tonnes in Europe and 17 tonnes in the USA. Approximately 58%
of the total annual volume of production in Europe is accounted
for by a-methylbenzyl acetate (No. 801) and acetanisole (No. 810).
The estimated daily per capita intakes of these two flavouring agents
in Europe are 200ug and 150 g, respectively. In the USA, approxi-
mately 80% of the total volume of production arises from use of
o-methylbenzyl acetate (No. 801), acetophenone (No. 806), 4-(p-
methoxyphenyl)-2-butanone (No. 818) and ethyl benzoylacetate (No.
834). The estimated daily per capita intakes of these agents are 650 g,
170 ug, 840ug and 140ug, respectively.

The estimated daily intake of each flavouring agent in the group is
reported in Table 3.

4.1.2.2 Absorption, distribution, metabolism and elimination

Generally, the flavouring agents in this group are rapidly absorbed
from the gut. The aromatic secondary alcohols (and aromatic ketones
after reduction to the corresponding secondary alcohols) are then
either conjugated with glucuronic acid and excreted primarily in the
urine, or are further oxidized and excreted mainly as glycine conju-
gates. As aromatic esters are generally hydrolysed in vivo by the



catalytic activity of carboxylesterases, which are found predominantly
in hepatocytes, it is anticipated that the 10 esters in this group of
flavouring agents will be hydrolysed to their parent aromatic or ali-
phatic alcohols and carboxylic acids. The eight aromatic secondary
alcohols formed as a result of this process are excreted as their glucu-
ronides or are further metabolized and excreted in the urine. The
corresponding eight simple aliphatic carboxylic acids are metabolized
completely by well-known pathways. The two remaining esters (Nos
834 and 835) are hydrolysed to ethanol and aromatic keto-carboxylic
acids (3-oxo-3-phenylpropanoic acid and 3-oxo-5-phenylpentanoic
acid, respectively), which are anticipated to be further metabolized
and excreted in the urine, like other aromatic ketones.

Simple aromatic ring substitution with methyl, isopropyl or methoxy
groups (Nos 805, 807-810, 813, 817, 818, 826 and 829) is predicted to
have little effect on the principal metabolic pathways. It is more
difficult to predict the metabolic fate of Nos 811 and 812 on the basis
of the available data, as it is not known to what extent they are
distributed in the tissues and eliminated. One of these substances, 4-
acetal-6-tert-butyl-1,1-dimethylindan (No. 812), might accumulate in
human adipose tissue.

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

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (see Fig. 1) to these 38 aromatic flavouring agents,
the Committee assigned 28 to structural class I (Nos 799-810, 813—
826, 834 and 835). Six flavouring agents were assigned to structural
class II, one (No. 833) because it is a vicinal diketone and the other
five because they contain a fused non-aromatic carbocyclic ring (No.
812) or aliphatic substituent chains with more than five carbon atoms
(Nos 827-830). Four of the agents (Nos 811, 831, 832 and 836) were
assigned to structural class III because they contain more than one
aromatic ring and cannot be hydrolysed to mononuclear residues.

Step 2. At current levels of estimated intake, 36 of the 38 flavouring
agents in this group are predicted to be metabolized to innocuous
products and the available metabolic pathways would not be expected
to be saturated. Evaluation of these substances therefore proceeded
via the left-hand side of the decision-tree. The two remaining
flavouring agents (Nos 811 and 812) cannot be predicted to be me-
tabolized to innocuous products, and therefore their evaluation pro-
ceeded via the right-hand side of the decision-tree.

Step A3. The estimated daily per capita intakes of the 28 flavour-
ing agents in structural class I, five of the six flavouring agents in
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structural class II and three of the four agents in structural class III are
below the thresholds of concern for these classes (1800 ug, 540ug and
90 ug, respectively). The Committee concluded that these substances
would not be expected to be of safety concern at their currently
estimated levels of use as flavouring agents.

Step B3. The estimated daily per capita intakes of one agent in struc-
tural class II (No. 812) and one in structural class III (No. 811) are
below the thresholds of concern for these classes (540ug and 90ug,
respectively).

Step B4. The NOEL identified for methyl B-naphthyl ketone (No.
811) in a 90-day study in rats treated orally was the highest dose
tested, 33 mg/kg of body weight per day. This dose provided safety
margins >100 000 and >10 000 times the estimated daily per capita
intakes in Europe and in the USA, respectively. The Committee
concluded that methyl B-naphthyl ketone does not pose a safety con-
cern at currently estimated levels of use as a flavouring agent.

No data were available on the toxicity of the remaining agent (No.
812) or of relevant structurally related substances. Accordingly, the
evaluation of this substance proceeded to step BS.

Step BS5. As the estimated daily per capita intake of 4-acetyl-6-tert-
butyl-1,1-dimethylindan (No. 812) in Europe (6ug) exceeds the
threshold of 1.5ug/person per day, further data are required for a
safety evaluation. The Committee concluded that this flavouring
agent cannot be classified as of “no safety concern at current level of
intake”.

Table 3 summarizes the evaluations of a-methylbenzyl alcohol and
acetophenone and 36 structurally related flavouring agents.

4.1.2.4 Consideration of combined intakes from use as flavouring agents
In the unlikely event that all foods containing all the flavouring agents
in structural classes I and II were to be consumed simultaneously on
a daily basis, the estimated combined intake would exceed the human
intake threshold for class 11 (540ug). However, the agents are ex-
pected to be metabolized efficiently and the available metabolic path-
ways would not be saturated. Evaluation of all the data indicated no
safety concern associated with combined intake.

4.1.2.5 Conclusions

The Committee concluded that 37 of this group of 38 aromatic sec-
ondary alcohols, ketones and related esters would not pose a safety
concern at currently estimated levels of use as flavouring agents.



The Committee noted that when data on toxicity were available,
they were consistent with the results of the safety evaluation. Data on
toxicity were required for two agents (Nos 811 and 812) in application
of the Procedure. Relevant data were available for one of these
substances (No. 811), which gave a large safety margin in relation to
the estimated intake.

The Committee required additional data to evaluate the safety of 4-
acetyl-6-tert-butyl-1,1-dimethylindan (No. 812), which could not be
predicted to be metabolized to innocuous products, for which satisfac-
tory data on toxicity were not available and of which the estimated
daily intake, 6 ug/person in Europe, exceeded the threshold of 1.5ug/
person per day.

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

4.1.3 Benzyl derivatives

The Committee evaluated a group of 37 flavouring agents' that con-
sisted of benzyl alcohol (No. 25), benzaldehyde (No. 22), benzoic acid
(No. 850) and related substances (Table 4) by the Procedure for the
Safety Evaluation of Flavouring Agents (see Fig. 1). All members of
this group are aromatic primary alcohols, aldehydes, carboxylic acids
or related esters or acetals. The benzene ring may be ring-substituted
with alkyl substituents (Nos 863-869).

The Committee had previously evaluated five members of the group.
Benzyl alcohol (No. 25) was evaluated at the twenty-third and forty-
sixth meetings (Annex 1, references 50 and 122); benzyl acetate
(No. 23) was evaluated at the eleventh, twenty-seventh, twenty-ninth,
thirty-first, thirty-fifth, forty-first and forty-sixth meetings (Annex 1,
references 14, 62, 70, 77, 88, 107 and 122); benzyl benzoate (No. 24)
was evaluated at the fifteenth and twenty-third meetings (Annex 1,
references 26 and 50); benzaldehyde (No. 22) was evaluated at the
eleventh and forty-sixth meetings (Annex 1, references /4 and 122;
and benzoic acid (No. 850) was evaluated at the sixth, ninth, seven-
teenth, twenty-seventh and forty-sixth meetings (Annex 1, references
6, 11, 32, 62 and 122). At its forty-sixth meeting, the Committee
evaluated benzyl acetate, benzyl alcohol, benzaldehyde, benzoic acid
and the benzoate salts (calcium, potassium and sodium) as a group
and maintained the group ADI of 0-5mg/kg of body weight as
benzoic acid equivalents (Annex 1, reference 122).

" During evaluation of these flavouring agents, the Committee questioned whether some
substances in this group (Nos 850, 861 and 862) were used as flavouring agents and
therefore appropriately evaluated by the Procedure. Information to address this question
will be sought from the relevant manufacturers.
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Of the 37 substances in this group, 29 have been reported to occur
naturally in foods. They have been detected in a wide variety of fruits,
vegetables, meats, cheeses and wine.

4.1.3.1 Estimated daily per capita intake

The total annual volume of production of the 37 benzyl derivatives
in this group is approximately 210 tonnes in Europe and 460 tonnes
in the USA. About 91% of the total annual volume of production in
Europe and 94% of that in the USA is accounted for by benzyl
alcohol (No. 25), benzaldehyde (No. 22) and benzyl benzoate (No.
24). About 31% of the total annual volume of production in Europe
is accounted for by benzaldehyde, 54% by benzyl alcohol and 6% by
benzyl benzoate. About 59% of the total annual volume of produc-
tion in the USA is accounted for by benzaldehyde, 28% by benzyl
alcohol and 7% by benzyl benzoate. The estimated daily intake per
capita of these three agents in Europe is 9300ug of benzaldehyde,
16000 g of benzyl alcohol and 1900ug of benzyl benzoate. The esti-
mated daily intake per capita in the USA is 36000 ug of benzaldehyde,
17000 g of benzyl alcohol and 4200ug of benzyl benzoate. The esti-
mated daily per capita intake of each flavouring agent in Europe and
the USA is reported in Table 4.

Benzoic acid is not only present in food and flavours but is also
endogenous in the human body. Endogenous benzoic acid is formed
through the phenylalanine-tyrosine pathway (Annex 1, reference
123).

4.1.3.2 Absorption, distribution, metabolism and elimination

In general, aromatic esters are hydrolysed in vivo by the catalytic
activity of carboxylesterases, which are found predominantly in hepa-
tocytes. All the benzyl and benzoate esters and acetals of benzalde-
hyde (or acetaldehyde) are anticipated to be hydrolysed readily under
acidic conditions to yield benzyl alcohol (and carboxylic acids) and
to benzaldehyde (and alcohols), respectively, followed by oxidation
to yield benzoic acid. Benzoate esters are hydrolysed to benzoic acid
(and alcohols). The remaining alcohol or acid components formed by
hydrolysis are simple aliphatic substances, which are either oxidized
to polar metabolites and excreted or metabolized in the fatty acid
pathway and tricarboxylic acid cycle.

Benzyl derivatives have been shown to be absorbed rapidly in the gut,
metabolized primarily in the liver and excreted in the urine as glycine
conjugates of benzoic acid derivatives. Once absorbed, benzyl deriva-
tives are oxidized and excreted primarily as the glycine conjugate of
benzoic acid (hippurate). When high doses of benzyl derivatives are
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given, formation of the glycine conjugate is limited; when glycine is
depleted, free benzoic acid may sequester acetyl coenzyme A or be
excreted unchanged or as the glucuronic acid conjugate. Aromatic
ring substitution is anticipated to have little effect on the principal
pathway of metabolism.

Oxidation of the alcohol or aldehyde group may be accompanied by
oxidation of the alkyl side-chain.

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

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (see Fig. 1) to the 37 benzyl derivatives, the Com-
mittee assigned all of them to structural class I.

Step 2. At currently estimated levels of intake, 36 of the 37 substances
in this group can be predicted to be metabolized to innocuous prod-
ucts. The evaluation of these substances therefore proceeded via
the left-hand side of the decision-tree. One compound, benzyl 2-
methoxyethyl acetal (No. 840), cannot be predicted to be metabolized
to innocuous products, and its evaluation therefore proceeded via the
right-hand side of the decision-tree.

Step A3. The estimated daily per capita intakes of 33 of the flavouring
agents in this group are below the threshold of concern for structural
class I (1800ng). The Committee concluded that these substances
would not be expected to be of safety concern at current estimated
levels of use as flavouring agents. The estimated daily per capita
intakes of the remaining three substances are above the threshold of
concern for this class, that of benzyl alcohol (No. 25) being 16 000 ug
in Europe and 17 000 g in the USA, that of benzyl benzoate (No. 24)
being 1900 ug in Europe and 4200ug in the USA, and that of benzal-
dehyde (No. 22) being 9300ug in Europe and 36000 g in the USA.
Accordingly, the evaluation of these three substances proceeded to
step A4.

Step A4. Benzyl alcohol, benzyl benzoate and benzaldehyde are
readily metabolized to benzoic acid, which is endogenous in humans.
These agents would therefore not be expected to be of safety concern.

Step B3. For benzyl 2-methoxyethyl acetal (No. 840), no data on
intake were reported for Europe and an intake of 1ug/person per day
was reported for the USA, which is below the threshold of concern for
substances in structural class I (1800 ug/person per day). The evalua-
tion of this substance therefore proceeded to step B4.



Step B4. The NOEL of 6 mg/kg of body weight per day for benzyl 2-
methoxyethyl acetal (No. 840) in a two-generation study of reproduc-
tive toxicity in rats provides a margin of safety >10000 times the
estimated daily per capita intake in the USA. The Committee con-
cluded that this substance would not pose a safety concern at the
currently estimated level of intake.

Table 4 summarizes the evaluations of the 37 benzyl derivatives used
as flavouring agents.

4.1.3.4 Consideration of combined intakes from use as flavouring agents
In the unlikely event that all the benzyl derivatives used as flavouring
agents, except benzyl 2-methoxyethyl acetal (No. 840), were to be
consumed concurrently on a daily basis, the estimated combined in-
take would exceed the threshold for human intake for structural class
I. However, these agents are expected to be efficiently detoxicated
and the available detoxication pathways would not be saturated.
Evaluation of all the data indicated no safety concern associated with
combined intake.

Furthermore, the total combined daily intake per kilogram of body
weight of all benzyl derivatives (0.5mg in Europe and 1mg in the
USA) is lower than the group ADI of 0-5mg/kg of body weight for
benzoic acid, the benzoate salts (calcium, potassium and sodium),
benzaldehyde, benzyl acetate and benzyl alcohol, expressed as ben-
zoic acid equivalents, which was maintained by the Committee at its
forty-sixth meeting (Annex 1, reference /22). The three benzyl de-
rivatives that account for more than 90% of the total intake of this
group of substances in Europe and the USA are benzyl benzoate (No.
24), which is rapidly hydrolysed to benzyl alcohol and benzoic acid,
benzaldehyde (No. 22) and benzyl alcohol (No. 25). All these sub-
stances are readily metabolized to benzoic acid, which is endogenous
in humans. The Committee considered that the endogenous concen-
tration of this substance would not give rise to perturbations outside
the physiological range. Therefore, these three substances were con-
sidered to be of no safety concern at currently estimated levels of
intake.

4.1.3.5 Conclusions

The Committee concluded that the safety of the flavouring agents in
the group of benzyl derivatives would not present concern at cur-
rently estimated levels of use as flavouring agents. No data on toxicity
were required in application of the Procedure to 36 of the 37 benzyl
derivatives in the group, and the Committee noted that the available
information was consistent with the results of the safety evaluation.
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The necessary data on toxicity were available for benzyl 2-
methoxyethyl acetal (No. 840).

A monograph summarizing the safety data on this group of flavouring
agents and specifications were prepared.

4.1.4 Hydroxy- and alkoxy-substituted benzyl derivatives

84

The Committee evaluated a group of flavouring agents' comprising 46
structurally related substances by the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Fig. 1). All members of this group are
aromatic primary alcohols, aldehydes, carboxylic acids or their corre-
sponding esters or acetals. The structural feature common to
all members of the group is a primary oxygenated functional group
bound directly to a benzene ring. The ring also contains hydroxy or
alkoxy substituents (see Table 5).

The Committee had previously evaluated four members of this group.
Ethyl vanillin (No. 893) was evaluated by the Committee at its elev-
enth meeting (Annex 1, reference /4), when a conditional ADI of
0-10mg/kg of body weight was established. At its thirty-fifth meeting,
the Committee converted this ADI to a temporary ADI of 0-5mg/kg
of body weight (Annex 1, reference 88). At its thirty-ninth meeting,
the Committee extended the temporary ADI (Annex 1, reference
101). At its forty-fourth meeting, the Committee allocated an ADI of
0-3mg/kg of body weight to ethyl vanillin (Annex 1, reference 116).
Vanillin (No. 889) was evaluated by the Committee at its eleventh
meeting (Annex 1, reference /4), when an ADI of 0-10mg/kg of body
weight was established. Methyl salicylate (No. 899) was evaluated by
the Committee at its eleventh meeting (Annex 1, reference /4), and
an ADI of 0-0.5mg/kg of body weight was established. Piperonal (No.
896) was also evaluated at the eleventh meeting, and an ADI of
0-2.5mg/kg of body weight was established (Annex 1, reference 74).

Twenty-nine of the 46 substances in this group of flavouring agents
have been reported to occur naturally in food. Vanillin (No. 889), a
major constituent of natural vanilla, is also present in strawberries
and milk. Methyl salicylate (No. 899), the predominant substituent of
oil of wintergreen, is also found in tomatoes and grilled beef. Ethyl
vanillin (No. 893) has been detected in raspberries and ginger, while
piperonal (No. 896) is found in cooked chicken and pepper.

' During evaluation of these flavouring agents, the Committee questioned whether one
substance in this group (No. 870) was currently used as a flavouring agent and
therefore appropriately evaluated by the Procedure. Information to address this question
will be sought from relevant manufacturers.
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4.1.4.1 Estimated daily per capita intake

The total annual volume of production of the 46 flavouring agents in
this group is 450 tonnes in Europe and 1800 tonnes in the USA.
Vanillin (No. 889), ethyl vanillin (No. 893), methyl salicylate (No.
899) and piperonal (No. 896), for which ADIs were previously estab-
lished by the Committee, account for approximately 98% of the total
annual volume in Europe and 99% in the USA. In Europe, the
estimated daily per capita intakes of these compounds are 55mg of
vanillin, 6.2mg of ethyl vanillin, 0.5 mg of methyl salicylate and 1.7mg
of piperonal. In the USA, the estimated daily per capita intakes
are 150mg of vanillin, 43mg of ethyl vanillin, 44mg of methyl sali-
cylate and 3.2mg of piperonal. The estimated daily per capita intakes
of the other flavouring agents in this group are lower. Ethyl salicylate
(No. 900) and p-methoxybenzaldehyde (No. 878) have the next high-
est daily per capita intakes; that of ethyl salicylate is 1.7mg in the
USA and that of p-methoxybenzaldehyde is 0.5mg in both Europe
and the USA. The remaining 40 flavouring agents have estimated
daily per capita intakes of <100ug, 10 of which are under 1ug. The
daily per capita intake of each substance in Europe and the USA is
shown in Table 5.

4.1.4.2 Absorption, distribution, metabolism and elimination

The aromatic esters in this group can be expected to be hydrolysed
extensively through the -catalytic activity of the intestinal
carboxylesterases, especially B-esterases, to benzyl alcohol or benzoic
acid derivatives before absorption. Likewise, acetals of substituted
benzaldehyde derivatives will be hydrolysed in gastric and intestinal
fluids to yield benzaldehyde and aliphatic alcohols. The resulting
hydroxy- and alkoxy-substituted benzyl derivatives are rapidly ab-
sorbed in the gut, metabolized in the liver and excreted in the urine.

Once absorbed, benzyl derivatives are oxidized to the corresponding
benzoic acid derivative, which is subsequently excreted unchanged
or as sulfate or glucuronide conjugates. Minor metabolic detoxication
pathways include O-demethylation, reduction and decarboxylation.
These pathways are used during enterohepatic cycling of conjugated
benzyl metabolites and subsequent intestinal bacterial action. Piper-
onal is oxidized to piperonylic acid and excreted mainly as the glycine
conjugate.

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

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (see Fig. 1), the Committee assigned 36 of the 46
flavouring agents in this group to structural class I. These flavouring

95



96

agents are all either simple substituted aromatic compounds, cyclic
acetals of benzaldehydes which are expected to be hydrolysed to
aromatic aldehydes and simple aliphatic alcohols (Nos 870-875, 877-
886, 889-891, 897-903, 908, 955-959), or compounds containing two
aromatic rings which are expected to be hydrolysed to mononuclear
residues with simple functional groups (Nos 876, 904, 905 and 907).
The remaining 10 flavouring agents (Nos 887, 888, 892-896, 953, 954
and 960) are ethyl vanillin or piperonal derivatives that contain either
an ethoxy or a methylene dioxy substituent. They are common com-
ponents of food, or closely structurally related to common compo-
nents of food, and were assigned to structural class II.

Step 2. At current levels of intake, the metabolic pathways of these
flavouring agents can be predicted not to be saturated, and all can be
predicted to be metabolized to innocuous products. The evaluation of
these substances therefore proceeded down the left-hand side of the
decision-tree.

Step A3. The estimated daily per capita intakes of 34 of the flavouring
agents in structural class I and eight flavouring agents in structural
class II were below the thresholds of concern for these classes
(1800pg and 540ug, respectively). The Committee concluded that
these 42 flavouring agents would not be expected to be of safety
concern at currently estimated levels of use.

The estimated daily per capita intakes of vanillin (No. 889) and methyl
salicylate (No. 899), which are in structural class I, exceed the thresh-
old of concern for this class (1800ug). The estimated daily per capita
intakes of vanillin are 55000 g in Europe and 150000 g in the USA,
and that of methyl salicylate is 44000ug in the USA. The estimated
daily per capita intakes of ethyl vanillin (No. 893) and piperonal (No.
896), which are in structural class II, exceed the threshold of concern
for this class (540ug). The estimated daily per capita intakes of ethyl
vanillin are 6200 g in Europe and 43000 g in the USA, and those of
piperonal are 1700ug in Europe and 3200 ug in the USA.

The estimated daily per capita intakes of these four substances are
below their respective ADI values. The daily intakes of vanillin in
Europe and the USA, approximately 0.9 and 2.5 mg/kg of body weight
respectively, do not exceed the ADI of 0-10mg/kg of body weight for
vanillin. The highest estimated daily intakes of ethyl vanillin (0.7 mg/
kg of body weight in the USA) and piperonal (0.05mg/kg of body
weight in the USA) do not exceed the ADIs of 0-3mg/kg of body
weight for ethyl vanillin and 0-2.5 mg/kg of body weight for piperonal.
The highest estimated daily intake of the remaining substance, methyl
salicylate, is 0.7mg/kg of body weight, which is approximately equal
to its ADI of 0-0.5mg/kg of body weight.



The estimates of intake derived from total annual volume of produc-
tion are based on the assumption that only 10% of the population
consumes the substance under consideration. The Committee re-
viewed an analysis of the intake of methyl salicylate which was based
on individual dietary records of consumption of baked goods, chew-
ing-gums, hard and soft sweets and beverages in which this agent is
used in the USA. The analysis showed that more than 50% of the
population would be expected to consume methyl salicylate. Use of
this measured proportion of eaters in place of the default assumption
of 10% yields an estimated intake of methyl salicylate of 0.1 mg/kg of
body weight, which is still below the current ADI of 0-0.5mg/kg of
body weight.

Step A4. Vanillin (No. 889), methyl salicylate (No. 899), ethyl vanillin
(No. 893) and piperonal (No. 896) are not endogenous in humans.
The evaluation of these substances therefore proceeded to step AS.

Step A5. The ADI of 0-10 mg/kg of body weight for vanillin is based
on a NOEL of 1000 mg/kg of body weight per day in a 2-year feeding
study in rats. This NOEL provides a margin of safety, as it is more
than 100 times the per capita intake of vanillin from its currently
estimated use as a flavouring agent in Europe (0.9 mg/kg of body
weight per day) or in the USA (2.5 mg/kg of body weight per day).

The ADI of 0-0.5mg/kg of body weight for methyl salicylate is based
on a NOEL of 50mg/kg of body weight per day reported in a 2-year
study in dogs. This NOEL is more than 1000 times greater than the
intake of methyl salicylate from its currently estimated use as a
flavouring agent in Europe (0.008 mg/kg of body weight per day) and
is more than 100 times greater than the intake of methyl salicylate in
the USA when intake is calculated on the basis of the measured
portion of eaters of 50% (0.1 mg/kg of body weight per day).

A NOEL of 500mg/kg of body weight per day for ethyl vanillin was
reported in a 14-week feeding study in rats. This NOEL is more than
100 times greater than the intake of ethyl vanillin from its use as a
flavouring agent in Europe (0.1 mg/kg of body weight per day) or in
the USA (0.7mg/kg of body weight per day).

A NOEL of 250mg/kg of body weight per day for piperonal was
reported in a 2-year study in rats. This NOEL is more than 1000 times
the intake of piperonal from its use as a flavouring agent in Europe
(0.03mg/kg of body weight per day) and in the USA (0.05mg/kg of
body weight per day).

Table 5 summarizes the evaluations of the 46 hydroxy- and alkoxy-
substituted benzyl derivatives used as flavouring agents.
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4.1.4.4 Consideration of combined intakes from use as flavouring agents
In the unlikely event that all 36 flavouring agents in structural class I
were to be consumed on a daily basis, the estimated combined intake
would exceed the threshold for human intake for this class (1800 ug/
day). In the unlikely event that all 10 flavouring agents in structural
class II were to be consumed on a daily basis, the estimated combined
intake would exceed the threshold for human intake for this class
(540pg/day). However, all 46 flavouring agents in this group are ex-
pected to be efficiently detoxicated, and the available detoxication
pathways would not be saturated. Evaluation of all the data indicated
no safety concern associated with combined intake.

4.1.4.5 Conclusions

The Committee retained the previously established ADIs of 0-10mg/
kg of body weight for vanillin (No. 889), 0-3mg/kg of body weight for
ethyl vanillin (No. 893), 0-2.5mg/kg of body weight for piperonal (No.
896) and 0-0.5mg/kg of body weight for methyl salicylate (No. 899).
The Committee noted that the estimated daily intake of 0.7mg/kg
of body weight of methyl salicylate, based on the production volume
used, is approximately equal to its ADI of 0-0.5mg/kg of body weight,
within the precision of the intake estimates. The Committee reviewed
an analysis of intake based on individual dietary records of consump-
tion of mint-flavoured baked goods, chewing-gums, hard and soft
sweets and beverages in which methyl salicylate is potentially used.
This analysis showed that more than 50% of the population would be
expected to consume methyl salicylate. The use of this measured
proportion of eaters in place of the default assumption of 10% yields
an estimated intake of methyl salicylate of 0.1 mg/kg of body weight,
which is below the ADI of 0-0.5mg/kg of body weight.

On the basis of the available data on metabolism and toxicity, the
Committee concluded that the safety of the flavouring agents in this
group would not raise concern at the currently estimated levels of use.
Other data on toxicity, including studies on developmental toxicity and
genotoxicity, were consistent with the results of the safety evaluations.

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

4.1.5 Aliphatic acyclic diols, triols and related substances

The Committee evaluated a group of 31 flavouring agents' that
included aliphatic acyclic diols, triols and related substances

" During evaluation of these flavouring agents, the Committee questioned whether some
substances in this group (Nos 909 and 914-926) were used as flavouring agents and
therefore appropriately evaluated by this Procedure. Information to address this question
will be sought from relevant manufacturers.
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(Table 6) by the Procedure for the Safety Evaluation of Flavouring
Agents (see Fig. 1). All members of this group are aliphatic acyclic
primary alcohols, aldehydes, acids or related esters with one or more
additional oxygenated functional groups. The group comprised four
subgroups: glycerol (No. 909) and 15 related glycerol esters and ac-
etals (Nos 910-924); propylene glycol (No. 925) and four related
esters, acetals and ketals (Nos 926-929); lactic acid (No. 930) and four
lactate esters (Nos 931, 932, 934 and 935); and pyruvic acid (No. 936),
its corresponding aldehyde (No. 937), two pyruvate esters (Nos 938
and 939) and one acetal of pyruvic acid (No. 933).

The Committee had previously evaluated three members of the
group. Glycerol (No. 909) was considered at the twentieth meeting
(Annex 1, reference 41), when an ADI “not specified”' was estab-
lished. Propylene glycol (No. 925) was considered at the seventh
meeting (Annex 1, reference 7), when an ADI of 0-20mg/kg of body
weight was established; it was further considered at the seventeenth
meeting (Annex 1, reference 32), when the ADI was increased to
0-25mg/kg of body weight. Ethyl lactate (No. 931) was considered at
the eleventh, twenty-third, twenty-fourth and twenty-sixth meetings
(Annex 1, references 14, 50, 53 and 59). At its twenty-sixth meeting,
the Committee included ethyl lactate in the group ADI “not
specified”" with lactic acid.

Nine of the 31 substances (Nos 909, 929-932, 934 and 936-938) have
been detected as natural components of foods, in cocoa, milk, cider,
cognac, asparagus, tomatoes and mushrooms.

4.1.5.1 Estimated daily per capita intake

The total annual volume of production of the 31 flavouring agents in
this group is 140 tonnes in Europe and 21000 tonnes in the USA.
These values are equivalent to a total estimated daily per capita
intake of 20000ug in Europe and 2800000ug in the USA. The large
difference in the annual volume of production in Europe and the
USA is due to the inclusion in the USA of figures on the use of
glycerol, triacetin and propylene glycol as solvents in the preparation
of flavour mixtures.

In Europe, 97% of the total daily per capita intake of this group of
flavouring agents was accounted for by glycerol (17000ug), ethyl
lactate (1900ug) and butyl lactate (380ug). In the USA, 96% of
the total daily per capita intake was accounted for by glycerol
(220000 ug), triacetin (83000ug) and propylene glycol (2400000 ug).

' See footnote on page 32.
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The daily per capita intake of each substance in Europe and the USA
is shown in Table 6.

4.1.5.2 Absorption, distribution, metabolism and elimination

The aliphatic esters of propylene glycol (No. 925), lactic acid (No.
930) and pyruvic acid (No. 936) and their parent compounds would all
be expected to be readily absorbed from the gut. Hydrolysis of the
aliphatic esters is catalysed largely by hepatic esterases, to give the
component alcohol and carboxylic acid or aldehyde. After hydrolysis
of the glycerol esters in the intestine, glycerol is readily absorbed.
Glycerol, pyruvic acid and lactic acid are endogenous in humans.
Glycerol and pyruvic acid are metabolized completely and are not
excreted. Lactic acid is also largely metabolized, although urinary
excretion may occur if the blood concentration is high. Propylene
glycol can be metabolized, but high doses are likely to be excreted
largely unchanged in the urine.

Glycerol (No. 909) is converted in the liver to glycerol-3-phosphate,
which is metabolized via the glycolytic pathway, by oxidation, to yield
dihydroxyacetone phosphate, which is isomerized to glyceraldehyde-
3-phosphate, eventually yielding pyruvic acid.

Pyruvic acid follows two primary routes of metabolism. Under aero-
bic conditions, it is converted to acetyl coenzyme A and enters the
citric acid cycle. Under anaerobic conditions, primarily in muscles as
a result of strenuous physical activity, pyruvic acid is reduced by lactic
dehydrogenase to lactic acid.

Lactic acid diffuses through muscle tissue and is transported to the
liver in the bloodstream. In the liver, it is converted to glucose by
gluconeogenesis. Lactic acid can also be further catabolized in the
lactic acid cycle (also known as the Cori cycle).

Propylene glycol can be oxidized to lactic acid via two biochemical
pathways. If propylene glycol is phosphorylated, it can be converted
to acetol phosphate, lactaldehyde phosphate, lactyl phosphate and
then lactic acid. If it is not phosphorylated, propylene glycol is succes-
sively oxidized to lactaldehyde, methylglyoxal and lactic acid.

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

Step 1. Twenty-eight of the 31 flavouring agents in this group are
linear, simple-branched aliphatic compounds. In applying the Proce-
dure for the Safety Evaluation of Flavouring Agents (see Fig. 1), the
Committee assigned 22 of the agents to structural class I because they
contain fewer than three types of functional group (Nos 909, 913,
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918-927 and 930-939). The Committee assigned six of the substances
to structural class III because they contain three or more types of
functional group (Nos 910, 911 and 914-917). The three remaining
substances were also assigned to structural class III because they are
cyclic acetals and ketals (Nos 912, 928 and 929).

Step 2. The data on the metabolism of individual members of the
group were sufficient to allow conclusions about their probable meta-
bolic fate. The aliphatic esters of propylene glycol (No. 926), lactic
acid (Nos 931, 932, 934 and 935) and pyruvic acid (Nos 938 and 939)
can be expected to be hydrolysed to their component alcohols and
carboxylic acids. The glycerol esters (Nos 910, 911 and 914-924) can
be expected to be hydrolysed to glycerol and carboxylic acids. Esters
of propylene glycol can be expected to be hydrolysed to propylene
glycol and its component acid. Esters of lactic acid and pyruvic acid
can be expected to be hydrolysed to lactic acid and pyruvic acid,
respectively, and the corresponding alcohols. The acetals (Nos 912, 913,
927 and 933) can be expected to be hydrolysed to their component
alcohols and aldehydes, while the ketals (Nos 928 and 929) can be
expected to be hydrolysed to their component ketones and alcohols.
Glycerol (No. 909), lactic acid (No. 930) and pyruvic acid (No. 936)
are endogeneous and are metabolized through the glycolytic and
citric acid pathways. Propylene glycol (No. 925) is oxidized to lactic
acid. Because they are predicted to be metabolized to innocuous
products, the evaluation of all the substances in this group proceeded
via the left-hand side of the decision-tree.

Step A3. The estimated daily per capita intakes of 17 of the sub-
stances in structural class I and five substances in structural class III
are below the threshold of concern for these classes (1800ug and
90ug, respectively). The Committee concluded that these substances
would not be expected to be of safety concern at their currently
estimated levels of use. The daily per capita intakes of six substances
in structural class I (Nos 909, 920, 925, 926, 930 and 931) and three
substances in structural class III (Nos 910, 914 and 916) exceed the
threshold of concern for these classes, and their evaluation therefore
proceeded to step A4.

Step A4. Glycerol (No. 909), lactic acid (No. 930) and the hydrolysis
products of ethyl lactate (No. 931) are endogenous in humans and
their use as flavouring agents is therefore not expected to be of safety
concern. Triacetin (No. 920), 3-oxohexanoic acid glyceride (No. 910),
3-oxodecanoic acid glyceride (No. 914) and 3-oxotetradecanoic acid
glyceride (No. 916) are glycerol esters and are hydrolysed to glycerol.



Propylene glycol (No. 925) and propylene glycol stearate (No. 926)
are not endogenous in humans; however, the ester is expected to be
hydrolysed to propylene glycol and stearic acid. Propylene glycol is
known to be oxidized to lactic acid in mammals. The safety of these
substances would therefore not be expected to be of concern.

4.1.5.4 Consideration of combined intakes from use as flavouring agents
In the unlikely event that all 23 substances in structural class I were to
be consumed concurrently on a daily basis, the estimated combined
intake would exceed the threshold for human intake for this class
(1800ug). In the unlikely event that all eight substances in structural
class III were to be consumed concurrently on a daily basis, the
estimated combined intake would exceed the threshold for human
intake for this class (90ug). Given that the substances can be expected
to be efficiently metabolized by known metabolic pathways, the Com-
mittee considered that the combined intake would not give rise to
concern about safety.

4.1.5.5 Conclusions

On the basis of the predicted metabolism, the Committee concluded
that the safety of the 31 aliphatic acyclic diols, triols and related
substances in this group would not raise concern at the currently
estimated levels of use as flavouring agents. The Committee noted
that all of the available data on toxicity were consistent with the
results of the safety evaluations.

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

4.1.6 Aliphatic acyclic acetals

The Committee evaluated a group of 10 flavouring agents consisting
of aliphatic acyclic acetals (Table 7) by the Procedure for the Safety
Evaluation of Flavouring Agents (see Fig. 1). They all have acyclic
structures that vary only in the length of their hydrocarbon chains and
the number and placement of double bonds. None of these flavouring
agents had been evaluated previously by the Committee.

Aliphatic acetals are geminal diethers in which two molar equivalents
of alcohol are condensed with an aldehyde. Three of the 10 acetals in
this group are formed from acetaldehyde and simple aliphatic
alcohols (Nos 940, 941 and 943); the remaining seven acetals are
formed from methanol or ethanol and aldehydes of carbon chain-
length C7-C10 (Nos 942 and 944-949). Acetals are known to be
hydrolysed in vivo to yield the corresponding alcohols and aldehydes.
Of the component alcohols (methanol, ethanol and cis-3-hexen-1-ol)
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and aldehydes, acetaldehyde, heptanal, 4-heptenal, octanal and
decanal had been considered previously by the Committee at its forty-
ninth and fifty-first meetings (Annex 1, references /37 and /37), when
it concluded that their safety was of no concern at currently estimated
levels of use as flavouring agents.

Three of the 10 flavouring agents in this group, 1,1-dimethoxyethane
(No. 940), acetal (No. 941) and acetaldehyde ethyl cis-3-hexenyl
acetal (No. 943), have been reported to occur as natural components
of foods. They have been detected in orange juice, strawberries, cider,
peas, coffee and cognac.

4.1.6.1 Estimated daily per capita intake

The total annual volume of production of the 10 aliphatic acyclic
acetals is approximately 2.2 tonnes in Europe and 4.9 tonnes in the
USA. About 97% of the total annual volume of production in Europe
and 99% of that in the USA is accounted for by 1,1-dimethoxyethane
(No. 940), formed from acetaldehyde and methanol, and acetal (No.
941), formed from acetaldehyde and ethanol.

4.1.6.2 Absorption, distribution, metabolism and elimination

In general, aliphatic acetals undergo acid-catalysed hydrolysis to their
component aldehydes and alcohols. They are hydrolysed within 1-5h
in simulated gastric fluid in vitro and to a lesser extent in simulated
intestinal fluid. Indirect evidence, from a study in which rabbits were
given aliphatic acetals in aqueous suspension by stomach tube, indi-
cated that rapid hydrolysis occurs in the stomach. The acetals formed
from the reaction of alkyl-substituted pentanal with methanol, etha-
nol and isopropyl alcohol are metabolized to the corresponding
alcohols and acids in rat liver homogenates by an oxidative mecha-
nism involving cytochrome P450 enzymes. Aliphatic acetals can be
expected to undergo similar metabolism in humans to the corre-
sponding alcohols and acids. There are insufficient data to exclude the
possibility that significant amounts of the parent acetals reach the
general circulation; however, the parent compounds are all in struc-
tural class I. The low intake resulting from uses of these substances as
flavours would not be expected to saturate metabolic enzyme path-
ways, and the acetals are metabolized to innocuous compounds by
hydrolysis or oxidation.

On the basis of their recognized or presumed metabolic fate, the
component alcohols and aldehydes can be grouped into three struc-
tural classes: linear, aliphatic, primary, saturated and unsaturated
alcohols and aldehydes; o,B-unsaturated aldehydes; and branched-
chain aliphatic aldehydes. The metabolic detoxication of linear, ali-



phatic, primary alcohols in vivo occurs primarily by oxidation to the
corresponding aldehyde, with subsequent oxidation of the aldehyde
to the corresponding carboxylic acid. The acid can serve as a substrate
for fatty acid oxidation pathways and the citric acid cycle. In general,
o,-unsaturated aldehydes are metabolized by oxidation to the corre-
sponding carboxylic acid, which may then participate in the fatty acid
pathway. The aldehyde can also be conjugated with glutathione in a
Michael-type addition. Branched-chain aliphatic aldehydes are oxi-
dized primarily to polar metabolites, which are excreted mainly in the
urine. The main urinary metabolites of branched aldehydes are diac-
ids and hydroxyacids resulting from w-oxidation, reduction and hydra-
tion of the alkene function and oxidation of the aldehyde function.

Although few studies on the absorption, distribution and elimination
of aliphatic acyclic acetals have been reported, the metabolism of the
component alcohols and aldehydes has been investigated. These stud-
ies are considered relevant to the safety evaluation of orally adminis-
tered acetals which are expected to be hydrolysed in the acid
environment of the stomach.

Citral is predicted to be a metabolite of citral dimethyl acetal (No.
944) and citral diethyl acetal (No. 948). The absorption, distribution
and excretion of citral have been studied extensively in rats and mice.
Citral underwent rapid absorption from the gut and was distributed
uniformly throughout the body. Rapid elimination of citral and its
metabolites occurred primarily in the urine and to a minor extent in
exhaled air and faeces.

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

Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (see Fig. 1), the Committee assigned all 10 of the
aliphatic acetals to structural class I.

Step 2. At current levels of intake, all of these flavouring agents can
be predicted to be metabolized to their component aldehydes and
alcohols, which are then metabolized to innocuous products,' and the
pathways involved would not be expected to be saturated. Evaluation
of these substances therefore proceeded via the left-hand side of the
decision-tree.

' Some aldehydes, including acetaldehyde, were genotoxic in vitro in a number of test
systems, and acetaldehyde has been reported to produce tumours of the respiratory
tract in rats and hamsters exposed to high doses by inhalation. The relevance of this
observation to oral administration is questionable, as various metabolic processes in the
intestinal wall and liver (i.e. oxidation and conjugation) are predicted to result in
extensive first-pass metabolic inactivation, especially at the low concentrations expected
from use of these substances as flavours.
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Step A3. The estimated daily per capita intakes of all 10 substances in
this group are below the threshold of concern for structural class I
(1800 ug). The Committee concluded that their safety raises no con-
cern at their currently estimated levels of use as flavouring agents.

Table 7 summarizes the results of the evaluations of the aliphatic
acetals used as flavouring agents.

4.1.6.4 Consideration of combined intakes from use as flavouring agents
In the unlikely event that all 10 aliphatic acetals were consumed
concurrently on a daily basis, the estimated combined intake would
not exceed the threshold for human intake for structural class I
(1800pg/day). All flavouring agents in this group are expected to be
efficiently metabolized and the available metabolic pathways would
not be saturated. Evaluation of all the data indicated there would be
no safety concern associated with combined intake.

4.1.6.5 Conclusions

The Committee concluded that the safety of aliphatic acetals would
not raise concern at the currently estimated levels of intake. Other
data on the toxicity of aliphatic acetals were consistent with the re-
sults of the safety evaluation.

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

Revision of certain specifications for purity

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

At its forty-sixth, forty-ninth, fifty-first, fifty-third and fifty-fifth meet-
ings (Annex 1, references 122, 131, 137, 143 and 149), the Committee
evaluated a total of 143 flavouring agents for which further informa-
tion was required in order to complete the specifications. At its
present meeting, the Committee reviewed new data on 95 of these
flavouring agents and revised the specifications to take account of the
new information. For 83 substances, the “tentative” designation was
removed; for the remaining 12, the revised specifications were classi-
fied as “tentative” (see Annex 2).

For the remaining 47 substances, no further data were provided that
would permit the preparation of satisfactory specifications, according
to the criteria identified by the Committee at its fifty-third meeting
(Annex 1, reference 743). The flavour industry has indicated that
many of these substances are highly noxious, sulfur-containing com-
pounds which are not routinely handled in the pure form. It is there-



fore impracticable to provide information on, for instance, boiling-
point or specific gravity. The Committee concluded that, in such
cases, the additional criteria identified at its fifty-third meeting for the
establishment of satisfactory specifications should not apply and that
only the basic data on chemical identity, minimum assay and identity
test were required.

The Committee reiterated that the evaluation of flavouring agents
relies on adequate information about the identity and composition of
products in commercial use. In future, specifications for flavouring
agents will be withdrawn within 2 years of publication of tentative
specifications, if the necessary information is not provided.

4.2.2 Flavouring agents with minimum assay values less than 95%

At its fifty-third meeting (Annex 1, reference 143), the Committee
announced its intention to re-examine specifications for flavouring
agents for which the minimum assay values were <95% (see also
section 2.6 of the present report), which were designated as “ten-
tative”. At its present meeting, the Committee considered infor-
mation on all 62 remaining substances in this category with regard
to the secondary components that might be present in commercial
products.

The available information was sufficient for the Committee to revise
the specifications for 27 flavouring agents (including two flavouring
agents for which the specifications were revised for other reasons).
The Committee therefore removed the “tentative” designations, on
the basis of the general principle that no more than 5% of any com-
mercial product should remain undefined after taking account of the
flavouring agent and named secondary components.

The Committee will review this group of flavouring agents at a future
meeting to confirm whether all the named secondary components are
covered by existing safety evaluations. At the same time, the Commit-
tee will determine the need for further information to complete those
specifications that remain tentative.

4.2.3 Specifications for flavouring agents being reviewed for safety

A total of 203 flavouring agents were reviewed for safety at the
present meeting. For four of them, specifications had been drawn up
at the forty-sixth meeting (Annex 1, reference 122), and these were
revised for use of these substances as flavouring agents. For six
flavouring agents, information on specifications was not submitted.
These will be considered at a future meeting when such data become
available.
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New specifications were drawn up for the remaining 193 flavouring
agents. For 27 substances, the new specifications were designated as
“tentative”, either because they failed to meet the criteria drawn up at
the fifty-third meeting (Annex 1, reference 743) or because certain
aspects required clarification.

Contaminants

Chloropropanols

Certain chlorinated propanols occur as contaminants in hydrolysed
vegetable proteins. Processing of defatted vegetable proteins by tradi-
tional hydrochloric acid hydrolysis leads to the formation of 3-chloro-
1,2-propanediol and 1,3-dichloro-2-propanol. These two substances
were evaluated by the Committee at its forty-first meeting (Annex 1,
reference /07), when it concluded that they are undesirable contami-
nants in food and expressed the opinion that their concentrations in
hydrolysed vegetable proteins should be reduced as far as is techni-
cally achievable. The present evaluations were conducted in response
to a request by the Codex Committee on Food Additives and Con-
taminants at its Thirty-second Session (4) for the Expert Committee
to re-evaluate 3-chloro-1,2-propanediol and 1,3-dichloro-2-propanol
on the basis of new data that had become available since the forty-first
meeting.

3-Chloro-1,2-propanediol

5.1.1.1 Absorption, distribution, metabolism and excretion
3-Chloro-1,2-propanediol crosses the blood-testis barrier and the
blood-brain barrier and is widely distributed in the body fluids. The
parent compound is partly detoxified by conjugation with glutathione,
resulting in excretion of the corresponding mercapturic acid, and is
partly oxidized to B-chlorolactic acid and further to oxalic acid. Ap-
proximately 30% is broken down to carbon dioxide and exhaled. In
the studies from which these data were derived, however, much of the
administered dose was not accounted for. Intermediate formation of
an epoxide has been postulated but not proven. There is some indica-
tion that microbial enzymes can dehalogenate halogenated alcohols
to produce glycidol, a known genotoxin in vitro and in vivo.

5.1.1.2 Toxicological studies
The median lethal dose of 3-chloro-1,2-propanediol in rats after oral
administration was 150mg/kg of body weight.

In several studies in which 3-chloro-1,2-propanediol was administered
orally to rats as repeated doses of >1mg/kg of body weight per day, it



decreased sperm motility and impaired male fertility. At doses of
>10-20mg/kg of body weight per day, alterations in sperm morphol-
ogy and epididymal lesions (spermatocoele) were found. The com-
pound reduced fertility in males of several other mammalian species
at slightly higher doses than in the rat.

In rats and mice, oral administration of 3-chloro-1,2-propanediol at
doses of >25mg/kg of body weight per day was associated with the
development of dose-related lesions of the central nervous system,
particularly in the brain stem.

In several short-term studies in rats and mice, the kidney was shown
to be the target organ for toxicity. In a 4-week study in rats treated by
gavage at 30mg/kg of body weight per day and in a 13-week study in
rats given an oral dose of 9mg/kg of body weight per day, 3-chloro-
1,2-propanediol increased the weight of the kidneys relative to body
weight.

In the pivotal long-term study in Fischer 344 rats, the absolute weight
of the kidney was reported to be significantly increased by administra-
tion of 3-chloro-1,2-propanediol in drinking-water, at all doses tested.
The incidence of tubule hyperplasia in the kidneys of treated animals
of both sexes was also higher than in controls. Although the incidence
did not reach statistical significance at the lowest dose tested (1.1 mg/
kg of body weight per day), the Committee concluded that it repre-
sented part of a compound-related dose-response relationship. Overt
nephrotoxicity was seen at higher doses (5.2 and 28mg/kg of body
weight per day).

The results of most assays for mutagenicity in bacteria in vitro were
reported to be positive, although negative results were obtained in the
presence of an exogenous metabolic activation system from mamma-
lian tissue. The results of assays in mammalian cells in vitro were also
generally positive. It should be noted, however, that the concentra-
tions used in all these assays were very high (0.1-9mg/ml), so that
their relevance might be questionable. The weight of the evidence
indicates that 3-chloro-1,2-propanediol is not genotoxic in vitro at
concentrations at which other toxic effects are not observed. The
results of assays conducted in vivo, including a test for micronucleus
formation in mouse bone marrow and an assay for unscheduled DNA
synthesis in rats, were negative. The Committee concluded that 3-
chloro-1,2-propanediol is not genotoxic in vivo.

Four long-term studies of toxicity and carcinogenicity were available.
Three (two in mice and one in rats) did not meet modern stand-
ards of quality; nevertheless, none of these three studies indicated
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carcinogenic activity. In the fourth study, conducted in Fischer 344
rats, oral administration of 3-chloro-1,2-propanediol was associated
with increased incidences of benign tumours in some organs. These
tumours occurred only at doses greater than those causing renal
tubule hyperplasia, which had been selected as the most sensitive
end-point.

5.1.1.83 Occurrence

3-Chloro-1,2-propanediol has been detected at concentrations >1 mg/
kg in only two food ingredients: acid-hydrolysed vegetable protein
and soya sauce. In both ingredients, a range of concentrations has
been reported, from below the limit of quantification (0.01 mg/kg)
with an analytical method that has been validated in various foods
and food ingredients, up to 100mg/kg in some samples of acid-
hydrolysed vegetable protein and more than 300mg/kg in some
samples of soya sauce.

Formation of 3-chloro-1,2-propanediol in acid-hydrolysed vegetable
protein has been found to be related to production processes, and the
concentration can be reduced markedly by modifying the processes
suitably. The source of 3-chloro-1,2-propanediol in soya sauce is be-
ing investigated; by analogy with hydrolysed vegetable protein, how-
ever, it may arise during acid hydrolysis in the manufacture of some
products. Traditionally fermented soya sauces would not be contami-
nated with 3-chloro-1,2-propanediol.

3-Chloro-1,2-propanediol has also been quantified at concentrations
generally <0.1mg/kg in other foods and food ingredients, notably a
number of cereal products that have been subjected to high tempera-
tures during roasting or toasting. Concentrations <0.5mg/kg have
been found in food ingredients such as malt extracts, but the resulting
concentrations in finished foods were <0.01 mg/kg.

5.1.1.4 Estimates of dietary intake

Information on the concentrations of 3-chloro-1,2-propanediol in
foods, food ingredients and protein hydrolysates was submitted by the
United Kingdom and the USA and by the International Hydrolyzed
Protein Council. The USA supplied a national estimate of the intake
of 3-chloro-1,2-propanediol, and information on the consumption of
soya sauce in Australia, Japan and the USA was received.

The toxicological studies summarized above indicate that 3-chloro-
1,2-propanediol would not be expected to have acute effects at any
level of intake that might reasonably be expected. This analysis there-
fore addressed only long-term intake of 3-chloro-1,2-propanediol
from foods.



Intake of 3-chloro-1,2-propanediol would be due predominantly to
consumption of contaminated soya sauces. In a survey of 90 samples
of commercial soya sauces, 50 samples contained <1 mg/kg, and the
average concentration was 18 mg/kg. The results of this survey were
taken as representative for all soya sauces for the purposes of the
intake assessment.

The mean daily per capita consumption of soya sauce in Australia by
persons consuming this product was about 11g, and that of persons at
the 95th percentile of consumption was about 35g. Thus, the daily per
capita intake of 3-chloro-1,2-propanediol would be 200ug for mean
consumption of soya sauce and 630ug at the 90th percentile of con-
sumption. The estimated mean daily per capita consumption of soya
sauce in Japan (equivalent to consumption by consumers only, in view
of its widespread use in that country) was about 30g, resulting
in a mean daily per capita intake of 3-chloro-1,2-propanediol of about
540pg. Intake at the 95th percentile in Japan was estimated to be
1100 g by assuming twice the mean consumption of soya sauce. The
estimated mean daily per capita consumption of soya sauce in the
USA by consumers of this product was 8g, and that of consumers at
the 90th percentile of consumption was 16g. The resulting estimated
daily per capita intake of 3-chloro-1,2-propanediol was 140ug for
mean consumption and 290 ug for consumption at the 90th percentile.

The data submitted by the United Kingdom showed that 3-chloro-
1,2-propanediol occurs in some savoury foods, with about 30% of
samples containing concentrations above the limit of detection of
0.01 mg/kg. The mean residual concentration in these savoury foods
was 0.012mg/kg.

In estimating the intake of 3-chloro-1,2-propanediol from foods other
than soya sauce, the Committee assumed that about one-eighth of the
diet, i.e. 180g (on the basis of 1500g/day of solid food), consists of
savoury foods that might contain 3-chloro-1,2-propanediol and that
the mean residual concentration of the compound in those foods is
0.012mg/kg. On this basis, the daily per capita intake of 3-chloro-1,2-
propanediol from foods other than soya sauce was estimated to be

2ug.

5.1.1.5 Evaluation

The Committee chose tubule hyperplasia in the kidney as the most
sensitive end-point for deriving a tolerable intake. This effect was
seen in the long-term study of toxicity and carcinogenicity in rats in a
dose-related manner, although the effect did not reach statistical
significance at the lowest dose. The Committee concluded that the
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lowest-observed-effect level (LOEL) was 1.1 mg/kg of body weight
per day and considered this to be close to a NOEL.

The Committee established a provisional maximum tolerable daily
intake (PMTDI) of 2ug/kg of body weight for 3-chloro-1,2-
propanediol on the basis of the LOEL of 1.1 mg/kg of body weight per
day and a safety factor of 500, which included a factor of 5 for
extrapolation from a LOEL to a NOEL. This factor was considered to
be adequate to allow for the absence of a clear NOEL and to account
for the effects on male fertility and for inadequacies in the studies of
reproductive toxicity. Data available to the Committee indicated that
the estimated mean intake of 3-chloro-1,2-propanediol by consumers
of soya sauce would be at or above this PMTDI.

5.1.1.6 Impact of regulatory limits

As 3-chloro-1,2-propanediol is found infrequently in foods, a regula-
tory limit would be unlikely to have much effect on the overall intake
by persons who do not consume soya sauce. However, because the
distribution of residual 3-chloro-1,2-propanediol in soya sauce is
highly skewed and because it is likely that brand loyalty could result
in regular consumption of highly contaminated brands of soya sauce,
a regulatory limit on the concentration of 3-chloro-1,2-propanediol in
soya sauce could markedly reduce the intake by consumers of this
commodity.

5.1.2 1,3-Dichloro-2-propanol
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5.1.2.1 Absorption, distribution, metabolism and excretion
Approximately 5% of an oral dose of 1,3-dichloro-2-propanol was
excreted in the urine of rats as -chlorolactate and about 1% of the
dose as 2-propanol-1,3-dimercapturic acid. In another experiment,
the urine of rats contained the parent compound (2.4% of the dose),
3-chloro-1,2-propanediol (0.35% of the dose) and 1,2-propanediol
(0.43% of the dose). Epoxy-chloropropane (epichlorohydrin) was
postulated to be an intermediate, and this compound may either
undergo conjugation with glutathione to form mercapturic acid or be
hydrolysed to 3-chloro-1,2-propanediol. The latter undergoes oxida-
tion to B-chlorolactate, which is further oxidized to oxalic acid.

5.1.2.2 Toxicological studies
The median lethal dose of 1,3-dichloro-2-propanol in rats treated
orally was 120-140mg/kg of body weight.

In several short-term studies in rats, oral administration of 1,3-
dichloro-2-propanol at doses of >10mg/kg of body weight per day



caused significant hepatic toxicity. This was associated with oxidative
metabolism, which yielded intermediates that reacted with and de-
pleted glutathione.

In a 13-week study in rats, overt hepatotoxicity, including increased
liver weights, histological changes and/or increased activity of serum
alanine and aspartate transaminases, was seen after oral administra-
tion of 1,3-dichloro-2-propanol at doses of >10mg/kg of body weight
per day. These doses also caused histopathological changes in the
kidney, increased kidney weights and alterations in urinary para-
meters. The NOEL was 1 mg/kg of body weight per day.

1,3-Dichloro-2-propanol has been reported to be hepatotoxic in
humans exposed occupationally.

1,3-Dichloro-2-propanol was clearly mutagenic and genotoxic in vari-
ous bacterial and mammalian test systems in vitro. The only available
study in vivo showed no mutagenic effect in a wing spot test in
Drosophila melanogaster.

The results of the one long-term study of toxicity and carcinogenicity
in rats confirmed the hepatotoxicity and nephrotoxicity seen in the
13-week study. Furthermore, it demonstrated a clear carcinogenic
effect of 1,3-dichloro-2-propanol at the highest dose tested, 19mg/kg
of body weight per day. The tumours (adenomas and carcinomas)
occurred in liver, kidney, the oral epithelium and tongue and the
thyroid gland. No increase in tumour incidence was seen at the lowest
dose tested, 2.1 mg/kg of body weight per day. Treatment-related non-
neoplastic lesions of the liver were observed, sinusoidal peliosis being
found in all treated groups.

5.1.2.3 Occurrence

Information on the concentrations of 1,3-dichloro-2-propanol in soya
sauce was submitted by the USA. Additional information was derived
from a published report on the concomitant occurrence of 3-chloro-
1,2-propanediol and 1,3-dichloro-2-propanol in soya sauces, which
showed that 1,3-dichloro-2-propanol may be present at concentra-
tions >1 mg/kg in samples of hydrolysed vegetable protein and soya
sauce that contain 3-chloro-1,2-propanediol. In those products in
which 1,3-dichloro-2-propanol was quantifiable, the ratio of the con-
centrations of 3-chloro-1,2-propanediol and 1,3-dichloro-2-propanol
was at least 20.

5.1.2.4 Estimates of dietary intake
A report from the USA was used by the Committee to estimate the
intake of 1,3-dichloro-2-propanol present in soya sauces. Information
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about the consumption of soya sauce was received from Australia,
Japan and the USA.

The toxicological studies summarized above indicate that 1,3-
dichloro-2-propanol would not be expected to have acute effects at
any level of intake that might reasonably be expected. This analysis
therefore addressed only long-term intake of the compound from
foods.

The upper-bound 20:1 ratio of 3-chloro-1,2-propanediol:1,3-
dichloro-2-propanol was used by the Committee to estimate the in-
take of 1,3-dichloro-2-propanol from consumption of soya sauce. As
the average concentration of 3-chloro-1,2-propanediol in a survey of
90 commercially obtained soya sauce samples was 18 mg/kg, the re-
sidual concentration of 1,3-dichloro-2-propanol was assumed to be
0.9mg/kg.

The mean daily per capita consumption of soya sauce in Australia was
approximately 11g, and that of persons at the 95th percentile of
consumption was 35g. The estimated daily per capita intake was
therefore 10ug for consumers at the mean and 30ug at the 95th
percentile. The daily per capita intake of soya sauce in Japan (equiva-
lent to the consumption by consumers only, in view of its widespread
use in that country) was 30 g, resulting in an estimated daily per capita
intake of 1,3-dichloro-2-propanol of 27ug. An intake of 55ug/person
per day was estimated for consumers in the upper percentile of con-
sumption by assuming twice the mean consumption of soya sauce.
The estimated mean daily per capita consumption of soya sauce in the
USA by consumers of this product was 8g, and that of consumers at
the 90th percentile of consumption was 16g. The resulting estimated
daily per capita intake of 1,3-dichloro-2-propanol was 7ug at the
mean level of consumption and 14ug at the 90th percentile.

The intake of 1,3-dichloro-2-propanol from foods other than soya
sauce can be estimated roughly from data on residual concentrations
of 3-chloro-1,2-propanediol in savoury foods and the upper-bound
20:1 ratio of 3-chloro-1,2-propanediol:1,3-dichloro-2-propanol. If it
is assumed that about one-eighth of the diet, i.e. 180g (on the basis of
1500 g/day of solid food), consists of savoury foods that might contain
1,3-dichloro-2-propanol and that the mean residual concentration of
the compound in those foods is 0.6 ug/kg, the background daily per
capita intake is approximately 0.1pug.

5.1.2.5 Evaluation
Although only a few studies of kinetics, metabolism, short- and long-
term toxicity and reproductive toxicity were available for evaluation,
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the results clearly indicated that 1,3-dichloro-2-propanol was geno-
toxic in vitro, was hepatotoxic and induced a variety of tumours in
various organs in rats. The Committee concluded that it would be
inappropriate to estimate a tolerable intake because of the nature of
the toxicity observed:

e The results of the long-term study of toxicity and carcinogenicity
showed significant increases in the incidences of both benign and
malignant neoplasms in at least three different tissues.

e It has been shown unequivocally that this contaminant can interact
with chromosomes and/or DNA; however, the tests were confined
to bacterial and mammalian test systems in vitro, and there were no
data on intact mammalian organisms or humans.

The Committee noted that the dose that caused tumours in rats
(19mg/kg of body weight per day) was about 20000 times the highest
estimated intake of 1,3-dichloro-2-propanol by consumers of soya
sauce (1ug/kg of body weight per day).

The available evidence suggests that 1,3-dichloro-2-propanol is asso-
ciated with high concentrations of 3-chloro-1,2-propandiol in food.
Regulatory control of the latter would therefore obviate the need for
specific controls on 1,3-dichloro-2-propanol.

Polychlorinated dibenzodioxins, polychlorinated
dibenzofurans and coplanar polychlorinated biphenyls

Introduction

Polychlorinated dibenzodioxins (PCDDs) and polychlorinated
dibenzofurans (PCDFs) are by-products of combustion and of various
industrial processes, and they are found widely in the environment.
Polychlorinated biphenyls (PCBs) were manufactured in the past for
a variety of industrial uses, notably as electrical insulators or dielectric
fluids and specialized hydraulic fluids. Most countries banned manu-
facture and use of PCBs in the 1970s; however, past improper han-
dling of PCBs constitutes a continuing source of these compounds in
the environment, and disposal of equipment containing these com-
pounds poses some risk of further contamination.

Neither PCDDs nor PCDFs have been evaluated previously by the
Committee. PCBs were evaluated by the Committee at its thirty-fifth
meeting (Annex 1, reference 88), when it concluded that it was impos-
sible to establish a precise numerical value for a tolerable intake in
humans because of limitations in the available data and the ill-defined
nature of the materials that were used in feeding studies.

121



PCDDs, PCDFs and coplanar PCBs were evaluated at the present
meeting in response to a request by the Codex Committee on Food
Additives and Contaminants at its Thirty-second Session (4) for the
Expert Committee to evaluate the risks associated with their presence

in food.

The Committee evaluated the PCDDs, PCDFs and coplanar PCBs
for which toxic equivalency factors (TEFs) for mammals have been
derived by WHO. Table 8 lists the compounds that were considered

Table 8

Compounds considered and their toxic equivalency factor assigned by WHO

Compound Abbreviation Toxic equivalency
factor
Polychlorinated dibenzodioxins
2,3,7,8-Tetrachlorodibenzodioxin TCDD 1
1,2,3,7,8-Pentachlorodibenzodioxin 1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-Hexachlorodibenzodioxin 1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-Hexachlorodibenzodioxin 1,2,3,6,7,8-HxCDD 0.1
1,2,3,6,7,9-Hexachlorodibenzodioxin 1,2,3,6,7,9-HxCDD 0.1
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 1,2,3,4,6,7,8-HpCDD 0.01
Octachlorodibenzodioxin OCDD 0.0001
Polychlorinated dibenzofurans
2,3,7,8-Tetrachlorodibenzofuran 2,3,7,8-TCDF 0.1
1,2,3,7,8-Pentachlorodibenzofuran 1,2,3,7,8-PeCDF 0.05
2,3,4,7,8-Pentachlorodibenzofuran 2,3,4,7,8-PeCDF 0.5
1,2,3,4,7,8-Hexachlorodibenzofuran 1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-Hexachlorodibenzofuran 1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-Hexachlorodibenzofuran 1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-Hexachlorodibenzofuran 2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-Heptachlorodibenzofuran 1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-Heptachlorodibenzofuran 1,2,3,4,7,8,9-HpCDF 0.01
Octachlorodibenzofuran OCDF 0.0001
“Non-ortho” polychlorinated biphenyls
3,3",4,4’-Tetrachlorobiphenyl 3,3,4,4-TCB 0.0001
3,4,4’ 5 -Tetrachlorobiphenyl 3,4,4’ 5-TCB 0.0001
3,3",4,4’ 5-Pentachlorobiphenyl 3,3,4,4’ 5-PeCB 0.1
3,3",4,4’,5,5-Hexachlorobiphenyl 3,3,4,4’,5,5-HxCB 0.01
“Mono-ortho” polychlorinated biphenyls
2,3,3",4,4’-Pentachlorobiphenyl 2,3,3,4,4-PeCB 0.0001
2,3,4,4’ 5-Pentachlorobiphenyl 2,3,4,4’ 5-PeCB 0.0005
2,3",4,4’ 5-Pentachlorobiphenyl 2,3",4,4’ 5-PeCB 0.0001
2,3",4,4’ 5’-Pentachlorobiphenyl 2,3,4,4’ 5’-PeCB 0.0001
2,3,3",4,4’ 5-Hexachlorobiphenyl 2,3,3,4,4’ 5-HxCB 0.0005
2,3,3",4,4’ 5"-Hexachlorobiphenyl 2,3,3,4,4 5’-HxCB 0.0005
2,3,4,4’ 5,5"-Hexachlorobiphenyl 2,3,4,4’ 55-HxCB 0.00001
2,3,3",4,4’,5,5-Heptachlorobiphenyl 2,3,3,4,4,55-HpCB 0.00001

122



and their assigned TEF values. In the TEF approach, the toxicity
of all chemicals in the series is related to that of 2,3,7.8-
tetrachlorodibenzodioxin (TCDD), one of the most potent of the
dioxins and that for which most toxicological and epidemiological
information is available. Use of the TEF approach is based on the
assumption that PCDDs, PCDFs and coplanar PCBs have a common
mechanism of action, which involves binding to the aryl hydrocarbon
(Ah) receptor, an intracellular receptor protein. This binding is con-
sidered to be the necessary, but not sufficient, first step in the expres-
sion of the toxicity of these compounds. Many uncertainties exist in
applying the TEF approach to the assessment of human risk, but it is
the mos