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2.1

2.2

Introduction

The Joint FAO/WHO Expert Committee on Food Additives met in
Geneva from 6 to 15 February 1996. The meeting was opened by Dr
J.L. Herrman, Scientist, International Programme on Chemical
Safety, WHO, on behalf of the Directors-General of the Food and
Agriculture Organization of the United Nations and the World
Health Organization. Dr Herrman noted that governments and the
Codex Alimentarius Commission were increasingly relying on recom-
mendations of the Committee relating to the safety of food additives
and contaminants. Several substances on the agenda of the present
meeting involved difficult issues of a general nature and would re-
quire new approaches if useful advice was to be provided.

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 forty-five previous meetings of the Expert Committee
(Annex 1). The present meeting was convened on the basis of the

recommendations made at the forty-fourth meeting (Annex 1, refer-
ence 116).

The tasks before the Committee were:

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

(b) to undertake toxicological evaluations of certain food additives
and contaminants (section 3 and Annex 2);

(c) to review and prepare specifications for selected food additives
(sections 3 and 4 and Annex 2); and

(d) toassessdietaryintake of aflatoxins and estimate the potential risks
for different human populations (section 4).

Modification of the agenda

Salatrim, a fat substitute, was removed from the agenda at the request
of the manufacturer.

Principles governing the toxicological evaluation of
compounds on the agenda

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

2.2.1 Procedure for the safely evaluation of flavouring agents

The Committee evaluated three groups of flavouring agents. It used a
procedure based on that reviewed at the forty-fourth meeting of the
Committee (Fig. 1; Annex 1, reference 716, section 2.2.1). The ap-
proach incorporates a series of criteria designed to provide a means of
evaluating such agents in a consistent and timely manner. The criteria,
which were drawn up in the light of the principles for the safety
evaluation of flavouring substances (Annex 1, reference 76), take
account of available information on intake from current uses, struc-
ture—activity relationships, and metabolism and toxicity data. They
incorporate procedures outlined in the report of the thirty-third meet-
ing of the Committee (Annex 1, reference 83), which include a
method for dividing flavouring substances up into three structural
classes based on structural characteristics and metabolism. The use of
these criteria provides a means of ranking flavouring substances in
terms of concern over potential inherent toxicity and provides guid-
ance on the nature and extent of the data required to perform a safety
evaluation.

The criteria take advantage of the fact that some flavouring agents
occur as normal constituents of mammalian tissues or are metabo-
lized to form such constituents, and are then completely metabolized
to innocuous end-products such as carbon-dioxide and water.
Flavouring agents with these characteristics are considered to be safe
for consumption if human intake is low, but are evaluated on the basis
of toxicity data if human intake is high. The safety evaluation may
involve the use of toxicity data on the individual substance concerned
or may rely, at least in part, on toxicity data on substances of closely
related structure.

For flavouring agents that are not known to be metabolized to innocu-
ous end-products, the safety evaluation must be based on toxicity
data, even if intake is low. In such cases, there must be an adequate



Figure 1

Safety evaluation procedure reviewed at the forty-fourth meeting of the Committee®

1. Decision tree structural class

2. Can the substance be predicted to be metabolized to innocuous products?

3.(a) Do the conditions of use result in
an intake greater than the threshold
of concern for the structural class?

¢ No * Yes

Yes

No

3.{b) Do the conditions of use result in an
intake greater than the threshold
of concern for the structural class?

*No Ye

s\

Substance would not be
expected to be of safety
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metabolites endogenous?
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Substance would not be
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4.(b) Do adequate toxicological data exist
on the substance or do one or more
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a NOEL of at teast 10 times the fifth

Data must be available on the
substance or closely related
substances to perform a safety
evaluation

concern

Substance would not be
expected to be of safety
concern

Y

5.(a)Does a NOEL exist for the substance
which provides an adequate margin of
safety under conditions of intended use,
or does a NOEL exist for structurally
related substances which is high
enough to accommodate any perceived
difference in toxicity between the
substance and the related substances?

No

Y
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class?

Substance would not be
expected to be of safety
concern

5.(b) Do the conditions of use result in an
intake greater than 1.5 pg per day?

Yes
Additional data required

~
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Substance would not be
expected to be of safety
concern
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margin of safety between human intake of the flavouring agent and
the no-observed-effect level (NOEL) for the substance or the NOEL
for a substance of closely related structure on which the safety
evaluation relies.

For those flavouring agents currently in use for which no toxicity or
metabolic data exist, but where intake is extremely low, it might be
possible to specify a threshold below which intake is considered safe
(human intake threshold).

The procedure described above involves the integration of data on
intake, in relation to the human intake threshold, with information on
structure—activity relationships, metabolism and toxicity. The data on
intake used in the procedure at the present meeting were derived
from figures for the total annual production of flavouring agents used
in food in Europe and the USA. Estimates of intake were based on
the assumption that only 60% of the total amount used is reported
and that the total amount used is consumed by only 10% of the
population. The Committee noted that the evaluations performed
using the procedure were based on the intake estimates available at
the meeting and that changes in intake might warrant re-evaluation of
a flavouring agent. The Committee recommended that information
on intake should be periodically updated to ensure the validity of
safety evaluations.

The Committee noted that the procedure is intended for application
to flavouring agents used in food and not to other uses of these agents.
It also noted that many flavouring agents are members of structurally
related groups and that, in conformity with past practice, considera-
tion should be given to evaluating the safety of such groups as a
whole.

The Committee noted that the safety evaluation procedure is not
intended to be applied to flavouring agents with existing unresolved
problems of toxicity. As with any scheme, its application calls for
judgement, and it should not replace expert opinion; the Committee
therefore reserved the right to use alternative approaches when data
on specific flavouring agents warranted such action.

It was noted that a key element of the procedure involves determining
whether a flavouring agent and the products of its metabolism are
innocuous and/or endogenous substances. The Committee consid-
ered that these terms require definition. It recommended that “in-
nocuous metabolic products” should be defined as products that are
known or readily predicted to be harmless to humans at the estimated
intakes of the flavouring agent, while “endogenous substances” are



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

The Committee noted that Acceptable Daily Intakes (ADIs) had
previously been established for some flavouring agents or groups of
flavouring agents, and recommended that these should be retained,
since the information on which they are based is relevant to an evalu-
ation of their safety and, in addition, they may have food additive uses
other than as flavouring agents.

Application of the procedure

In applying the procedure to the groups of esters considered during
the meeting, the Committee noted that consideration should be given
to both the parent compound and its metabolic products, and that
these should be evaluated separately when necessary.

The Committee used the procedure to evaluate three groups of esters,
namely ethyl esters, isoamyl esters and allyl esters. First, the sub-
stance is assigned to a structural class according to the decision tree of
Cramer et al. (2; see Figure 1).

The structural classes are as follows:

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

¢ ClassII. Substances that have structural features that are less innocu-
ous than those of substances in class 1. 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.

The approach then differs, depending on whether the flavouring
agent is predicted to be metabolized to innocuous products (step 2).
For flavouring agents with high intakes (step 3(a)) that are metabo-
lized to innocuous but not endogenous products (step 4(a)), the pro-
cedure requires a NOEL for the substance or a structurally related
substance which provides an adequate margin of safety in relation to
the estimated intake (step 5(a)). In contrast, for flavouring agents not
predicted to be metabolized to innocuous products (step 2) and with



low intakes (step 3(b)), the procedure requires adequate toxicological
data on the substance or on a structurally related substance (step
4(b)). The Committee concluded that the procedure should be modi-
fied (see Fig. 2), so that step 4(b) in Fig. 1 would read “Does a NOEL
exist for the substance which provides an adequate margin of safety
under conditions of intended use [(3) (Annex 1, reference 76)], or
does a NOEL exist for structurally related substances which is high
enough to accommodate any perceived difference in toxicity between
the substance and the related substances?” The Committee did not
fully discuss the application of step 5(b) of the original procedure
(“Do the conditions of use result in an intake greater than 1.5ug per
day?”) to flavouring agents, and it was not considered at the present
meeting.

The Committee found that the procedure provided a sound basis for
evaluating the safety of the three groups of flavouring agents consid-
ered during the meeting and recommended that it should be used at
future meetings to evaluate other groups of flavouring agents.

2.2.2 Survival of rats in long-term studies

The Committee discussed the general issue of survival in contempo-
rary long-term studies in experimental animals in response to the
problems encountered in assessing the adequacy of the data on
alitame (section 3.4). It recognized that increasingly poor survival
rates have been seen in rats in long-term studies over the past 5-10
years. Furthermore, the background incidence of some tumours has
increased, and this has been related to an increase in the body weight
of commonly used strains of rats, possibly due to selective breeding.
These factors have tended to complicate and in some cases confound
the interpretation of long-term studies, particularly in relation to
carcinogenesis. They indicate that the traditional carcinogenesis pro-
tocol is becoming increasingly difficult to carry out, and that caution
should be exercised in using data on historical controls. The Commit-
tee considered that these factors should be taken into account in
interpreting the results of contemporary studies, but do not necessar-
ily negate the value of such studies. Studies that do not satisfy arbi-
trarily imposed criteria for survival and/or duration may still provide
useful data for assessing the carcinogenic potential of a substance.

2.2.3 Deadlines for submission of data

It has been customary for the Secretariat to specify a deadline for
the submission of data in announcing forthcoming meetings of the
Committee. In recent years, such deadlines have increasingly been
ignored, making it difficult to produce adequately reviewed



Figure 2
- Safety evaluation procedure, as modified by the Committee at the present meeting
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monographs in time for the meeting. The Committee therefore
agreed that data submitted after the specified deadline would nor-
mally be considered at a later meeting.

The Committee again emphasized that requests for the modification
of specifications must be supported by data. It will make changes only
if 1t considers that adequate justification has been provided.

2.2.4 Toxicological significance of proliferative lesions of the adrenal
medulla in rats fed polyols and other poorly digestible
carbohydrates
Polyols (sugar alcohols) are used mainly as bulk sweetening agents
and particularly as replacements for sugar. They include the monosac-
charide-derived polyols mannitol, sorbitol and xylitol, and the disac-
charide-derived forms maltitol, isomalt and lactitol, as well as polyol
mixtures such as maltitol syrup and sorbitol syrup, which contain
hydrogenated polysaccharides.

The polyols have appeared on the agenda at many meetings of the
Committee, starting with the seventh meeting in 1963, when sorbitol
was reviewed, and most recently at the forty-first meeting in 1993
(Annex 1, references 7, 11, 13, 32, 47, 56, 59, 62, 70, 73, 83 and 107).

At its twenty-sixth meeting (Annex 1, reference 59), the Committee
concluded that the adrenal medullary hyperplasia seen in rats fed
20% sorbitol in the diet was the physiological consequence of the
gross dietary and metabolic imbalances produced by the high levels of
this substance in ageing rats, and recommended that the influence of
carbohydrate intake on mineral metabolism be taken into account in
assessing the possible toxicological significance of this effect.

At its twenty-seventh meeting (Annex 1, reference 62), the Commit-
tee noted that the background incidence of these adrenal lesions in
different strains of rat varied from 0% to 80%. It concluded that the
high incidence of these lesions, their species-specificity, and their
great variation within rat strains made it difficult to extrapolate the
significance of the findings to humans in the absence of further infor-
mation. At its forty-first meeting (Annex 1, reference 107), the Com-
mittee recommended that the information database on adrenal
medullary hyperplasia and phaeochromocytomas associated with
polyols and other poorly absorbed carbohydrates be reviewed and
that the mechanisms of appearance of these lesions and their toxico-
logical significance be assessed at a future meeting,.

At its present meeting, the Committee examined previously reviewed
studies and those cited in a recent comprehensive review of all the
relevant data (4).



Mutagenicity and genotoxicity studies. Mutagenicity and genotoxicity
studies both in vitro and in vivo provided no evidence that any of the
polyols has a mutagenic or genotoxic potential (Annex 1, references
72 and 74).

Long-term studies in animals. Long-term studies in different strains of
rats demonstrated that adrenal medullary hyperplasia and neoplasia
develop in response to long-term administration of diets containing
high levels of polyols (over 5% of the diet). In contrast, such lesions
were not observed after long-term feeding of polyols to mice or dogs.
The effect on the adrenal medulla of the rat thus appeared to be
species-specific. The finding was not unique to polyols; lactose, an-
other poorly digested carbohydrate, also produced such adrenal
lesions in rats, but not in mice.

The effects of individual polyols and lactose in long-term studies in
rats are summarized in Table 1.

Studies in humans. A number of studies have been conducted on the
safety, cariogenicity, caloric value and metabolism of polyols in hu-
mans. The consumption of these polyols by human volunteers in
controlled studies and by the public at large has not been associated
with any significant adverse effects other than laxation at high doses.
These studies show that even relatively high doses of polyols (of the
order of 100g per day), consumed for up to 5.3 years, have no effect
on parameters that suggest adverse effects on energy metabolism,
liver function or mineral homeostasis. For example, in two clinical
studies designed to assess the overall safety of xylitol, in which male

Table 1
Main effects of polyols and lactose in long-term studies in rats
Substance Effect®
Adrenal Caecal Pelvic Hypercalciuria Reduced weight
medullary enlargement nephrocalcinosis gain
hyperplasia or
neoplasia
Mannitol -+ + + + +
Sorbitol -+ + + + +
Xylitol + + + + +
Isomalt - + + ND +
Lactitol + + + + +
Maltitol + ? + + +
Maltitol - + ND ND +
syrup®
Lactose + + + + +

& + Positive effect, ? equivocal effect; — no effect: ND, no data.
® Formerly referred to as hydrogenated giucose syrup; includes products containing 90-88% maltitol.
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and female volunteers consumed 70-100g of xylitol per day for 2.0—
5.3 years, no effects on urinary concentrations of calcium, catechola-
mines, magnesium, phosphate, bilirubin, serum amyloid P component
or amino acids, nor on biochemical or haematological parameters
related to the metabolism of lipids or carbohydrates, or energy were
observed. A 32-month clinical study of cariogenicity in 157 children
also failed to demonstrate any effect on hepatobiliary function when
xylitol was consumed at doses of up to 20g per day.

Metabolic studies. Polyols are passively and poorly absorbed, and
considerable amounts may reach the lower digestive tract, where they
are fermented by gut microflora, mainly to short-chain volatile fatty
acids, which are absorbed and utilized. However, there are large
differences in the rates of digestion and absorption of the various
polyols and major differences in the degree of hepatic metabolism
once they are absorbed. As a result, no common metabolic pathway
has been identified that could explain a direct action on the adrenal
medulla.

Differences between the rat and the human adrenal medulla. Since the
Committee last evaluated the relevance to humans of the adrenal
medullary lesions in rats, several studies have been published which
may explain the species specificity of these lesions. Despite the gen-
eral similarities of the anatomy of the adrenal medulla in rats and
humans, several potentially important differences exist: (i) the rat
adrenal medulla has two distinct chromaffin cell populations, one
producing predominantly epinephrine and the other norepinephrine,
while in humans there is no clear distinction between chromaffin

«cell types; (ii) the rat adrenal medulla also has a third cell type,

namely the small granule-containing cell, the functions of which are
largely unknown and for which there is no clearly defined human
counterpart; and (iii) the peptide and protein composition of the
secretory.granules in the chromaffin cells differs between rats and
humans.

A series of studies has shown that rat chromaffin cells are much more
susceptible to mitogenic stimuli than human chromaffin cells, suggest-
ing that rat chromaffin cells are inappropriate as a model to assess the
potential effects of chemicals on human chromaffin cells. The high
susceptibility of rat chromaffin cells to mitogenic (proliferative)
stimuli may account, at least in part, for the higher rate of spontane-
ous phaeochromocytomas in rats (0.5% in Holtzman rats to 69% in
Wistar rats) than in humans (0.005-0.1% reported in different stud-
ies). The chromaffin cells of mice, like those of humans, are resistant
to mitogenic stimuli, and mice have a low spontaneous incidence of



adrenal medullary lesions (about 1%). Another important species
difference is that, while many pharmacologically unrelated substances
can induce phaeochromocytomas in rats, probably by enhancing the
rate of spontaneous development, tumours of this type have not
been reported to be associated with exposure to such substances
in humans. A further difference between rats and humans is that
the adrenal lesions reported in rats were not generally associated
with increased catecholamine secretion or hypertension, whereas
phaeochromocytomas in humans are often accompanied by
hypertension.

A study was conducted in Wistar rats, which were fed diets con-
taining 20% xylitol and either 0.4%, 0.2% or 0.05% calcium for up
to 63 weeks. Controls received a diet containing 0.4% calcium,
but no xylitol. Rats given 0.05% calcium in the diet showed lower
urinary calcium levels and a significantly lower incidence of
phaeochromocytomas than those in the groups given 0.4% and 0.2%
calcium, although the total incidence of combined hyperplasia and
neoplasia of the adrenal medulla was similar. In contrast, studies in
humans conducted with sorbitol, lactitol, xylitol and maltitol syrup
showed that these polyols either inhibited calcium absorption or did
not affect urinary calcium levels.

Recent data support the hypothesis that altered calcium homeostasis
is involved in the development of adrenal medullary proliferative
lesions in long-term studies in rats. Administration of 20000 or
400001U of vitamin D, daily to groups of six male Sprague—-Dawley
rats for 4 weeks resulted in dramatic increases in serum calcium
concentrations and concomitant increases in the percentage of la-
belled chromaffin cells as measured by incorporation of 5-bromo-2’-
deoxyuridine (broxuridine). Vitamin D5 was not responsible for the
increased rates of cell proliferation since it had no mitogenic effects
on rat chromaffin cells in vitro. In similar experiments on xylitol and
lactose, a slight, but significant, increase in the percentage of labelled
chromaffin cells was found in the treated rats. These results and the
fact that consumption of polyols by rats leads to hypercalciuria indi-
cate that disturbed calcium homeostasis is possibly involved in the
genesis of the adrenal medullary proliferative lesions observed in
long-term studies of certain polyols or lactose in rats.

Conclusions. The Committee reviewed some recent literature deal-
ing with the potential mechanisms for the production of phaeo-
chromocytomas in rats fed high levels of polyols or lactose. It noted
that functional differences have been identified between the adrenal
medulla of the rat and that of other species, including humans, and

11



2.3

2.3.

—_

that ingestion of polyols or lactose was associated with increased
calcium absorption in rats but not in humans, as inferred from
hypercalciuria. While a reasonably clear association could be demon-
strated between calcium absorption and the incidence of the adrenal
medullary lesions, the actual mechanism whereby the increased ab-
sorption of calcium produces phaeochromocytomas in rats is still
unknown, despite extensive research.

As noted at previous meetings of the Committee, the development
of proliferative lesions of the adrenal medulla in rats fed polyols or
lactose is associated only with high doses of these substances. Those
compounds that have been tested do not induce these lesions in mice
or dogs. Moreover, there is no indication that any of the polyols or
lactose is metabolized to reactive intermediates, nor is there any
evidence to suggest that any of these substances or their metabolites
are genotoxic.

After reviewing the data cited above and noting certain unique fea-
tures of the rat adrenal medulla, the Committee confirmed the view
expressed at previous meetings that the occurrence of proliferative
lesions of the adrenal medulla in rats fed polyols and lactose is a
species-specific phenomenon and is not relevant to the toxicological
evaluation of these substances for humans. The previous evalua-
tions of polyols were maintained. No toxicological monograph was
prepared.

Principles governing the establishment and revision of
specifications

International harmonization of specifications

In recognition of its advisory role to the Codex Committee on Food
Additives and Contaminants in facilitating international trade and
assuring a wholesome global food supply, the Committee noted the
desirability and importance of harmonizing its specifications with
those of other internationally recognized bodies, when possible.
Specifications developed at the current meeting were considered in
this light.

2.3.2 Limits for arsenic, lead and heavy metals

12

The Committee reaffirmed the intention expressed at its forty-fourth
meeting (Annex 1, reference 1/6) to consider lowering the existing
general limits of 10mg/kg for lead and 40mg/kg for heavy metals
for substances under consideration, unless data in support of these
limits are provided. The Committee also reiterated its earlier recom-
mendation that submissions on specifications should include actual



concentrations of lead and certain other heavy metals found in the
substances under consideration. The Committee also agreed to con-
tinue, as decided at its forty-fourth meeting, to assess on a case-by-
case basis the need for limits for arsenic in specifications for
substances under review. Such limits would be reduced or withdrawn
unless the information provided, the nature and source of the sub-
stance, or the levels of consumption indicate that limits for arsenic are
necessary.

Finally, the Committee agreed that, for compounds with a limit of
10mg/kg for heavy metals, no separate limit for lead would be
set unless the information provided indicated that such a limit was
necessary.

2.3.3 Harmful analytical solvents and reagents

The Committee noted the need to find alternative chemicals or meth-
ods of analysis that will help to eliminate the use of solvents or
reagents that are known or suspected carcinogens or have undesirable
effects on the environment. This requirement should be addressed
when analytical methods are reviewed in connection with specifica-
tions as well as when the Guide to specifications (FAO Food and
Nutrition Paper No. 5, Rev. 2) (Annex 1, reference 100) is next
revised.

2.3.4 Cross-references

The Committee agreed that specifications for methods for the identi-
fication and purity of compounds should not require cross-reference
to other specifications. The Committee also re-emphasized that fre-
quently used methods should be incorporated into FAO Food and
Nutrition Paper No. 5, Rev. 2 (Annex 1, reference 100).

2.3.5 Flavouring agents

For the first time, the Committee was asked to consider systematically
a long list of flavouring agents. In view of the large number of such
substances expected to be evaluated in the future, the Committee
decided to tabulate the specifications for flavouring agents and not to
use the standard specifications format. Specifications for compounds
used as flavouring agents but also having other functions are listed
both in the standard specifications format and in tabular form. Special
methods of analysis, spectra for use in identification, and structural
formulae will be included as appendices to the table of flavouring
agents. Reference is made to FAO Food and Nutrition Paper No. 5,
Rev. 2 (Annex 1, reference 100). as appropriate.

13
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Distillation ranges and limits for heavy metals, arsenic and non-
volatile residues are not included in specifications for flavouring
agents. For those which are also used in other ways, reference is made
to the appropriate specifications monograph.

The Committee recognized that some of the common names used for
commercial flavouring agents are ambiguous. In revising specifica-
tions for such agents, the Committee will employ, where it considers
it appropriate, more systematic terminology. In order to avoid prob-
lems of communication, however, synonyms will be included in the
specifications.

Principles governing intake assessments

The Joint FAO/WHO Expert Consultation on the Application of
Risk Analysis to Food Standards Issues (5) recognized that intake
assessments of food additives, contaminants, and residues of pesti-
cides and veterinary drugs should be considered an integral part of
the risk assessment procedure for these substances. FAO and WHO
had therefore decided to appoint several experts on intake assess-
ment to the Joint FAO/WHO Expert Committee on Food Additives.

The Committee identified a number of issues that would require
attention in the future in developing accurate models for assessing
intake: :

— provision of guidance on the collection of more accurate data on food
consumption in future surveys;

— provision of guidance on the subdivision of regional diets according
to staple foods; :

— provision of guidance on the collection of more accurate data on
concentrations of contaminants in foods; and -

— evaluation of the quality of the available models for assessing food
intake, including high food consumption.

A report on the Committee’s deliberations was prepared, and it was
decided that it should serve as a working paper at the next meeting
of the Committee when food additives and contaminants are
considered.

Specific food additives

The Committee re-evaluated several food additives considered at
previous meetings. In addition, the Committee evaluated a large
number of flavouring agents using the approach reviewed at its forty-
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fourth meeting (Annex 1, reference 716). Information on the evalua-
tions and on specifications is summarized in Annex 2.

Antioxidants: gallates (dodecyl, octyl and propyl)

These substances were previously evaluated by the Committee at its
third, sixth, eighth, tenth, fifteenth, sixteenth, seventeenth, twentieth,
twenty-fourth, thirtieth and forty-first meetings (Annex 1, references
3,6,8,13,26,30,32,41,53,73 and 107). At the twenty-fourth meeting,
a group ADI of 0-0.2mg per kg of body weight was established,
based on the supposed similarity in biotransformation of these com-
pounds. The gallates were again reviewed at the thirtieth meeting,
when an ADI of 0-2.5mg per kg of body weight was established for
propyl gallate. However, the Committee was unable to establish an
ADI for dodecyl and octyl gallate owing to lack of adequate data, and
requested that studies be carried out on the metabolism of these
substances, including identification of their metabolites in the milk of
lactating animals and the toxicity of their known hydrolysis products.

At its forty-first meeting, the Committee reviewed new 4-week and
90-day toxicity studies in rats with propyl gallate and in vitro studies
on the hydrolysis of the gallates in different tissues. The Committee
allocated an ADI of 0—1.4mg per kg of body weight for propyl gallate
based on a NOEL of 1910mg/kg in the feed (equal to 135mg per kg
of body weight per day) in a 90-day study in rats and a safety factor of
100. The Committee concluded that it was unlikely that either
dodecyl or octyl gallate was carcinogenic or genotoxic; temporary
ADIs were therefore allocated to both these substances, based on the
NOELs observed in limited toxicological studies.

With octyl gallate, a slight hypochromic anaemia was observed at
100 mg per kg of body weight per day in a study in rats in which the
substance was administered for two generations. A temporary ADI of
0-0.1mg per kg of body weight was established for octyl gallate,
based on a NOEL of 17.5mg per kg of body weight per day in this
study and a safety factor of 200.

With dodecyl gallate, a reduction in spleen weight and pathological
changes in the liver, kidney and spleen were observed at S0mg per kg
of body weight per day in a 150-day study in rats in which the sub-
stance was administered by gavage. A temporary ADI of 0-0.05mg
per kg of body weight was established for dodecyl gallate, based on a
NOEL of 10mg per kg of body weight per day in this study and a
safety factor of 200.
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At its forty-first meeting, the Committee concluded that additional
studies on the pharmacokinetics and metabolism of dodecyl, octyl and
propyl gallate might help to explain the differences in toxicological
potency of these compounds and requested data from such studies to
be made available by 1996. If these studies did not satisfactorily
resolve the issue with respect to the similarity of dodecyl and octyl
gallate to propyl gallate, further toxicological studies (including long-
term toxicity/carcinogenicity studies and genotoxicity studies) on
dodecyl and octyl gallate might be required.

Since the forty-fourth meeting of the Committee, a few studies on
gallates have been published; however, none of the data requested on
the pharmacokinetics or metabolism of dodecyl, octyl and propyl
gallate have been submitted.

The Committee therefore decided to retain the ADI for propyl gal-
late (0-1.4mg per kg of body weight) established at the forty-first
meeting, but did not extend the temporary ADIs for dodecyl and
octyl gallate.

Since no new data on dodecyl, octyl and propyl gallates were submit-
ted at the present meeting, a toxicological monograph was not pre-
pared. The existing specifications for dodecyl, octyl and propyl gallate
were revised, with minor changes.

Emulsifier: glycerol ester of wood rosin (ester gum)

This substance, which is used as a food additive in beverages and
chewing gum, is prepared from wood rosin derived from the stumps of
the longleaf pine (Pinus palustris) and purified to meet food-grade
specifications. Wood rosin differs from tall oils and gums, which are
derived from other parts of the tree. The resin acids in wood rosin
can vary considerably in composition; however, the main resin acids
in glycerol ester of wood rosin are the abietic acids (including
dehydroabietic acid and neoabietic acid), the pimaric acids (including
isopimaric acid and sandaracopimaric acid) and palustric acid. The
carboxylic acid group of the resin acids of wood rosin is attached to a
sterically hindered tertiary carbon, which is responsible for the resis-
tance of the resin acid ester linkage to hydrolysis. Glycerol ester
of wood rosin was previously considered by the Committee at its
eighteenth, twentieth, thirty-third, thirty-seventh and forty-fourth
meetings (Annex 1, references 35, 41, 83, 94 and 116).

At its twentieth meeting, the Committee, in the light of the strong
ester bond and anticipated stability of this material, expressed the
view that long-term and reproductive studies should be performed on



this specific substance, as opposed to unmodified resin, before further
evaluation.

Specifications for the food-grade material were adopted at the thirty-
seventh meeting of the Committee (Annex 1, references 94 and 96).
The specifications defined the material as a complex mixture of tri-
and diglycerol esters of resin acids from wood rosin with a residual
fraction of monoglycerol esters varying from 1% to 3%.

At its forty-fourth meeting, the Committee prepared a full toxicologi-
cal monograph on glycerol ester of wood rosin (Annex 1, reference
117). In addition, the Committee reviewed several studies on this
substance, including a metabolic study in rats given unlabelled glyc-
erol ester of wood rosin (identified as “beverage-grade ester gum”) in
the diet. The results of the metabolic study showed that glycerol ester
of wood rosin was, for the most part, recovered unchanged from the
faeces, which suggested that it was not hydrolysed in the gut to a
significant extent and was largely unabsorbed. However, the lack of
sensitivity of the analytical method used was such that a firm conclu-
sion could not be reached as to the stability or non-bioavailability
of this substance. The Committee was unable to establish an ADI
and concluded that, as a minimum, studies demonstrating the meta-
bolic stability and non-bioavailability of glycerol ester of wood rosin
under conditions resembling those present in the human gastrointes-
tinal tract would be required to permit further evaluation of this
material.

At its present meeting, the Committee reviewed new studies with
1*C-labelled glycerol ester of wood rosin in rats and in vitro, which
indicated that the food-grade material is quite stable in the gas-
trointestinal tract and that only a minor fraction, most probably the
monoglycerol ester fraction, will undergo partial hydrolysis. The
Committee also reviewed the toxicological studies that were available
at the forty-fourth meeting, including 13-week toxicity studies in rats
given food-grade and non-food-grade glycerol ester of wood rosin
and a 2-year toxicity/carcinogenicity study in Sprague-Dawley rats
given wood rosin (Annex 1, reference 117). In the 13-week toxicity
studies, the food-grade material was less toxic than the non-food-
grade material. In the 2-year toxicity/carcinogenicity study, wood
rosin did not induce any treatment-related histopathological effects
when administered at dose levels of up to 434mg per kg of body
weight per day. The Committee concluded that glycerol ester of wood
rosin is not genotoxic.

Although no long-term toxicity studies or reproductive toxicity stud-

ies were available for glycerol ester of wood rosin (as specified in
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FAO Food and Nutrition Paper No. 52, Add. 3 (Annex 1, reference
118)), the Committee considered that the data from previously re-
viewed studies and the new studies confirming non-bioavailability
were adequate to establish an ADI. The Committee therefore allo-
cated an ADI of 0-25mg per kg of body weight to glycerol ester of
wood rosin, based on the NOEL of 2500 mg per kg of body weight per
day in the 13-week toxicity studies in rats with the food-grade ma-
terial and a safety factor of 100. The Committee did not round the
ADI to one significant figure (Annex 1, reference 116, section 2.2.2),
because this would have reduced the value by 20%.

An addendum to the toxicological monograph was prepared. The
existing specifications were revised, with minor changes.

3.3 Flavouring agents

The Committee applied the modified safety evaluation procedure
(see section 2.2.1) to the three groups of esters considered during the
meeting. It first considered two components of the procedure that are
common to all three structural classes of esters: the data on intake and

hydrolysis.

Intake data :

Intake estimates were derived from surveys in Europe and the USA.
Estimates of the intake of flavouring agents by populations typically
involve the acquisition of data on the amounts used in food. In the
USA, a series of surveys was conducted between 1970 and 1987 by the
National Academy of Sciences National Research Council (under
contract to the Food and Drug Administration) in which information
was obtained from ingredient manufacturers and food processors on
the amount of each substance destined for addition to the food supply
and on the usual and maximal levels at which each substance was
added in a number of broad food categories (6-9). In Europe, a
survey was conducted in 1995 by the International Organization of
the Flavor Industry, in which flavour manufacturers reported the total
amount of each flavouring agent incorporated into food sold in the
European Union during the previous year (F. Grundschober, per-
sonal communication, 1996). Manufacturers were requested to ex-
clude use of flavouring agents in pharmaceutical, tobacco or cosmetic
products.

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



Intake _ Annual volume of production (kg) x 10° (ng/kg)
(1g per person per day) Population of consumers X 0.6 X 365 days

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

Data on hydrolysis

The ethyl, isoamyl and allyl esters considered at the present meeting
are mostly simple structures, and data on representative compounds
in vivo and in vitro indicate that they would be rapidly and com-
pletely hydrolysed after their ingestion as flavours. A wide range of
enzymes (carboxyesterases and carboxylic acid hydrolases) is capable
of hydrolysing esters into their constituent alcohols and acids.
Carboxyesterases are found in many tissues, and there is high esterase
activity in the intestinal tract, blood, liver, kidney, lung, brain and
pancreas (10-12). Studies of a series of esters with straight-chain acid
or alcohol moieties, in the range C1-C8, showed that purified es-
terases from rat and pig liver had different chain length requirements
for optimal activity, but showed a trend for increased V,,, (maximal
rate of reaction) and pK,, (negative logarithm of Michaelis constant)
values with an increase in the chain length of either the acid or the
alcohol moiety (10, 12). The multiplicity of esterases in some tissues
and their wide tissue distribution result in the rapid hydrolysis of
esters in vivo (I11).

Data on the hydrolysis of flavour esters and selected structural ana-
logues in vitro are summarized in Table 2. Hydrolysis of all esters
was slow in artificial gastric juice (1-37% after 2 hours). In contrast,
nearly all simple straight-chain saturated carboxylic acid esters were
completely hydrolysed by artificial pancreatic juice within 2 hours.
Branched-chain carboxylic acid esters and acetate esters were hy-
drolysed more slowly. The time to S0% hydrolysis (T,,,) by pancreatic
juice of those esters considered at the present meeting ranged from 2
minutes to over 3 hours. The data did not indicate that there would be
a marked difference in the rate of hydrolysis between the three
groups of esters, although some discrepancies were apparent: e.g.
isoamyl isovalerate was hydrolysed more rapidly than the corre-
sponding ethyl ester, but the reverse was true for isoamyl hexanoate.

The rates of hydrolysis of the esters by liver and intestinal tissue were
about 1000 times those by artificial pancreatic juice, and the half-
lives of the flavour esters considered at the meeting were 4 seconds
or less. Ethyl isovalerate (not a flavouring agent) was hydrolysed
more slowly, which suggested that branched-chain carboxylic acid
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Table 2

Hydrolysis of flavour esters and selected analogues

Ester Artificial gastric juice Artificial pancreatic juice Liver homogenate Intestinal homogenate

% hydrolysis T % hydraolysis Ty % hydrolysis Tip % hydrolysis T

after 2h after 2h after 2h after 2h

Ethyl acetate - - ND - - - 100 (P)* -
Ethy! butyrate 15° 8h10min® 100° 6min° - - - -
Ethyl isovalerate® 6° 23h10min° 34° 3h18min® - 245 (R)° -~ 2min13s (RY
Ethyl hexanoate - 4h53min° - 3min® - 0.1s (R)® - 0.5s (R)°
Ethyl heptanoate 10° 12h50min® 100° 10min° - 0.2s (R)° - 0.6s (R)°
Ethyl nonanoate 37° 2h57min® 100° 6min® - - - -
Ethyl decanoate - - 80* - - - - -
Ethyl dodecanocate 120 10h40min® 100° 6min°® - - - -
Ethy! cyciohexylpropanoate® - - 100° - - - - -
Ethyl phenylacetate® - 10h40min® - 1h50min® - - - -
Ethyl furylpropanoate® ~ - 1002 - - - - -
[scamyl acetate - - 207 - - - 100 (P) -
[soamyl butyrate 12° 11h° 100° 11min® - 0.5s (R)° - 0.1s (R)°
Isoamyl isovalerate - 4h55min® - 10min® - - - -
Isoamyl hexanoate - 2h26min® - 38min® - - - -
Isoamyl phenylacetate® - - 100° - - - - -
Allyl hexanoate - 18h40min® 100? 2min® - 4s (R)° - 0.1s (R)°
Allyl tiglate - - ND? - - - 100 (P)® -
Allyl phenylacetate - - 100? - - - - -
Related esters
Butyl acetate 23° 5h18min°® 72° 1hémin® - 8min11s (R)° - 1min48s (R)°
1,3-Dimethylbutyl acetate - - 15° - - - >99 (P)? -
Benzyl acetate - - 50° - - - - -
Methylanthrinilate 1° 99h10min°® ND,2 2° 69h 10min® >99 (P)*  26min40 s (R)° 15 (P)y® 2min28s (R)°

Tyer time to 50% hydrolysis; P, pig tissue; R, rat tissue; ND, not detected.

& Source' reference 13.
® Source: reference 14.
° Source: reference 15,

“ Close structural analogue of the flavouring agents considered at the meeting.



esters are hydrolysed more slowly than straight-chain carboxylic acid
esters.

The data from the above-mentioned studies indicate that the ethyl,
isoamyl and simpler allyl esters considered by the Committee would
be completely metabolized on passage from the lumen of the gas-
trointestinal tract into the general circulation. The wide tissue dis-
tribution of esterase activity, which includes esterases in the
blood, would ensure rapid hydrolysis of any intact ester that escaped
first-pass metabolism in the intestine and liver. This conclusion was
supported by data from an unpublished study in which isoamyl-3-
(2’-furyl)propionate and allyl phenylacetate were not detected in the
hepatic portal blood of guinea-pigs given an intraduodenal dose of
these esters. Both esters underwent 98% hydrolysis in guinea-pig
blood within 1 minute (76). Similarly, unhydrolysed ester was not
detected in the blood of rats given benzyl acetate (see section 3.6.1).
The data on hydrolysis indicate that allyl anthranilate may not un-
dergo first-pass metabolism, and some of the intact ester may enter
the general circulation. Measurable concentrations of methyl-N-
methylanthranilate were present in the portal blood of guinea-pigs
given an intraintestinal dose of this ester (16); however, the absorp-
tion of intact allyl anthranilate would not be of toxicological concern
since slow hydrolysis would reduce the hepatotoxicity due to allyl
alcohol (17).

3.3.1 Ethyl esters

Fifteen ethyl esters used as flavouring agents in food were evaluated
by the safety evaluation procedure considered at the forty-fourth
meeting (Annex 1, reference 716) and modified at the present meet-
ing (see Fig. 2). The esters evaluated were ethyl formate, ethyl ace-
tate, ethyl propionate, ethyl butyrate, ethyl pentanoate (valerate),
ethyl hexanoate (caproate), ethyl heptanoate (enanthate), ethyl
octanoate (caprylate), ethyl nonanoate (pelargonate), ethyl deca-
noate (caprate), ethyl undecanoate, ethyl dodecanoate (laurate),
ethyl tetradecanoate (myristate), ethyl hexadecanoate (palmitate),
and ethyl octadecanoate (stearate). The ethyl esters considered are all
straight-chain, saturated carboxylic acid esters and all occur as natural
constituents of various foods. Ethyl formate, ethyl acetate, ethyl bu-
tyrate, ethyl heptanoate, ethyl nonanoate and ethyl dodecanoate have
already been assigned ADIs, which are maintained.

According to production statistics and derived estimated intakes of
flavouring agents in Europe and the USA, ethyl acetate, ethyl propio-
nate and ethyl butyrate are the major ethyl esters to which hu-
mans are exposed, accounting for 91% and 97% respectively, of the
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total annual volume of production of the 15 esters considered (9;
F. Grundschober, unpublished data, 1996).

Application of the procedure to ethyl esters

In applying the modified procedure for flavouring substances (see
Fig. 2) to an evaluation of the above-mentioned ethyl esters, the
Committee assigned all 15 compounds to structural class I (step
1). These ethyl esters are considered to be completely hydrolysed
in the human body to ethanol and their component carboxylic acids
(see pp. 19-21), which are endogenous intermediates in human
metabolism. Therefore, all the compounds were predicted to be
metabolized to innocuous products (step 2), and the left-hand side
of the decision tree was further considered. Apart from four com-
pounds (ethyl acetate, ethyl propionate, ethyl butyrate and ethyl
hexanoate), the intake estimates for all the ethyl esters were
below the threshold for class I (1800ug per day), so that they
were considered not to be of safety concern, and no further informa-
tion should be required (step 3(a)). For ethyl acetate, ethyl pro-
pionate, ethyl butyrate and ethyl hexanoate, it was then necessary
to consider whether either the substance or any of its metabolites
was endogenous (step 4(a)). In all four cases, the metabolites were
known to occur endogenously, and therefore these compounds were
considered to be of no safety concern at the estimated levels of
current intake. Table 3 summarizes the evaluation of the 15 ethyl
esters using the modified procedure.

Toxicity data

The ethyl esters evaluated were considered to be of no safety concern
on the basis of structural class, the low estimated intakes and, where
appropriate, their metabolism to endogenous substances. In conse-
quence, no toxicity data were necessary for application of the pro-
cedure. Nevertheless, the Committee thought that it was useful to
include the toxicity data on these substances (see Annex 3).

Group evaluation

In the unlikely event that all foods containing all of the 15 ethyl esters
as flavouring substances were consumed simultaneously on a daily
basis, the estimated daily intake for individuals in Europe and the
USA would be 1000 and 870ug per kg of body weight, respectively.
The equivalent estimated daily per capita intakes of ethanol are 460
and 410ug per kg of body weight, respectively. The endogenous syn-

‘thesis of ethanol has been estimated to be approximately 40-80mg

per kg of body weight per day, which is of the order of 100-200 times



the estimated daily intake per kg of body weight derived from the
ethyl esters.

Conclusion

The Committee concluded that the above-mentioned ethyl esters
would not present safety concerns at the estimated levels of current
intake. In all cases in which data on toxicity were available, they were
compatible with this conclusion.

Toxicological monographs were not prepared. New specifications
were prepared for ethyl propionate, ethyl pentanoate, ethyl
hexanoate, ethyl octanoate, ethyl decanoate, ethyl undecanoate, ethyl
tetradecanoate, ethyl hexadecanoate and ethyl octadecanoate. For
ethyl undecanoate, the specifications were designated as “tentative”.
The existing specifications for ethyl formate, ethyl acetate, ethyl bu-
tyrate, ethyl heptanoate, ethyl nonanoate and ethyl dodecanoate
were revised.

3.3.2 Isoamyl alcohol and related esters

Isoamyl alcohol and 10 of its related esters used as flavouring agents
in food were evaluated by the safety evaluation procedure considered
at the forty-fourth meeting (Annex 1, reference 776) and modified at
the present meeting (see Fig. 2). The esters evaluated were isoamyl
formate, isoamyl acetate, isoamyl propionate, isoamyl butyrate,
isoamyl hexanoate, isoamyl octanoate, isoamyl nonanoate, isoamyl
isobutyrate, isoamyl isovalerate and 3-methylbutyl 2-methylbutyrate.
Seven of these esters are linear saturated carboxylic acid esters and
three are branched-chain carboxylic acid esters.

Isoamyl alcohol used for flavouring purposes is a mixture of 3-methyl-
1-butanol (isoamyl alcohol) (about 80%) and 2-methyl-1-butanol
(about 20%). Isoamyl acetate and isoamyl butyrate were evaluated by
the Committee at its twenty-third meeting, when a group ADI for
isoamyl butyrate of 0-3mg per kg of body weight expressed as
isoamyl alcohol was allocated (Annex 1, reference 50). Since studies
on isoamyl acetate indicated that it would be hydrolysed in vivo
similarly to isoamyl butyrate, the Committee decided to include it
in the group ADI for isoamyl butyrate. At its present meeting, the
Committee decided to maintain this ADI.

According to production statistics and derived estimated intakes of
flavouring agents in Europe and the USA, isoamyl acetate is by far
the most important isoamyl ester to which humans are exposed, ac-
counting for 79% and 69 %, respectively, of the total annual volume of
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Table 3

Summary. of the results of safety evaluations of 15 ethyl esters®

Substance Step 3(a) Step 4 (a) Products of hydrolysis Metabolic fate Conclusion based
Does intake exceed Metabolized to on current intake
the threshold for endogenous
human intake? substances?

Ethyl formate No NR Ethanol and formic acid Metabolized in recognized
Europe: 1400 biochemical pathways
USA: 500

Ethyl acetate Yes Yes Ethanol and acetic acid Endogenous in humans
Europe: 28000
USA: 28000

Ethyl propionate Yes Yes Ethanol and propionic Endogenous in humans
Europe: 3900 acid No safety concern
USA: 5900

Ethyl butyrate Yes Yes Ethanol and butyric Endogenous in humans
Europe: 24000 acid
USA: 16000

Ethyl pentanoate No NR Ethanol and valeric Metabolized in recognized
Europe: 200 acid biochemical pathways

USA: 72
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Ethyl hexanoate
Ethyl heptanoate
Ethyl octanogte
Ethyl nonanoate
Ethyl decanoate
Ethyl undecanoale
Ethyl dodecanoate
Ethyl

tetradecanoate

Ethyl
hexadecanoale

Ethyl
octadecanoate

Yes

Europe: 2200
USA: 600
No

Europe: 220
USA: 190
No

Europe: 450
USA: 38

No

Europe: 140
USA: 47

No

Europe: 180
USA: 85

No

Europe: 30
USA: 0.17
No

Europe: 240
USA: 45

No

Europe: 250
USA: 180
No

Europe: 88
USA: 1.3
No

Europe: 2.6
USA: 0.38

Yes

NR

NR

NR

NR

NR

NR

NR

NR

NR

Ethanol and hexanoic
acid

Ethanol and heptanoic
acid

Ethanol and octanoic
acid

Ethanol and nonanoic
acid

Ethanol and decanoic
acid

Ethanol and
undecanoic acid

Ethanol and lauric acid
Ethanol and myristic
acid

Ethanol and palmitic
acid

Ethanol and
octadecanoic acid

Endogenous in humans
Metabolized in recognized
biochemical pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

Metabolized in glycolytic and
fatty acid pathways

No safety concemn

NR, not required for evaluation because consumplion of the substance was determined to be of no safety concern at an earlier step of the procedure.

“ Step 1. All of the eslers in this group are in structural class |, the human intake threshold of which is 1800ug per day.
Step 2 All of lhe eslers In this group are hydrolysed to Lheir component alcohol, ethanol, and their corresponding carboxylic acids, all of which are innocuous products.
Intake values are expressed in pg per day.
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production of the 10 esters considered (9; F. Grundschober, personal
communication, 1996). The intake of isoamyl butyrate, isoamyl alco-
hol and isoamyl isovalerate is approximately 20% of that of isoamyl
acetate. The other esters are produced in much smaller quantities.
With the exception of isoamyl nonanoate, isoamyl alcohol and all of
the above-mentioned esters have been detected as natural constitu-
ents of various foods and alcoholic beverages.

Application of the procedure to isoamyl! alcohol and related esters

In applying the modified procedure for flavouring agents (Fig. 2) to an
evaluation of isoamyl alcohol and its related esters, the Committee
assigned all 11 compounds to class I of the three structural classes
(step 1). These esters are considered to be completely hydrolysed in
the human body to isoamyl alcohol and its component carboxylic
acids (see pp. 19-21), and the hydrolysis products either occur as, or
are rapidly metabolized to, normal endogenous intermediates in hu-
man metabolism of amino acids and fatty acids. Since all 11 com-
pounds were predicted to be metabolized to innocuous products (step
2), the left-hand side of the decision tree was further considered.
Apart from two compounds (isoamyl acetate and isoamyl butyrate),
the intake estimates for isoamyl alcohol and its related esters were
below the threshold for class I (1800ug per day), so that they were
considered not to be of safety concern, and no further information
should be required (step 3(a)). For isoamyl acetate and isoamyl bu-
tyrate, it was then necessary to consider whether the substance or any
of its metabolites was endogenous (step 4(a)). In both cases, the
metabolites were known to occur endogenously, and therefore these
compounds were considered to be of no safety concern at the esti-
mated levels of current intake.

2-Methyl-1-butanol, one of the components of isoamyl alcohol, was
also evaluated using the modified procedure. This compound belongs
to class I of the three structural classes. It is metabolized to innocuous
products, and its intake does not exceed the threshold for class I. The
Committee therefore considered this substance not to be of safety
concern, and did not require any additional information.

Table 4 summarizes the evaluation of isoamyl alcohol and its related
esters by the modified procedure.

Toxicity data

The isoamyl! esters evaluated were considered to be of no safety
concern on the basis of structural class, the low estimated intakes and,
where appropriate, their metabolism to endogenous substances. In
consequence, no toxicity data were necessary for application of the
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Table 4

Summary of the results of safety evaluations of isoamyl alcohol and 10 isoamyl esters®

Substance Step 3(a) Step 4 (a) Products of Metabolic fate Conclusion based
Does intake exceed Metabolized to  hydrolysis and on current intake
the threshold for endogenous primary alcohol
human intake? substances? oxidation

Isoamy! alcohol No NR Isovaleric acid Oxidation product. Metabolized in amino
Europe: ND acid and fatty acid pathways
USA: 1600

Isoamyl formate No NR Isovaleric acid and Metabolized in amino acid and fatty acid
Europe: 50 formic acid pathways
USA: 30

Isoamyl acetate Yes Yes Isovaleric acid and Endogenous in humans
Europe: 23000 acetic acid
USA: 10000

Iscamy! propionate No NR Isovaleric acid and Metabolized in amino acid, fatty acid
Europe: 300 propionic acid and tetrahydrofolate pathways
USA: 120

Isoamyl butyrate Yes Yes Isovaleric acid and Endogenous in humans
Europe: 4000 butyric acid
USA: 1900

Isoamyl hexanoate No NR Isovaleric acid and Metabolized in amino acid and fatty
Europe: 90 hexanoic acid acid pathways No safety concern
USA: 30

Isoamyl oclanoate No NR Isovaleric acid and Metabolized in amino acid and fatty
Europe: 20 octanoic acid acid pathways
USA: 0.6

[soamyl nonanoale No NR Isovaleric acid and Metabolized in amino acid and fatty
Europe: 2 nonanoic acid acid pathways
USA: 0.001

Isoamyl isobulyrale No NR Isovaleric acid and Metabolized in amino acid and fatty
Europe: 12 isobutyric acid acid pathways.

USA: 7

Isoamyl isovalerate No NR Isovaleric acid Primary component of hydrolysis.
Europe: 1400 Metabolized in amino acid and fatty
USA: 800 acid pathways

Isoamyl 2- No NR Isovaleric acid and 2- Metabolized in amino acid and fatty

methylbutyrate Europe: 6.5 methylbutyric acid acid pathways
USA: 2.1

NR, not required for evaluation because consumption of the substance was determined 1o be of no safety concern at an earlier step of the procedure; ND, no intake data reported.
2 Step 1: All of the esters In this group are in struclural class |, the human intake threshold of which 1s 1800g per day.

Step 2: All of the esters in this group are hydrolysed t

Intake values are expressed in (g per day.

y
o their component alcohols and the corresponding carboxylic acids, all of which are innocuous products.



procedure. Nevertheless, the Committee thought that it was useful to
include the toxicity data on these substances (see Annex 3).

Group evaluation

In the unlikely event that all foods containing isoamyl alcohol and its
10 related esters as flavouring agents were consumed simultaneously
on a daily basis, the estimated daily per capita consumption in Europe
and the USA would be 670 and 240 ug per kg of body weight, respec-
tively. The equivalent estimated daily per capita intakes of isoamyl
alcohol would be 340 and 170ug per kg of body weight, respectively,
well below the ADI of 0-3mg per kg of body weight established
for isoamyl alcohol as a component of isoamyl acetate and isoamyl
butyrate.

Conclusion

The Committee concluded that isoamyl alcohol and the above-
mentioned related esters do not present safety concerns at the esti-
mated current levels of intake. In all cases in which toxicity data were
available, they were compatible with this conclusion.

Toxicological monographs were not prepared. New specifications
were prepared for isoamyl alcohol, isoamyl formate, isoamyl propio-
nate, isoamyl hexanoate, isoamyl octanoate, isoamyl nonanoate,
isoamyl isobutyrate, isoamyl isovalerate and isoamyl 2-
methylbutyrate. For isoamyl octanoate, isoamyl nonanoate and
isoamyl 2-methylbutyrate, the specifications were designated as “ten-
tative”. The existing specifications for isoamyl acetate and isoamyl
butyrate were revised.

3.3.3 Allyl esters

28

Twenty-one allyl esters used as flavouring agents in food were evalu-
ated by the procedure considered at the forty-fourth meeting (Annex
1, reference 116) and modified at the present meeting of the Commit-
tee (see Fig. 2). As a consequence of the Committee’s decision not to
consider step 7 of the original proposed procedure (Fig. 1) at this
meeting, allyl 2-furoate could not be evaluated beyond step 6. The
esters evaluated were allyl propionate, allyl butyrate, allyl hexanoate,
allyl heptanoate, allyl octanoate, allyl nonanoate, allyl isovalerate,
allyl sorbate, allyl 10-undecenoate, allyl tiglate, allyl 2-ethylbuty-
rate, allyl cyclohexaneacetate, allyl cyclohexanepropionate, allyl
cyclohexanebutyrate, allyl cyclohexanevalerate, allyl cyclohexane-
hexanoate, allyl phenylacetate, allyl phenoxyacetate, allyl cinnamate,
allyl anthranilate and allyl 2-furoate. These esters are formed from



allyl alcohol and carboxylic acids. Of the 21 allyl esters, only allyl
hexanoate and allyl 2-furoate have been reported as natural compo-
nents of food.

Allyl hexanoate, allyl heptanoate and allyl isovalerate were evaluated
by the Committee at its thirty-seventh meeting (Annex 1, reference
94). In view of evidence that these esters are all rapidly hydrolysed to
allyl alcohol, the Committee concluded that they should be evaluated
for a group ADI on the basis of the allyl alcohol moiety. The Commit-
tee allocated an ADI of 0-0.05mg per kg of body weight for allyl
hexanoate, allyl heptanoate and allyl isovalerate as allyl alcohol
equivalent. This corresponds to 0-0.13mg per kg of body weight for
allyl hexanoate, 0-0.15mg per kg of body weight for allyl heptanoate,
or 0-0.12mg per kg of body weight for allyl isovalerate, or pro rata
combinations of these substances. These ADIs were maintained at
the present meeting.

The Committee concluded, on the basis of the toxicological data
available, that there were no existing unresolved toxicity problems in
relation to allyl alcohol. Thus, in agreement with the general consid-
erations dealing with the application of the procedure, it could be
applied to the allyl esters. None of the other allyl esters have previ-
ously been evaluated by the Committee.

According to production statistics and derived estimated intakes of
flavouring agents in Europe and the USA, allyl hexanoate, allyl
heptanoate and allyl cyclohexanepropionate are the major allyl esters
to which humans are exposed (9; F. Grundschober, personal commu-
nication, 1996). These three esters account for over 96% (approxi-
mately 85%, 4% and 7%, respectively) of the total annual volume of
production in Europe of the 21 allyl esters considered and for over
99% (approximately 85%, 3% and 12%, respectively) of the total
annual volume of production in the USA. The other esters are pro-
duced in much smaller quantities. The estimated daily per capita
intake of allyl hexanoate, the allyl ester produced in by far the great-
est annual volume, is 43 g per kg of body weight per day in Europe
and 14ug per kg of body weight per day in the USA.

Application of the procedure to allyl esters

In applying the modified procedure for flavouring agents (see Fig. 2)
to an evaluation of the 21 allyl esters considered at the present meet-
ing, the Committee assigned all except three of the compounds
to class IT of the three structural classes (step 1). Allyl phenoxyace-
tate, allyl anthranilate and allyl 2-furoate were assigned to class II1.
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Generally, allyl esters would be expected to be hydrolysed in the
human body to allyl alcohol and their corresponding carboxylic acids
(see pp. 19-21). However, none of the allyl esters considered could be
predicted to be metabolized to innocuous products (step 2), since all
21 would be hydrolysed to allyl alcohol. Accordingly, the right-hand
side of the decision tree was considered. For all 21 allyl esters except
allyl hexanoate, the intake estimate was below the threshold for the
structural class for the substance (540 ug per day for class I and 90ug
per day for class IIT). For allyl hexanoate, the intake estimates in
Europe (2600pg per day) and the USA (820ug per day) both ex-
ceeded the threshold for class II. Accordingly, additional data on this
substance or a closely related substance were required in order to
proceed with the safety evaluation (step 3(b)). For the remaining 20
substances, it was then necessary to determine whether adequate data
were available on the substance or on a structurally related substance
that provide an adequate margin of safety at current estimated levels
of intake (step 4(b)). This condition was met for all the 20 esters
evaluated, except allyl 2-furoate.

Table 5 summarizes the evaluation of the 21 allyl esters using the
modified procedure.

Toxicity data ,

Allyl alcohol. Results of dietary studies in animals indicate that allyl
alcohol and allyl esters may cause liver damage. The mechanism of
hepatotoxicity involves acrolein, an oxidation product of allyl alcohol,
which is known to damage the periportal region of the liver lobule
(29).

The current intake of allyl alcohol from the hydrolysis of all of the
allyl esters was evaluated in relation to the ADI for allyl alcohol of 0—
0.05mg per kg of body weight allocated by the Committee at its thirty-
seventh meeting (Annex 1, reference 94). This ADI is based on a
NOEL of 4.8-6.2mg per kg of body weight per day from a 15-week
study in rats given allyl alcohol in drinking-water (30). In addition, the
Committee considered another study which had not previously been
evaluated in which drinking-water containing 300 mg/I of allyl alcohol
was administered to rats for 106 weeks. The results did not raise any
additional concerns (37).

Allyl propionate. The results of a 13-week study in which allyl propi-
onate was fed to rats in the diet at a dose level of 18 mg per kg of body
weight per day did not reveal any evidence of hepatotoxicity (18).

Allyl butyrate. No signs of liver toxicity were noted when allyl bu-
tyrate was administered by gavage to rats at a dose of 50mg per kg of



body weight per day for 17 weeks. However, there was slight to
marked peribronchial lymphocytic infiltration of the lungs, which was
also observed in control animals but to a lesser degree (20). Peribron-
chial lymphocytic infiltration of the lungs was the only effect reported
in a second 17-week study in which rats were given allyl butyrate by
gavage at a dose of S0mg per kg of body weight per day (19).

Allyl hexanoate. In short-term studies in rats, administration of allyl
hexanoate at a dose of S0mg per kg of body weight per day was not
associated with any evidence of hepatotoxicity (19, 20).

No adverse effects were reported when allyl hexanoate was incorpo-
rated into the diet of rats at a dose of 125 mg per kg of body weight per
day for 1 year (20). Adjustment of the dose to take into account the
loss of allyl hexanoate from the diet due to evaporation (approxi-
mately 31% per week) resulted in an estimated intake of 86 mg per kg
of body weight per day.

Allyl heptanoate. In dietary studies of 13 weeks’ duration in rats and
of 18 months’ duration in dogs, no adverse effects were observed at
doses of up to 500 and 25mg per kg of body weight per day, respec-
tively (18, 21).

Allyl octanoate. No short-term studies were available on allyl
octanoate. However, the structure of this compound is closely related
to that of allyl hexanoate.

Allyl nonanoate. No short-term studies were available on allyl
nonanoate. However, the structure of this compound is closely re-
lated to that of allyl heptanoate.

Allyl isovalerate. No evidence of hepatotoxicity was observed at daily
intake levels of 62mg per kg of body weight in short- and long-term
studies in mice and rats (22).

Allyl sorbate. No short-term studies were available on allyl sorbate.
However, this compound is structurally related to allyl hexanoate.
Sorbic acid was evaluated by the Committee at its seventeenth meet-
ing (Annex 1, reference 32), when an ADI of 0-25mg per kg of body
weight was established. No adverse effects were reported when rats
and mice were maintained on diets containing 1.5% sorbic acid for 2
vears and 80 weeks, respectively (23, 24).

Allyl 10-undecenoate. No short-term studies were available on allyl
10-undecenoate. However, this compound is structurally related to
allyl heptanoate. No adverse effects were reported in adult rats or
their offspring when the hydrolysis product, 10-undecenoic acid, was
administered by gavage at 100, 200 or 400mg per kg of body weight
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Table 5 ‘
Summary of the results of safety evaluations of 21 allyl esters
Substance Step 1 Step 2* Step 3 (b)° Step 4 (b) Toxicological data Conclusion
‘ Structural  Metabolized  Does intake Adequate NOEL based on
class to innocuous  exceed the for substance current intake
products? threshold for or related
human intake? substance?
Allyl propionate I No No Yes NOELs for allyl alcohol and propionic acid
Europe: 7.9 provide an adequate margin of safety for
USA: <0.01 allyl alcohol and propionic acid from the
hydrolysis of allyl propionate (Annex 1,
reference 94) (18)
Allyl butyrate Il No No Yes NOELs for allyl alcohol and allyl butyrate
Europe: 11 provide an adequate margin of safety for
USA: <0.01 allyl butyrate (Annex 1, reference 94) (19)
Allyl hexanoate® il No Yes - NOELs for allyl alcohol and allyl hexanoate
Europe: 2600 provide an adequate margin of safety for
USA: 820 allyl hexanoate; ADI for allyl hexanoate, | No safety
0-0.13mg per kg of body weight (Annex concern
1, reference 94) (20)
Allyl heptanoate Il No No Yes NOELs for allyl alcohol and allyl heptanoate
‘ Europe: 130 ‘provide an adequate margin of safety for
USA: 28 allyl heptanoate; ADI for allyl heptanoate,
0-0.15mg per kg of body weight (Annex
- 1; reference 94) (18, 21)
Allyl-octanoate Il No No Yes NOELs for allyl alcohol and allyl hexanoate
Europe: 45 provide an adequate margin of safety for
USA: 1.3 allyl octanoate (Annex 1, reference 94)

(21
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Allyl nonanoate

Allyl isovalerate

Allyl sorbate

Allyl 10-
undecenoate

Allyl tiglate

Allyl 2-
ethylbutyrate

No

No

No

No

No

No

No
Europe: 2.4
USA: <0.01

No
Europe: <0.01
USA: 0.19

No
Europe: <0.01
USA: <0.01

No
Europe: <0.01
USA: <0.01

No
Europe: <0.01
USA: <0.01

No
Europe: <0.01
USA: 0.02

Yes

Yes

Yes

Yes

Yes

Yes

NOELs for allyl alcohol and allyl heptanoate
provide an adequate margin of safety for
allyl nonanoate (Annex 1, reference 94)
(27

NOELs for allyl alcohol and allyl isovalerate
provide an adequate margin of safety for
allyl isovalerate; ADI for allyl isovalerate,
0-0.12mg per kg of body weight (Annex
1, reference 94) (22)

NOELs for allyl alcohol, sorbic acid and allyl
hexanoate provide an adequate margin of
safety for the hydrolysis products of allyl
sorbate; ADI for sorbic acid, 0-25mg per
kg of body weight (Annex 1, reference 32)
(23, 24)

NOELs for allyl alcohol and 10-undecenoic
acid provide an adequate margin of safety
for the hydrolysis products of allyl 10-
undecenoate (Annex 1, reference 94) (25)

NOELs for allyt alcohol and for a structurally
related analogue, 3-methyl-2-butenoic
acid, provide an adequate margin of
safety for the hydrolysis products of allyl
tiglate (Annex 1, reference 94) (26)

NOELs for allyl alcohol and 2-ethylbutyric
acid provide an adequate margin of safety
for the hydrolysis products of allyl 2-
ethylbutyrate (Annex 1, reference 94) (27)

No safety
concern
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Table 5 (continued)

Substance Step 1 Step 22 Step 3 (b)° Step 4 (b) Toxicological data Conclusion
Structural  Metabolized  Does intake Adequate NOEL based on
class to innocuous  exceed the for substance current intake

products? threshold for or related
human intake? substance?
Ally! Il No No Yes NOELs for allyl alcohol and for the
cyclohexaneacetate Europe: <0.01 structurally related ester, allyl
USA: <0.01 cyclohexanepropionate, provide an
adequate margin of safety for allyl
cyclohexaneacetate (Annex 1, reference
94) (19, 20)
Allyl i No No Yes NOELs for allyl alcohol and allyl
cyclohexanepropionate Europe: 220 cyclohexanepropionate provide an
USA: 110 adequate margin of safety for allyl
cyclohexanepropionate (Annex 1,
reference 94) (19, 20; H.A. Shelanski,
personal communication, 1953; H. Paynter,
personal communication, 1957)
Allyl Il No No Yes NQELs for allyl alcohol and for the
cyclohexanebutyrate Europe: 0.14 structurally related ester ally! No safet
) . Yy
USA: <0.01 cyclohexanepropionate provide an concern
adequate margin of safety for allyl
cyclohexanebutyrate (Annex 1, reference
94) (19, 20)
Allyl Il No No Yes NOELSs for allyl alcohol and for the
cyclohexanevalerate Europe: 0.14 structurally related ester allyl
USA: <0.01 cyclohexanepropionate provide an
adequate margin of safety for allyl
cyclohexanevalerate (Annex 1, reference
94) (19, 20)
Allyl I No No Yes NOELs for allyl alcohol and for the
cyclohexanehexanoate Europe: 0.36 structurally related ester allyl
USA: <0.01 cyclohexanepropionate provide an

adequate margin of safety for ailyl
cyclohexanehexanoate (Annex 1,
reference 94) (19, 20)
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Allyl
phenylacetate

Allyl
phenoxyacetate

Allyl cinnamate

Allyl anthranilate

Allyl 2-furoate®

i

No

No

No

No

No

No
Europe: 7.5
USA: <0.01

No
Europe: 35
USA: 2.5

No
Europe: 5.4
USA: 0.28

No
Europe: 0.14
USA: 0.09

No
Europe: 0.14
USA: <0.01

Yes

Yes

Yes

Yes

No

NOELs for allyl alcohol and for the 7
phenylethyl ester of the hydrolysis product
phenylacetic acid provide an adequate
margin of safety for the hydrolysis
products of allyl phenylacetate (Annex 1,
reference 94) (20)

NOELs for allyl alcohol and for the structurally
related ethyl ester of p-methylphenoxy-
acetic acid provide an adequate margin
of safety for the hydrolysis products of
allyl phenoxyacetate (Annex 1, refer-
ence 94) (28)

NOELs for allyl alcohol and for
cinnamaldehyde, the aldehyde precursor
of cinnamic acid, provide an adequate
margin of safety for the hydrolysis
products of allyl cinnamate (Annex 1,
reference 94) (Trubeck Laboratories,
unpublished data, 1958)

NOELs for allyl alcohol and for
methylanthranilate, a simple ester of
anthranilic acid, provide an adequate
margin of safety for the hydrolysis
products of allyl anthranilate (Annex 1,

reference 94) (20) K

No safety
concemn

¢ All allyl esters are metabolized to allyl alcohol and their respective carboxylic acids.
® The thresholds for human intake for classes |l and Il are 540ug per day and 90ug per day, respectively. Al intake values are expressed in pg per day.
¢ As evaluation ol allyl hexanoate resulted in a positive response to the question in step 3(b) of Fig. 2, this flavouring agent was evaluated individually, on the basis of the

available toxicity data.

¢ Evaluation of allyl 2-furoate was postponed, pending consideration of step 4(b) of the original proposed procedure (Annex 1, reference 776) by the Commitiee (see Fig. 1).



36

per day for up to 9 months (25). Similarly, no adverse effects were
reported in mice given this compound by gavage at 100, 200 or 400mg
per kg of body weight per day for 6 months (25).

Allyl tiglate. No short-term studies were available on allyl tiglate.
However, this compound is structurally related to allyl isovalerate. In
a limited study of the hepatotoxicity of the metabolites of isoprene
derivatives, groups of rats were given the isomeric acid, 3-methyl-2-
butenoic acid, by gavage at doses of 400-2500mg per kg of body
weight per day for 1-2 months (26). The study, which was limited to
cytological examination of the liver, revealed no abnormalities.

Allyl 2-ethylbutyrate. No short-term studies were availablg on allyl 2-
ethylbutyrate. In a limited study, no effects were reported when a diet
containing 0.6% 2-ethylbutyric acid (equivalent to 300mg per kg of
body weight per day) was fed to rats for 90 days (27).

Allyl cyclohexanepropionate. No adverse effects were reported in rats
given diets containing allyl cyclohexanepropionate at a dose equiva-
lent to 50 or 125mg per kg of body weight per day for 27-28 weeks or
1 year, respectively (19, 20). Similarly, no adverse effects were ob-
served when rats were given 2, 20 or 100 mg per kg of body weight of
allyl cyclohexanepropionate in sesame oil by stomach tube daily, 5
days per week, for 3 months (H.A. Shelanski, personal communica-

- tion, 1953) or were maintained on diets containing 0.1% or 0.25%

allyl cyclohexanepropionate for 13 weeks (H. Paynter, personal com-
munication, 1957).

Allyl  cyclohexaneacetate, allyl cyclohexanebutyrate, allyl cyclo-
hexanevalerate and allyl cyclohexanehexanoate. No short-term studies
on these esters were available. However, they are all structurally
related to allyl cyclohexanepropionate.

Allyl phenylacetate. No short-term studies were available. No adverse
effects were observed when rats were maintained on diets providing
500mg per kg of body weight per day of the structurally related
phenyl ester of phenylacetic acid, phenylethyl phenylacetate, for 17
weeks (20).

Allyl phenoxyacetate. No short-term studies were available. No ad-
verse effects were observed when rats were maintained on diets pro-
viding 15mg per kg of body weight per day of the structurally related
ethyl ester of p-methylphenoxyacetic acid for 90 days (28).

Allyl cinnamate. No short-term studies were available. Cinnam-
aldehyde, the aldehyde precursor of cinnamic acid, was studied in
rats, which were maintained on diets providing 50, 125 or 500mg of



cinnamaldehyde per kg of body weight per day for 16 weeks. At
500mg per kg of body weight per day, slight hepatocellular swelling
and hyperkeratosis of the gastric squamous epithelium were reported
(20). No adverse effects were reported when cinnamaldehyde was
added to the diet of rats to provide an average daily intake of up to
227mg per kg of body weight for 12 weeks (Trubeck Laboratories,
unpublished data, 1958).

Allyl anthranilate. No short-term studies were available. No adverse
effects were reported when rats were maintained for 90 days on diets
providing 50 or 500mg per kg of body weight per day of methyl
anthranilate, a simple ester of anthranilic acid (20).

Allyl 2-furoate. No data on the ester or on a closely related substance
were available to enable the Committee to conclude that there was an
adequate margin of safety for this flavouring substance (see Fig. 2,
step 4(b)). In addition, no data on the hydrolysis of allyl-2-furoate
were available. The Committee therefore requested additional toxic-
ity data on this substance.

Group evaluation

Neither the estimated daily per capita intake of allyl hexanoate in
Europe (43ug per kg of body weight per day) nor that in the USA
(14 ug per kg of body weight per day) exceeds the ADI allocated by
the Committee. Similarly, the estimated current intakes of allyl
heptanoate and allyl isovalerate are below the individual ADIs previ-
ously allocated by the Committee. For the other allyl esters consid-
ered at the meeting (except allyl 2-furoate), a NOEL exists for the
substance itself or for a structurally related substance that provides an
adequate margin of safety at the estimated current levels of intake. In
addition, the estimated current intake of allyl alcohol from the con-
sumption of all 21 allyl esters is 18 ug per kg of body weight per day in
Europe and 5.8 g per kg of body weight per day in the USA. These
estimates are below the ADI of 0-0.05mg per kg of body weight
previously established for allyl alcohol.

Conclusions

Evaluation of this group of esters demonstrated that the safety evalu-
ation procedure is capable of identifying flavouring substances of
possible safety concern at the estimated current levels of intake, such
as allyl hexanoate. The Committee noted that this concern was met
by its previous evaluation of allyl hexanoate (together with allyl
heptanoate and allyl isovalerate) (Annex 1, reference 94). The Com-
mittee concluded that these allyl ester flavouring agents do not
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present safety concerns at the estimated current levels of intake.
Whenever data on toxicity were available, they were compatible with
this conclusion.

Evaluation of allyl 2-furoate was postponed, pending consideration of
either additional toxicity data or step 5(b) of the original procedure
(Fig. 1) by the Committee at a future meeting.

Toxicological monographs were not prepared. New tentative spe-
cifications were prepared for allyl propionate, allyl sorbate, allyl
cyclohexaneacetate, allyl cyclohexanebutyrate, allyl cyclohexane-
valerate, allyl cyclohexanehexanoate, allyl phenylacetate, allyl
cinnamate, allyl anthranilate and allyl 2-furoate. New specifications
were also prepared for allyl butyrate, allyl octanoate, allyl nonanoate,
allyl 10-undecanoate, allyl 2-ethylbutyrate and allyl phenoxyacetate.
The existing specifications for allyl hexanoate, allyl heptanoate, allyl
isovalerate, allyl tiglate and allyl cyclohexanepropionate were
revised.

Sweetening agent: alitame

Alitame was last considered at the forty-fourth meeting of the Com-
mittee (Annex 1, reference 116), but no ADI was allocated because o}
significant concerns about deficiencies in the carcinogenicity studies
in rats. Specifically, in a study in Long-Evans rats, poor survival
rates at 24 months and an increased incidence of hepatocellular
adenomas in females at the highest dose were noted. While it was
considered unlikely that these adenomas would progress to hepato-
cellular carcinomas, the data were considered inconclusive in this
regard. The second study, in Sprague-Dawley rats, showed lower
survival rates at both 22 and 24 months than those found in the Long—
Evans rats, and hence was considered inadequate to provide further
information regarding the potential carcinogenicity of alitame.

At its present meeting, the Committee reconsidered the question of
the adequacy of the carcinogenicity studies in the light of the survival
rates of animals in contemporary long-term studies (see section 2.2.2)
and a further statistical analysis of the data from the two studies,
which specifically assessed the adequacy of the study in Sprague-—
Dawley rats to detect liver lesions.

The Committee noted that, while the survival rate of Long—Evans rats
at 24 months was low, it was comparable to that observed in contem-
porary studies in rats of this strain. No hepatocellular carcinomas
were observed in the study in Long—Evans rats. It also noted that the
survival rate of Sprague-Dawley rats was comparable to that in con-
temporary studies in rats of this strain and that because there were
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more animals per group initially than in the study using Long-Evans
rats, the number of surviving animals was comparable between the
two strains. On the basis of a logistical regression model developed
using data from the study with Long—Evans rats, an increased prob-
ability of developing hepatocellular adenomas and eosinophilic
foci would have been expected in the Sprague-Dawley rats, given the
dose levels and the duration of the study, but no such increase
was observed. On the basis of these considerations, the two studies
were considered adequate to assess the potential carcinogenicity of
alitame.

The Committee concluded that there was no evidence that alitame
was carcinogenic, and therefore allocated an ADI of 0-1mg per kg of
body weight, based on the NOEL of 100mg per kg of body weight
identified at the forty-fourth meeting in the 18-month study in dogs
and a safety factor of 100.

Although the Committee had not specifically requested a further
study of tolerance to repeated doses of alitame in diabetic subjects, it
was aware that such a study is under way, and requested that the
results be submitted for evaluation when available.

An addendum to the toxicological monograph was prepared. The
existing specifications were revised, with minor changes.

Thickening agent: konjac flour

Konjac flour was previously considered by the Committee at its forty-
first meeting (Annex 1, reference 107). At that meeting, the Commit-
tee allocated a temporary ADI “not specified” on the basis of the
available toxicological data, particularly data from human studies, the
long history of use of konjac flour as a food in China and Japan, and
estimates of consumption from traditional and anticipated food addi-
tive uses. The results of additional short-term toxicity studies, which
the Committee was informed had been conducted in rats and dogs,
together with adequate data on the fate of konjac flour in the gut and
information on its influence on the bioavailability of fat-soluble vita-
mins, were requested for review by 1996.

No information on the short-term toxicity studies referred to in the
forty-first report could be located by the Committee at its present
meeting. The Committee reviewed data from additional short-term
studies and a long-term study, all conducted in rats. The short-term
studies were a 28-day study on the effect of konjac flour on pro-
tein digestion and absorption. and a 12-week study on the
hypocholesterolaemic effect of konjac flour. The long-term study was
on the effect of konjac flour on calcium and phosphorus metabolism
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and tissue pathology. While these studies were not specifically de-
signed to assess the potential toxicity of konjac flour, no evidence of
toxicity was reported at a dose of 10% in the diet for up to 12 weeks,
or at 1% in the diet for 18 months. Two additional studies on
genotoxicity provided no evidence of potential to induce forward
mutations at the thymidine kinase locus in lymphoma cells in culture
or in micronuclei in mouse bone marrow.

The Committee also considered some additional data on the fate of
konjac flour in the large intestine, including the results of a recent
study using human faecal flora in vitro, which showed that extensive
hydrolysis of konjac flour occurs in the large intestine. Konjac flour
underwent less fermentation than p-glucose, D-galactose, soluble
starch, pectin and guar gum, but more than xanthan gum, L-glucose,
carboxymethylcellulose and sodium alginate. Although only indirect
evidence was provided, the Committee concluded that konjac
flour, like other polysaccharide gums, undergoes fermentation in the
large intestine to fatty acids (primarily acetate, propionate and
butyrate).

The Committee reviewed data from animal and human studies on the
effect of konjac flour and other polysaccharide gums on the absorp-
tion of fat-soluble vitamins and cholesterol and the reabsorption of
bile acids. The available data indicate that konjac flour affects the
absorption of vitamin E and cholesterol only at high doses (possibly
through interference with bile acid micelle formation and subsequent
interference with transport mechanisms). The Committee noted that
definitive studies to establish the threshold dose of konjac flour that
affects vitamin E absorption had still not been carried out, but consid-
ered that it was likely to be much higher than the levels of intake of
konjac flour when used as a food additive.

The Committee stressed that this evaluation applies only to the use of
konjac flour as a food additive, and concluded that the additional
studies provided no evidence of adverse effects in experimental
animals. The metabolic fate of konjac flour in the intestine is similar
to that of other polysaccharide gums. On the basis of this reassess-
ment and the anticipated food additive uses of konjac flour (as a
thickener, emulsifier, stabilizer, gelling agent, texturizer and glazing
agent), the Committee established an ADI “not specified” for konjac
flour. - :

A monograph addendum was prepared. The existing specifications
were revised, with minor changes.



3.6 Miscellaneous substances

3.6.1 Benzyl acetate, benzyl alcohol, benzaldehyde, benzoic acid and the

benzoate salts

All of these substances have been evaluated prev10usly by the Com-
mittee, as the individual substances. Because of their structural simi-
larity and common metabolic fate, however, a group ADI has been
established for these substances. With the exception of benzoic acid
and the benzoate salts, which are used as food preservatives, all of
these substances are used as flavouring agents. Benzyl alcohol is also
used as a carrier solvent.

At its forty-first meeting (Annex 1, reference 107), the Committee
recommended that a full review of benzyl acetate, benzoic acid,
the benzoate salts, benzaldehyde and benzyl alcohol be performed
in 1995 to determine whether reproductive toxicity/teratogenicity
studies or other studies would be required.

At its present meeting, the Committee reviewed data from studies on
disposition and metabolism, short-term and long-term toxicity,
genotoxicity, reproductive toxicity, teratogenicity and observations
in humans. On the basis of this review, a number of issues were
identified which are important in the safety evaluation of these com-
pounds. Since they are all metabolized to benzoic acid, it was consid-
ered reasonable to assume that the results of studies on one member
of the group would apply to all the others.

The results of a number of studies in humans and experimental ani-
mals indicated that the formation of hippuric acid from benzoic acid
is a saturable process in which the availability of glycine is the rate-
limiting step. This observation is particularly relevant to the interpre-
tation of the toxic effects of these compounds in experimental
animals, since supplementation of the diet with glycine was shown to
alleviate the toxic effects of high doses of benzyl acetate and benzoic
acid, including reductions in body-weight gain and neurotoxicity.
However, even with saturation of hippuric acid formation, clearance
of compounds in the benzyl group is relatively rapid in both experi-
mental animals and humans. An extensive review of the toxicity of
benzoate showed that at high doses it interferes with intermediary
metabolism, including the urea cycle, gluconeogenesis, fatty acid me-
tabolism, and the tricarboxylic acid cycle, probably by sequestering
coenzyme A prior to its conjugation with glycine. This is consistent
with the observation of effects such as metabolic acidosis, convul-
sions, and hyperpnoea in experimental animals and humans given
very high doses of this substance.
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Administration of benzyl acetate to rats by gavage was shown to
result in higher peak plasma levels of benzoic acid in comparison with

-ingestion of a similar daily dose in the diet, while plasma levels of

hippuric acid were similar regardless of the route of administration.
The toxicity of benzyl acetate was also higher when it was adminis-
tered by gavage than when it was given in the diet. Since depletion
of glycine may be a major factor in the toxic effects observed at the
high doses used in animal studies, the Committee considered that it
would be inappropriate to extrapolate the results of gavage studies to
humans. It also considered that depletion of glycine might be of
concern with respect to the developing fetus and neonate. It was
noted that benzoic acid and hippuric acid are generated as a result of
phenylalanine and tyrosine metabolism.

Long-term studies in which benzyl acetate, benzyl alcohol, benzalde-
hyde, benzoic acid and sodium benzoate were administered in the
feed or by gavage to mice and rats were available for review by the
Committee. No definitive conclusions could be drawn from carcino-
genicity studies of sodium benzoate in mice and rats, as the informa-
tion provided was insufficient for this purpose, and survival rates in
the study in rats were too low to allow it to be considered as conclu-
sive. The Committee reviewed the studies evaluated in the previous
monographs and an additional study in which benzaldehyde was ad-
ministered in corn oil by gavage to rats at 200 or 400 mg per kg of body
weight per day for 103 weeks and to mice at 200 or 400mg per kg of
body weight per day (males), or 300 or 600 mg per kg of body weight
per day (females) for 103 weeks. On the basis of these studies, the
Committee concluded that neither benzyl acetate nor benzyl alcohol
is carcinogenic. As in the studies in mice and rats given benzyl acetate
in corn oil by gavage, increased incidences of pancreatic acinar cell
adenomas in rats and of papillomas of the forestomach in mice were
noted after administration of benzaldehyde. However, as in its previ-
ous review of benzyl acetate, the Committee concluded that the re-
sults of studies in which the compound was administered in the diet
were more relevant to its safety assessment as a food additive than
those in which it was given in corn oil by gavage.

The Committee also reviewed data from genotoxicity studies. None
of the four compounds was mutagenic in the Ames test, either with or
without metabolic activation. The compounds all induced gene muta-
tions in the mouse lymphoma assay at the thymidine kinase locus
(benzoic acid was not tested), although the requirement for metabolic
activation varied. Some weak clastogenic activity was noted in in vitro
assays, but not in in vivo assays.



Several studies addressing aspects of the potential teratogenicity and
reproductive toxicity of benzyl acetate, benzyl alcohol, benzaldehyde
and sodium benzoate were reviewed. Delayed development and re-
duced fetal and postnatal pup body weights were observed in devel-
opmental toxicity studies in rats, mice, hamsters and rabbits, but only
at doses that were toxic to the mother. In a teratogenicity study with
sodium benzoate, doses that induced severe maternal toxicity were
associated with embryotoxic and fetotoxic effects and fetal malfor-
mations. A 4-generation study in rats showed no effect on growth,
fertility, lactation or survival.

The Committee was aware of reports of idiosyncratic human intoler-
ance to benzoate, but these were not considered relevant to the
establishment of an ADI for this group of compounds. The Commit-
tee endorsed the view expressed in the report of its twenty-seventh
meeting (Annex 1, reference 62) that appropriate labelling is a fea-
sible means of offering protection to susceptible individuals.

The Committee was satisfied that the data reviewed for compounds in
this group were sufficient to demonstrate the lack of teratogenic,
reproductive or carcinogenic potential. Consequently, the Committee
concluded that further studies were not required, and the group ADI
of 0-5mg per kg of body weight as benzoic acid equivalents was
maintained.

A toxicological monograph was prepared. The existing specifications
for benzoic acid, the benzoate salts (calcium, potassium and sodium),
benzaldehyde, benzyl acetate, benzyl alcohol and benzyl benzoate
were revised, with minor changes.

Benzyl alcohol is used as both a flavouring agent and a carrier solvent.
The specifications for this compound were therefore retained in the
form of a monograph, in addition to being incorporated in the table
on specifications for flavouring agents (see section 2.3.5).

3.6.2 Sucrose acetate isobutyrate

Sucrose acetate isobutyrate was evaluated previously by the Commit-
tee at its nineteenth, twenty-first, twenty-sixth and forty-first meetings
(Annex 1, references 38, 44, 59 and 107). At the forty-first meeting, a
temporary ADI of 0-10mg per kg of body weight was allocated,
pending the submission of information that would clarify the dispar-
ate effects of sucrose acetate isobutyrate on hepatobiliary function in
the dog compared with other species, in particular, humans.

In the dog, doses as low as 0.5% of the diet (equivalent to 125mg per
kg of body weight per day) were associated with the development of
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increased serum alkaline phosphatase activity, impairment of biliary
excretion as indicated by decreased bromosulfophthalein clearance,
a marked increase in the activity of several enzymes in the bile
canaliculi, increased liver weights, and microscopic changes in hepa-
tocellular morphology after 12 weeks. All of the effects noted in
these short-term studies were reversible within 3—-6 weeks after with-
drawal of sucrose acetate isobutyrate from the diet. The effect of oral
administration of sucrose acetate isobutyrate on biliary excretion in
the dog was further investigated in a series of liver function tests. A
single oral dose of 25mg per kg of body weight was shown to reduce
clearance of bromosulfophthalein and a very slight effect was still
apparent at 5Smg per kg of body weight, although this was considered
to be the NOEL by the Committee at its forty-first meeting (Annex 1,
reference 107).

None of these hepatic effects was observed in the rat or monkey in
studies lasting up to 1 year at dose levels of up to 2000 and 2400mg
per kg of body weight per day, respectively, nor did tests of liver
function indicate impairment of biliary excretion. In humans, sucrose
acetate .isobutyrate given orally at a dose of 20mg per kg of body
weight per day for 14 days did not result in changes in the activities of
serum enzymes that are markers for liver damage nor in the clearance
of bromosulfophthalein.

The existing data on sucrose acetate isobutyrate were re-evaluated at
the present meeting. Data on the disposition of sucrose acetate
isobutyrate in rats, dogs and humans indicate differences between
these species, humans resembling the rat rather than the dog. Dogs
excrete more highly acylated sucrose molecules in the urine and bile
than do rats and humans (data only for urinary excretion) and (at
least for the form of sucrose acetate isobutyrate of highest relative
molecular mass, sucrose octaisobutyrate), excrete a higher proportion
of the dose in the bile than does the rat. In addition, in humans there
was no effect on indices of hepatobiliary function at a dose of 20mg
per kg of body weight per day, a dose which exceeds the NOEL of
5mg per kg of body weight for impairment of bromosulfophthalein
clearance in the dog.

The Committee concluded that the effects of sucrose acetate
isobutyrate on hepatobiliary excretion in the dog were not relevant
for humans. Therefore, an ADI of 0-20mg per kg of body weight was
allocated, based on the NOEL in the long-term study in rats of
2000 mg per kg of body weight per day and a safety factor of 100.

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



Contaminants: aflatoxins

Aflatoxins B,, B,, G, and G, are produced in plants and plant products
contaminated by.three Aspergillus species: A. flavus, A. parasiticus
and the rare species, A. nomius. Aflatoxins M, and M,, the hydroxy-
lated metabolites of aflatoxins B, and B,, occur predominantly in the
milk of cows fed rations containing aflatoxins B, and B,. However,
aflatoxin B, is usually found in the greatest concentration in the food
supply, and most of the available toxicological data relate to this
compound.

The aflatoxins were previously evaluated at the thirty-first meeting of
the Committee (Annex 1, reference 77). At that time, the Committee
considered aflatoxin to be a potential human carcinogen, and urged
that the intake of dietary aflatoxin be reduced to the lowest practi-
cable levels, so as to reduce the potential risk as far as possible. A
working group convened by the International Agency for Research
" on Cancer also concluded that naturally occurring aflatoxins are car-
cinogenic to humans (32).

At its present meeting, the Committee reviewed a wide range of
toxicity studies in animals that provided both qualitative and quanti-
tative information on the above-mentioned aflatoxins. These studies
showed that aflatoxins produce primary liver cancer in animals, the
carcinogenic potency varying widely from species to species and
among the various toxins.

Most of the epidemiological studies show a correlation between expo-

~ sure to aflatoxin B, and primary liver cancer, although there are some

conflicting results. However, other factors are also associated with an
increased risk of primary liver cancer in humans, most notably car-
riage of hepatitis B virus. The risk associated with exposure to aflatox-
ins appears to be enhanced by simultaneous exposure to hepatitis B
virus or possibly hepatitis C virus. This interaction affects the potency
and possibly also the biochemistry of the aflatoxins. Many other etio-
logical agents for primary liver cancer may also interact with exposure
to aflatoxins, making it difficult to interpret the epidemiological
studies in the context of aflatoxins alone.

The Committee was requested to estimate the carcinogenic potency
of aflatoxins and to derive estimates of the potential risks for different
human populations. Therefore, despite the difficulties in interpreting
the results of the available epidemiological studies on aflatoxins, it
seemed appropriate to use these data on humans for this purpose.

If the potential risks of exposure to aflatoxins are to be assessed,
potency estimates derived from human studies must be combined
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with estimates of aflatoxin intake derived from data on the consump-
tion of affected commodities and levels of aflatoxins in those com-
modities. The level of aflatoxin contamination of foodstuffs, however,
varies widely both temporally and geographically, and is affected by a
variety of factors, as discussed at the thirty-first meeting (Annex 1,
reference 77). The intake of aflatoxins also varies widely with diet.
Further development of biochemical markers may help to clarify the
level of intake. A major current source of uncertainty in the data on
aflatoxin levels is local assessment of the level of aflatoxin contamina-
tion in food produced and used locally.

Thus, although potency and intake can be estimated for aflatoxins,
and these estimates can be used for calculating the risks for various
human populations, such calculations involve considerable uncer-
tainty.

The Committee considered all of these factors in estimating the po-
tential risks of exposure to the aflatoxins; however, the task could not
be completed at the present meeting. In view of the value of such
estimates, the Committee recommended that assessment of the carci-
nogenic potency of aflatoxins and the potential risks associated with
their intake be continued at its next meeting and that a monograph be
published summarizing the data and analyses. The Committee also
recommended that the refined models for assessing intake of afla-
toxins be included in the risk assessment as they become available. In
the meantime, the Committee reiterated its previous recommenda-
tion that exposure to aflatoxins should be reduced to the lowest
practicable levels, so as to reduce, as far as possible, the potential risk.
In this regard, the Committee considered that the measures for mini-
mizing aflatoxin contamination of food that were described in the

- report of its thirty-first meeting (Annex 1, reference 77) were still

highly relevant.

Revision of certain specifications

A total of 34 substances were examined for specifications only (see
Annex 2), and the specifications for 29 were revised. The existing
specifications for the polyols were revised as a group, taking into
account the availability of more comprehensive analytical methods.
This review was undertaken in conjunction with the evaluation of the
toxicological significance of the proliferative lesions of the adrenal
medulla observed in rats given these substances (section 2.2.4). The
specifications for isomalt were revised to include products obtained by
an alternative purification step. For lactitol, the “tentative” designa-



tion for the specifications was deleted, as the required information
was forthcoming.

The specifications for citric acid, lactic acid, propylene glycol, calcium
stearoyl-2-lactylate, sodium stearoyl-2-lactylate and triacetin were
revised, with minor corrections.

The specifications for acesulfame potassium were revised and criteria
for organic impurities were included.

The Committee agreed that the existing specifications for annatto
extracts were in need of revision with a view to covering oil- and
alkali-extracted products separately from solvent-extracted products.
Therefore, the existing specifications for annatto extracts were re-
vised to cover oil- and alkali-extracted products only, and new speci-
fications were prepared to cover solvent-extracted products.

The existing specifications for ammonium hydroxide were revised and
the title changed to ammonia solution.

The existing tentative specifications for calcium dihydrogen phos-
phate were revised and the “tentative” designation was deleted.

The specifications for cyclohexylsulfamic acid (cyclamic acid) and its
calcium and sodium salts were reviewed and the limits for cyclohexyl-
amine and dicyclohexylamine were decreased. A request for the
addition of a limit for aniline was rejected as no test for this substance
was forthcoming.

The tentative specifications for enzyme-treated starches were on the
agenda for revision. However, as no new information was received,
the Committee decided to maintain the “tentative” qualification,
and requested new information for evaluation in 1997. Unless this
information is received, the specifications will be withdrawn.

The Committee agreed that hydrochloric acid produced during the
manufacture of chlorinated hydrocarbon pesticides was not to be
considered to be of food-grade quality. A purity criterion limiting the
occurrence of total organic compounds was added to the specifica-
tions for this substance.

The existing specifications for microcrystalline cellulose were revised
in order to limit the product to materials with a particle size of not less
than 5um. Some other minor changes were also made.

The existing specifications for propylene glycol esters of fatty acids
were revised and designated as “tentative”. The Committee re-

quested a method of assay for the total ester content for evaluation in
1997.

47



48

The existing specifications for sodium polyphosphates, glassy, were
revised in order to define the soluble product specifically. New speci-
fications were prepared for sodium metaphosphate, insoluble.

The existing specifications for stearyl tartrate were revised in order to
describe the material more accurately. The “tentative” designation
was deleted. '

The Committee noted that the existing specifications for tartaric,
acetic and fatty acid esters of glycerol, mixed (Annex 1, reference 12),
were out of date and incomplete. New. specifications were therefore
prepared and designated as “tentative”. The Committee decided to
request information on methods of manufacture for evaluation in
1997 in order to distinguish this material from diacetyltartaric and
fatty acid esters of glycerol (DATEM). When this information is
available the two related substances will be evaluated together to
decide whether the ADIs of the two materials should be different or .
the same.

The Committee considered a request to prepare specifications for
carboxymethyl cellulose, enzyme-hydrolysed. However, the Commit-
tee understood that this product was not yet on the market and
decided to defer the establishment of specifications until such time as
it is known to be commercially available.

Recommendations

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

2. In view of the importance of identity and purity specifications in
defining the products being considered in safety assessments, and
their significance for the national food legislation of many FAO/
WHO Member States, the Committee emphasized the need for the
regular updating and compilation of the Compendium of food
additive specifications (Annex 1, reference 96) and the Guide to
specifications (Annex 1, réference 100).

3. Inview of the usefulness of the safety evaluation procedure used at
the present meeting for evaluating the three groups of flavouring



agents, the Committee recommended that the procedure be applied
to groups of flavouring agents to be evaluated at future meetings.
It also recommended that step 5(b) of the original procedure
be considered as soon as possible. '

4. The Committee recommended that FAO and WHO continue to
develop searchable databases on substances that have been evalu-
ated by the Committee (e.g.on CD-ROM).Such databases would be
of considerable use to regulatory authorities, industry and other
interested parties worldwide. It was noted that the International
Programme on Chemical Safety is producing a CD-ROM that
includes recent information on the evaluations performed by the
Committee, and the FAO and WHO homepages on the World-Wide
Web will soon include summaries of the evaluations made by the
Committee. Use of these homepages will provide timely informa-
tion to interested parties and offer a rapid means of obtaining
information on food additives and contaminants evaluated by the
Committee. ‘

5. The Committee recommended that the Codex Alimentarius Com-
mission distinguish between substances when including them in the
International Numbering System (INS) list. This would avoid confu-
sion between substances that are assigned the same number, such as
sorbitol and sorbitol syrup.
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Annex 2

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

Substance

Specifications®

Acceptable Daily Intake (ADI) in mg
per kg of body weight and other
toxicological recommendations

Antioxidants
Dodecy! gallate
Octyl gallate
Propyl gallate

Emulsifier

Glycerol ester of wood rosin

Flavouring agents
Ethyl esters
Ethyl formate

Ethyl acetate
Ethyl propionate
Ethyl butyrate
Ethyl pentanoate

Ethyl hexanoate

Ethyl heptanoate
Ethyl octanoate
Ethyl nonanoate
Ethyl decanoate
Ethyl undecanoate
Ethyl dodecanoate
Ethyl tetradecanoate
Ethyl hexadecanoate
Ethyl octadecanoate

Isoamyl alcohol and
related esters
Isoamyl alcohol
Isoamyl formate
Isoamyl acetate

[soamyl propionate
Isoamyl butyrate
Isoamyl hexanoate

Isoamy! octanoate
Isoamyl nonanoate
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No ADI allocated®

0-1.4

0-25

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake® ‘

No-safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®



Substance

Specifications?®

Acceptable Daily Intake (ADI) in mg
per kg of body weight and other
toxicological recommendations

[soamyl isobutyrate
[soamyl isovalerate
[soamyl 2-methylbutyrate

Allyl esters
Allyl propionate
Allyl butyrate
Allyl hexanoate

Allyl heptanoate

Allyl octanoate

Allyl nonanoate

Allyl isovalerate

Allyl sorbate

Allyl 10-undecanoate

Allyl tiglate

Allyl 2-ethylbutyrate

Allyl cyclohexaneacetate

Allyl cyclohexane-
propionate

Allyl cyclohexanebutyrate

Allyl cyclohexanevalerate

Allyl cyclohexane-
hexanoate

Allyl phenylacetate

Allyl phenoxyacetate

Allyl cinnamate
Allyl anthranilate

Allyl 2-furoate

Sweetening agent
Alitame

Thickening agent
Konjac flour

Miscellaneous substances
Benzyl acetate

Benzyl alcohol
Benzaldehyde

Benzoic acid and its salts
Sucrose acetate isobutyrate
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No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake'

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

No safety concern at current levels of
intake®

Evaluation not completed”

0-1'

ADI “not specified” for food additive
uses'

0-5 (group ADI)

0-20
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Contaminant Toxicological recommendations

Aflatoxins Evaluation not completed"

Substance (considered for specifications only) Specifications®

Polyols
Mannitol
Sorbitol

Xylitol

Isomalt
Lactitol
Maltitol
Maltitol syrup
Sorbitol syrup

D XIVDWVWDIDVDIVWIODIOI

Cyclohexylsulfamic acid and its salts

Cyclohexylsulfamic acid R
Calcium cyclamate R
Sodium cyclamate R
Miscellaneous substances

Acesulfame potassium R
Ammonia solution R
Annatto extracts (oil- and alkali-extracted) R
Annatto extracts (solvent-extracted) N
Benzyl benzoate R
Calcium dihydrogen phosphate R
Calcium stearoyl-2-lactylate R
Citric acid R
Enzyme-hydrolysed carboxymethyl cellulose 0
Enzyme-treated starches S, T"
Ethanol R
Gellan gum R
Hydrochloric acid R
Lactic acid R
Microcrystalline cellulose R
Propylene glycol R
Propylene glycol esters of fatty acids R, T
Sodium metaphosphate, insoluble N
Sodium polyphosphates, glassy R
Sodium stearoyl-2-lactylate R
Stearyl tartrate R
Tartaric, acetic and fatty acid esters of glycerol, mixed ‘N, T°
Triacetin R
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Notes to Annex 2

(a)

(b)

(d)

(e)

()

(e)

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

Dodecyl and octyl gallate. The temporary ADI was not extended
because the additional studies on the pharmacokinetics and me-
tabolism of dodecyl and octyl gallate requested at the forty-first
meeting of the Committee (WHO Technical Report Series, No.
837) were not available.

This flavouring agent is in structural class I; the conclusions are
based on a “yes” answer at step 2 and a “no” answer at step 3(a)
of the approach described in Annex 5 of WHO Food Additives
Series, No. 35, 1996 and modified at the present meeting (see
section 2.2.1 of the main report).

This flavouring agent is in structural class I; the conclusions are
based on “yes” answers at steps 2, 3(a) and 4(a) of the approach
described in Annex 5 of WHO Food Additives Series, No. 35,
1996 and modified at the present meeting (see section 2.2.1 of the
main report).

This flavouring agent is in structural class II; the conclusions are
based on “no” answers at steps 2 and 3(b) of the approach
described in Annex 5 of WHO Food Additives Series, No. 35,
1996 and modified at the present meeting (see section 2.2.1 of the
main report). When step 4(b) of the modified approach was
applied (see Fig. 2), the Committee concluded that an adequate
margin of safety existed between the NOEL and current levels of
intake.

This flavouring agent is in structural class II; the conclusions are
based on a “no” answer at step 2 and a “yes” answer at step 3(b)
of the approach described in Annex 5 of WHO Food Additives
Series, No. 33, 1996 and modified at the present meeting (see
section 2.2.1 of the main report). It was evaluated on the basis of
the available toxicity data.

This flavouring agent is in structural class III; the conclusions are
based on “no” answers at steps 2 and 3(b) of the approach
described in Annex 5 of WHO Food Additives Series, No. 35,
1996 and modified at the present meeting (see section 2.2.1 of the
main report). When step 4(b) of the modified approach was
applied (see Fig. 2), the Committee concluded that an adequate
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margin of safety existed between the NOEL and current levels of
intake.

Allyl 2-furoate. The evaluation was postponed, pending consid-
eration of step 5(b) of the approach described in Annex 5 of
WHO Food Additives Series, No. 35, 1996, at a future meeting of
the Committee at which food additives and contaminants are
evaluated. The Committee requested additional toxicity data on
this substance.

Alitame. The results of an ongoing study of tolerance to repeated
doses of alitame in diabetic subjects should be submitted for
assessment when available.

Konjac flour. Includes uses as a thickener, emulsifier, stabilizer,
and gelling, texturizing and glazing agent.

Aflatoxins. The evaluation could not be completed at the present
meeting. The Committee recommended that assessment of the
carcinogenic potential of aflatoxins and the potential risks
associated with intake be continued at the next meeting of
the Committee at which food additives and contaminants are
evaluated.

Enzyme-hydrolysed carboxymethyl cellulose. The Committee
considered a request to prepare specifications for this substance.
However, the Committee understood that this product was not
yet on the market, and decided to defer the establishment of
specifications until such time as it is known to be commercially
available.

Enzyme-treated starches. The tentative specifications for
enzyme-treated starches were on the agenda for revision. How-
ever, as no new information was received, the Committee de-
cided to maintain the “tentative” qualification, and requested
new information for evaluation in 1997. Unless this information
is received, the specifications will be withdrawn.

Propylene glycol esters of fatty acids. The existing specifications
for propylene glycol esters of fatty acids were revised and desig-
nated as “tentative”. The Committee requested a method of
assay for the total ester content for evaluation in 1997.

Tartaric, acetic and fatty acid esters of glycerol, mixed. The Com-
mittee noted that the specifications for tartaric, acetic and fatty
acid esters of glycerol, mixed, in FAO Nutrition Meetings
Report Series, No. 40A, B, C, 1967, were out of date and in-
complete. New specifications were therefore prepared and



designated as “tentative”. The Committee requested informa-
tion on methods of manufacture for evaluation in 1997 in order
to distinguish -this material from diacetyltartaric and fatty acid
esters of glycerol (DATEM).
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Annex 3
Toxicological data on ethyl and isoamyl esters

The ethyl and isoamyl esters evaluated at the present meeting of
the Committee were considered to be of no safety concern on the
basis of structural class, the low estimated intakes and, where appro-
priate, their metabolism to endogenous substances. Consequently,
no toxicity data were necessary for application of the modified
procedure for flavouring agents discussed in section 2.2.1 of the
main report. Nevertheless, the Committee believed that it was useful
to include the toxicity data on these substances as an annex to the
report.

Ethyl esters

The component alcohol, ethanol, was evaluated by the Committee at
its fourteenth meeting, when an ADI limited by Good Manufacturing
Practice was established for ethanol for use as an extraction sol-
vent (Annex 1, reference 26). It is absorbed rapidly and completely
oxidized via well-known metabolic pathways. There is endogenous
synthesis of ethanol, since it is present in the serum of subjects who
have abstained from alcohol ingestion. Low concentrations of ethanol
are metabolized rapidly, and the endogenous concentrations detected
in serum correspond to the formation of about 2.5-5g per day (I, 2).
The estimated per capita intake of ethanol derived from the ethyl
esters is about 25-30mg per day (3, F. Grundschober, personal com-
munication, 1996).

Short-term studies on ethyl formate, ethyl hexanoate, ethyl hep-
tanoate, ethyl octanoate and ethyl nonanoate in rats showed no
adverse effects at daily doses of up to S00mg per kg of body weight in
the diet for 13-17 weeks (4). Ethyl acetate given in drinking-water to
rats for 56 weeks did not produce adverse effects at a dose corre-
sponding to 4mg per kg of body weight per day (5). The Committee
was aware of studies in which high doses of a number of carboxylic
acids had been given to rats and had resulted in forestomach lesions
(6-8). However, the studies were considered not to be relevant to the
ingestion of esters as flavouring agents.

Ethyl formate

Ethyl formate was last evaluated by the Committee at its twenty-third
meeting (Annex 1, reference 50). At that meeting, the Committee
concluded that ethyl formate could be included in the group ADI with
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formic acid of 0-3mg per kg of body weight (expressed as formic
acid) on the basis of the available short-term studies, metabolic stud-
ies, and toxicological data on formic acid and formic acid esters.

Formic acid was reported not to produce adverse effects in long-term
experiments in rats at daily doses of up to the equivalent of 500 mg per
kg of body weight for up to 3 years (9).

Ethyl acetate

Ethyl acetate was evaluated by the Committee at its eleventh meeting
(Annex 1, reference 74). At that time, an ADI of 0-25mg per kg of
body weight was established for this compound on the basis of its
known metabolic fate. No toxicological data were available for evalu-
ation. In a more recent study, no adverse effects were reported when
rats were given a drinking-water—fusel oil mixture containing ethyl
acetate at a dose corresponding to 4mg per kg of body weight per day
for 56 weeks (3).

Acetic acid was last evaluated by the Committee at its seventeenth
meeting (Annex 1, reference 32), when an ADI “not limited” was
established for this compound on the basis of its known metabolic
pathway and its consumption as a normal constituent of the human
diet.

Ethyl propionate
Ethyl propionate has not been previously evaluated by the Commit-
tee. Propionic acid was last evaluated by the Committee at its seven-
teenth meeting (Annex 1, reference 32), when an ADI “not limited”
was established for this compound on the basis of available biochemi-
cal and toxicological studies and knowledge of its role in normal
metabolism.

Ethyl butyrate

Ethyl butyrate was evaluated by the Committee at its eleventh meet-
ing (Annex 1, reference /4). At that meeting, an ADI of 0-15mg per
kg of body weight was established for this substance on the basis of a
short-term study in rats and information on its hydrolysis into normal
constituents of food. Butyric acid has not been previously evaluated
by the Committee.

Ethyl pentanoate (valerate)

Neither ethyl pentanoate nor pentanoic acid has been previously
evaluated by the Committee.
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Ethyl hexanoate (caproate)

Neither ethyl hexanoate nor hexanoic acid has been previously evalu-
ated by the Committee.

Ethy! heptanoate (enanthate)

Ethyl heptanoate was last evaluated by the Committee at its twenty-
third meeting (Annex 1, reference 50). At that time, an ADI of
0-2.5mg per kg of body weight was established for this substance
on the basis of a short-term study in rats and data on its metabolic
fate.

Ethyl octanoate (caprylate)

Ethyl octanoate has not been previously evaluated by the Committee.
No adverse effects were observed when rats were fed ethyl octanoate
at dose levels of up to 1% in the diet (equivalent to 500mg per kg of
body weight per day) for 17 weeks (4).

Salts of octanoic acid were last evaluated by the Committee at its
twenty-ninth meeting (Annex 1, reference 70), when an ADI “not
specified” was established on the basis of the occurrence of their
corresponding acids in edible fats and oils, their long history of use
as foods or food components, and knowledge of their metabolic
pathway.

Ethyl nonanoate (pelargonate)

Ethyl nonanoate was last evaluated by the Committee at its twenty-
third meeting (Annex 1, reference 50), when an ADI of 0-2.5mg per
kg of body weight was established for this substance on the basis of a
short-term study in rats and data on its metabolic fate.

Ethyl decanoate (caprate)

Ethyl decanoate has not been previously evaluated by the
Committee.

Salts of decanoic acid were evaluated by the Committee at its twenty-
ninth meeting (Annex 1, reference 70). At that meeting, an ADI “not
specified” was established for these compounds on the basis of the
occurrence of their corresponding acids in edible fats and oils, their
long history of use as foods or food components, and knowledge of
their metabolic pathway.

Ethyl undecanoate

Ethyl undecanoate has not been previously evaluated by the
Committee.
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Ethyl dodecanoate (laurate)

Ethyl dodecanoate was last evaluated by the Committee at its twenty-
third meeting (Annex 1, reference 50). At that meeting, the Commit-
tee established an ADI of 0-1mg per kg of body weight for this
substance on the basis of information on its hydrolysis into dode-
canoic acid and ethanol, the known toxicity of ethanol and the ready
metabolism of dodecanoic acid, a naturally occurring fatty acid.

Salts of dodecanoic acid were evaluated by the Committee at its
twenty-ninth meeting (Annex 1, reference 70), when an ADI “not
specified” was established on the basis of the occurrence of their
corresponding acids in edible fats and oils, their long history of use as
foods or food components, and knowledge of their metabolic path-
way. No adverse effects were reported when dodecanoic acid was
given to rats at a dose level of approximately 5000mg per kg of body
weight per day for 18 months (10).

Ethyl tetradecanoate (myristate)

Ethyl tetradecanoate has not been previously evaluated by the
Committee.

Salts of tetradecanoic acid were last evaluated by the Committee at its
twenty-ninth meeting (Annex 1, reference 70), when an ADI “not
specified” was established. Tetradecanoic acid is common in the
triglyceride part of fats and oils used for human consumption.

Ethyl hexadecanoate (palmitate)

Ethyl hexadecanoate has not been previously evaluated by the
Committee.

Salts of hexadecanoic acid were last evaluated by the Committee at
its twenty-ninth meeting (Annex 1, reference 70), when an ADI “not
specified” was established. Hexadecanoic acid is one of the major
saturated fatty acids in the triglyceride part of fats and oils used for
human consumption.

Ethyl octadecanoate (stearate)

Ethyl octadecanoate has not been previously evaluated by the
Committee.

Salts of octadecanoic acid were last evaluated by the Committee at its
twenty-ninth meeting (Annex 1, reference 70), when an ADI “not
specified” was established. Octadecanoic acid is one of the major
saturated fatty acids in the triglyceride part of fats and oils used for
human consumption.
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Isoamyl esters

Short-term studies on the parent alcohol, isoamyl alcohol, in rats
showed no adverse effects at daily doses of 1000 mg per kg of body
weight by gavage for 17 weeks (11) or 2000mg per kg of body weight
in drinking-water for 53-56 weeks (5). The only ester for which a
similar adequate study was available was isoamyl isovalerate. No
adverse effects were observed in rats given isoamyl isovalerate in the
diet at 22, 70 or 220mg per kg of body weight per day for 13 weeks, as
indicated by the results of biochemical analyses of blood and urine,
organ weights, and histopathological examination (12).

Toxicity data from studies on the carboxylic acid components of
isoamyl esters gave no evidence of systemic toxicity at daily doses of
at least 400 mg per kg of body weight (8, 9, 13).

Further information on formic, acetic, propionic and butyric acids is
given under ethyl esters (see above).
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