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SUMMARY
The Scientific Panel on Food Additives, Flavourings, Processing Aids and Materials in Contact
with Food (the Panel) is asked to advise the Commission on the implications for human health of
chemically defined flavouring substances used in or on foodstuffs in the Member States. In
particular, the Panel is requested to consider the Joint FAO/WHO Expert Committee on Food
Additives (the JECFA) evaluations of flavouring substances assessed since 2000, and to decide
whether no further evaluation is necessary, as laid down in Commission Regulation (EC) No
1565/2000. These flavouring substances are listed in the Register, which was adopted by
Commission Decision 1999/217/EC and its consecutive amendments.
The present consideration concerns eugenol and six related hydroxyallylbenzene derivatives
evaluated by the JECFA (65th meeting) and will be considered in relation to the European Food
Safety Authority (EFSA) evaluation of 23 ring-substituted phenolic substances evaluated in the
Flavouring Group Evaluation 22 (FGE.22).
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The Panel concluded that the seven substances in the JECFA flavouring group of eugenol and
related hydroxyallylbenzene derivatives are structurally related to the phenolic substances evaluated
by EFSA in FGE.22.
The Panel agrees with the application of the Procedure as performed by the JECFA. As the EU
(Maximised Survey-derived Daily Intake) MSDI for eugenol [FL-no: 04.003] is below the threshold
of the structural class, it can be concluded to be of no safety concern at step A3 in the Procedure
scheme. Moreover, a NOAEL of 300 mg/kg bw has been identified.
For three of the substances [FL-no: 04.058, 04.096 and 09.878] considered in this FGE use levels
are available corresponding to modified Theoretical Added Maximum Daily Intake (mTAMDI)
values of 360, 420 and 2300 microgram/person/day, respectively. For one of these substances [FLno: 09.878] the mTAMDI exceeds the threshold for the structural class I. For the remaining four
substances [FL-no: 04.003, 09.020, 09.088 and 09.766] use levels are needed to calculate the
mTAMDIs in order to identify those flavouring substances that need more refined exposure
assessment and to finalise the evaluation.
In order to determine whether the conclusion for the seven JECFA evaluated substances can be
applied to the materials of commerce, it is necessary to consider the available specifications:
Adequate specifications including complete purity criteria and identity tests are available for six of
the seven JECFA evaluated substances. For one substance [FL-no: 09.088] information on the
composition of mixture is requested.
Thus, for one substance [FL-no: 09.088] the Panel has reservations (composition of mixture is
requested). For the remaining six substances [FL-no: 04.003, 04.058, 04.096, 09.020, 09.766 and
09.878] the Panel agrees with the JECFA conclusion “No safety concern at estimated levels of
intake as flavouring substances” based on the MSDI approach.

KEYWORDS
Eugenol, hydroxyallylbenzene derivatives, JECFA, 65th meeting, ring-substituted phenolic
substances, FGE.22, hydroxypropenylbenzene derivatives.
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BACKGROUND
Regulation (EC) No 2232/96 of the European Parliament and the Council (EC, 1996) lays down a
Procedure for the establishment of a list of flavouring substances, the use of which will be
authorised to the exclusion of all other substances in the EU. In application of that Regulation, a
Register of flavouring substances used in or on foodstuffs in the Member States was adopted by
Commission Decision 1999/217/EC (EC, 1999a), as last amended by Commission Decision
2006/252/EC (EC, 2006). Each flavouring substance is attributed a FLAVIS-number (FL-number)
and all substances are divided into 34 chemical groups. Substances within a group should have
some metabolic and biological behaviour in common.
Substances which are listed in the Register are to be evaluated according to the evaluation
programme laid down in Commission Regulation (EC) No 1565/2000 (EC, 2000a), which is
broadly based on the Opinion of the Scientific Committee on Food (SCF, 1999).
Commision Regulation (EC) 1565/2000 lays down that substances that are contained in the Register
and will be classified in the future by the Joint FAO/WHO Expert Committee on Food Additives
(the JECFA) so as to present no safety concern at current levels of intake will be considered by the
European Food Safety Authority (EFSA), who may then decide that no further evaluation is
necessary.
In the period 2000 – 2006, during its 55th, 57th, 59th, 61st, 63rd and 65th meetings, the JECFA
evaluated about 900 substances which are in the EU Register.

TERMS OF REFERENCE
EFSA is requested to consider the JECFA evaluations of flavouring substances assessed since 2000,
and to decide whether no further evaluation is necessary, as laid down in Commission Regulation
(EC) No 1565/2000 (EC, 2000a). These flavouring substances are listed in the Register, which was
adopted by Commission Decision 1999/217 EC (EC, 1999a) and its consecutive amendments.

ASSESSMENT
The approach used by EFSA for safety evaluation of flavouring substances is referred to in
Commission Regulation (EC) No 1565/2000 (EC, 2000a), hereafter named the “EFSA Procedure”.
This Procedure is based on the Opinion of the Scientific Committee on Food (SCF, 1999), which
has been derived from the evaluation procedure developed by the Joint FAO/WHO Expert
Committee on Food Additives (JECFA, 1995; JECFA, 1996a; JECFA, 1997a; JECFA, 1999b),
hereafter named the “JECFA Procedure”. The Scientific Panel on Food Additives, Flavourings,
Processing Aids and Materials in Contact with Food (the Panel) compares the JECFA evaluation of
structurally related substances with the result of a corresponding EFSA evaluation, focussing on
specifications, intake estimations and toxicity data, especially genotoxicity data. The evaluations by
EFSA will conclude whether the flavouring substances are of no safety concern at their estimated
levels of intake, whether additional data are required or whether certain substances should not be
evaluated through the EFSA Procedure.
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The following issues are of special importance.
Intake
In its evaluation, the Panel as a default uses the Maximised Survey-derived Daily Intake (MSDI)
approach to estimate the per capita intakes of the flavouring substances in Europe.
In its evaluation, the JECFA includes intake estimates based on the MSDI approach derived from
both European and USA production figures. The highest of the two MSDI figures is used in the
evaluation by the JECFA. It is noted that in several cases, only the MSDI figures from the USA
were available, meaning that certain flavouring substances have been evaluated by the JECFA only
on the basis of these figures. For Register substances for which this is the case the Panel will need
EU production figures in order to finalise the evaluation.
When the Panel examined the information provided by the European Flavour Industry on the use
levels in various foods, it appeared obvious that the MSDI approach in a number of cases would
grossly underestimate the intake by regular consumers of products flavoured at the use level
reported by the Industry, especially in those cases where the annual production values were reported
to be small. In consequence, the Panel had reservations about the data on use and use levels
provided and the intake estimates obtained by the MSDI approach. It is noted that the JECFA, at its
65th meeting, considered ”how to improve the identification and assessment of flavouring agents,
for which the MSDI estimates may be substantially lower than the dietary exposures that would be
estimated from the anticipated average use levels in foods” (JECFA, 2006c).
In the absence of more accurate information that would enable the Panel to make a more realistic
estimate of the intakes of the flavouring substances, the Panel has decided also to perform an
estimate of the daily intakes per person using a modified Theoretical Added Maximum Daily Intake
(mTAMDI) approach based on the normal use levels reported by Industry.
As information on use levels for the flavouring substances has not been requested by the JECFA or
has not otherwise been provided to the Panel, it is not possible to estimate the daily intakes using
the mTAMDI approach for the substances evaluated by the JECFA. The Panel will need
information on use levels in order to finalise the evaluation.
Threshold of 1.5 Microgram/Person/Day (Step B5) Used by the JECFA
The JECFA uses the threshold of concern of 1.5 microgram/person/day as part of the evaluation
procedure:
“The Committee noted that this value was based on a risk analysis of known carcinogens which
involved several conservative assumptions. The use of this value was supported by additional
information on developmental toxicity, neurotoxicity and immunotoxicity. In the judgement of the
Committee, flavouring substances for which insufficient data are available for them to be evaluated
using earlier steps in the Procedure, but for which the intake would not exceed 1.5 microgram per
person per day would not be expected to present a safety concern. The Committee recommended
that the Procedure for the Safety Evaluation of Flavouring Agents used at the forty-sixth meeting be
amended to include the last step on the right-hand side of the original procedure (“Do the condition
of use result in an intake greater than 1.5 microgram per day?”)” (JECFA, 1999b).
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In line with the Opinion expressed by the Scientific Committee on Food (SCF, 1999), the Panel
does not make use of this threshold of 1.5 microgram per person per day.
Genotoxicity
As reflected in the Opinion of SCF (SCF, 1999), the Panel has in its evaluation focussed on a
possible genotoxic potential of the flavouring substances or of structurally related substances.
Generally, substances for which the Panel has concluded that there is an indication of genotoxic
potential in vitro, will not be evaluated using the EFSA Procedure until further genotoxicity data are
provided. Substances for which a genotoxic potential in vivo has been concluded, will not be
evaluated through the Procedure.
Specifications
Regarding specifications, the evaluation by the Panel could lead to a different opinion than that of
the JECFA, since the Panel requests information on e.g. isomerism.
Structural Relationship
In the consideration of the JECFA evaluated substances, the Panel will examine the structural
relationship and metabolism features of the substances within the flavouring group and compare
this with the corresponding FGE.
1. Presentation of the Substances in the JECFA Flavouring Group
1.1.

Description

1.1.1. JECFA Status
The JECFA has evaluated a group of seven flavouring substances consisting of eugenol and related
hydroxyallylbenzene derivatives.
1.1.2. EFSA Considerations
The Panel concluded that the substances in this group are related to the phenolic substances
evaluated by EFSA in FGE.22 with several substances having free phenolic groups in the 2- or 4position to an allyl group and many in addition also have alkoxy group substituents. Similar to the
eugenol derivatives, the substances considered in FGE.22 all have a free phenolic group or are
phenolic esters which will release phenols upon hydrolysis. Therefore, the substances in FGE.22 are
considered as supporting substances for the eugenol derivatives evaluated by the JECFA.
The Panel also considered whether safrole, estragole and methyleugenol could be used as
supporting substances but these substances do not have a free phenolic hydroxyl group, which
makes them more susceptible to oxidation in the propenyl chain, hence in contrast to eugenol, they
do not readily conjugate with glucuronic acid or sulphate and are not excreted in the urine.
Therefore safrole, estragole and methyleugenol are not used as supporting substances.
Furthermore, it was questioned if isoeugenol (a prop-1-enylbenzene) could be used as supporting
substance for eugenol (a prop-2-en-1-ylbenzene). Prop-2-en-1-ylbenzenes such as safrole are
metabolically activated by 1-hydroxylation followed by esterification to ultimately carcinogenic
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metabolites. 3-Hydroxylation of prop-1-enylbenzenes such as isosafrole, in contrast, gives noncarcinogenic metabolites that undergo further side chain oxidation (Phillips, 1994). Therefore, the
Panel concluded that isoeugenol should not be used as a supporting substance.
1.2.

Isomers

1.2.1. JECFA Status
None of the seven Register substances in the group of eugenol and related hydroxyallylbenzene
derivatives have a chiral centre or can exist as geometrical isomers.
1.2.2. EFSA Considerations
No comments.
1.3.

Specifications

1.3.1. JECFA Status
JECFA specifications are available for all seven substances (JECFA, 2005d) (see Table 1).
1.3.2. EFSA Considerations
No comments.
2. Intake Estimations
2.1.

JECFA Status

For all seven substances evaluated through the JECFA Procedure intake data are available (see
Table 3.1).
2.2.

EFSA Considerations

For three of the seven JECFA evaluated substances use levels have been provided by Flavour
Industry [FL-no: 04.058, 04.096 and 09.878] (EC, 2000a; EFFA, 2005g; EFFA, 2007a) (see Table
2.2.1) Based on these use levels mTAMDI figures can be calculated (EFSA, 2004d) (see Table
2.2.2).
Table 2.2.1 Normal and Maximum use levels (mg/kg) available for JECFA evaluated substances in FGE.60
FL-no
04.058
04.096
09.878

Food Categories
Normal use levels (mg/kg)
Maximum use levels (mg/kg)
01.0
02.0
03.0
04.1
0,5
0,2
0,5
0,4
2,5
1
2,5
2
0,5
0,2
0,5
0,4
2,5
1
2,5
2
7
5
10
7
35
25
50
35

04.2
-

05.0
1
5
1
5
10
50

06.0
0,2
1
0,2
1
5
25

07.0
2
10
2
10
10
50

08.0
0,2
1
0,2
1
2
10

09.0
0,2
1
0,2
1
2
10

10.0
-

11.0
-

12.0
0,3
1,5
0,3
1,5
5
25

13.0
0,5
2,5
0,5
2,5
10
50

14.1
0,2
1
-

14.2
1
5
1
5
10
50

15.0
2
10
2
10
20
100

16.0
0,4
2
0,4
2
5
25
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Table 2.2.2 Estimated intakes based on the MSDI and the mTAMDI approach
FL-no EU Register name

MSDI – EU
(μg/capita/day)

MSDI – USA
(μg/capita/day)

mTAMDI
(μg/person/day)

Structural
class

Threshold of concern
(µg/person/day)

04.058 4-Allylphenol

0.073

0.6

360

Class I

1800

04.096 2-Methoxy-6-(2-propenyl)phenol

0.12

0.2

420

Class I

1800
1800

09.020 Eugenyl acetate

19

90

Class I

09.088 4-Eugenyl formate

0.012

0.06

Class I

1800

09.766 Eugenyl benzoate

0.0024

0.9

Class I

1800

09.878 Eugenyl isovalerate

0.37

0.5

04.003 Eugenol

950

3364

2300

Class I

1800

Class I

1800

3. Genotoxicity and Toxicity Data
3.1.

Genotoxicity Studies – Text Taken from the JECFA (JECFA, 2007a)

In vitro
In standard assays for mutagenicity in Salmonella typhimurium, eugenol [FL-no: 04.003] was not
mutagenic in strains TA92, TA94, TA97, TA98, TA100, TA102, TA1530, TA1531, TA1532,
TA1535, TA1537, TA1538 and TA1964 at concentrations ≤ 107,000 µg/plate (about 652
µmol/plate), with or without metabolic activation (Dorange et al. 1977; Green & Savage, 1978;
Rockwell & Raw, 1979; Swanson et al., 1979; Douglas et al., 1980; Eder et al., 1980; Florin et al.,
1980; Nestmann et al., 1980; Rapson et al., 1980; Yoshimura et al., 1981; Eder et al., 1982b; Pool
& Lin, 1982); and (Sekizawa & Shibamoto, 1982; To et al., 1982; Haworth et al., 1983; NTP,
1983a; Ishidate et al., 1984; Orstavik & Hongslo, 1985; Amonkar et al., 1986); and (Miller et al.,
1986; Tennant et al., 1987; Schiestl et al., 1989; Azizan & Blevins, 1995; Sukumaran & Kuttan,
1995)). Eugenol was mutagenic in S. typhimurium strain TA1535 but only when 3'phosphoadenosine-5'-phosphosulfate was included in the metabolic activation mix. Eugenol did not
show a concentration-dependent increase in mutagenic activity. The authors suggested that the
result was an artefact of the experimental design, as mutation was not reported as the number of
revertants per survivor (induced mutation frequency) but only as the number of revertants per plate
(To et al., 1982).
Eugenol 2',3'-epoxide was not mutagenic in S. typhimurium strains TA1537, TA1538 and TA98 but
showed mutagenic potential in strains TA1535 (Dorange et al. 1977; Swanson et al., 1979) and
TA100 (Dorange et al. 1977).
In a study designed to investigate the mutagenicity of the metabolites of eugenol, Sprague-Dawley
rats were given a single dose of 0.5 ml of eugenol (about 2140 mg/kg bw) by gavage, and their
urine was collected for 24 h. Before being administered to rats, samples of 0.05-100 µl (53.5107,000 µg/plate) were each assayed for reverse mutation potential in S. typhimurium strains TA98
and TA100 in the presence of metabolic activation. Negative results were obtained. To assess the
genotoxic potential of urinary metabolites, the urine was assayed directly or extracted with ether
The EFSA Journal (2009) 965, 8-53
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after dilution in a phosphate buffer and treatment with P-glucuronidase to hydrolyse glucuronide
conjugates. The 24-h urine samples (500 µl), ether extracts of the urine and aqueous fractions of the
extracts were then incubated separately with S. typhimurium strains TA98 and TA100 with S9
activation. The urinary solutions isolated from rats given 0.5 ml of eugenol did not show evidence
of mutagenicity in either TA98 or TA100 (Rockwell & Raw, 1979).
No mutagenic potential was reported when 60, 120, 300 or 600 µg/plate (0.37, 0.74, 1.8 or 3.6
µmol/plate) eugenol was incubated with Escherichia coli WP2 uvrA (trp-) (Sekizawa & Shibamoto,
1982). Rec assays in Bacillus subtilis M45 (rec-) and H17 (rec+) performed with 400 µg/disc (2.4
µmol/disc) in the absence of S9 activation gave a positive result (Sekizawa & Shibamoto, 1982);
however, DNA repair assays with ≤ l00000 µg/disc (609 µmol/disc), under standard incubation
conditions, gave uniformly negative results (Oda et al., 1979; Yoshimura et al., 1981). With an
inhibition zone difference between rec- and rec+ cells of 6.9 mm, (Sekizawa & Shibamoto, 1982)
reported positive results, observed as evidence of preferential lethality of eugenol for M45 reccells. The authors noted, however, that as the eugenol sample used was somewhat oily it did not
diffuse effectively in the aqueous agar layer. Therefore, the H17 red cells (which had a doubling
time of 48 min, to be compared with 75 min for M45 rec-) might have grown before the sample
diffused effectively, which would have resulted in smaller inhibition zones than in the M45 reccells.
In an assay for forward mutation in mouse lymphoma cells, eugenol was mutagenic in L5178Y cells
at concentrations of 21.3-128 µg/ml (0.13-0.78 mmol/l) (Tennant et al., 1987; Myhr & Caspary,
1991). The concentrations used, however, were highly cytotoxic. In the two trials conducted by
Myhr and Caspary (1991), a negative correlation was found between mutation frequency and
relative total growth. In the first trial, the relative total growth was 16-28% at a eugenol
concentration of 80 nl/ml and 5-11% at a concentration of 120 nl/ml. In the second trial, the relative
total growth was 5-30% at a concentration of 40 nl/ml and 4% at 60 nl/ml. The mutation frequency
increased by 4.2- and 2.2-fold at the highest doses tested in the first and second trials, respectively.
According to Myhr and Caspary (1991), the interaction between eugenol and the cells was not well
controlled, and additional studies are necessary to characterize the dose-response relation better.
Assays for sister chromatid exchange in mammalian cells conducted with eugenol gave equivocal
results (NTP, 1983a; Jansson et al., 1986; Fukuda, 1987; Galloway et al., 1987; Tennant et al.,
1987). In human peripheral lymphocytes, no sister chromatid exchange was induced at eugenol
concentrations ≤ 82.1 µg/ml (0.5 mmol/l) (Jansson et al., 1986). When 0.3-10 µg/ml [0.000030.001% (v/v)] of eugenol were incubated with Syrian hamster embryo cells, a significant increase (p
< 0.001) in sister chromatid exchange was reported but at less than twice the level found in negative
controls (Fukuda, 1987). Weak induction of sister chromatid exchange was reported in Chinese
hamster ovary cells incubated with 11-123 µg/ml (0.07-0.75 mmol/l) of eugenol in the absence of
metabolic activation, and positive results were observed after incubation with 273-326 µg/ml (1.72.0 mmol/l) of eugenol in the presence of metabolic activation. The authors commented that the
increase in sister chromatid exchange observed with and without metabolic activation occurred at
doses that caused severe cell cycle delay (Galloway et al., 1987). Sister chromatid exchange was
induced in Chinese hamster ovary cells incubated with 75-326 µg/ml (0.5-2.0 mmol/l) of eugenol in
the absence and presence of metabolic activation (NTP, 1983a; Tennant et al., 1987).
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Equivocal results were reported in standard assays for chromosomal aberration (Stich et al., 1981c;
NTP, 1983a; Ishidate et al., 1984; Galloway et al., 1987; Tennant et al., 1987; Bean et al., 1992;
Bean & Galloway, 1993). In a study designed to investigate the optimal sampling time for detecting
chromosomal aberrations in Chinese hamster ovary cells, significant increases in chromosomal
aberrations were reported at eugenol concentrations of 131-263 µg/ml (0.8-1.6 mmol/l) in the
presence of metabolic activation (Bean et al., 1992). In the first of two trials, when cells were
harvested 15 and 24.5 h after the beginning of treatment, cell viability was 57% and 37% that of
controls, respectively, after incubation with 0.8 mmol/l of eugenol, and 53% and 43% that of
controls after incubation with 1.2 mmol/l of eugenol. The percentage of aberrant cells increased to a
maximum of 25.5% on harvesting 15 h after incubation with 0.8 mmol/l of eugenol. In the second
trial, the aberration yield shifted with the cytotoxicity, as concentrations of 1.2-1.6 mmol/l of
eugenol were as cytotoxic as 0.8 mmol/l in the first trial. The maximal increase in the percentage of
aberrant cells (26.5%) was found at harvest of cells 17 h after incubation with 1.6 mmol/l of
eugenol.
In a subsequent study with a similar purpose, Chinese hamster ovary cells incubated with 197, 230
or 263 µg/ml (1.2, 1.4 or 1.6 mmol/l) of eugenol for 3 h and harvested 20 or 44 h after the
beginning of treatment showed significant increases in chromosomal aberrations. Severe cell cycle
delay was observed 20 h after incubation with 263 µg/ml (1.6 mmol/l) of eugenol, and the
chromosomal aberrations were accompanied by a reduction in cell count to about 50% that of
controls (Bean & Galloway, 1993).
Chromosomal aberrations occurred when Chinese hamster fibroblast cells were incubated for 48 h
with ≤ 125 µg/ml (0.77 mmol/l) of eugenol; however, negative results were reported after only 24 h
of incubation. The dose at which structural aberrations were detected in 20% of metaphases was
14.8 mglml (Ishidate et al., 1984). In another study, no chromosomal aberrations were found in
Chinese hamster ovary cells incubated with 50 or 100 µg/ml (0.31 or 0.61 mmol/l) of eugenol;
however, a slight increase (2.0%) in the incidence of chromosomal aberrations was obtained at the
highest dose, 200 µg/ml (1.22 mmol/l) when compared with controls (0.8%) (Stich et al., 1981c).
Negative results were reported with eugenol in a standard assay for chromosomal aberrations
without S9 activation at concentrations ≤ 300 µg/ml (1.8 mmol/l), which was a toxic concentration.
in the presence of S9 activation, weakly positive results were found at concentrations of 201-324
µg/ml (1.2-2.0 mmol/l) (Galloway et al., 1987). Induction of chromosomal aberrations was reported
in Chinese hamster ovary cells exposed to eugenol at concentrations of 300-324 µg/ml (1.8-2.0
mmol/l) in the presence of metabolic activation (NTP, 1983a; Tennant et al., 1987). Hepatocytes
isolated from male Fischer 344 rats and female B6C3F1 mice showed no unscheduled DNA
synthesis after incubation with 0.01642, 0.1642, 1.642, 16.42 or 164.2 µg/ml (0.1, 1, 10, 100 or
1000 µmol/l) of eugenol. The LC50 values for eugenol in this study were 49.3 µg/ml (300 µmol/l)
for rat hepatocytes and 32.8 µg/ml (200 µmol/l) for mouse hepatocytes; no unscheduled DNA
synthesis induction was observed at these doses (Burkey et al., 2000). In a similar study, no
unscheduled DNA synthesis was reported in rat hepatocytes incubated in the presence of 0.1642164.2 µg/ml (10-6-10-3 mol/l) of eugenol. Cytotoxicity occurred, as indicated by increased activity
of lactate dehydrogenase, at 82.1 µg/ml (5×10-4 mol/l) (Howes et al., 1990). No unscheduled DNA
synthesis was reported when hepatocytes from male Sprague-Dawley rats were exposed for 20 h to
16, 41 or 82 µg/ml (0.1, 0.25 or 0.5 mmol/l) of eugenol (Allavena et al., 1992). Fukuda (1987),
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however, reported positive results with 0.3-1 µg/ml [0.00003-0.0001% (v/v)] in an assay for
unscheduled DNA synthesis in Syrian hamster embryo cells in the presence of metabolic activation.
When 1, 2.5, 5, 10 or 15 µg/ml of eugenyl acetate [FL-no: 09.020] were incubated with isolated rat
hepatocytes, no unscheduled DNA synthesis was reported. The compound was cytotoxic at a
concentration of 33 µg/ml, as evidenced by lactate dehydrogenase leakage (San & Reece, 2003).
In vivo
In a standard assay for micronucleus induction in vivo, groups of eight male CF1 mice were given
100, 400 or 600 mg/kg bw of eugenol [FL-no: 04.003] by intraperitoneal injection. The lowest dose
did not induce micronucleated polychromatic erythrocytes in the bone marrow of the mice, but the
intermediate and high doses had significantly increased the frequency (p < 0.01) by 30 h after
treatment. In groups of eight male CF1 mice given 400 mg/kg bw of eugenol by intraperitoneal
injection and killed 24, 30 or 48 h later, significant increases (p < 0.01) in the frequency of
micronucleated polychromatic erythrocytes were reported, regardless of the time of sacrifice
(Ellahueñe et al., 1994).
Groups of 12 adult male Swiss-Webster mice received 148 or 740 mg/kg bw of eugenol by
intraperitoneal injection or 14,794 mg/kg bw by oral intubation. Bone marrow isolated from the
femur of each animal showed a significant increase in micronucleated polychromatic erythrocytes
over that in saline controls; however, intraperitoneal administration induced a higher frequency
(18.5-20.5%) than oral administration (5.7%), with a considerably lower concentration of test
material (Woolverton et al., 1986).
Studies in various strains of mice (Hayashi et al., 1984; Shelby et al., 1993; Rompelberg et al.,
1995) and rats (Maura et al., 1989; Allavena et al., 1992; Rompelberg et al., 1996a) and in human
lymphocytes (Rompelberg et al., 1996b) showed no evidence of mutagenicity. In male ddY mice
given eugenol at 100, 200, 400 or 800 mg/kg bw by intraperitoneal injection, no increase in the
frequency of micronucleated polychromatic erythrocytes was reported (Hayashi et al., 1984). Male
CD-l mice fed a diet containing 0.4% eugenol daily (average intake, about 680 mgl kg bw per day)
for 15 days showed no increase in the incidence of micronuclei in bone marrow (Rompelberg et al.,
1995). No micronuclei were induced when male B6C3F1 mice received 150, 300 or 600 mg/kg bw
per day by intraperitoneal injection for 3 consecutive days (Shelby et al., 1993).
Male albino Sprague-Dawley rats showed no induction of micronuclei in bone marrow after
administration of 1340 or 2680 mg/kg bw of eugenol by gavage by three protocols. The first
involved administering 1340 mg/kg bw of eugenol 20 h after a partial hepatectomy, followed by
sacrifice at 48 h, while the second protocol involved administering 2680 mg/kg bw of eugenol 30
and 6 h before sacrifice. In the third protocol, 1340 mg/kg bw of eugenol were administered,
followed by sacrifice at 2 h. No positive dose-dependent relation was observed with these protocols.
Administration of 1340 or 2680 mg/kg bw by gavage did not induce DNA fragmentation in primary
cultures of rat hepatocytes 4 and 20 h after seeding (Allavena et al., 1992).
Groups of four female Sprague-Dawley rats received 335, 670 or 1340 mg/kg bw of eugenol orally
in an aqueous suspension, half of the dose being administered 30 h before sacrifice and the second
half 6 h before sacrifice. No micronucleated polychromatic erythrocytes were induced in bone
marrow. At 1340 mg/kg bw, eugenol did not induce DNA fragmentation in the liver or kidney after
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2, 24 or 48 h of treatment. Furthermore, administration of 1.5, 5 or 10 mmol/kg bw (164.2, 821.0
and 1642 mg/kg bw, respectively) of eugenol by gavage did not significantly increase the mutation
frequency or induce DNA fragmentation in granuloma cells. The authors proposed that the
mutagenic and clastogenic activity of eugenol observed in mammalian cells in vitro might be due to
the absence of the necessary detoxifying enzymes that exist in vivo (Maura et al., 1989).
In a similar study, male Wistar rats were given 0, 500 or l000 mg/kg bw per day of eugenol in corn
oil suspension by gavage for 10 days. No significant increase in the occurrence of bone-marrow
micronucleated polychromatic erythrocytes was reported at either dose when compared with
controls. Under similar conditions, primary hepatocyte cultures obtained from male Wistar rats
given 500 mg/kg bw per day of eugenol orally for 10 days showed no unscheduled DNA synthesis.
The authors did not report results for unscheduled DNA synthesis in hepatocytes of rats given l000
mg/kg bw eugenol (Rompelberg et al., 1996a).
In a 7-day, placebo-controlled, cross-over study with a 1-week washout period, 10 healthy male
volunteers received a placebo or 150 mg of eugenol daily in the form of a capsule (50 mg/capsule)
taken orally 3 times a day. On the basis of the body weights of the volunteers (68-88 kg), this dose
provided about 1.7-2.2 mg/kg bw per day of eugenol. Aliquots of blood were collected on days 8
and 22 of the study and analysed for micronucleus induction and chromosomal aberrations. Eugenol
did not increase the background level of micronuclei or chromosomal aberrations in human
lymphocytes (Rompelberg et al., 1996b).
Conclusion on genotoxicity
One representative agent of this group, eugenol [FL-no: 04.003], gave consistently negative results
in assays for reverse mutation in various strains of S. typhimurium and E. coli. Generally, negative
results were also found for DNA repair in B. subtilis M45 (rec-) and H17 (rec+) cells; the one
positive finding for DNA repair occurred at a concentration of 400 µg/disc, while a similar study
with higher concentrations (≤ 100000 µg/disc) yielded negative results. In assays for unscheduled
DNA synthesis in rat and mouse hepatocytes in vitro, no genotoxic activity was observed at
concentrations ≤ 164.2 µg/ml of eugenol and ≤ 15 µg/ml of eugenyl acetate; however, one positive
result was reported with eugenol in Syrian hamster embryo cells at concentrations ≤ 1 µg/ml.
Assays in mammalian cells in vitro in which mutagenicity was found (forward mutation in mouse
lymphoma cells, sister chromatid exchange and chromosomal aberrations) were performed at
concentrations that resulted in cytotoxicity or severe cell cycle delay. Mammalian cells in culture
might not have the metabolic pathways of detoxication available to counter such toxicity. Assays
for mutagenicity (micronuclei, chromosomal aberrations and mutation) and genotoxicity
(unscheduled DNA synthesis and DNA fragmentation) in vivo generally gave negative results, even
at very high doses of eugenol (≤ 800 mg/kg bw by intraperitoneal injection, ≤ 2680 mg/kg bw
orally). The two reports of micronucleus induction involved doses as high as 740 mg/kg bw given
by intraperitoneal injection and 14794 mg/kg bw given orally. The available results indicate that
eugenol and other hydroxypropylbenzene derivatives are unlikely to pose a significant mutagenic or
genotoxic risk to humans under the intended conditions of their use as flavouring agents.
For a summary of in vitro/in vivo genotoxicity data considered by JECFA, see Table 2.1.
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3.2.

Genotoxicity Studies - Text Taken from EFSA (EFSA, 2007m)

Data from in vitro tests are available for 12 candidate [FL-no: 04.020, 04.021, 04.065, 04.066,
04.070, 04.076, 04.077, 04.080, 04.095, 07.142, 07.164 and 07.243] and 18 supporting substances.
Data from in vivo tests are available for one candidate [FL-no: 04.077] and six supporting
substances. Most studies are of limited or insufficient quality or are inadequately reported, thus for
some of the studies the validity of the results could not be evaluated.
Positive results were observed with three candidate substances [FL-no: 04.077, 04.080 and 07.142].
4-Methoxyphenol [FL-no: 04.077] did not induce gene mutations in bacteria (Haworth et al., 1983).
In a gene mutation assay in mammalian cells (MLTK assay) a positive result was observed for 4methoxyphenol without metabolic activation and a negative result with metabolic activation using
an S9 homogenate (Rogers-Back, 1986). In the test without metabolic activation an increase in the
percentage of small colonies was noted indicating a potential for chromosomal aberrations. 4Methoxyphenol induced chromosomal aberrations in Chinese hamster ovary (CHO) cells in the
presence and absence of metabolic activation (Putman, 1986). 4-Methoxyphenol did not induce
sister chromatid exchanges (SCE) in human lymphocytes (Jansson et al., 1988); however, the study
was of limited quality. Since 4-methoxyphenol did not induce chromosomal aberration in vivo in rat
bone marrow cells after oral administration (Esber, 1986) the results observed in vitro with 4methoxyphenol were considered to be of no concern.
3,4-Methylenedioxyphenol [FL-no: 04.080] was reported to be negative in a bacterial mutagenicity
assay in the presence and absence of metabolic activation while a positive result was reported in a
gene mutation assay in mammalian cells (MLTK assay) both in the presence and absence of
metabolic activation (Longfellow, 1985/1986). However, this information was only available as a
very short abstract and the study reports were not available for evaluation. In vivo studies were not
available for this candidate substance.
Acetovanillone [FL-no: 07.142] was positive in a yeast assay without metabolic activation
(Nestmann & Lee, 1983). This result is not considered to preclude the substance to be evaluated
through the Procedure. The substance was negative in bacterial mutagenicity assays in the presence
and absence of metabolic activation (Nestmann et al., 1980; Xu et al., 1984). However, reporting of
the bacterial assays and the quality of data were insufficient and the validity of the results could not
be evaluated.
With the candidate substances 2-ethylphenol [FL-no: 04.070] and 2,4-dimethylphenol [FL-no:
04.066] negative results were observed in bacterial gene mutation assays (Pool & Lin, 1982; Zeiger
et al., 1992; Mortelmans et al., 1986). All other results observed in several assays with these two
and seven further candidate substances for which data were available were negative. However,
these data were of limited or insufficient quality and the validity of the studies could not be
evaluated.
With supporting substances positive and negative results were obtained in in vitro tests.
2-Methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026], 4-methylphenol [FL-no:
04.028], 2-methoxyphenol [FL-no: 04.005], and 2,6-dimethoxyphenol [FL-no: 04.036] did not
induce gene mutations in bacterial assays of acceptable quality (Pool & Lin, 1982; Haworth et al.,
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1983). The validity of a positive result observed with 2-methylphenol [FL-no: 04.027] in bacteria
(Claxton, 1985) cannot be evaluated.
2,6-Dimethylphenol [FL-no: 04.042] induced chromosomal aberrations in mammalian cells in the
presence of S9 while the result was negative in the absence of metabolic activation (Völkner, 1994).
The in vitro genotoxic potential of 2,6-dimethylphenol does not give rise to concern with respect to
other alkylated phenols in this FGE, as they are alkyl substituted in either m- or p-positions.
Phenols, substituted in m- or p-positition are expeted to be metabolised differently from 2,6dimethylphenol.
2-Methoxyphenol [FL-no: 04.005], 2-methoxy-4-methylphenol [FL-no: 04.007], 2-methylphenol
[FL-no: 04.027] and a mixture of 2-methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026]
and 4-methylphenol [FL-no: 04.028] induced SCE in human lymphocytes or CHO cells (Jansson et
al., 1986) [FL-no: 04.005]; (Jansson et al., 1988) [FL-no: 04.007]; (Galloway & Brusick, 1981)
[FL-no: 04.027]; (Galloway & Brusick, 1980) [mixture]). In most cases the effects were observed in
the presence and absence of metabolic activation.
The mixture of 2-methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026] and 4methylphenol [FL-no: 04.028] resulted in an equivocal response in a unscheduled DNA synthesis
(UDS) assay (Myhr & Brusick, 1980), while induction of UDS was observed with 4-methylphenol
[FL-no: 04.028] in another in vitro study (Crowley & Margard, 1978).
All other results observed in several in vitro assays with these and the remaining supporting
substances were negative; however, these data were of limited or insufficient quality and the
validity of the studies could not be evaluated.
With the supporting substances 2-methylphenol [FL-no: 04.027], 3-methylphenol [FL-no: 04.026]
and 4-methylphenol [FL-no: 04.028] negative results were obtained in in vivo SCE assays (Cheng
& Kligerman, 1984). However, these data were of limited quality. 3-Methylphenol [FL-no: 04.026]
did not induce chromosomal aberrations in mice (Ivett et al., 1989). However, the validity of the
result could not be evaluated as the study was inadequately reported. 2-Methylphenol [FL-no:
04.027] and carvacrol [FL-no: 04.031] did not induce mutations in Drosophila (Sernau, 1989; Kono
et al., 1995).
Overall, the available genotoxicity data on the supporting substances would not preclude evaluation
of the candidate substances through the Procedure. One of the candidate substances, 3,4methylenedioxyphenol [FL-no: 04.080], was reported to have genotoxic potential in vitro. In vivo
studies were not available for this candidate substance. Therefore, the Panel decided that the
Procedure could not be applied to this candidate substance until adequate genotoxicity data become
available.
For a summary of in vitro/in vivo genotoxicity data considered by EFSA, see Table 2.2 and 2.3.
3.3.

Additional Genotoxicity Studies

The following studies on eugenol [FL-no: 04.003] were not considered by the JECFA or by EFSA
in 2006 (EFSA, 2007m).
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Treatment of myeloperoxidase containing HL-60 cells with eugenol produced a dose-dependent
formation of three DNA adducts as detected with 32P-postlabelling. Incubation of HL-60 cells with
a combination of eugenol and H2O2 increased the levels of DNA adducts by 14-fold, which suggests
peroxidase activation in adduct formation. The DNA adducts formed in HL-60 cells treated with
eugenol were the same as those formed in peroxidase activation. In addition to adduct formation,
peroxidase activation of eugenol also produced an increase (2-3-fold) of oxidative DNA damage (8OH-2’-deoxyguanosine). Reaction of eugenol quinone methide with either DNA or
deoxyguanosine-3’-phosphate produced two principal adducts (2 and 4). DNA adduct 2 formed by
eugenol quinone methide was identical to DNA 2 adduct formed by eugenol in HL-60 cells. This
suggests that eugenol quinone methide is one of the reactive intermediates leading to DNA adduct
formation. These results demonstrated that eugenol can be activated to form both DNA adducts and
oxidative DNA base damage in vitro (Bodell et al., 1998).
Dietary administration (0.4 %, w/w) of eugenol for 58 days in male transgenic mice (Muta-TMMouse) provided no evidence for antimutagenic or antigenotoxic potential of eugenol in vivo. In
particular, eugenol did not affect either the mutations or the DNA adducts induced by benzo-apyrene, the last effects revealed by 32P-postlabelling analysis of liver DNA. Eugenol was not
mutagenic itself; however, one spot indicative of possible DNA adduct formation was detected.
This result is in contrast with earlier in vivo studies, showing that eugenol was unable to induce
DNA adduct formation in the liver of mice (Randerath et al., 1984; Phillips, 1990). In particular,
Phillips showed that eugenol, in contrast to safrole, was unable to form DNA adducts in B6C3F1
male mice by 32P-postlabelling with a limit of detection of 1 adduct in 10 billion nucleotides
(Rompelberg et al., 1996c).
3.4.

EFSA Considerations on Genotoxicity

There are several positive genotoxicity studies with eugenol in vitro, which indicate that this
substance (and consequently all substances in this FGE) may induce genotoxicity. In particular, the
data presently available have shown the following genotoxic profile for eugenol: no induction of
gene mutations in bacterial cells, prevalence of chromosomal effects in vitro, preferential induction
of small colonies in the mouse lymphoma assay in vitro assay, increase of 8-OH-deoxyguanosine in
cultured mammalian cells in the presence of peroxidase activation, induction of DNA adducts in
vitro, but not in vivo. In vivo eugenol produced contrasting results in the bone marrow micronucleus
assay when administered intraperitoneally to different mouse strains, while uniformly negative
results were obtained in rats and mice following oral administration, with the exception of a single
study at a dose exceeding the maximum recommended dose level. Dietary administration of
eugenol did not induce gene mutations in the liver of transgenic mice. The candidate substances in
this group are conjugated with glucuronic acid or sulphate very efficiently, and these pathways are
not easily saturated at the expected levels of intake resulting from their use as flavouring
substances. At high dose levels reactive metabolites (quinones, catechols, quinone methides) may
be formed. However, the formation of these metabolites is not expected to overwhelm the
detoxication capacity through conjugation with sulphate, glucuronic acid or, in particular,
glutathione, when the substances are used as flavouring substances. Overall, the genotoxic profile of
eugenol suggests a clastogenic effect in vitro with no evidence for genotoxicity in vivo by the oral
route.
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3.5.

EFSA Considerations on Long-Term Toxicity and Carcinogenicity of Eugenol

Long-term toxicity
In 1982 the JECFA established an acceptable daily intake (ADI) of 0–2.5 mg/kg body weight (bw)
per day for eugenol (JECFA, 1982a) on the basis of the results of a 19-week study in rats (10 males
and 10 females per group) fed diets containing 0, 0.1 and 1.0 % (0, 1000 or 10000 mg/kg) eugenol
for 19 weeks without any adverse effect on growth rate, haematology, organ weights and histology
of major tissues (Hagan et al., 1967). The results of the lifetime feeding study in rats provided
additional information for evaluating the acceptable daily intake for man.
In a two-year study male rats were given 3000 or 6000 mg/kg and female rats were given 6000 or
12,500 mg/kg of eugenol in the diet for 103 weeks, equivalent to intakes of 150 or 300 mg/kg
bw/day for males and 300 or 625 mg/kg bw/day in females. The only effect seen was an on body
weight at 625 mg/kg bw/day in females, and 300 mg/kg was a NOAEL (NTP, 1983b). At their 65th
meeting (JECFA, 2006b), the JECFA used the NOEL of 300 mg/kg/day to maintain their previous
ADI of 0–2.5 mg/kg bw/day for eugenol.
Carcinogenicity
Eugenol has been tested for carcinogenicity in long-term studies in rats and mice (Miller et al.,
1983; NTP, 1983b), in addition to some special carcinogenicity studies (skin painting and
promotion studies).
Eugenol was not carcinogenic in a limited dietary study with groups of 30 CD-1 mice, in a limited
gavage study in 55 male and 59 female CD-1 mice and after intraperitoneal injection in 52 male
CD-1 mice (Miller et al., 1983).
In B6C3F1 mice the incidences of hepatocellular tumours (carcinomas, adenomas) were 14/50,
39/45 and 19/49 in the controls, low-dose and high-dose males. The corresponding incidences in
females were 2/50, 7/49 and 9/49. In the males, the low-dose but not the high-dose, gave a
statistically significant increase in hepatocellular tumours (NTP, 1983b).
In the rat study endometrial stromal polyps of the uterus were found in increased incidence in
female rats. The incidence was 6/40, 6/50 and 16/50 in the controls, low and high doses,
respectively. Incidence of alveolar-bronchiolar adenomas of the lung in males was 0/40, 5/49 and
2/50 in the controls, low-dose and high-dose, respectively. The historical incidence of this tumour
in male F-344 control rats at the performing laboratory is 6/299 (2 %). No statistically significant
increase in this tumour was observed in high-dose males or in any of the female groups. C-cell
adenomas of the thyroid gland were observed at the following incidence in females: 3/40, 11/49 and
2/50 in the controls, low-dose and high-dose, respectively. The increase was statistically significant
in the low-dose animals. There was no increased incidence of this tumour at either dose in the
males. The NTP concluded eugenol was not carcinogenic to rats (NTP, 1983b).
Having reviewed the available subchronic and chronic studies on eugenol, the Panel concluded also
that eugenol is of relatively low long-term toxicity, the target organ being the liver, at higher doses.
A NOAEL for non-carcinogenic effects of 300 mg/kg bw/day could be derived.
There are currently three separate carcinogenicity experiments on eugenol available. The two
experiments by Miller et al., (1983) in which they compared the hepatocarcinogenicity of eugenol
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and a number of related hydroxyallylbenzenes (among which the carcinogenic safrole) showed in
both experiments that eugenol was not carcinogenic. Safrole on the other hand, was clearly
carcinogenic. In one of these experiments the compounds were administered orally, in the other
intraperitoneally.
The NTP study showed that in the rat no carcinogenic effect was observed (NTP, 1983b). In the
mouse strain, which showed a background level of hepatocellular tumors, the observed changes in
the incidence of hepatocellular tumors are consistent with this background level. Therefore, this
study is also considered negative.
Based on these data the Panel concluded that eugenol is not carcinogenic.
4. Application of the Procedure
4.1.
Application of the Procedure to Eugenol and Six Related Hydroxyallylbenzene Derivatives
by the JECFA (JECFA, 2007a):
According to the JECFA all seven substances belong to structural class I using the decision tree
approach presented by Cramer et al. (1978).
The JECFA concluded six of the seven substances at step A3 in the JECFA Procedure, i.e. the
substances are expected to be metabolised to innocuous products (step 2) and the intakes for the six
substances are below the threshold for structural class I (step A3).
One substance, eugenol [FL-no: 04.003], was concluded at step A5, i.e. the intake is above the
threshold for the structural class, the substance is not endogenous, but a NOAEL is available that
can provide an adequate margin of safety to the MSDI value for the substance. For this substance
the intake used in the JECFA evaluation was based on USA MSDI (worst case), which is 3364
microgram/capita/day – if the intake is based on EU figures (950 microgram/capita/day) the intake
would be below the threshold for the structural class and the substance would have been concluded
at step A3 to be of no safety concern.
In conclusion, the JECFA evaluated all seven substances as to be of no safety concern at the
estimated levels of intake as flavouring substances based on the MSDI approach.
The evaluations of eugenol and the six related hydroxyallylbenzene derivatives are summarised in
Table 3.1: Summary of Safety Evaluation of Eugenol and Related Hydroxyallylbenzene Derivatives
(JECFA, 2007a).
4.2.
Application of the Procedure to 23 Ring Substituted Phenolic Substances by EFSA (EFSA,
2007m)
Twenty-three flavouring substances were evaluated in FGE.22. One of the candidate substances,
3,4-methylenedioxyphenol [FL-no: 04.080], showed genotoxic potential in vitro. Therefore, the
Panel concluded that the Procedure could not be applied to this candidate substance until adequate
genotoxicity data become available.
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Nineteen of the 22 substances, to which the Procedure could be applied, are classified into structural
class I and three into structural class II using the decision tree approach presented by Cramer et al.
(1978).
The 22 substances, evaluated through the Procedure, in FGE.22 are assumed to be well absorbed.
The substances are readily conjugated with sulphate or glucuronic acid at the hydroxy group,
followed by rapid excretion usually via urine. The phenol esters will be hydrolysed, probably in the
intestinal lumen by pancreatic enzymes to the corresponding phenols and formic and acetic acid.
Sulphation and glucuronidation of phenols have been found in many species including humans, but
species differences in efficacy of the two routes have been reported. These pathways are not easily
saturated at the expected levels of intake resulting from the use as flavouring substances. At high
dose levels reactive metabolites (quinones, catechols, quinone methides) may be formed. However,
the formation of these metabolites is not expected to overwhelm the detoxication capacity through
conjugation with sulphate, glucuronic acid or in particular glutathione, when the substances are
used as flavouring substances. Thus, for the flavouring substances in FGE.22, it is concluded that
the substances in this group may be expected to be metabolised to innocuous substances at the
estimated levels of intake, based on the MSDI approach.
The 22 substances were concluded at step A3, i.e. the substances are expected to be metabolised to
innocuous products (step 2) and the estimated daily intakes are below the thresholds for the
structural classes I and II (step A3).
In conclusion, the Panel considered that the 22 substances evaluated through the Procedure were of
no safety concern at the estimated levels of intake based on the MSDI approach.
The stepwise evaluations of the 22 substances are summarised in Table 3.2: Summary of Safety
Evaluation Applying the Procedure (EFSA / FGE.22).
4.3.

EFSA Considerations

There are several genotoxicity studies with eugenol in vitro, which indicate that eugenol (and
consequently all substances in this FGE) may induce genotoxicity. The in vitro genotoxic profile
suggests a possible role of oxidative DNA damage, with limited evidence for genotoxicity in vivo.
Taking into account the lack of carcinogenicity for eugenol, the Panel concluded that the available
data on genotoxicity do not preclude that eugenol, and related hydroxyallylbenzene derivatives, are
evaluated using the Procedure.
Accordingly the Panel agrees with the application of the Procedure as performed by the JECFA.
5. Conclusion
The Panel concluded that the seven substances in the JECFA flavouring group of eugenol and
related hydroxyallylbenzene derivatives are structurally related to the phenolic substances evaluated
by EFSA in FGE.22.
The Panel agrees with the application of the Procedure as performed by the JECFA. As the EU
MSDI for eugenol [FL-no: 04.003] is below the threshold of the structural class it can already be

The EFSA Journal (2009) 965, 18-53

Flavouring Group Evaluation 60 (FGE.60)

concluded to be of no safety concern at step A3 in the Procedure scheme. Moreover, a NOAEL of
300 mg/kg bw has been identified.
For three of the substances considered in this FGE use levels are available [FL-no: 04.058, 04.096
and 09.878] corresponding to mTAMDI values of 360, 420 and 2300 microgram/person/day,
respectively. For one of these substances [FL-no: 09.878] the mTAMDI exceeds the threshold for
the structural class. For the remaining four substances [FL-no: 04.003, 09.020, 09.088 and 09.766]
use levels are needed to calculate the mTAMDIs in order to identify those flavouring substances
that need more refined exposure assessment and to finalise the evaluation.
In order to determine whether the conclusion for the seven JECFA evaluated substances can be
applied to the materials of commerce, it is necessary to consider the available specifications:
Adequate specifications including complete purity criteria and identity tests are available for six of
the seven JECFA evaluated substances. For one substance [FL-no: 09.088] information on the
composition of mixture is requested.
Thus, for one substance [FL-no: 09.088] the Panel has reservations (composition of mixture is
requested). For the remaining six substances [FL-no: 04.003, 04.058, 04.096, 09.020, 09.766 and
09.878] the Panel agrees with the JECFA conclusion “No safety concern at estimated levels of
intake as flavouring substances” based on the MSDI approach.
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TABLE 1: SPECIFICATION SUMMARY FOR JECFA EVALUATED SUBSTANCES IN THE PRESENT GROUP
Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Eugenol and Six Related Hydroxyallylbenzene Derivatives
FL-no
EU Register name
JECFA-no

04.003
1529

Eugenol

OH
O

04.058
1527

4-Allylphenol

04.096
1528

2-Methoxy-6-(2-propenyl)phenol

09.020
1531

Structural formula

OH

HO

Eugenyl acetate

FEMA no
CoE no
CAS no

Phys. form
Mol. formula
Mol. weight

Solubility 1)
Solubility in ethanol 2)

Boiling point, °C 3) Refrac. Index 4) EFSA comments
Melting point, °C
Spec. gravity 5)
ID test
Assay minimum

2467
171
97-53-0

Liquid
C10H12O2
164.20

Slightly soluble
Soluble

256

4075
11218
501-92-8

Liquid
C9H10O
134.18

Insoluble
Soluble

235
16
NMR
95 %

1.542-1.548
1.017-1.023

Slightly soluble
Soluble

119-121 (16hPa)

1.535-1.541
1.065-1.071

579-60-2

Liquid
C10H12O2
164.20

2469
210
93-28-7

Solid
C12H14O3
206.24

Insoluble
Soluble

282
25
IR
98 %

n.a.
n.a.

2473
355
10031-96-6

Liquid
C11H12O3
192.21

Insoluble
Soluble

270

1.524-1.526
1.115-1.125

O

O

O

IR
98 %

NMR
98 %

O

09.088
1530

4-Eugenyl formate
O

O
O

1.540-1.542
1.064-1.070

NMR
94 %

According to JECFA: Min.
assay value is "94 %" and
secondary components
"eugenol".
Register name to be changed to
Eugenyl formate.
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Eugenol and Six Related Hydroxyallylbenzene Derivatives
FL-no
EU Register name
JECFA-no

09.766
1533

Structural formula

Eugenyl benzoate
O

FEMA no
CoE no
CAS no

Phys. form
Mol. formula
Mol. weight

Solubility 1)
Solubility in ethanol 2)

Boiling point, °C 3) Refrac. Index 4) EFSA comments
Melting point, °C
Spec. gravity 5)
ID test
Assay minimum

2471
636
531-26-0

Solid
C17H16O3
268.31

Insoluble
Soluble

n.a.
69-70
NMR
97 %

n.a.
n.a.

4118

Solid
C15H20O3
248.32

Insoluble
Soluble

222
85
NMR
99 %

n.a.
n.a.

O
O

09.878
1532

Eugenyl isovalerate
O

61114-24-7
O
O

1) Solubility in water, if not otherwise stated.
2) Solubility in 95 % ethanol, if not otherwise stated.
3) At 1013.25 hPa, if not otherwise stated.
4) At 20°C, if not otherwise stated.
5) At 25°C, if not otherwise stated.
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TABLE 2: GENOTOXICITY DATA
Table 2.1: Genotoxicity Data (in vitro / in vivo) for Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
Table 2.1: Summary of Genotoxicity Data for Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
JECFA-no

EU Register name
JECFA name

Structural formula

End-point

Test system

Concentration

Results

Reference

Reverse Mutation

Salmonella typhimurium TA1530,
TA1531, TA1532, and TA1964

0.02 or 0.2 M (3284 or
32841 µg/ml)1

Negative2

(Green & Savage, 1978)

Reverse Mutation

S. typhimurium TA1530, TA1531,
TA1532, and TA1964

1 to 5 mg/plate (1000 to
5000 µg/plate)

Negative3

(Green & Savage, 1978)

Reverse Mutation

S. typhimurium TA98, TA100,
TA1535, TA1538, and TA1537

2000 µg/plate

Negative4

(Nestmann et al., 1980)

Reverse Mutation

S. typhimurium TA92, TA94, TA98,
TA100, TA1535, and TA1537

Up to 2000 µg/plate

Negative2,5

(Ishidate et al., 1984)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 3 µmol/plate (492.6
and TA1537
µg/plate)1

Negative4,6

(Florin et al., 1980)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 32.84 µg/plate
TA1538, and TA1537

Negative3,6

(Douglas et al., 1979)

4,7

(Tennant et al., 1987)

In vitro
04.003
1529

Eugenol

OH
O

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 333 µg/plate
and TA1537

Negative

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 60, 120, 300 or 600
TA1538, and TA1537
µg/plate

Negative3,8
Negative2,5,8

(Sekizawa & Shibamoto, 1982)

Reverse Mutation

S. typhimurium TA97, TA98, TA100,
and TA104

3000 µg/plate

Negative4,6,9

(Miller et al., 1986)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, Not provided
TA1537, and TA1538

Negative4,10

(Eder et al., 1982b)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 0.01 to 3 µl per 2 ml
TA1537, and TA1538
incubation volume (5 to
1605 µg/ml)11

Negative4,8,10

(Eder et al., 1980)
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Table 2.1: Summary of Genotoxicity Data for Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
JECFA-no

EU Register name
JECFA name

Structural formula

End-point

Test system

Concentration

Results

Reverse Mutation

S. typhimurium TA100

0.1 to 1000 µg/plate

Negative

(Rapson et al., 1980)

Reverse Mutation

S. typhimurium TA98 and TA100

2500 µg/ml

Negative4

(Orstavik & Hongslo, 1985)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 10, 150, 300, 600 or 1200
TA1537, and TA1538
µg/plate

Negative4,12

(Amonkar et al., 1986)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 2000 µg/plate
TA1538, and TA1537

Negative4

(Douglas et al., 1980)

Reverse Mutation

S. typhimurium TA100, TA102 and
TA1535

Negative4

(Sukumaran & Kuttan, 1995)

50 to 400 µg/plate
Up to 30 µmoles/plate
(4926 µg/plate)

4,13

Reverse Mutation

S. typhimurium TA98 and TA100

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 0.5, 5, 50, 500 or 5000
TA1537 and TA1538
µg/plate

Negative4,14

(Pool & Lin, 1982)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535 3.3 to 333.3 µg/plate
and TA1537

Negative4,14,15

(Haworth et al., 1983)

Reverse Mutation

S. typhimurium TA98 and TA100

Negative2

(Rockwell & Raw, 1979)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 0.5 to 500 µg/plate
TA1537 and TA1538

Negative4,16,17

(To et al., 1982)

Reverse Mutation

S. typhimurium TA1535

Positive2,18
Negative3

(To et al., 1982)

Reverse Mutation

S. typhimurium TA98, TA100, TA1535, 5 to 500 µg/plate
TA1537 and TA1538

Negative4,5

(Yoshimura et al., 1981)

0.05 to 100 µl (53.5 to
107000 µg/plate)

0.5 to 500 µg/plate

Negative

Reference

4,5

(Swanson et al., 1979)

Reverse Mutation

S. typhimurium TA97, TA98 and
TA100

1000 µg/ml

Negative

(Azizan & Blevins, 1995)

Reverse Mutation

S. typhimurium TA97, TA98, TA100
and TA102

0.25 to 6 µM/plate (41 to
985 µg/plate)

Negative4,5,19

(Schiestl et al., 1989)

4,5

Reverse Mutation

S. typhimurium TA98, TA100, TA1535 3.3 to 333.3 µg/plate
and TA1537

Negative

(NTP, 1983a)

Reverse Mutation

Escherichia coli WP2 uvrA (trp-)

60, 120, 300 or 600
µg/plate

Negative3,8
Negative2,5,8

(Sekizawa & Shibamoto, 1982)

DNA Repair

Bacillus subtilis M45 (rec-) and H17
(rec+)

1 to 100 mg/disk (1000 to
100 000 µg/disk)

Negative

(Yoshimura et al., 1981)

DNA Repair

B. subtilis M45 (rec-) and H17 (rec+)

400 µg/disk

Positive3

(Sekizawa & Shibamoto, 1982)
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Table 2.1: Summary of Genotoxicity Data for Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
JECFA-no

EU Register name
JECFA name

Structural formula

End-point

Test system

Concentration

Results

Reference

DNA Repair

B. subtilis M45 (rec-) and H17 (rec+)

21 µg/disk

Negative

(Oda et al., 1979)

Forward Mutation

L5178Y Mouse Lymphoma cells

21.3 µg/ml

Positive3,7

(Tennant et al., 1987)

Forward Mutation

L5178Y Mouse Lymphoma cells

20 to 120 nl/ml (21 to 128
µg/ml)

Positive3,20

(Myhr & Caspary, 1991)

Sister Chromatid
Exchange

Peripheral Human lymphocytes

0 to 0.5 mM (0 to 82 µg/ml) Negative

Sister Chromatid
Exchange

Chinese Hamster Ovary cells

273 to 326 µg/ml

(Jansson et al., 1986)

Positive2,21

(Galloway et al., 1987)
3,22

Sister Chromatid
Exchange

Chinese Hamster Ovary cells

11 to 123 µg/ml

Weakly positive

Sister Chromatid
Exchange

Syrian Hamster Embryo cells

0.00003 to 0.001% v/v (0.3 Weakly positive22
to 10 µg/ml)

Sister Chromatid
Exchange

Chinese Hamster Ovary cells

75 to 326 µg/ml

Positive4

(NTP, 1983a)

Sister Chromatid
Exchange

Chinese Hamster Ovary cells

75 µg/ml

Positive4,7

(Tennant et al., 1987)

Chromosomal
Aberrations

Chinese Hamster Fibroblast cells

125 µg/ml

Negative23
Positive24

(Ishidate et al., 1984)

Chromosomal
Aberrations

Chinese Hamster Ovary cells

198 to 300 µg/ml

Negative3,8

(Galloway et al., 1987)

Chromosomal
Aberrations

Chinese Hamster Ovary cells

201 to 324 µg/ml

Weakly positive2,25

(Galloway et al., 1987)

26

Chromosomal
Aberrations

Chinese Hamster Ovary cells

50, 100 or 200 µg/ml

Negative

Chromosomal
Aberrations

Chinese Hamster Ovary cells

0.8 to 1.6 mM (131 to 263 Positive2,27
µg/ml)
2,8,28

(Galloway et al., 1987)
(Fukuda, 1987)

(Stich et al., 1981c)
(Bean et al., 1992)

Chromosomal
Aberrations

Chinese Hamster Ovary cells

1.2, 1.4 or 1.6 mM (197,
230 or 263 µg/ml)

Positive

(Bean & Galloway, 1993)

Chromosomal
Aberrations

Chinese Hamster Ovary cells

198 to 324 µg/ml

Positive2

(NTP, 1983a)

Chromosomal
Aberrations

Chinese Hamster Ovary cells

300 µg/ml

Positive2,7

(Tennant et al., 1987)
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Table 2.1: Summary of Genotoxicity Data for Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
JECFA-no

09.020
1531

EU Register name
JECFA name

Eugenyl acetate

Structural formula

O

O

End-point

Test system

Concentration

Results

Reference

Unscheduled DNA
Synthesis

Male Fischer 344 rats (hepatocytes)

0.1 to 1,000 µM ( 0.01642
to 164.2 µg/ml)

Negative

(Burkey et al., 2000)

Unscheduled DNA
Synthesis

Female B6C3F1 mice (hepatocytes)

0.1 to 1,000 µM (0.01642 to Negative
164.2 µg/ml)

(Burkey et al., 2000)

Unscheduled DNA
Synthesis

Male Fischer 344 rats (hepatocytes)

10-6 to 10-3 M (0.1642 to
164.2 µg/ml)

Negative29

(Howes et al., 1990)

Unscheduled DNA
Synthesis

Syrian Hamster Embryo cells

0.00003 to 0.0001% v/v
(0.3 to 1 μg/ml)

Positive2

(Fukuda, 1987)

Unscheduled DNA
Synthesis

Male Sprague-Dawley rats
(hepatocytes)

0.1, 0.25, or 0.5 mM (16, 41 Negative
or 82 µg/ml)

Unscheduled DNA
Synthesis

Male Sprague-Dawley rats
(hepatocytes)

1, 2.5, 5, 10 or 15 µg/ml

Negative30

(San & Reece, 2003)

Micronucleus Induction

Male Swiss CD-1 mice (bone marrow)

680 mg/kg bw/day for 15
days

Negative31

(Rompelberg et al., 1995)

Micronucleus Induction

Male B6C3F1 mice (bone marrow)

150, 300 or 600 mg/kg
bw/day for 3 days

Negative32

(Shelby et al., 1993)

Micronucleus Induction

Human lymphocytes

150 mg/day for 7 days (1.7 Negative34
to 2.2 mg/kg bw/day)33

Micronucleus Induction

Male CF1 mice (bone marrow)

400 mg/kg bw

Positive32,35

(Ellahueñe et al., 1994)

Micronucleus Induction

Male Sprague-Dawley rats (bone
marrow)

1340 or 2680 mg/kg bw

Negative36

(Allavena et al., 1992)

Micronucleus Induction

Male CF1 mice (bone marrow)

100, 400 or 600 mg/kg bw

Positive32,37,38

(Ellahueñe et al., 1994)

Micronucleus Induction

Male Sprague-Dawley rats (liver and
bone marrow)

1340 mg/kg bw

Negative36,39

(Allavena et al., 1992)

Micronucleus Induction

Male Wistar rats (bone marrow)

500 or 1000 mg/kg bw per
day for 10 days

Negative34,40

(Rompelberg et al., 1996a)

Micronucleus Induction

Female Sprague-Dawley rats (bone
marrow)

335, 670 or 1340 mg/kg bw Negative36

(Allavena et al., 1992)

O

In vivo
04.003
1529

Eugenol

OH
O

(Rompelberg et al., 1996b)

(Maura et al., 1989)

The EFSA Journal (2009) 965, 25-53

Flavouring Group Evaluation 60 (FGE.60)

Table 2.1: Summary of Genotoxicity Data for Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
JECFA-no

EU Register name
JECFA name

Structural formula

1

Calculated from relative molecular mass for eugenol = 164.203.

2

With metabolic activation.

3

Without metabolic activation.

4

With and without metabolic activation.

5

Pre-incubation method.

6

Spot test.

7

Lowest dose that gave positive results or highest dose that gave negative results.

8

Cytotoxicity observed at highest dose.

9

Toxic to strains TA97, TA100 and TA104 at 3000 μg/plate.

10

Modified liquid suspension test system.

11

Calculated from density of eugenol = 1.07 g/ml.

12

Toxic to all strains at 1200 µg/plate.

End-point

Test system

Concentration

Results

Micronucleus Induction

Male ddY mice (bone marrow)

100, 200, 400 or 800 mg/kg Negative32
mw

(Hayashi et al., 1984)

Micronucleus Induction

Male Swiss Webster mice (bone
marrow)

14832, 74032 or 1479434
mg/kg bw

Positive

(Woolverton et al., 1986)

Unscheduled DNA
Synthesis

Male Sprague-Dawley rats
(hepatocytes)

1340 or 2680 mg/kg bw

Negative36

(Allavena et al., 1992)

Unscheduled DNA
Synthesis

Male Wistar rats (hepatocytes)

500 or 1000 mg/kg bw per
day for 10 days

Negative36,41

(Rompelberg et al., 1996b)

DNA fragmentation

Female Sprague-Dawley rats
(granuloma cells)

1, 5 or 10 mmol/kg bw
(164, 821, or 1642 mg/kg
bw)1

Negative36

(Maura et al., 1989)

DNA fragmentation

Female Sprague-Dawley rats (liver and 1340 mg/kg bw
kidney)

Negative36

(Maura et al., 1989)

DNA fragmentation

Male Sprague-Dawley rats
(hepatocytes)

1340 or 2680 mg/kg bw

Negative36,42

(Allavena et al., 1992)

Chromosomal aberration

Human lymphocytes

150 mg/day for 7 days (1.7 Negative34
– 2.2 mg/kg bw per day)33

Mutation

Female Sprague-Dawley rats
(granuloma cells)

1, 5 or 10 mmol/kg bw
(164, 821, or 1642 mg/kg
bw)1

Negative36

Reference

(Rompelberg et al., 1996b)
(Maura et al., 1989)
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13
14
15

Cytotoxicity observed at 5 μmoles/plate (821 μg/plate).
Toxic to all strains at 5000 μg/plate.
Cytotoxicity observed at 333.3 μg/plate in strains TA100 and TA1537.

16

Statistically significant in strain TA98 at 500 μg/plate.

17

Statistically significant in strain TA1537 at 10, 50, 150 and 500 μg/plate; at least twice the number of revertants per plate as in negative control only in first of three determinations.

18

3’-Phosphoadenosine-5’-phosphosulphate included in metabolic activation mix.

19

No effects with or without metabolic activation in strains TA97 and TA100; weak effects in strains TA98 and TA102.

20

Cytotoxicity observed at 64 and 128 μg/ml.

21

Increases at doses that caused severe cell cycle delay.

22

Statistical significant, but induced level not twice in the control.

23

At 24 h; dose is highest non-cytotoxic dose used.

24

At 48 h; dose is that at which maximum effect obtained.

25

In the first trial, cells fixed at about 10.5 h showed a small increase in chromosomal aberrations at the highest dose; in the second trial (with a harvesting time of 20 h), clear increase observed.

26

Slight increase in the incidence at 200 μg/ml (2.0 %) relative to controls (0.8 %).

27

In the first trial, with harvesting at 15.0 and 24.5 h after treatment initiation, cell viability was 57 % and 37 % that of controls after incubation with 0.8 mmol/l of eugenol, and 53 % and 43 % that of controls after incubation with 1.2 mmol/l of eugenol.
The percentage of aberrant cells increased to a maximum of 25.5 % at harvesting 15 h after incubation with 0.8 mmol/l of eugenol. In the second trial, the aberration yield shifted with the cytotoxicity, as concentrations of 1.2 to 1.6 mmol/l of eugenol was as
cytotoxic as 0.8 mmol/l in the first trial. Maximum percentage of aberrant cells (26.5 %) on harvesting 17 h after incubation with 1.6 mmol/l of eugenol.

28

Cells harvested 20-21 h or 42-44 hs after beginning of 3h treatment with eugenol. Severe cell cycle delay observed 20 h after incubation with 1.6 mmol/l of eugenol, and the chromosomal aberrations accompanied by a reduction in cell counts to about 50 %
that of controls.

29

Cytotoxicity observed at 500 µmol/l.

30

Cytotoxicity observed at 10 and 15 μg/ml.

31

Administered in diet..

32

Administered by intraperitoneal injection.

33

Range of doses calculated on basis of the body weight range of the volunteers: 68 to 88 kg.

34
35

Administered orally.
Sampling 24, 30, or 48 h after intraperitoneal injection.

36

Administered by gavage.

37

Sampled once, 30 h after intraperitoneal injection.

38

Significant increases at 400 and 600 mg/kg bw of eugenol.

39

Rats underwent two-thirds hepatectomy 20 h before eugenol was administered.

40

Slight, not statistically significant increase in percentage of polychromatic erythrocytes at 1000 mg/kg bw per day.

41

Hepatocytes from rats pre-treated with 500 mg/kg bw of eugenol and then exposed in vitro to dimethyl sulphoxide had significantly lower mean net nuclear grain count than control hepatocytes (dimethyl sulphoxide); no results for 1000 mg/kg bw eugenol
plus dimethyl sulphoxide.

42

Observed 4 and 20 h after seeding.
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Table 2.2: Genotoxicity (in vitro) for Ring Substituted Phenolic Substances (EFSA, 2007m)
Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]
(2-Methylphenol [04.027])

Test System
Ames assay

Test Object
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

Concentration
2.5 µl/plate
(26,200µg/plate)
324 µg/plate

Ames assay

S. typhimurium
TA98; TA100; TA1535; TA1537

Ames assay

Ames assay
(preincubation method)

Ames assay

Ames assay
Ames assay
(preincubation assay)
Ames assay
Ames assay

Result
Negative1, 2

Reference
(Douglas et al., 1980)

Comments

Negative1, 2

(Florin et al., 1980)

17

5 concentrations from 1
to 100 µg/plate

Negative1, 2

(Haworth et al., 1983)

17

S. typhimurium
TA98; TA100
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

5 µg/plate

Negative1, 2

(Massey et al., 1994)

17

Up to 2600 µg/plate
(range not reported)

Negative1, 2, 3

(Nestmann et al., 1980)

17

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535; TA1537
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
S. typhimurium
TA98; TA100

4 concentrations from 5
to 5000 µg/plate
1000 µg/plate

Negative1, 2

(Pool & Lin, 1982)

17

Negative1, 2

(Canter, 1981)

17

500 µg/plate

Negative1, 2

(Nuodex Inc., 1980a)

17

Not reported

Negative4 Positive5

(Claxton, 1985)

17

17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Acceptable quality. Published summary report
including detailed results from studies on 250
chemicals tested in various laboratories within
the NTP. In accordance with OECD guideline
471 (1983).

Insufficient quality as main details of method
and results were not reported. Additionally, the
test was not repeated.
Acceptable quality.

Result cannot be evaluated since it was reported
only as a very short summary in table format.
The paper was on methodological aspects of the
assay and not specifically on this compound.

Sister chromatid exchange

Human lymphocytes

5 concentrations up to
0.5 mM (54 µg/ml)

Negative

(Jansson et al., 1986; Jansson et
al., 1988)

17

Sister chromatid exchange

Human fibroblasts

86.5 - 865 µg/ml
without S9

Equivocal

(Cheng & Kligerman, 1984)

17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
Limited quality. Only the highest concentration
resulted in a result statistically significantly
different from control (1.2-fold increase only).
A second experiment was not performed.
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

(3-Methylphenol [04.026])

Test System
Sister chromatid exchange

Test Object
Chinese Hamster ovary cells

Sister chromatid exchange

Chinese hamster
ovary cells

Unscheduled DNA synthesis

Rat primary hepatocytes

Concentration
4 concentrations from
12.5 to 75 nl/ml
(78.6 µg/ml) without
S9,
11 concentrations from
1.56 to 700 nl/ml (733
µg/ml) with S9
Up to 500 nl/ml
(524 µg/ml)4

Result
Positive1 Positive2

Reference
(Galloway & Brusick, 1981)

Positive1, 2

(Galloway & Brusick, 1980)

17

7 concentrations from
0.5 to 50 nl/ml
(52.4 µg/ml)4

Equivocal

(Myhr & Brusick, 1980)

17

E. coli W3110

5000 µg/ml

Negative1, 2

DNA repair assay
Ames assay

E. coli
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

5000 µg/ml
2000 µg/plate
324 µg/plate

S. typhimurium
TA98; TA100; TA1535;
TA1537

5 concentrations from
3.3 to 333 µg/plate

Negative1, 2

S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

Up to 2000 µg/plate
(range not reported)

Negative1, 2, 3

S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

5 concentrations from
0.5 to 5000 µg/plate

Negative1, 2

Ames assay

Ames assay

Ames assay

Acceptable quality. Statistically significant
dose-related increase (up to two-fold).

Acceptable quality but limited relevance
because the test material was a mixture of pcresol, m-cresol and o-cresol (33 1/3 % each).
Acceptable quality but limited relevance
because the test material was a mixture of pcresol, m-cresol and o-cresol (33 1/3 % each).
Response was not dose-related. A slight
response was observed at concentrations up to
5.0 nl/ml, while UDS was not observed at
concentrations from 10 to 50 nl/ml..

DNA Repair assay

Ames assay
(preincubation method)

Comments

17

17

Negative1, 2
Negative1, 2

(Pepper Hamilton and Scheetz,
1980)
(Nuodex Inc., 1980b)
(Douglas et al., 1980)

Negative1, 2

(Florin et al., 1980)

17

Test substance included 60 % o-cresol.
17
17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
(Haworth et al., 1983)

17

Acceptable quality. Published summary report
including detailed results from studies on 250
chemicals tested in various laboratories within
the NTP. In accordance with OECD guideline
471 (1983).
(Nestmann et al., 1980)

17

Insufficient quality as main details of method
and results were not reported. Additionally, the
test was not repeated.
(Pool & Lin, 1982)

17

Acceptable quality.

The EFSA Journal (2009) 965, 29-53

Flavouring Group Evaluation 60 (FGE.60)

Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

Test System
Ames assay
(preincubation assay)
Sister chromatid exchange

Sister chromatid exchange
Sister chromatid exchange

Unscheduled
DNA synthesis
Unscheduled
DNA synthesis

Test Object
S. typhimurium
TA98; TA100; TA1535;
TA1537
Human lymphocytes

Concentration
3333 µg/plate

Result
Negative1, 2

Reference
(Canter, 1981)

5 concentrations up to 1
mmol/L (108 µg/ml)

Negative

(Jansson et al., 1986);
(Jansson et al., 1988)

17

865 µg/ml
Up to 500 nl/ml
(524 µg/ml)4

Negative
Positive1, 2

(Cheng & Kligerman, 1984)
(Galloway & Brusick, 1980)

17

Rat primary hepatocytes

10 µg/ml

Negative

(Cifone, 1988a)

17

Rat primary hepatocytes

7 concentrations from
0.5 to 50 nl/ml
(51.7 µg/ml)4

Equivocal

(Myhr & Brusick, 1980)

17

Human fibroblasts
Chinese hamster ovary cells

Comments

17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).

17

Acceptable quality but limited relevance
because the test material was a mixture of pcresol, m-cresol and o-cresol (33 1/3 % each).

Limited relevance because the test material was
a mixture of p-cresol, m-cresol and o-cresol (33
1/3 % each). Response was not dose-related. A
slight response was observed at concentrations
up to 5.0 nl/ml, while UDS was not observed at
concentrations from 10 to 50 nl/ml..
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]
(4-Methylphenol [04.028])

Test System
Ames assay
Ames assay
(preincubation method)
Ames assay

Ames assay
Ames assay

Ames assay
Ames assay
(preincubation assay)
Ames assay
Sister chromatid exchange

Sister chromatid exchange
Sister chromatid exchange

Unscheduled DNA synthesis

Test Object
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

Concentration
1000 µg/plate

Result
Negative1, 2

Reference
(Douglas et al., 1980)

17

324 µg/plate

Negative1, 2

(Florin et al., 1980)

17

S. typhimurium
TA98; TA100; TA1535;
TA1537

5 concentrations from
3.3 to 333 µg/plate

Negative1, 2

S. typhimurium
TA98; TA100
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

5 µg/plate

Negative1, 2

(Massey et al., 1994)

17

Up to 1000 µg/plate
(range not reported)

Negative1, 2, 3

(Nestmann et al., 1980)

17

S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535;
TA1537
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538
Human lymphocytes

5 concentrations from
0.5 to 5000 µg/plate

Negative1, 2

Human fibroblasts
Chinese hamster ovary cells

Human lymphocytes

Comments

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
17

(Haworth et al., 1983)

Acceptable quality. Published summary report
including detailed results from studies on 250
chemicals tested in various laboratories within
the NTP. In accordance with OECD guideline
471 (1983).

Insufficient quality as main details of method
and results were not reported. Additionally, the
test was not repeated.
17

(Pool & Lin, 1982)

Acceptable quality.
1, 2

1000 µg/plate

Negative

(Canter, 1981)

17

1 µl/plate
(1030 µg/plate)

Negative1, 2

(Crowley & Margard, 1978)

17

5 concentrations up to
0.5 mmol/L (54 µg/ml)

Negative

(Jansson et al., 1986)

17

865 µg/ml
Up to 500 nl/ml
(524 µg/ml)4

Negative
Positive1, 2

25 µM
(2.7 µg/ml)

Negative

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
(Cheng & Kligerman, 1984)
(Galloway & Brusick, 1980)

17
17

Acceptable quality but limited relevance
because the test material was a mixture of pcresol, m-cresol and o-cresol (33 1/3 % each).
(Daugherty & Franks, 1986)

17

Not relevant since only an inhibition of UVinduced UDS was measured.. Additionally, a
result is reported only for one concentration
(resulting in inhibition by 30 %) and a negative

The EFSA Journal (2009) 965, 31-53
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

Test System

Test Object

Concentration

Result

Reference

Comments
control was not included.

Unscheduled DNA synthesis

Rat primary hepatocytes

7 concentrations from
0.5 to 50 nl/ml
(51.5 µg/ml)

Equivocal

(Myhr & Brusick, 1980)

17

WI-38 human embryonic lung fibroblast
cells

Not unambiguously
reported

Positive

5 doses from 0.01 to 10
mg/plate
3 µmol/plate
(367 µg/plate)

Negative1, 2

(Zeiger et al., 1992)

1, 2

Negative

(Florin et al., 1980)

Sister chromatid exchange

S. typhimurium
TA97; TA98; TA100; TA1535
S. typhimurium
TA98; TA100; TA1535;
TA1537
Human lymphocytes

Negative6

(Jansson et al., 1986)

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535; TA1537

5 concentrations up to
0.25 mmol/L
(30.5 µg/ml)
3 µmol/plate
(366 µg/plate)

Negative1, 2

(Florin et al., 1980)

Sister chromatid exchange

Human lymphocytes

Negative6

(Jansson et al., 1986)

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

5 concentrations up to
0.25 mmol/L
(30.5 µg/ml)
367 µg/plate

Negative1, 2

(Florin et al., 1980)

Ames assay

S. typhimurium
TA98; TA100

Not reported

Human lymphocytes

5 concentrations up to
0.25 mmol/L
(27 µg/ml)

Negative

2000 µg/plate

Negative1, 2

Unscheduled DNA synthesis

2-Ethylphenol [04.070]

3-Ethylphenol [04.021]

(4-Ethylphenol [04.022])

Ames assay
(preincubation method)
Ames assay
(preincubation method)

Sister chromatid exchange

(4-(1,1-Dimethyl)ethyl phenol

Ames assay

S. typhimurium

Acceptable quality but limited relevance
because the test material was a mixture of pcresol, m-cresol and o-cresol (33 1/3 % each).
Response was not dose-related. A slight
response was observed at concentrations up to
5.0 nl/ml, while UDS was not observed at
concentrations from 10 to 50 nl/ml.
(Crowley & Margard, 1978)

17

Unpublished study report of limited quality
because concentrations were not unambiguously
reported and only 3 concentrations have been
tested. However, the result was reproducible.
Liquid scintillation counting.
Acceptable quality.
Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Negative1, 2

(Epler et al., 1979)

17

Insufficient quality. Not in accordance with
OECD guideline 471. Only two strains tested.
Results not reported in detail.
(Jansson et al., 1986)

17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
(Dean et al., 1985)

17
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Flavouring Group Evaluation 60 (FGE.60)

Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]
[04.064])

Test System

Test Object
TA98; TA100; TA1535;
TA1537; TA1538

Concentration

Result

Reference

Comments
Insufficiently reported. Validity cannot be
evaluated as the results were not reported in
detail.

Mutation assay

E. coli WP2 and WP2 uvrA

2000 µg/plate

Negative1, 2

(Dean et al., 1985)

17

Insufficiently reported. Validity cannot be
evaluated as main details of the method (e.g.
concentration range tested) were not reported.
Additionally, the result was not reported in
detail.
Mutation assay

Chromosomal aberration assay

Chromosome aberration assay
Mouse lymphoma assay
2,3-Dimethylphenol [04.065]

2,4-Dimethylphenol [04.066]

Ames assay

Rat liver cell RL1, RL2

Not specifically
indicated7

Negative

Chinese hamster lung cells
L5178Y tk +/mouse lymphoma cells
S. typhimurium
TA98; TA100

Not reported
80 µg/ml

Negative8
Negative

(Kusakabe et al., 2002)
(Honma et al., 1999b)

17

Not reported

Negative1, 2

(Epler et al., 1979)

5 concentrations up to
0.5 mmol/L
(61 µg/ml)
0, 0.33, 1, 3.3, 10, 33
µg/plate

Negative6

(Jansson et al., 1986)

Negative1, 2

(Mortelmans et al., 1986)

Insufficient quality. Not in accordance with
OECD guideline 471. Only two strains tested.
Results not reported in detail.
Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
Acceptable quality.

3 µmol/plate9
(366 µg/plate)

Negative1, 2

(Florin et al., 1980)

5 concentrations from
0.5 to 5000 µg/plate10

Negative1, 2

(Pool & Lin, 1982)

5 concentrations up to
0.1 mmol/L
(12 µg/ml)

Negative6

(Jansson et al., 1986)

Human lymphocytes

Ames assay
(preincubation method)

S. typhimurium
TA97; TA98; TA100;
TA1535; TA1537
S. typhimurium
TA98; TA100; TA1535;
TA1537
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538
Human lymphocytes

Ames assay
Sister chromatid exchange

(Dean et al., 1985)

17

2000 µg/plate

Sister chromatid exchange

Ames assay
(preincubation method)

Negative1, 2

S. cerevisiae
JD1

Insufficiently reported. Validity cannot be
evaluated as main details of the method (e.g.
concentration range tested) were not reported.
Additionally, the result was not reported in
detail.
(Dean et al., 1985)

17

Insufficiently reported. Validity cannot be
evaluated as main details of the method (e.g.
concentrations tested) were not reported.
Additionally, the result was not reported in
detail.
17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Acceptable quality.
Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]
(2,5-Dimethylphenol [04.019])

(2,6-Dimethylphenol [04.042])

Test System
Ames assay
(preincubation method)

Test Object
S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

Concentration
367 µg/plate

Ames assay

S. typhimurium
TA98; TA100

Not reported

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538

367 µg/plate

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535;
TA1537; TA1538
Chinese hamster V79 cells

5 mg/plate
(5000 µg/plate)

Negative1, 2

(Schechtman et al., 1980)

17

3 concentrations from
10 to 100 µg/ml
(without S9) and 5
concentrations from 30
to 600 µg/ml (with S9)

Negative1 Positive2

(Völkner, 1994)

17

5 concentrations up to
0.25 mmol/L
(31 µg/ml)

Negative

Negative1, 2

Chromosome aberration assay

Sister chromatid exchange

(3,4-Dimethylphenol [04.048])

3,5-Dimethylphenol [04.020]

Human lymphocytes

Result
Negative1, 2

Reference
(Florin et al., 1980)

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Negative1, 2

(Epler et al., 1979)

Negative1, 2

(Florin et al., 1980)

17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).

Acceptable quality. This GLP-study was in
accordance with OECD guideline 473 (1983). A
final report was not available and the draft was
not signed. However, the results and conclusions
available as draft report are considered valid.
(Jansson et al., 1986)

17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

367 µg/plate

Ames assay

S. typhimurium
TA98; TA100

Not reported

S. typhimurium
TA98; TA100; TA1535; TA1537;
TA1538;
E. coli
WP2; WP2uvrA
S. cerevisiae JD1

6 concentrations from
125 to 4000 µg/plate

Negative1, 2

(Dean et al., 1985)

Not reported

Negative1, 2

(Dean et al., 1985)

Mitotic gene conversion assay

17

Insufficient quality. Not in accordance with
OECD guideline 471. Only two strains tested.
Results not reported in detail.

Ames assay
(preincubation method)

Ames assay
(plate incorporation,
preincubation, spot test, and
treat-and-plate methods)

Comments

17

Negative1, 2

(Florin et al., 1980)

17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).

(Epler et al., 1979)

17

Insufficient quality. Not in accordance with
OECD guideline 471. Only two strains tested.
Results not reported in detail.
Insufficiently reported. Validity cannot be
evaluated as the results were not reported in
detail.
Insufficiently reported. Validity cannot be
evaluated as main details of the method (e.g.
concentration range tested) were not reported.
Additionally, the result was not reported in
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

2,4,6-Trimethylphenol [04.095]

(Thymol [04.006])

Test System
Chromosome aberration assay

Rat liver cells RL4

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535; TA1537

Ames assay

S. typhimurium
TA98; TA100

Ames assay
Ames assay
(preincubation method)

S. typhimurium
TA97; TA98; TA100
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

Ames assay
(preincubation method)
Sister chromatid exchange

S. typhimurium
TA97; TA98; TA100
SHE cells

Concentration
3 concentrations from
0.125 to 0.5 of GI50
(50% growth
inhibition). Values in
µg/ml or µmol/ml not
reported.
3 µmol/plate10
(409 µg/plate)

Result

Reference
1, 2

Comments
detail.
Insufficiently reported. Validity cannot be
evaluated as main details of the method (e.g.
concentrations tested) were not reported.
Additionally, the result was not reported in
detail.

Negative

(Dean et al., 1985)

Negative1, 2

(Florin et al., 1980)

Not reported

Negative1, 2

(Epler et al., 1979)

1000 µg/ml

Negative1, 2

(Azizan & Blevins, 1995)

17

(Florin et al., 1980)

17

451 µg/plate

1, 2

Negative

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Insufficient quality. Not in accordance with
OECD guideline 471. Only two strains tested.
Results not reported in detail.

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Not reported

Negative1, 2

(Azizan & Blevins, 1995)

17

5 concentrations from
0.3 to 30 µg/ml

Equivocal

(Fukuda, 1987)

17

4 concentrations from
0.3 to 10 µg/ml

Equivocal

S. typhimurium
TA98; TA100

2 concentrations (8 and
16 ppm)

Negative1, 2

Ames assay
(plate incorporation assay)

S. typhimurium
TA98; TA100

3 concentrations from
0.6 to 2.5 µmol/plate

Negative1, 2

Bacterial DNA repair test

E. coli
WP2 trpE65; CM8781

4 concentrations from
2.5 to 6 µmol/paper disk

Positive

Unscheduled DNA synthesis

(Carvacrol [04.031])

Test Object

Ames assay

SHE cells

Validity cannot be evaluated since the study was
published in Japanese (e.g. presence or absence
of S9 is not clear). However, the results reported
in a table were not dose-related.
(Fukuda, 1987)

17

Validity cannot be fully evaluated since the
study was published in Japanese (e.g. presence
or absence of S9 is not clear). However, the
results reported in a table were not dose-related.
(Kono et al., 1995)

17

Not in accordance with OECD guideline 471
(only two strains used and only two
concentrations tested). In Japanese with a short
summary in English.
(Stammati et al., 1999)

17

This study was not in accordance with OECD
guideline 471 (only two strains used and only 3
concentrations tested).

(Stammati et al., 1999)

17

Effects were measured as inhibition zones. This
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

(4-Vinylphenol [04.057])

(2-Methoxyphenol [04.005])

Test System

Test Object
trpE65; uvrA155, recA56, lexA

Concentration

Result

Reference

Comments
assay is considered to be of minor relevance.
Positive results from such assays may be
interpreted as an indication of a genotoxic
potential which needs to be clarified by other
assays.

SOS Chromotest

E. coli PQ37

4 concentrations (not
unambiguously
reported)

Negative

(Stammati et al., 1999)

17

5 concentrations up to
0.1 mmol/L
(12 µg/ml)

Negative

111,726 µg/plate

Negative1, 2

(Aeschbacher et al., 1989)

17

16,000 µg/plate

Negative1, 2

(Douglas et al., 1980)

17

5 concentrations from
333 to 11,740 µg/plate
in one experiment and 5
concentrations from 33
to 3333 µg/plate in two
further experiments
performed in another
laboratory
Up to 16,000 µg/plate
(range not reported)

Negative1, 2

(Haworth et al., 1983)

17

5 conentrations from 0.5
to 5000 µg/plate
5 concentration up to
0.5 mmol/L
(62 µg/ml)

Negative1, 2

(Pool & Lin, 1982)

Positive

(Jansson et al., 1988)

30 µmol/plate
(3724 µg/plate)

Negative1, 2

Sister chromatid exchange

Ames assay
Ames assay
Ames assay

Ames assay

Ames assay
Sister chromatid exchange

3-Methoxyphenol [04.076]

Ames assay
(preincubation method)

Human lymphocytes

S. typhimurium
TA98; TA100; TA102
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535; TA1537

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
Human lymphocytes

S. typhimurium
TA98; TA100; TA1535; TA1537

Concentrations not unambiguously reported,
only without S9 tested. This assay is considered
to be of minor relevance. Positive results from
such assays may be interpreted as an indication
of a genotoxic potential which needs to be
clarified by other assays.
(Jansson et al., 1988)

17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).

Acceptable quality. Published summary report
including detailed results from studies on 250
chemicals tested in various laboratories within
the NTP. Three experiments performed in two
laboratories. In accordance with OECD
guideline 471 (1983).
Negative1, 2

(Nestmann et al., 1980)

17

Insufficient quality as main details of method
and results were not reported. Additionally, the
test was not repeated.
17

Acceptable quality.

(Florin et al., 1980)

17

Acceptable quality. Only the highest
concentration resulted in a statistically
significant increase. The effect was very waek
but reproducible.
Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

Test System
Sister chromatid exchange

Test Object
Human lymphocytes

4-Methoxyphenol [04.077]

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535;
TA1537

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535;
TA1537
S. typhimurium TA100; TA1530

Ames assay
(plate incorporation method)

(2-Methoxy-4-methylphenol [04.007])

(4-Ethylguaiacol [04.008])

Mouse lymphoma assay

Mouse L5178Y TK +/- lymphocytes

Sister chromatid exchange

Human lymphocytes

Chromosome aberration assay

Chinese hamster ovary cells

Unscheduled DNA synthesis

Human lymphocytes

Sister chromatid exchange

Human lymphocytes

Sister chromatid exchange

Human lymphocytes

Concentration
5 concentrations up to 1
mmol/L
(124 µg/ml)
5 concentrations from
3.3 to 167 µg/plate in
the first experiment and
5 concentrations from
100 to 5000 µg/plate in
the second experiment
performed in another
laboratory
30 µmol/plate
(3724 µg/plate)

Result
Negative6

Reference
(Jansson et al., 1986)

Comments
Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
Acceptable quality. Published summary report
including detailed results from studies on 250
chemicals tested in various laboratories within
the NTP. Experiments performed in two
laboratories. In accordance with OECD
guideline 471 (1983).

Negative2,

(Haworth et al., 1983)

Negative1, 2

(Florin et al., 1980)

Not in accordance with OECD guideline 471.
Inadequate study design (Spot test).

Up to 4 µmol/plate

Negative1, 2, 12

(Bartsch et al., 1980)

27 to 2000 µg/ml
(without S9)
1.3 to 100 µg/ml (with
S9)
5 concentrations up to
0.05 mmol/L
(6.2 µg/ml)
954, 1269, and 1692
µg/ml (each in the
presence and absence of
S9)
25 µM
(3.1 µg/ml)

Positive1
Negative2

(Rogers-Back, 1986)

As only two strains were used the quality of the
study must be considered insufficient for the
purpose of this Flavouring Group Evaluation
Validity cannot be evaluated as details of the
result were not reported.
The validity of this unpublished report cannot
fully be evaluated since all pages in table format
are lacking.

Negative6

(Jansson et al., 1986)

Positive1, 2

(Putman, 1986)

Equivocal

(Daugherty & Franks, 1986)

Not relevant since only an inhibition of UVinduced UDS was measured. Additionally, a
result is reported only for one concentration
(resulting in inhibition by 30 %) and a negative
control was not included.

5 concentrations up to 1
mmol/L
(138 µg/ml)

Positive

(Jansson et al., 1988)

17

5 concentration up to 1
mmol/L
(152 µg/ml)

Negative

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
The validity of this unpublished report cannot
fully be evaluated since all pages in table format
are lacking.

Acceptable quality. The effect was weak
(twofold increase) but dose-related and
statistically significant.
(Jansson et al., 1988)

17

Limited quality (selection of maximum
concentration not justified and experiment not
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]

Test System

Test Object

Concentration

Result

Reference

Comments
repeated).

(2,6-Dimethoxyphenol [04.036])

Ames assay

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

16,000 µg/plate

Negative

(Douglas et al., 1980)

17

463 µg/plate

Negative1, 2

(Florin et al., 1980)

17

S. typhimurium
TA98; TA100; TA1535; TA1537
S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538
E. coli
Human lymphocytes

1000 µg/ml

Negative1, 2

(McMahon et al., 1979)

17

5 concentrations from
0.5 to 5000 µg/plate
1000 µg/ml
4 concentrations up to
0.5 mmol/L
(77 µg/ml)

Negative1, 2

(Pool & Lin, 1982)

17

Negative1, 2
Negative

(McMahon et al., 1979)
(Jansson et al., 1986)

Ames assay
(preincubation method)
Ames assay
Ames assay
Mutation assay
Sister chromatid exchange

4-Hydroxy-3,5dimethoxyacetophenone [07.164]

(2-Methoxy-4-vinylphenol [04.009])

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).

Acceptable quality.

Ames assay
(plate incorporation assay)

S. typhimurium
TA97; TA98; TA100; TA102

6 concentrations from
10 to 4000 µg/plate

Negative1, 2

(Pfuhler et al., 1995)

Ames assay

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

Up to 1 mg/plate (range
not reported)

Negative1, 2

(Nestmann et al., 1980)

Mutagenicity assay

S. cerevisiae D7; XV185-14C

Not reported

Negative1

(Nestmann & Lee, 1983)

1, 2

Sister chromatid exchange

Human peripheral lymphocytes

4 concentrations from
3.3 to 100 µg/ml

Negative

(Pfuhler et al., 1995)

Sister chromatid exchange

Human lymphocytes

5 concentrations up to
0.5 mmol/L
(75 µg/ml)

Equivocal

(Jansson et al., 1988)

17
17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated).
Limited quality. Strain TA 1535 was not used
although recommended by OECD 471 (1983
and 1997) which may be acceptable but the test
was not repeated.
Insufficient quality as main details of method
and results were not reported. Additionally, the
test was not repeated.
Insufficient quality. Details of concentrations
and results not reported.
Limited quality as the test was not repeated in
an independent experiment. Otherwise in
accordance with OECD 479 (1986).
17

Limited quality (selection of maximum
concentration not justified and experiment not
repeated). Weak effect (only the highest
concentration resulted in a twofold increase of
SCE frequency which was statistically
significant but was not repeated in a second
experiment).
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Table 2.2: GENOTOXICITY (in vitro)
Chemical Name [FL-no]
3,4- Methylenedioxyphenol [04.080]

Concentration
4 concentrations from 1
to 10 µM/plate
(1381 µg/plate)
33 - 3333 µg/plate

Result
(Not applicable)13

Reference
(Kaur & Saini, 2000)

Negative1, 2, 14

(Longfellow, 1985/1986)

Mouse L5178Y TK +/- lymphocytes

25 - 215 µg/ml

Positive1, 2

(Longfellow, 1985/1986)

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

408 µg/plate

Negative1, 2

(Florin et al., 1980)

4- Hydroxy acetophenone [07.243]

Ames assay
(preincubation method)

S. typhimurium
TA98; TA100; TA1535; TA1537

30 µmol/plate
(4085 µg/plate)

Negative1, 2

(Florin et al., 1980)

Acetovanillone [07.142]

Ames assay
(preincubation and plate
incorporation methods)

S. typhimurium
TA98; TA100

Not reported

Negative1, 2

(Xu et al., 1984)

Ames assay

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

Up to 1 mg/plate (range
not reported)

Negative1, 2

(Nestmann et al., 1980)

Mutagenicity assay

S. cerevisiae D7;
S. cerevisiae XV185-14C
S. typhimurium
TA98; TA100
E. coli
WP2, WP2uvrA, CM611;
CM561

6 concentrations from
100 to 1000 µg/ml
1000 µg/plate

Negative15
Positive15
Negative2, 16

(Nestmann & Lee, 1983)

2000 µg/ml

Negative

(2-Hydroxyacetophenone [07.124])

(Vanillyl acetone [07.005])

Test System
Ames assay
(preincubation method)

Test Object
S. typhimurium
TA98; TA100; TA102

Ames Assay
(plate incorporation method)

S. typhimurium
TA98; TA100; TA1535; TA1537; TA1538

Mouse lymphoma assay

Ames assay
(plate incorporation method)
DNA Repair test

Comments
Limited relevance. Antimutagenic activity was
investigated only. The substance was tested only
in combination with mutagens.
Validity cannot be evaluated. The information
was generated from the Chemical
Carcinogenesis Research Information System
database. Details of methods and results were
not available.
Validity cannot be evaluated. The information
was generated from the CCRIS database. Details
of methods and results were not available.
17

Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Insufficient quality. Not in accordance with
OECD guideline 471. Inadequate study design
(Spot test).
Insufficient quality. Not in accordance with
OECD guideline 471. Only two strains used.
Concentration range not reported. Details of
results not reported.
Insufficient quality as main details of method
and results were not reported. Additionally, the
test was not repeated.
Tested only without S9, however the positive
results reported seem to be reliable.

(Mikulasova & Bohovicova,
2000)
(Mikulasova & Bohovicova,
2000)

17

17

GI = Growth inhibition.
IP = Intraperitoneal.
1) Without metabolic activation.
2 ) With metabolic activation.
3) Presumably non-mutagenic but solubility did not allow testing in amounts that result in lethality.
4) Negative results in TA100, with and without S9 metabolic activation.
5) Positive results in TA98, with and without metabolic activation..
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6) The use of metabolic activation was not reported.
7) The concentrations selected for this assay corresponded to 0.5, 0.25, and 0.125 of the concentration causing 50 % growth inhibition (this concentration was not specified) as determined from a cytotoxicity assay.
8) Test substance was negative in a short-term assay without S9 metabolic activation and in a long-term assay (48 hrs) with and without S9 metabolic activation. The test substance gave positive results in the short-term assay with S9 metabolic activation.
9) Tested quantitatively with TA100. Substance was cytotoxic at 30 µmol/plate.
10) 5000 µg/plate resulted in cytotoxicity which was defined as a thinning of the background lawn.
11) Tested quantitatively with TA98. Substance was cytotoxic at 30 µmol/plate.
12) The presentation of the result in the publication obviously led the petitioner to the interpretion that the substance was positive in TA1530 but this is not correct. From the footnotes of the publication it becomes clear that the substance was tested in TA100
and TA1530 and that the result was negative. However, as only two strains were used the quality of the study must be considered insufficient for the purpose of this Flavouring Group Evaluation.
13) Antimutagenicity study. Sesamol greatly reduced the mutagenic effects of t-BOOH.
14) Test with both rat and mouse S-9 metabolic activation.
15) Negative response for gene conversion (strain D7) and a positive response for reversion (strain XV185-14C).
16) Dose level was the highest non-toxic dose level examined. At 2500 µg/ml cytotoxicity was observed.

17) Summarised by JECFA, 55th meeting (JECFA, 2001b).

Table 2.3: Genotoxicity (in vivo) for Ring Substituted Phenolic Substances (EFSA, 2007m)
Table 2.3: GENOTOXICITY (in vivo)
Chemical Name [FL-no]
(2-Methylphenol [04.027])

(3-Methylphenol [04.026])

Test System
In vivo Sister chromatid
exchange

Test Object
Mouse bone marrow cells, alveolar
macrophages, and regenerating liver cells

Route
IP injection

In vivo Sex-linked
recessive lethal test

D. melanogaster

Oral

In vivo Sister chromatid
exchange

Mouse bone marrow cells, alveolar
macrophages, and regenerating liver cells

IP injection

In vivo Chromosome
aberration assay

Mouse bone marrow

Oral (gavage)

Dose
0, 200 mg/kg

Result
Negative

Reference
(Cheng & Kligerman, 1984)

Comments

1

Limited quality since only two animals
were used and only 20 metaphases
were analysed for each cell type from
each animal. Only one dose tested.
0, 100, 500, 1000
µg/ml

Negative

0, 200 mg/kg

Negative

1

(Sernau, 1989)

Acceptable quality. GLP study
generally in accordance with OECD
477 (1984).
(Cheng & Kligerman, 1984)

1

Limited quality since only three
animals were used and only 20
metaphases were analysed for each
cell type from each animal. Only one
dose tested.
0, 96, 320, 960 mg/kg

Negative

(Ivett et al., 1989)

1

GLP study in accordance with OECD
guideline 475 (1984).
However, the validity of the result
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Table 2.3: GENOTOXICITY (in vivo)
Chemical Name [FL-no]

Test System

Test Object

Route

Dose

Result

Reference

Comments
cannot be evaluated as all pages with
results in table format are lacking.

(4-Methylphenol [04.028])

In vivo Sister chromatid
exchange

Mouse bone marrow cells, alveolar
macrophages, and regenerating liver cells

IP injection

0, 75 mg/kg

Negative

(Cheng & Kligerman, 1984)

1

In vivo Spot test

D. melanogaster BINSC; Oregon-R

(Carvacrol [04.031])

4-Methoxyphenol [04.077]

In vivo Chromosome
aberration assay

Rat

Limited quality since only three
animals were used and only 20
metaphases were analysed for each
cell type from each animal. Only one
dose tested.

Oral (gavage)

1.40 ppm;
0.35 ppm

Negative

0, 100, 333, 1000
mg/kg bw

Negative

(Kono et al., 1995)

(Esber, 1986)

1

Validity cannot be evaluated.
Publication is in Japanese with a short
summary in English. Results reported
only for two doses in table format. Not
clear if control groups were treated
concomitantly.
The study design was in accordance
with OECD guideline 475 (1984). The
study was incompletely reported,
however, the study report contained
sufficient details to conclude that the
outcome of the study is negative.

1) Summarised by JECFA, 55th meeting (JECFA, 2001b)
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TABLE 3: SUMMARY OF SAFETY EVALUATION TABLES
Table 3.1: Summary of Safety Evaluation of Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
Table 3.1: Summary of Safety Evaluation of Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
EU Register name
JECFA-no

04.058
1527

4-Allylphenol

04.096
1528

2-Methoxy-6-(2-propenyl)phenol

09.020
1531

Eugenyl acetate

09.088
1530

4-Eugenyl formate

Structural formula

OH

HO

O

O

O

EU MSDI 1)
Class 2)
US MSDI (μg/capita/day) Evaluation procedure path
3)

Outcome on the
named compound
[4) or 5)]

EFSA conclusion on the
named compound
(Procedure steps, intake
estimates, NOAEL,
genotoxicity)

0.073
0.6

Class I
A3: Intake below threshold

4)

No safety concern at estimated No safety concern at estimated
levels of intake based on the levels of intake based on the
MSDI approach.
MSDI approach.

0.12
0.2

Class I
A3: Intake below threshold

4)

No safety concern at estimated No safety concern at estimated
levels of intake based on the levels of intake based on the
MSDI approach.
MSDI approach.

19
90

Class I
A3: Intake below threshold

4)

No safety concern at estimated No safety concern at estimated
levels of intake based on the levels of intake based on the
MSDI approach.
MSDI approach.

0.012
0.06

Class I
A3: Intake below threshold

4)

No safety concern at estimated Composition of mixture to be
levels of intake based on the specified.
MSDI approach.

0.0024
0.9

Class I
A3: Intake below threshold

4)

No safety concern at estimated No safety concern at estimated
levels of intake based on the levels of intake based on the
MSDI approach.
MSDI approach.

O

O

O
O

09.766
1533

Eugenyl benzoate
O

EFSA conclusion on the
material of commerce

O
O
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Table 3.1: Summary of Safety Evaluation of Eugenol and Six Related Hydroxyallylbenzene Derivatives (JECFA, 2007a)
FL-no
EU Register name
JECFA-no

09.878
1532

Structural formula

Eugenyl isovalerate
O

EU MSDI 1)
Class 2)
US MSDI (μg/capita/day) Evaluation procedure path
3)

Outcome on the
named compound
[4) or 5)]

EFSA conclusion on the
named compound
(Procedure steps, intake
estimates, NOAEL,
genotoxicity)

0.37
0.5

Class I
A3: Intake below threshold

4)

No safety concern at estimated No safety concern at estimated
levels of intake based on the levels of intake based on the
MSDI approach.
MSDI approach.

950
3364

Class I
A3: Intake above threshold,
A4: Not endogenous,
A5: Adequate NOAEL exists

4)

No safety concern at estimated No safety concern at estimated
levels of intake based on the levels of intake based on the
MSDI approach.
MSDI approach.

EFSA conclusion on the
material of commerce

O
O

04.003
1529

Eugenol

OH
O

1) EU MSDI: Amount added to food as flavour in (kg / year) x 10E9 / (0.1 x population in Europe (= 375 x 10E6) x 0.6 x 365) = µg/capita/day.
2) Thresholds of concern: Class I = 1800, Class II = 540, Class III = 90 µg/person/day.
3) Procedure path A substances can be predicted to be metabolised to innocuous products. Procedure path B substances cannot.
4) No safety concern based on intake calculated by the MSDI approach of the named compound.
5) Data must be available on the substance or closely related substances to perform a safety evaluation.
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (EFSA / FGE.22)
Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.22 (based on intakes calculated by the MSDI approach)
FL-no EU Register name

Structural formula

04.020 3,5-Dimethylphenol

OH

MSDI 1)
(μg/capita/day)

Class 2)
Outcome on the named
Evaluation procedure path 3) compound
[ 4) or 5]

Outcome on the
Evaluation remarks
material of commerce
[6), 7), or 8)]

0.037

Class I
A3: Intake below threshold

4)

6)

04.021 3-Ethylphenol

OH

0.073

Class I
A3: Intake below threshold

4)

6)

04.061 2,6-Dimethoxy-4-vinylphenol

O

1.2

Class I
A3: Intake below threshold

4)

6)

0.013

Class I
A3: Intake below threshold

4)

6)

0.011

Class I
A3: Intake below threshold

4)

6)

OH
O

04.065 2,3-Dimethylphenol

OH

04.066 2,4-Dimethylphenol

OH

04.070 2-Ethylphenol

OH

0.037

Class I
A3: Intake below threshold

4)

6)

04.072 3-Isopropylphenol

OH

0.0012

Class I
A3: Intake below threshold

4)

6)

0.24

Class I
A3: Intake below threshold

4)

6)

0.011

Class I
A3: Intake below threshold

4)

6)

04.073 4-Isopropylphenol
OH

04.076 3-Methoxyphenol
O

OH
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Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.22 (based on intakes calculated by the MSDI approach)
FL-no EU Register name

Structural formula

04.077 4-Methoxyphenol
O

MSDI 1)
(μg/capita/day)

Class 2)
Outcome on the named
Evaluation procedure path 3) compound
[ 4) or 5]

Outcome on the
Evaluation remarks
material of commerce
[6), 7), or 8)]

0.12

Class I
A3: Intake below threshold

4)

6)

0.061

Class I
A3: Intake below threshold

4)

6)

0.0097

Class I
A3: Intake below threshold

4)

6)

2.2

Class I
A3: Intake below threshold

4)

6)

0.026

Class I
A3: Intake below threshold

4)

6)

0.24

Class I
A3: Intake below threshold

4)

6)

0.016

Class I
A3: Intake below threshold

4)

6)

1.1

Class I
A3: Intake below threshold

4)

6)

OH

04.078 5-Methyl-2-(tert-butyl)phenol

OH

04.095 2,4,6-Trimethylphenol
OH

07.142 Acetovanillone

OH

O
O

07.154 1-(3,5-Dimethoxy-4hydroxyphenyl)propan-1-one

O
O

OH
O

07.164 4-Hydroxy-3,5dimethoxyacetophenone

O
O

OH
O

07.243 4-Hydroxyacetophenone

O

OH

09.253 2-Isopropyl-5-methylphenyl acetate

O

O
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Table 3.2: Summary of Safety Evaluation Applying the Procedure of substances in FGE.22 (based on intakes calculated by the MSDI approach)
FL-no EU Register name

Structural formula

09.337 Carvacryl acetate
O

09.893 2-Isopropyl-5-methylphenyl formate

04.080 3,4-Methylenedioxyphenol

OH

O

Class 2)
Outcome on the named
Evaluation procedure path 3) compound
[ 4) or 5]

Outcome on the
Evaluation remarks
material of commerce
[6), 7), or 8)]

0.61

Class I
A3: Intake below threshold

4)

6)

0.52

Class I
A3: Intake below threshold

4)

6)

1.7

Class I
No evaluation

0.0012

Class II
A3: Intake below threshold

4)

6)

0.61

Class II
A3: Intake below threshold

4)

6)

0.012

Class II
A3: Intake below threshold

4)

6)

O

O

O

MSDI 1)
(μg/capita/day)

a)

O

04.091 Ethyl 4-hydroxybenzyl ether
O
OH

04.092 4-Hydroxybenzyl methyl ether

O
OH

07.234 5-Paradol

O

O

HO

1) MSDI: Amount added to food as flavour in (kg / year) x 10E9 / (0.1 x population in Europe (= 375 x 10E6) x 0.6 x 365) = µg/capita/day.
2) Thresholds of concern: Class I = 1800, Class II = 540, Class III = 90 µg/person/day.
3) Procedure path A substances can be predicted to be metabolised to innocuous products. Procedure path B substances cannot.
4) No safety concern based on intake calculated by the MSDI approach of the named compound.
5) Data must be available on the substance or closely related substances to perform a safety evaluation.
6) No safety concern at estimated level of intake of the material of commerce meeting the specification of Table 1 (based on intake calculated by the MSDI approach).
7) Tentatively regarded as presenting no safety concern (based on intake calculated by the MSDI approach) pending further information on the purity of the material of commerce.
8) No conclusion can be drawn due to lack of information on the purity of the material of commerce.
a) Evaluation deferred pending further genotoxicity data..
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