
Toxicological profile for

2,5-Dimethylpyrazine
This ingredient has been assessed to determine potential human health effects for
the consumer. It was considered not to increase the inherent toxicity of the product
and thus is acceptable under conditions of intended use.



1. Name of substance and physico-chemical properties

1.1. IUPAC systematic name

2,5-Dimethylpyrazine (PubChem)

1.2. Synonyms

2, 5-Dimethylpyrazine; 2,5 - dimethylpyrazine; 2,5 and 2,6-dimethyl pyrazine; 2,5-Dimethyl
pyrazine; 2,5-Dimethyl Pyrazine; 2,5-Dimethyl-1,4-diazine; 2,5-Dimethyl-1,4-diazine; 2,5-Dimethyl-
pyrazine; 2,5-Dimethylparadiazine; 2,5-dimethylpiazine; 2,5-dimethylpyrazine; 2,5-Dimethylpyrazine
(contains 2,6-isomer); 2,5-dimethylpyrazine and 2,6-dimethylpyrazine; Acetyl tri-n-butyl citrate;
ACETYL TRIBUTYL CITRATE; Acetylcitric acid tributyl; Acetylcitric acid, tributyl ester; Acetyltributyl
citrate; acetyltributylcitrate; Citric acid, acetyl tributyl ester; CITRIC ACID, O-ACETYLTRIBUTYL
ESTER; Citric acid, tributyl ester, acetate; (PubChem); Fl No 14.020; JECFA No 766; CE No 2210

1.3. Molecular formula

C6H8N2 (PubChem)

1.4. Structural Formula

1.5. Molecular weight (g/mol)

108.14 (PubChem)

1.6. CAS registration number

123-32-0

1.7. Properties

1.7.1. Melting point

(°C): 15 (ChemSpider; EPISuite, 2017).

1.7.2. Boiling point

(°C): 154–155 (ChemSpider; EPISuite, 2017).



1.7.3. Solubility

soluble (20°C); 32 g/l at 25°C (estimated) (EPISuite, 2017); “soluble in water” (PubChem).

1.7.4. pKa

No data available to us at this time.

1.7.5. Flashpoint

(°C): 15 or 63-64 (ChemSpider);

1.7.6. Flammability limits (vol/vol%)

No data available to us at this time.

1.7.7. (Auto)ignition temperature

(°C): No data available to us at this time.

1.7.8. Decomposition temperature

(°C): No data available to us at this time.

1.7.9. Stability

Stable under normal temperatures and pressures.

1.7.10. Vapor pressure

3.98 mmHg at 25°C; 3.18 mmHg at 25°C (estimated) (EPISuite, 2017); 1.5 mmHg (PubChem);
4.0±0.2 mmHg at 25°C (estimated) (ChemSpider).

1.7.11. log Kow

0.63 (PubChem; EPISuite, 2017); -0.167 (ChemSpider).

2. General information

2.1. Exposure

2,5-Dimethylpyrazine is used as a perfuming ingredient in cosmetics in the EU. As taken from
CosIng (undated).

2,5-Dimethylpyrazine is listed as a fragrance ingredient by IFRA and on the US EPA InertFinder
Database (2023).

Reported levels from use as a flavouring (ppm): (FEMA, 1994)

Food category Usual Max. Food category Usual Max.

Baked goods 10 10 Meat products 10 10

Breakfast cereals 10 10 Milk products 10 10



Estimated intake from flavouring use: 0.00005084 mg/kg bw/day.

As taken from Burdock, 2010.

As taken from Oser and Hall, 1972.

2,5-Dimethylpyrazine (CAS RN 123-32-0) is used as a flavour enhancer in non-medicinal natural
health products (Health Canada, 2021).

From use as a flavouring agent in food: 19 µg/person/day in Europe and 8 µg/person/day in the US
(EFSA, 2011). JECFA (2002) gives the equivalent figures as 22 and 8 µg/person/day, respectively.

2.2. Combustion products

This ingredient was investigated in a pyrolysis study. Results are given in Baker and Bishop (2004)
J. Anal. Appl. Pyrolysis, 71, 2004, pp. 223-311.

In a pyrolysis study, 100% of 2,5-dimethylpyrazine added to cigarettes was transferred intact to the
smoke (Purkis et al. 2011).

Frozen dairy 10 10 Nonalcoholic beverages 10 10

Gelatins, puddings 10 10 Soft candy 10 10

Gravies 10 10 Soups 10 10

Average maximum ppm

beverages: 10

Ice cream, ices, etc.: 10

candy: 10

Baked goods 10

Gelatins / puddings 10

Meat, meat sauces, soups 10

Milk,dairy products 10

cereals 10
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2,5-Dimethypyrazine
CAS 123-32-0

Pyrazine M=108
bp=155

15 98 2,5-
Dimethypyrazine
99.7 Methypyrrole
0.3

7 0.02



2.3. Ingredient(s) from which it originates

Main natural occurrence in food (mg/kg): cooked beef 0.18; coffee 17-40; cocoa 2.2-3.1; rum 0.8;
beer 0.002, other foods up to 2 (CoE, 2000).

Occurs naturally in bakery products, roasted barley, cocoa products, roasted coffee, dairy products,
pork, peanuts, pecans, filberts, popcorn, potato products, rum and whiskey, soy products, roasted
beef fat, toasted off-flavours, boiled egg, grilled beef, tea, barley, oats, soybeans, beans, kohlrabi,
shrimp and mushroom.

As taken from Burdock, 2010.

2,5-Dimethylpyrazine is used as flavour additive in foods (PubChem).

3. Status in legislation and other official guidance

JECFA has concluded that the use of 2,5-dimethylpyrazine as a food flavouring agent is of “no
safety concern” based on estimates of current daily intakes (22 and 8 µg/person for Europe and
USA, respectively) from such use. It was the view of the Committee that this pyrazine derivative
would be metabolised to innocuous products and would not saturate metabolic pathways (JECFA,
2002).

EFSA experts concluded that “The Panel agrees with the JECFA conclusion, “No safety concern at
estimated levels of intake as flavouring substances based on the MSDI approach” (EFSA, 2011).

2,5-Dimethylpyrazine is included on the FDA’s list of Substances Added to Food (formerly EAFUS)
as a flavoring agent or adjuvant (FDA, 2024). An FDA GRAS listing has not been identified.

Not registered under REACH (ECHA).

2,5-Dimethylpyrazine (CAS RN 123-32-0) is not classified for packaging and labelling under
Regulation (EC) No. 1272/2008 (ECHA, 2024).

2,5-Dimethylpyrazine is listed as authorised for use as a flavouring substance in all categories of
flavoured foods in the EU, under EU Regulation No. 872/2012. As taken from the European
Commission.

2,5-Dimethylpyrazine is listed in the US EPA InertFinder Database as approved for fragrance use in
pesticide products.(US EPA InertFinder)

Pyrazine, 2,5-dimethyl- (CAS RN 123-32-0) is listed in the US EPA Toxic Substances Control Act
(TSCA) inventory and in the 2024 CDR TSCA list.

US EPA Substance Registry Services (SRS)

2,5-Dimethylpyrazine (FEMA no. 3272) has been designated as GRAS (generally recognized as
safe) by FEMA (Oser and Hall, 1972).

4. Metabolism/Pharmacokinetics

4.1. Metabolism/metabolites

“The biotransformation of alkyl-, alicyclic-, and alkylaryl-substituted pyrazine derivatives is expected
to occur by oxidation of the alkyl side-chains. Methyl-substituted pyrazines are oxidized to yield the
corresponding pyrazine-2-carboxylic acids.”

“The biotransformation of alkyl-, alicyclic-, and alkylaryl-substituted pyrazine derivatives is expected
to occur by oxidation of the side-chains (see Figure 1). An alternative pathway for substituted



pyrazines and the primary pathway for pyrazine (No. 951) itself involves hydroxylation of the
pyrazine ring (Hawksworth & Scheline, 1975; Whitehouse et al., 1987; Yamamoto et al., 1987a,b).”

“Methyl-substituted pyrazines are oxidized to yield the corresponding pyrazine-2-carboxylic acids.
At least 89% of an oral dose of 100 mg/kg bw of 2,5-dimethylpyrazine was metabolized in rats by
side-chain oxidation to yield the corresponding pyrazine-2-carboxylic acid derivative. The acids
were excreted mainly unconjugated, although 10–15% of the administered dose of 2,5-
dimethylpyrazine was excreted as the corresponding glycine conjugates (Hawksworth & Scheline,
1975). Side-chain oxidation of methylpyrazine derivatives to yield the corresponding alcohols has
been demonstrated with other pyrazine derivatives (Turesky et al., 1988; Knize et al., 1989; Sjödin
et al., 1989; Wallin et al., 1989).”

“Alkyl-substituted pyrazines may undergo ring hydroxylation as an alternative pathway when other
routes of detoxication are less favourable. For example, 2,5- is oxidized in rats almost exclusively
via his aliphatic side-chains to carboxylic acid derivatives.”

As taken from WHO Food Additives Series 48, (2002), available at
http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm

Studies of metabolism of pyrazine derivatives in animals other than rodents are lacking in the
scientific literature. However, the enzymes involved in the biotransformation pathways of these
compounds are present in all target species. Alkyl groups of pyrazine derivatives are oxidised
mainly by P450 type enzymes to form the corresponding alcohols or carboxylic acids; the ring is
hydroxylated bymolybdenum-containing oxidases of the xanthine oxidase type (M€uller and
Rappert, 2010).

As taken from EFSA, 2017.

4.2. Absorption, distribution and excretion

“Absorption of weak amine bases such as pyrazine derivatives is optimal at intestinal pH (5–7)
(Schranker et al., 1957; Hogben et al., 1959). In humans and laboratory rodents, orally
administered substituted pyrazines are rapidly absorbed from the gastrointestinal tract and excreted
(Hawksworth & Scheline, 1975; Sjödin et al., 1989).”

“Approximately 90% of a dose (100 mg/kg bw) of 2,5-dimethylpyrazine administered to male Wistar
rats by stomach tube was excreted in the urine as polar metabolites within 24 h (Hawksworth &
Scheline 1975).”

As taken from WHO Food Additives Series 48, (2002), available at
http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm

The absorption of weak amine bases is optimal at intestinal pH. Orally administered substituted
pyrazines are rapidly absorbed from the gastrointestinal tract and excreted (JECFA, 2002).

Excretion is via the urine; as both glucuronic acid conjugates and unchanged parent compound
(JECFA, 2002).

In humans and animals, pyrazines are excreted as glucuronates or bound to glutathione via the
kidney after hydroxylation, but the pyrazine ring is not cleaved. Bacteria have been isolated, which
are able to use various substituted pyrazines as a sole carbon and energy source. In a few cases,
the initial metabolites have been characterised; however, the mechanism of ring cleavage and the
further degradation pathways are still unknown and await further investigation. (Müller & Rappert,
2010).

“The persistence of aroma compounds in breath after swallowing is an important attribute of the
overall aroma experience during eating and drinking. It is mainly related to the coating of the oral
tract with food residues and the interaction between volatile compounds and airway mucosa. We
have studied the persistence of eight compounds (2,5-dimethylpyrazine, guaiacol, 4-

http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm
http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm


methylguaiacol, phenylethylalcohol, ethylbutanoate, ethyloctanoate, isoamylacetate and 2-
heptanone) both in-nose and in-mouth after administration of volatiles in gas phase (vapor) to five
different panelists. By using volatiles in the gas phase, only the interaction with the mucosa is
highlighted and the formation of a liquid coating in the oral and tracheal airway is avoided. The
physicochemical properties of the compounds, mainly polarity and vapor pressure, determine the
interactions of the volatiles with the airway mucosa. The use of different breathing protocols
allowed the study of the differences between nasal and oral mucosa in volatile retention, with
higher persistence of volatiles obtained in-mouth. Initial concentration also affected persistence, but
only for compounds with high volatility and at low concentration.” As taken from Sánchez-López JA
et al. 2016. J. Breath Res. 10(3), 036005. PubMed, 2016 available at
https://www.ncbi.nlm.nih.gov/pubmed/27380868

4.3. Interactions

“The effects of 2,5-dimethylpyrazine (DMP) on plasma testosterone and levels of polyamines and
acid phosphatase in the prostate of rat were studied. A high dose of DMP administered once daily
for two weeks to juvenile male rats significantly decreased plasma testosterone and levels of
polyamines and acid phosphatase in the prostate. These effects were not obtained by
administration to mature male rats, and the inhibition was thus recognized to occur during the
growth period. These findings suggest that a high dose of DMP inhibits the biosynthesis of
polyamines and acid phosphatase in the prostate by decreasing the circulating testosterone level.”
As taken from Yamada et al., (1994), Biol Pharm Bull. 1994 May;17(5):730-1.

5. Toxicity

5.1. Single dose toxicity

As taken from RTECS, 2003.

The i.p. hypnotic dose (HD50) in mouse was 800mg/kg (Nishie, 1970).

Oral rat LD50: 1000 mg/kg bw (as taken from WHO Food Additives Series 48, (2002) available at
http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm

5.2. Repeated dose toxicity

SPECIES ROUTE DOSE
DATA

TOXIC EFFECTS

Rat Oral LD50: 1020
mg/kg bw

Details of toxic effects not reported other than lethal dose value

Mouse Intraperitoneal LD50: 1350
mg/kg bw

Details of toxic effects not reported other than lethal dose value

Mouse Intraperitoneal TDLo: 50
mg/kg bw

Behavioral - convulsions or effect on seizure threshold

Mouse Intraperitoneal TDLo: 100
mg/kg bw

Behavioral - altered sleep time (including change in righting
reflex) Biochemical - Metabolism (Intermediary) - amino acids
(including renal excretion)

Mouse Intracerebral TDLo: 8
mg/kg bw

Behavioral - altered sleep time (including change in righting
reflex)

https://www.ncbi.nlm.nih.gov/pubmed/27380868
http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm


Female rats were given daily sub-cutaneous injections of 2,5-dimethyl pyrazine at a level of
100mg/kg body weight. Uterus weights showed a significant decrease (Yamada, 1992).

Male rats were given daily sub-cutaneous injections of 2,5-dimethyl pyrazine at a level of 100mg/kg
body weight. A decrease in prostate and seminal vesicle weight. (Yamada, 1993).

“There are no repeated dose toxicity data on 2,5-dimethylpyrazine or any read-across materials
that can be used to support the repeated dose toxicity endpoint. The total systemic exposure to
2,5-dimethylpyrazine (0.27 μg/kg/day) is below the TTC for the repeated dose toxicity endpoint of a
Cramer Class II material (9 μg/kg/day; Kroes et al., 2007) at the current level of use.”

As taken from Api AM et al. (2024). Available at

5.3. Reproduction toxicity

“Effect of 2,5-dimethylpyrazine (2,5-DMP) on oxytocic agent-induced late pregnant uterine
contraction in female rats was studied. Oxytocic agents induced-hypercontraction in the late phase
of pregnant uterine movements were inhibited by administration of 2,5-DMP. The inhibition of
uterine contraction was obtained more strengthening by presence of a low dose of ritodrine
hydrochloride than 2,5-DMP alone. These results suggests that 2,5-DMP has an inhibitory action
on uterine hypercontraction induced by oxytocic agent through the beta2-adrenoceptor in the
pregnant uterus and supports the applicability of relaxing drugs for oxytocic agent-induced
accidents.” As taken from Yamada et al., (2003), Biol Pharm Bull. 2003 Nov; 26(11):1614-7.

“The effects of dimethylpyrazine isomers on reproductive and accessory reproductive organs in
male rats were studied. Following the administration of 2,5-dimethylpyrazine (100 mg/kg, s.c.) the
weight of prostate and seminal vesicles, as well as testosterone levels in plasma were significantly
decreased. One isomer of dimethylpyrazine, 2,6-dimethylpyrazine (100 mg/kg, s.c.), affected only
the seminal vesicles, while 2,3-dimethylpyrazine had no influence on accessory reproductive
organs. Following administration of 100 mg/kg of 2,5-dimethylpyrazine, acid phosphatase activity in
the prostate and fructose content in the seminal vesicles were also significantly decreased
compared with tissues from vehicle-treated animals. Weight of the testes and acid phosphatase
activity therein were not affected following the administration of 2,5-dimethylpyrazine, nor were
numbers of spermatozoa in the epididymis. These results showed that 2,5-dimethylpyrazine
induced decrease in prostate and seminal vesicle weight by inhibiting testosterone uptake and
reducing plasma testosterone levels.” As taken from Yamada et al., (1993), Biol Pharm Bull. 1993
Feb; 16(2):203-6.

“The effects of 2,5-dimethylpyrazine on reproductive and accessory reproductive organs in female
rats were studied. Following the administration of 2,5-dimethylpyrazine, uterus weight was
significantly decreased while ovary weight was not affected, nor was there any influence on serum
level of estradiol. The increase of uterine weight observed following estradiol injection after
ovariectomy was inhibited by 2,5-dimethylpyrazine pretreatment. The uptake of 3H-estradiol into
the uterus was also significantly decreased by 2,5-dimethylpyrazine. On the other hand,
chlorpromazine administration resulted in significant decrease in ovary and uterus weight as well as
serum estradiol level. These results suggest that 2,5-dimethylpyrazine may have direct inhibitory
action on the uterus of rats.” As taken from Yamada et al., (1992), Res Commun Chem Pathol
Pharmacol. 1992 Jan;75(1):99-107.

“The effect of the house mouse female pheromone 2,5-dimethylpyrazine (2,5-DMP) on sperm
differentiation in male CBA mice has been studied. For this purpose, mature males were treated
with a 0.01% aqueous solution of the pheromone for six days. Control mice were similarly treated
with physiologic saline. The mice were sacrificed 23 days after the treatment, and material for the
analysis of sperm-head abnormalities was sampled from the caudal portion of the epididymis.
Analysis of the frequency of abnormal sperms has demonstrated that the pheromonal treatment
significantly increases the frequencies of various sperm-head abnormalities. Apparently, this results



from disturbances in sex-cell differentiation germline cells caused by the induction of genetic
damage at stages immediately preceding meiosis, as well as during the first and second meiotic
divisions. The relationship between the effect of 2,5-DMP and the decrease in the fertility of male
CBA mice that was earlier observed after a similar treatment is discussed.” As taken from Daev et
al., (2003), Genetika. 2003 Jul;39(7):969-74, .

The effect of synthetic 2,5-dimethylpyrazine (a compound naturally produced by grouped females)
on the overall reproductive success of female mice was investigated. The exposure of tested
females to control or experimental stimuli began on the day of birth and lasted throughout
maturation, mating, pregnancy, and the lactating of their first litters. Females exposed to this urinary
compound attained their first estrus significantly later than the animals exposed to water only. On
average, the prepubertal, exposed females reached puberty 3.7 to 3.9 days later than the
unexposed animals. The females in which puberty was delayed by this synthetic chemosignal did
not show a single fully completed estrous cycle before the age of 35 days. Only 52-64% of exposed
females successfully bred and reared their litters as compared to 86-96% of the unexposed, control
females (P<0.05). A significantly higher mortality of pups associated with 2,5-dimethylpyrazine
exposure during lactation was observed. The reproductive deficit displayed by females born into a
2,5-dimethylpyrazine environment is qualitatively similar to the effect observed in dense
populations, in both laboratory and free-living conditions. As taken from BOZENA JEMIOLO1 and
MILOS NOVOTNY, BIOLOGY OF REPRODUCTION 48, 926-929 (1993).

“There are no reproductive toxicity data on 2,5-dimethylpyrazine or any read-across materials that
can be used to support the reproductive toxicity endpoint. The total systemic exposure to 2,5-
dimethylpyrazine (0.27 μg/kg/day) is below the TTC for the reproductive toxicity endpoint of a
Cramer Class II material (9 μg/kg/day; Kroes et al., 2007; Laufersweiler et al., 2012) at the current
level of use.”

As taken from Api AM et al. (2024). Available at

5.4. Mutagenicity

“The hypothesis on a relationship between the high frequency of mitotic disturbances in bone
marrow cells and the change in the activity of the S9 liver fraction containing promutagen-activating
enzymes under olfactory stress in the house mouse Mus musculus has been tested. For this
purpose, the effect of the pheromone 2,5-dimethylpyrazine on the frequency of mitotic disturbances
in mouse bone marrow cells has been measured by the anaphase-telophase assay. The Ames test
using Salmonella typhimurium has been employed to compare the capacities of the S9 liver
fractions from stressed and intact mice for activating the promutagen 2-aminofluorene. It has been
demonstrated that the increased frequency of mitotic disturbances in bone marrow cells induced by
the pheromonal stressor in male house mice is accompanied by an increased promutagen-
activating capacity of the S9 liver fraction. The model system used in the study allowed the genetic
consequences of the exposure to the olfactory stressor to be estimated and the possible
mechanisms of genome destabilization to be assumed”. As taken from Zhuk A S et al. (2011). The
role of metabolic activation of promutagens in the genome destabilization under pheromonal stress
in the house mouse (Mus musculus). [Article in Russian] Genetika. 47, 1357-63.

“Short-term assays (3) were used to examine pyrazine and 4 of its alkyl derivatives (2-
methylpyrazine, 2-ethylpyrazine, 2,5-dimethylpyrazine and 2,6-dimethylpyrazine) for the presence
of mutagenic activity. Exposure of S. typhimurium cultures to these compounds in an agar overlay
did not result in induction of revertants to His prototrophy, even when toxic doses were used.
Cultures of stationary phase S. cerevisiae strain D5 showed increased aberrant colonies (but not
mitotic recombinants) after exposure to each of the pyrazine compounds. Pyrazine and its
derivatives induced a significant (7-57-fold) increase in frequency of chromosome aberrations
(breaks and exchanges) in Chinese hamster ovary cells. Results indicate the need to use several



assays and organisms when testing chemicals for presence of mutagenic activity.” As taken from
Stich et al., (1980), Food Cosmet Toxicol. 1980 Dec; 18(6):581-4.

“2,5-dimethylpyrazine has been tested for its ability to cause reverse mutation, with uniformly
negative results up to concentrations of 1000 µg/plate in various strains of Salmonella typhimurium
with and without an exogenous metabolic activation system from rodent liver (Stich et al., 1980:
Aeschbacher et al., 1989; Lee et al., 1994). In one of these studies, 2,5-dimethylpyrazine was also
tested for its ability to cause mitotic crossover-gene conversion in Saccharomyces cerevisiae and
chromosomal aberrations in Chinese hamster ovary cells (Stich et al., 1980). Surviving cells in
cultures of stationary phase S. cerevisiae strain D5 showed an increase in the percentage of
aberrant colonies at test concentrations of 3300–135 000 µg/ml; however, no increase in the
number of mitotic recombinants was observed among the aberrant colonies.”

As taken from WHO Food Additives Series 48, (2002), available at
http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm

In vitro

Test system Test conditions Endpoint Activation Result References

Salmonella
typhimurium
TA98, TA100,
TA102

Ames test at up to 0.9
mmol/plate [97mg/plate].

Mutation With and
without S9

-ve limited
test, at least 4
strains is the
current
standard

Aeschbacher
et al. 1989

Salmonella
typhimurium
TA98 and TA100

Ames test at up to 0.15
mg/plate [the contrast in
the reported amount
tested here and in the
entry above is surprising]

Mutation With and
without S9

-ve (limited
test, only 2
strainsused)

Aeschbacher
et al. 1981

Salmonella
typhimurium
TA98, TA100

Ames test, no further
details given in JECFA
report.

Mutation With and
without S9

-ve (limited
test, only 2
strains used)

Lee et al.
1994

Salmonella
typhimurium
TA98, TA100,
TA1537

Ames, tested at up to 200
mg/plate (included toxic
levels).

Mutation With and
without S9

-ve Stich et al.
1980

Saccharomyces
cerevisiae D7

Treated at 80 mg/ml (at
which survival was 48%),
cultures monitored for
gene conversion.

Gene
conversion

Activation
not
mentioned,
so
presumably
without

+ve Stich et al.
1981

Saccharomyces
cerevisiae D5

White colonies treated at
up to 135 mg/ml for 4 hr.
the highest dose was toxic
(42% survival). Plated
cultures were examined 7
days later for red or pink
coloured colonies, which
would indicate the
occurrence of one of

Gene
mutation
(various
types)

Without +ve for
mutations -ve
for
recombinants

Stich et al.
1980

http://www.inchem.org/documents/jecfa/jecmono/v48je12.htm


several types of gene
mutation, including gene
conversion, point
mutations, chromosome
deletions and aneuploidy.
The presence of both pink
and red colour pigments in
a colony was scored as a
Mitotic recombination.

[+ve, positive; -ve, negative; ?, equivocal; with, with metabolic activation; without, without metabolic
activation]

Test system: Ames salmonella typhimurium

Strain indicator: Ta98

Metabolic
activation:

None

Method: Preincubation

Dose: 0.009-900 umol/plate (test material solvent: water)

Results: Negative

Reference: [Aeschbacher,hu, wolleb,u, loliger,j, spadone,jc and liardon,r; contribution of coffee aroma
constituents to the mutagenicity of coffee; food chem. Toxicol. 27(4):227-232, 1989]

Test System: AMES SALMONELLA TYPHIMURIUM

Strain Indicator: TA100

Metabolic
Activation:

NONE

Method: PREINCUBATION

Dose: 0.009-900 UMOL/PLATE (TEST MATERIAL SOLVENT: WATER)

Results: NEGATIVE

Reference: [Aeschbacher,hu, wolleb,u, loliger,j, spadone,jc and liardon,r; contribution of coffee aroma
constituents to the mutagenicity of coffee; food chem. Toxicol. 27(4):227-232, 1989]

Test system: Ames salmonella typhimurium

Strain indicator: Ta102

Metabolic
activation:

None

Method: Preincubation

Dose: 0.009-900 umol/plate (test material solvent: water)



As taken from CCRIS, 1991

Results: Negative

Reference: [aeschbacher,hu, wolleb,u, loliger,j, spadone,jc and liardon,r; contribution of coffee aroma
constituents to the mutagenicity of coffee; food chem. Toxicol. 27(4):227-232, 1989]

Test system: Ames salmonella typhimurium

Strain indicator: Ta98

Metabolic
activation:

Rat, liver, s-9, aroclor 1254

Method: Preincubation

Dose: 0.009-900 umol/plate (test material solvent: water)

Results: Negative

Reference: [aeschbacher,hu, wolleb,u, loliger,j, spadone,jc and liardon,r; contribution of coffee aroma
constituents to the mutagenicity of coffee; food chem. Toxicol. 27(4):227-232, 1989]

Test system: Ames salmonella typhimurium

Strain indicator: Ta100

Metabolic
activation:

Rat, liver, s-9, aroclor 1254

Method: Preincubation

Dose: 0.009-900 umol/plate (test material solvent: water)

Results: Negative

Reference: [aeschbacher,hu, wolleb,u, loliger,j, spadone,jc and liardon,r; contribution of coffee aroma
constituents to the mutagenicity of coffee; food chem. Toxicol. 27(4):227-232, 1989]

Test system: Ames salmonella typhimurium

Strain indicator: Ta102

Metabolic
activation:

Rat, liver, s-9, aroclor 1254

Method: Preincubation

Dose: 0.009-900 umol/plate (test material solvent: water)

Results: Negative

Reference: [aeschbacher,hu, wolleb,u, loliger,j, spadone,jc and liardon,r; contribution of coffee aroma
constituents to the mutagenicity of coffee; food chem. Toxicol. 27(4):227-232, 1989]



“Activity of antibody producing spleenocytes and chromosome stability in bone marrow cells from
laboratory mouse males of CBA strain after exposure to different chemosignals excreted by
stressed or irradiated syngeneic donors was studied. It has been shown that the exposure of the
recipient males to volatiles from donor males (stressed by swimming) decreases quantity of
antibody-producing cells in 1, 3 and 10 days after the treatment. The same exposure increased the
chromosome aberrations level in dividing bone marrow cells from CBA recipients in 1 day after the
treatment. Similar changes were observed in 24 h after exposure to volatiles of irradiated donors or
to synthetic mouse pheromone, 2,5-dimethylpyrazine.” As taken from Daev et al. (2007a).
Tsitologiia. 2007;49(8):696-701. PubMed 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/17926567

“Frequency of cytogenetic disturbances was estimated in mitotically dividing bone marrow cells of
CBA strain female mice after the 24-h long action of pheromone 2,5-dimethylpyrazine (2,5-DMP).
The stage of the estrous cycle of each animal was taken into account at the moment of the end of
the pheromone action. The analysis was performed using the anatelophase method that allows
evaluating frequencies of various types of disturbances--bridges, fragments, delayed
chromosomes. The spontaneous level of the mitotic disturbances revealed by the anatelophase
method in animals of the control group amounts to 5.4 %. Action of pheromone 2,5-
dimethylpyrasine induced the mitosis disturbances detected in the dividing bone marrow cells at the
anaphase-telophase stage in the females at the di- + postestrus stage. The corresponding
frequency of disturbances after the pheromone action was equal to 9.2%. In the female in estrus,
the mitotic disturbance level amounted 6.7%, which did not differ statistically significantly from
control. It is suggested that differences in the female mouse hormonal state at different estrous
cycle stages affect sensitivity to olfactory signals. Mechanisms of the revealed effect and
significance of the differences in sensitivity to pheromone for reproductive processes are
discussed.” As taken from Daev et al. (2007b). Zh Evol Biokhim Fiziol. 2007 Nov-Dec;43(6):482-6.
PubMed 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/18265559

“There was studied effect of female house mouse pheromone 2,5-dimethylpyrazine and other
pyrazine-containing substances on the genetic apparatus stability of dividing bone marrow cells of
male mice of the strain CBA. Differences in action of the used chemosignals are revealed. Role of
the method of action on induction of analyzed mitotic aberrations is shown. Spectrum of the
aberrations is analyzed. Dependence of cytogenetic activity of the used substances on their
structural peculiarities and significance of the revealed effects are discussed.” As taken from Daev
et al. (2009). Zh Evol Biokhim Fiziol. 2009 Sep-Oct;45(5):486-91. PubMed 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/19886195

“The Ministry of Health, Labour and Welfare has carried out genotoxicity tests for food additives
used in Japan in cooperation with the Japan Food Additives Association since 1979. Hayashi et al.
summarized these data and published a list of 337 designated additives (Shitei-tenkabutsu in
Japanese) with genotoxicity test data in 2000. Thereafter, 29 items were eliminated, and 146 items
were newly added. Currently, 454 designated additives are allowed to beused as food additives in
Japan. This report, based on the Hayashi report, covers the addition of newly derived genotoxicity
test data. Routinely, the bacterial reverse mutation test (Ames test), mammalian cell chromosomal
aberration test, and in vivo rodent bone marrow micronucleus test have been used for the
evaluation of genotoxicity of food additives. In addition to the data from these tests being updated
in this report, it newly includes results of transgenic rodent somatic and germ cell gene mutation
assays (TGR assays), incorporated in the Organisation for Economic Co-operation and
Development (OECD) test guidelines after 2000. We re-evaluated the genotoxicity of 13 designated
food additives considering their TGR data.” As taken from Yamada M and Honma M, 2018. Genes
Environ. 40, 207. PubMed, 2019 available at https://www.ncbi.nlm.nih.gov/pubmed/30619512

“Background. Pheromones are an important regulatory link of synecological contacts in numerous
animal species. Chemo-signaling participates in establishing of population social structure, it
regulates different types of behavior, changes hormonal state and maturation rate, etc. It also can

http://www.ncbi.nlm.nih.gov/pubmed/17926567
http://www.ncbi.nlm.nih.gov/pubmed/18265559
http://www.ncbi.nlm.nih.gov/pubmed/19886195
https://www.ncbi.nlm.nih.gov/pubmed/30619512


affect the genetic material expression and integrity. Material and methods. Groups of adult males of
CBA/Lac/Sto/Rap strain were exposed to volatile chemosignals (mixture of α- and β-farnesenes or
2,5-dimethylpyrazine) for 2 or 24 hours. Bone marrow cells were prepared for single cell gel
electrophoresis (comet assay test). Content of DNA in comet cells were analyzed. In case of 24
hours exposure bone marrow cells were fixed also for ana-telophase analysis.Results. It is shown
that exposures with farnesenes or 2,5-DMP both damage genetic material of bone marrow cells. It
also followed by induction of mitotic aberration frequency. Simultaneous exposure with all
chemosignals does not increase damaging effect.Conclusion. Chemosignals which serve as stress-
pheromones in mice decrease also the integrity of genetic material in bone marrow cells of
recipients. It could be a mechanism of pheromonal impact on density and space-genetic structure
of mouse populations.”As taken from Daev EV et al. 2018. Ecological Genetics 16(3), 47-54.
Available at https://journals.eco-vector.com/ecolgenet/article/view/9022

“Electronic nicotine delivery systems (ENDS) are regulated tobacco products and often contain
flavor compounds. Given the concern of increased use and the appeal of ENDS by young people,
evaluating the potential of flavors to induce DNA damage is important for health hazard
identification. In this study, alternative methods were used as prioritization tools to study the
genotoxic mode of action (MoA) of 150 flavor compounds. In particular, clastogen-sensitive (γH2AX
and p53) and aneugen-sensitive (p-H3 and polyploidy) biomarkers of DNA damage in human TK6
cells were aggregated through a supervised three-pronged ensemble machine learning prediction
model to prioritize chemicals based on genotoxicity. In addition, in silico quantitative structure-
activity relationship (QSAR) models were used to predict genotoxicity and carcinogenic potential.
The in vitro assay identified 25 flavors as positive for genotoxicity: 15 clastogenic, eight aneugenic
and two with a mixed MoA (clastogenic and aneugenic). Twenty-three of these 25 flavors predicted
to induce DNA damage in vitro are documented in public literature to be in e-liquid or in the
aerosols produced by ENDS products with youth-appealing flavors and names. QSAR models
predicted 46 (31%) of 150 compounds having at least one positive call for mutagenicity,
clastogenicity or rodent carcinogenicity, 49 (33%) compounds were predicted negative for all three
endpoints, and remaining compounds had no prediction call. The parallel use of these predictive
technologies to elucidate MoAs for potential genetic damage, hold utility as a screening strategy.
This study is the first high-content and high-throughput genotoxicity screening study with an
emphasis on flavors in ENDS products.” As taken from Hung PH et al. 2020. J. Appl. Toxicol.
40(11), 1566-1587. PubMed, 2021 available at https://pubmed.ncbi.nlm.nih.gov/32662109/

“There are no studies assessing the mutagenic or clastogenic activity of 2,5-dimethylpyrazine;
however, read-across can be made to 2,3,5-trimethylpyrazine (CAS # 14667-55-1; see Section VI).

The mutagenic activity of 2,3,5-trimethylpyrazine has been evaluated in a bacterial reverse
mutation assay conducted in compliance with GLP regulations and in accordance with OECD TG
471 using the standard plate incorporation method. Salmonella typhimurium strains TA98, TA100,
TA1535, TA1537, and Escherichia coli strain WP2uvrA were treated with 2,3,5-trimethylpyrazine in
water at concentrations up to 5000 μg/plate. Increases in the mean number of revertant colonies
were observed in strain WP2uvrA in the presence or absence of S9 and in strain TA98 in the
presence of S9 (RIFM, 2016a). However, the increases were not dose-responsive and were within
the historical control limits. Therefore, the increases were considered to be not biologically relevant.
Under the conditions of the study, 2,3,5-trimethylpyrazine was not mutagenic in the Ames test, and
this can be extended to 2, 5-dimethylpyrazine.

The clastogenic activity of 2,3,5-trimethylpyrazine was evaluated in an in vitro micronucleus test
conducted in compliance with GLP regulations and in accordance with OECD TG 487. Human
peripheral blood lymphocytes were treated with 2,3,5-trimethylpyrazine in water at concentrations
up to 1220 μg/mL in the dose range finding (DRF) study; micronuclei analysis was conducted at
concentrations up to 1220 μg/mL in the presence and absence of metabolic activation. 2,3,5-
Trimethylpyrazine did not induce binucleated cells with micronuclei when tested up to the maximum
concentration in either the presence or absence of an S9 activation system (RIFM, 2016b). Under

https://journals.eco-vector.com/ecolgenet/article/view/9022
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the conditions of the study, 2,3,5-trimethylpyrazine was considered to be non-clastogenic in the in
vitro micronucleus test, and this can be extended to 2,5-dimethylpyrazine.

Based on the data available, 2,3,5-trimethylpyrazine does not present a concern for genotoxic
potential, and this can be extended to 2,5-dimethylpyrazine.

• 2,3,5-Trimethylpyrazine (CAS # 14667-55-1) was used as a read-across analog for the target
material, 2,5-dimethylpyrazine (CAS # 123-32-0), for the genotoxicity endpoint.

o The target material and the read-across analog are structurally similar and belong to the pyrazine
group.

o The key difference between the target material and the read-across analog is an additional
methyl substituent in the read-across analog. This structural difference is toxicologically
insignificant.

o The similarity between the target material and the read-across analog is indicated by the
Tanimoto score. Differences between the structures that affect the Tanimoto score are
toxicologically insignificant.

o The physical–chemical properties of the target material and the read-across analog are
sufficiently similar to enable a comparison of their toxicological properties. o According to the
OECD QSAR Toolbox v4.5, structural alerts for toxicological endpoints are consistent between the
target material and the readacross analog.

o The target material and the read-across analog are expected to be metabolized similarly, as
shown by the metabolism simulator.

o The structural alerts for the endpoints evaluated are consistent between the metabolites of the
read-across analog and the target material.”

As taken from Api AM et al. (2024) Available at
https://fragrancematerialsafetyresource.elsevier.com/sites/default/files/123-32-0.pdf

5.5. Cytotoxicity

“BACKGROUND: The potential for adverse respiratory effects following exposure to electronic (e-)
cigarette liquid (e-liquid) flavorings remains largely unexplored. Given the multitude of flavor
permutations on the market, identification of those flavor constituents that negatively impact the
respiratory tract is a daunting task. In this study we examined the impact of common e-liquid
flavoring chemicals on the airway epithelium, the cellular monolayer that provides the first line of
defense against inhaled particulates, pathogens, and toxicants. METHODS: We used the
xCELLigence real-time cell analyzer (RTCA) as a primary high-capacity screening tool to assess
cytotoxicity thresholds and physiological effects of common e-liquid flavoring chemicals on
immortalized human bronchial epithelial cells (16HBE14o-). The RTCA was used secondarily to
assess the capability of 16HBE14o- cells to respond to cellular signaling agonists following a 24 h
exposure to select flavoring chemicals. Finally, we conducted biophysical measurements of well-
differentiated primary mouse tracheal epithelial (MTE) cells with an Ussing chamber to measure the
effects of e-cigarette flavoring constituents on barrier function and ion conductance. RESULTS: In
our high-capacity screens five of the seven flavoring chemicals displayed changes in cellular
impedance consistent with cell death at concentrations found in e-liquid. Vanillin and the chocolate
flavoring 2,5-dimethylpyrazine caused alterations in cellular physiology indicative of a cellular
signaling event. At subcytotoxic levels, 24 h exposure to 2,5-dimethylpyrazine compromised the
ability of airway epithelial cells to respond to signaling agonists important in salt and water balance
at the airway surface. Biophysical measurements of 2,5-dimethylpyrazine on primary MTE cells
revealed alterations in ion conductance consistent with an efflux at the apical airway surface that
was accompanied by a transient loss in transepithelial resistance. Mechanistic studies confirmed
that the increases in ion conductance evoked by 2,5-dimethylpyrazine were largely attributed to a

https://fragrancematerialsafetyresource.elsevier.com/sites/default/files/123-32-0.pdf
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protein kinase A-dependent (PKA) activation of the cystic fibrosis transmembrane conductance
regulator (CFTR) ion channel. CONCLUSIONS: Data from our high-capacity screening assays
demonstrates that individual e-cigarette liquid flavoring chemicals vary in their cytotoxicity profiles
and that some constituents evoke a cellular physiological response on their own independent of cell
death. The activation of CFTR by 2,5-dimethylpyrazine may have detrimental consequences for
airway surface liquid homeostasis in individuals that use e-cigarettes habitually.” As taken from
Sherwood CL and Boitano S. 2016. Respir. Res. 17(1), 57. PubMed, 2016 available at
https://www.ncbi.nlm.nih.gov/pubmed/27184162

5.6. Carcinogenicity

No data available to us at this time.

5.7. Irritation/immunotoxicity

“Activity of antibody producing spleenocytes and chromosome stability in bone marrow cells from
laboratory mouse males of CBA strain after exposure to different chemosignals excreted by
stressed or irradiated syngeneic donors was studied. It has been shown that the exposure of the
recipient males to volatiles from donor males (stressed by swimming) decreases quantity of
antibody-producing cells in 1, 3 and 10 days after the treatment. The same exposure increased the
chromosome aberrations level in dividing bone marrow cells from CBA recipients in 1 day after the
treatment. Similar changes were observed in 24 h after exposure to volatiles of irradiated donors or
to synthetic mouse pheromone, 2,5-dimethylpyrazine. Possible mechanisms of chemosignals effect
on the immune system are discussed.” As taken from Daev et al. (2007a). Tsitologiia.
2007;49(8):696-701. PubMed 2013 available at http://www.ncbi.nlm.nih.gov/pubmed/17926567

List of flavouring compounds in e-cigarettes with human health concerns

As taken from NICNAS, 2019

“Limited skin sensitization data are available for 2,5-dimethylpyrazine. Therefore, read-across
material 2-ethyl-3-methylpyrazine (CAS # 15707-23-0; see Section VI) was used for the risk
assessment of 2,5-dimethylpyrazine. The data on the read-across material are summarized in
Table 1 below (Table 1). Based on the existing data on the read-across material, 2,5-
dimethylpyrazine is not considered a skin sensitizer. The chemical structures of the read-across
material and the target material indicate that they would not be expected to react with skin proteins
directly (Roberts et al., 2007; Toxtree v3.1.0; OECD Toolbox v4.5). Read-across material 2-ethyl-3-
methylpyrazine is predicted in vitro to be a non-sensitizer when evaluated following the OECD
Guideline No. 497: Defined Approaches on Skin Sensitization (OECD, 2021). Read-across material
2-ethyl-3-methylpyrazine was found to be negative in an in vitro direct peptide reactivity assay
(DPRA), KeratinoSens, and human cell line activation test (h-CLAT) (RIFM, 2018; RIFM, 2017c;
RIFM, 2017b).

Based on the weight of evidence (WoE) from structural analysis and in vitro studies on the read-
across material as well as the target material, 2,5-dimethylpyrazine does not present a concern for
skin sensitization.

• 2-Ethyl-3-methylpyrazine (CAS # 15707-23-0) was used as a read-across analog for the target
material, 2,5-dimethylpyrazine (CAS # 123-32-0), for the skin sensitization endpoint.

Chemical CAS
number

Concern References

2,5-
Dimethylpyrazine

123-32-0 Respiratory irritation, impaired
cell function

(Sherwood and Boitano 2016;
Vardavas et al. 2017)

https://www.ncbi.nlm.nih.gov/pubmed/27184162
http://www.ncbi.nlm.nih.gov/pubmed/17926567


o The target substance and the read-across analog are structurally similar and belong to the
pyrazine group.

oThe key difference between the target substance and the read-across analog is the positioning of
the substituents on the ring and the presence of an ethyl group in the read-across analog
compared to the methyl group in the target material. These structural differences are toxicologically
insignificant.”

As taken from Api AM et al. (2024). Available at
https://fragrancematerialsafetyresource.elsevier.com/sites/default/files/123-32-0.pdf

5.8. All other relevant types of toxicity

Total particulate matter (TPM) from heated (tobacco or nicotine) product(s) containing 2,5-
Dimethylpyrazine was tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity and
specificity of the bioassay(s) the activity of the TPM was not increased by the addition of 2,5-
Dimethylpyrazine when compared to TPM from 3R4F cigarettes. The table below provides tested
level(s) and specific endpoint(s).

6. Functional effects on

6.1. Broncho/pulmonary system

“BACKGROUND: The potential for adverse respiratory effects following exposure to electronic (e-)
cigarette liquid (e-liquid) flavorings remains largely unexplored. Given the multitude of flavor
permutations on the market, identification of those flavor constituents that negatively impact the
respiratory tract is a daunting task. In this study we examined the impact of common e-liquid
flavoring chemicals on the airway epithelium, the cellular monolayer that provides the first line of
defense against inhaled particulates, pathogens, and toxicants. METHODS: We used the
xCELLigence real-time cell analyzer (RTCA) as a primary high-capacity screening tool to assess
cytotoxicity thresholds and physiological effects of common e-liquid flavoring chemicals on
immortalized human bronchial epithelial cells (16HBE14o-). The RTCA was used secondarily to
assess the capability of 16HBE14o- cells to respond to cellular signaling agonists following a 24 h
exposure to select flavoring chemicals. Finally, we conducted biophysical measurements of well-
differentiated primary mouse tracheal epithelial (MTE) cells with an Ussing chamber to measure the
effects of e-cigarette flavoring constituents on barrier function and ion conductance. RESULTS: In
our high-capacity screens five of the seven flavoring chemicals displayed changes in cellular
impedance consistent with cell death at concentrations found in e-liquid. Vanillin and the chocolate
flavoring 2,5-dimethylpyrazine caused alterations in cellular physiology indicative of a cellular
signaling event. At subcytotoxic levels, 24 h exposure to 2,5-dimethylpyrazine compromised the
ability of airway epithelial cells to respond to signaling agonists important in salt and water balance
at the airway surface. Biophysical measurements of 2,5-dimethylpyrazine on primary MTE cells
revealed alterations in ion conductance consistent with an efflux at the apical airway surface that
was accompanied by a transient loss in transepithelial resistance. Mechanistic studies confirmed
that the increases in ion conductance evoked by 2,5-dimethylpyrazine were largely attributed to a
protein kinase A-dependent (PKA) activation of the cystic fibrosis transmembrane conductance
regulator (CFTR) ion channel. CONCLUSIONS: Data from our high-capacity screening assays
demonstrates that individual e-cigarette liquid flavoring chemicals vary in their cytotoxicity profiles

Endpoint Tested level (ppm) Reference

In vitro genotoxicity 1.3 JTI KB Study Report(s)

In vitro cytotoxicity 1.3 JTI KB Study Report(s)
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and that some constituents evoke a cellular physiological response on their own independent of cell
death. The activation of CFTR by 2,5-dimethylpyrazine may have detrimental consequences for
airway surface liquid homeostasis in individuals that use e-cigarettes habitually.” As taken from
Sherwood CL and Boitano S. 2016. Respir. Res. 17(1), 57. PubMed, 2016 available at
https://www.ncbi.nlm.nih.gov/pubmed/27184162

Tobacco products containing flavorings, such as electronic nicotine delivery devices (ENDS) or e-
cigarettes, cigars/cigarillos, waterpipes, and heat-not-burn devices (iQOS) are continuously
evolving. In addition to increasing the exposure of teenagers and adults to nicotine containing
flavoring products and flavoring enhancers, chances of nicotine addiction through chronic use and
abuse also increase. These flavorings are believed to be safe for ingestion, but little information is
available about their effects on the lungs. In this review, we have discussed the in vitro and in vivo
data on toxicity of flavoring chemicals in lung cells. We have further discussed the common
flavoring agents, such as diacetyl and menthol, currently available detection methods, and the
toxicological mechanisms associated with oxidative stress, inflammation, mucociliary clearance,
and DNA damage in cells, mice, and humans. Finally, we present potential biomarkers that could
be utilized for future risk assessment. This review provides crucial parameters important for
evaluation of risk associated with flavouring agents and flavoring enhancers used in tobacco
products and ENDS. Future studies can be designed to address the potential toxicity of inhaled
flavorings and their biomarkers in users as well as in chronic exposure studies.” As taken from Kaur
G et al. 2018. Toxicol. Lett. 288, 143-155. PubMed, 2019 available at
https://www.ncbi.nlm.nih.gov/pubmed/29481849

6.2. Cardiovascular system

“Electronic cigarette refill liquids are commercially provided with a wide variety of flavoring agents.
A recent study suggested that several common flavors may scavenge nitric oxide (NO) and cause
endothelial dysfunction. It was the aim of the present study to investigate the effects of these
flavors on NO/cyclic GMP-mediated signaling and vascular relaxation. We tested the flavoring
agents for effects on Ca2+-induced cGMP accumulation and NO synthase activation in cultured
endothelial cells. NO scavenging was studied with NO-activated soluble guanylate cyclase and as
NO release from a NO donor, measured with a NO electrode. Blood vessel function was studied
with precontracted rat aortic rings in the absence and presence of acetylcholine or a NO donor.
Cinnamaldehyde inhibited Ca2+-stimulated endothelial cGMP accumulation and NO synthase
activation at ≥0.3 mM. Cinnamaldehyde and diacetyl inhibited NO-activated soluble guanylate
cyclase with IC50 values of 0.56 (0.54–0.58) and 0.29 (0.24–0.36) mM, respectively, and caused
moderate NO scavenging at 1 mM that was not mediated by superoxide anions. The other
compounds did not scavenge NO at 1 mM. None of the flavorings interfered with acetylcholine-
induced vascular relaxation, but they caused relaxation of pre-contracted aortas. The most potent
compounds were eugenol and cinnamaldehyde with EC50 values of ~0.5 mM. Since the flavors did
not affect endothelium-dependent vascular relaxation, NO scavenging by cinnamaldehyde and
diacetyl does not result in impaired blood vessel function. Although not studied in vivo, the low
potency of the compounds renders it unlikely that the observed effects are relevant to humans
inhaling flavored vapor from electronic cigarettes.” As taken from Wölkart G et al. 2019. PLoS One
14(9), e0222152. PubMed, 2020 available at https://www.ncbi.nlm.nih.gov/pubmed/31498828/

6.3. Nervous system

“Adult neurogenesis in female mice is known to be enhanced by exposure to soiled bedding from
males, although the identity of the relevant chemosignals has remained unknown. Here we show
that the previously recognized male murine pheromones, the farnesenes and 2-sec-butyl-4,5-
dihydrothiazole (SBT), strongly increase cell proliferation in the subventricular zone (SVZ) of adult
female mice, but not younger female mice. In addition, we found that a unique female murine
pheromone, 2,5-dimethylpyrazine, facilitates similar changes in males…..Our study suggests that
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pheromonal communication between males and females is enhancing reproductive success by
controlling the estrous cycle and by promoting cell proliferation in a reciprocal manner.” As taken
from Koyama S et al. 2013. Front. Behav. Neurosci. 7, 101. PubMed, 2013 available at
http://www.ncbi.nlm.nih.gov/pubmed/23964214

6.4. Other organ systems, dependent on the properties of the substance

No data available to us at this time.

7. Addiction

JTI is not aware of any information that demonstrates that this ingredient has any addictive effect.

8. Burnt ingredient toxicity

This ingredient was considered as part of an overall safety assessment of ingredients added to
tobacco in the manufacture of cigarettes. An expert panel of toxicologists reviewed the open
literature and internal toxicology data of 5 tobacco companies to evaluate a composite list of
ingredients used in the manufacture of cigarettes. The conclusion of this report was that these
ingredients did not increase the inherent biological activity of tobacco cigarettes, and are
considered to be acceptable under conditions of intended use (Doull et al., 1994 & 1998). Tobacco
smoke condensates from cigarettes containing 2,5-Dimethylpyrazine and an additive free,
reference cigarettes were tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity
and specificity of the bioassay(s) the activity of the condensate was not changed by the addition of
2,5-Dimethylpyrazine. Table below provides tested level(s) and specific endpoint(s).

Endpoint Tested level (ppm) Reference

Smoke chemistry

<1 Carmines, 2002 & Rustemeier et al., 2002

18 Baker et al., 2004a

0.13

6.5

10.4

JTI KB Study Report(s)

3 Roemer et al., 2014

In vitro genotoxicity

<1 Carmines, 2002 & Roemer et al., 2002

18 Baker et al., 2004c

0.13 Renne et al., 2006

0.13

6.5

16

JTI KB Study Report(s)

3 Roemer et al., 2014

In vitro cytotoxicity <1 Carmines, 2002 & Roemer et al., 2002

http://www.ncbi.nlm.nih.gov/pubmed/23964214


Transfer study:

In a pyrolysis study, 100% of 2,5-dimethylpyrazine added to cigarettes was transferred intact to the
smoke (Purkis et al. 2011).

9. Heated/vapor emissions toxicity

Total particulate matter (TPM) from heated (tobacco or nicotine) product(s) containing 2,5-
Dimethylpyrazine was tested in a battery of in vitro and/or in vivo test(s). Within the sensitivity and
specificity of the bioassay(s) the activity of the TPM was not increased by the addition of 2,5-
Dimethylpyrazine when compared to TPM from 3R4F cigarettes. The table below provides tested
level(s) and specific endpoint(s).

Aerosol from heated tobacco stick(s) containing 2,5-Dimethylpyrazine was tested in aerosol
chemistry and a battery of in vitro test(s). Under the test conditions and within the sensitivity and
specificity of the bioassay(s), the activity of the total particulate matter (TPM) and/or gas vapor

18 Baker et al., 2004c

6.5

16
JTI KB Study Report(s)

3 Roemer et al., 2014

Inhalation study

1 Gaworski et al., 1998

<1 Carmines, 2002 & Vanscheeuwijck et al., 2002

18 Baker et al., 2004c

0.13 Renne et al., 2006

0.13

6.5

16

JTI KB Study Report(s)

3 Schramke et al., 2014

Skin painting

1 Gaworski et al., 1999

0.13

6.5
JTI KB Study Report(s)

In vivo genotoxicity 3 Schramke et al., 2014

Endpoint Tested level (ppm) Reference

In vitro genotoxicity 1.3 JTI KB Study Report(s)

In vitro cytotoxicity 1.3 JTI KB Study Report(s)



phase (GVP) were not increased by the addition of this ingredient when compared to TPM and/or
GVP from reference combustible cigarettes. The table below provides the highest tested level(s)
and specific endpoint(s): 

10. Ecotoxicity

10.1. Environmental fate

EPISuite provides the following data:

Henrys Law Constant (25 deg C) [HENRYWIN v3.20]:

Log Octanol-Air Partition Coefficient (25 deg C) [KOAWIN v1.10]:

Probability of Rapid Biodegradation (BIOWIN v4.10):

Hydrocarbon Biodegradation (BioHCwin v1.01):

Endpoint  Tested level (mg/stick)  Reference 
Aerosol chemistry  0.0063 Labstat International Inc. (2020a) 

Labstat International Inc. (2021a)
Labstat International Inc. (2023a)
JTI Heated Tobacco Stick Study Report(s)

In vitro genotoxicity  0.0063 Labstat International Inc. (2020b) 
Labstat International Inc. (2021b) 
Labstat International Inc. (2023b)
JTI Heated Tobacco Stick Study Report(s)

In vitro cytotoxicity  0.0063 Labstat International Inc. (2020b) 
Labstat International Inc. (2021b)
Labstat International Inc. (2023b)
JTI Heated Tobacco Stick Studyt Report(s) 

Bond Method : 3.55E-006 atm-m3/mole (3.60E-001 Pa-m3/mole)

Group Method: 1.28E-008 atm-m3/mole (1.30E-003 Pa-m3/mole)

Henrys LC [via VP/WSol estimate
using User-Entered or Estimated
values]:

HLC: 1.415E-005 atm-m3/mole (1.434E+000 Pa-m3/mole)VP:
3.18 mm Hg (source: MPBPVP)WS: 3.2E+004 mg/L (source:
WSKOWWIN)

Log Kow used: 0.63 (exp database)

Log Kaw used: -3.838 (HenryWin est)

Log Koa (KOAWIN v1.10 estimate): 4.468

Log Koa (experimental database): None

Biowin1 (Linear Model): Biowin2 (Non-Linear Model) : Biowin3 (Ultimate
Survey Model): Biowin4 (Primary Survey Model) : Biowin5 (MITI Linear
Model) : Biowin6 (MITI Non-Linear Model): Biowin7 (Anaerobic Linear Model):

0.8054 0.9326 2.8105
(weeks) 3.5547 (days-
weeks) 0.4898 0.5642 -
0.0983

Ready Biodegradability Prediction: NO

Structure incompatible with current estimation method!



Sorption to aerosols (25 Dec C)[AEROWIN v1.00]:

Fraction sorbed to airborne particulates (phi):

Atmospheric Oxidation (25 deg C) [AopWin v1.92]: Hydroxyl Radicals Reaction:

Aqueous Base/Acid-Catalyzed Hydrolysis (25 deg C) [HYDROWIN v2.00]: Rate constants can
NOT be estimated for this structure! Volatilization from Water: Henry LC: 3.55E-006 atm-m3/mole
(estimated by Bond SAR Method)

Removal In Wastewater Treatment:

Vapor pressure (liquid/subcooled): 387 Pa (2.9 mm Hg)

Log Koa (Koawin est): 4.468

Kp (particle/gas partition coef. (m3/ug)): Mackay model: Octanol/air (Koa) model: 7.76E-009 7.21E-009

Junge-Pankow model: 2.8E-007

Mackay model: 6.21E-007

Octanol/air (Koa) model: 5.77E-007

OVERALL OH Rate Constant = 1.0081 E-12 cm3/molecule-sec

Half-Life = 10.611 Days (12-hr day; 1.5E6 OH/cm3)

Ozone Reaction: No Ozone Reaction Estimation

Fraction sorbed to airborne particulates (phi): 4.5E-007 (Junge-Pankow, Mackay avg) 5.77E-007 (Koa
method)

Note: the sorbed fraction may be resistant to atmospheric oxidation

Soil Adsorption Coefficient (KOCWIN v2.00):Koc : 95.04 L/kg (MCI method)

Log Koc: 1.978 (MCI method)

Koc : 46.99 L/kg (Kow method)

Log Koc: 1.672 (Kow method)

Half-Life from Model River: 172.6 hours (7.19 days)

Half-Life from Model Lake: 1970 hours (82.07 days)

Total removal: 2.06 percent

Total biodegradation: 0.09 percent

Total sludge adsorption: 1.77 percent

Total to Air: 0.20 percent



(using 10000 hr Bio P,A,S) Level III Fugacity Model:

Persistence Time: 477 hr

The Ecological Categorization Results from the Canadian Domestic Substances List states that
2,5-dimethyl pyrazine is not persistent in the environment.

Data accessed December 2016 on the OECD website:
http://webnet.oecd.org/CCRWeb/Search.aspx

10.2. Aquatic toxicity

The Ecological Categorization Results from the Canadian Domestic Substances List states that
there is no inherent toxicity to aquatic organisms.

Mass Amount (percent) Half-Life (hr) Emissions (kg/hr)

Air 5.19 255 1000

Water 26.8 360 1000

Soil 67.8 720 1000

Sediment 0.152 3.24e+003 0

Media of concern leading to Categorization Water

Experimental Biodegradation half-life (days) Not Available

Predicted Ultimate degradation half-life (days) 15

MITI probability of biodegradation 0.5642

EPI Predicted Ozone reaction half-life (days) 999

EPI Predicted Atmospheric Oxidation half-life (days) 10.61

Pivotal value for iT (mg/l) 507.62688

Toxicity to fish (LC50 in mg/l) as predicted by Ecosar v0.99g 654.338

Toxicity to fish (LC50 in mg/l) as predicted by Oasis Forecast M v1.10 1,438.6038

Toxicity to fish (LC50 in mg/l) as predicted by Aster 1,378.138125

Toxicity to fish (LC50 in mg/l) as predicted by PNN 507.62688

Toxicity to daphnia (EC50 in mg/l) as predicted by Topkat v6.1 13.5

Toxicity to fish, daphnia, algae or mysid shrimp (EC50 or LC50 in mg/l) as predicted by
Ecosar v0.99g

377.14

Chronic toxicity to daphnia or algae (EC50 in mg/l) as predicted by Ecosar v0.99g 21.999

http://webnet.oecd.org/CCRWeb/Search.aspx


Data accessed December 2016 on the OECD website:
http://webnet.oecd.org/CCRWeb/Search.aspx

ECOSAR version 1.11 reports the following aquatic toxicity data for CAS RN 123-32-0:

Values used to Generate ECOSAR Profile: Log Kow: 1.035 (EPISuite Kowwin v1.68 Estimate) Wat
Sol: 6.062E+004 (mg/L, EPISuite WSKowwin v1.43 Estimate)

ECOSAR v1.11 Class-specific Estimations:

Neutral Organics

10.3. Sediment toxicity

No data available to us at this time

10.4. Terrestrial toxicity

ECOSAR version 1.11 reports the following terrestrial toxicity data for CAS RN 123-32-0:

Values used to Generate ECOSAR Profile: Log Kow: 1.035 (EPISuite Kowwin v1.68 Estimate) Wat
Sol: 6.062E+004 (mg/L, EPISuite WSKowwin v1.43 Estimate)

ECOSAR v1.11 Class-specific Estimations:

Neutral Organics

Toxicity to fish (LC50 in mg/l) as predicted by Neutral Organics QSAR in Ecosar v0.99g 6.54E+002

ECOSAR Class Organism Duration End Pt Predicted mg/L (ppm)

Neutral Organics : Fish 96-hr LC50 653.805

Neutral Organics : Daphnid 48-hr LC50 339.581

Neutral Organics : Green Algae 96-hr EC50 174.990

Neutral Organics : Fish ChV 57.530

Neutral Organics : Daphnid ChV 25.842

Neutral Organics : Green Algae ChV 37.577

Neutral Organics : Fish (SW) 96-hr LC50 818.350

Neutral Organics : Mysid 96-hr LC50 1169.501

Neutral Organics : Fish (SW) ChV 49.268

Neutral Organics : Mysid (SW) ChV 134.562

ECOSAR Class Organism Duration End Pt Predicted mg/L (ppm)

Neutral Organics : Earthworm 14-day LC50 236.752

http://webnet.oecd.org/CCRWeb/Search.aspx


10.5. All other relevant types of ecotoxicity

EPISuite provides the following data:

Bioaccumulation Estimates (BCFBAF v3.01):

The Ecological Categorization Results from the Canadian Domestic Substances List states that
2,5-dimethyl pyrazine is not bioaccumulative in the environment.

Data accessed December 2016 on the OECD website:
http://webnet.oecd.org/CCRWeb/Search.aspx
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FGE.17Rev2 (2010)1 
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ABSTRACT  

The Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids of the European 
Food Safety Authority was requested to consider evaluations of flavouring substances assessed since 
2000 by the Joint FAO/WHO Expert Committee on Food Additives (the JECFA), and to decide 
whether further evaluation is necessary, as laid down in Commission Regulation (EC) No 1565/2000. 
Since the previous version of FGE.50, new in vitro and in vivo genotoxicity data on 5-
methylquinoxaline [FL-no: 14.028] have been provided. The Panel concluded that these data allowed 
to roule out genotoxicity concerns for the substance. 5-Methylquinoxaline was then evaluated through 
a stepwise approach (the Procedure) that integrates information on structure-activity relationships, 
intake from current uses, toxicological threshold of concern, and available data on metabolism and 
toxicity. The Panel concluded that the substance do not give rise to safety concerns at the levels of 
dietary intake, estimated on the basis of the MSDI approach. So in total, for all the 41 JECFA 
evaluated pyrazines derivatives [FL-no: 14.005, 14.006, 14.015, 14.017, 14.018, 14.019, 14.020, 
14.021, 14.022, 14.024, 14.025, 14.026, 14.027, 14.028, 14.031, 14.032, 14.034, 14.035, 14.037, 
14.043, 14.044, 14.049, 14.050, 14.053, 14.054, 14.055, 14.056, 14.062, 14.067, 14.069, 14.077, 
                                                      
 
1  On request from the Commission, Question No EFSA-Q-2010-00007, adopted on 25 November 2010. 
2  Panel members: Arturo Anadon, Mona-Lise Binderup, Wilfried Bursch, Laurence Castle, Riccardo Crebelli, Karl-Heinz 

Engel, Roland Franz, Nathalie Gontard, Thomas Haertle, Trine Husøy, Klaus-Dieter Jany, Catherine Leclercq, Jean 
Claude Lhuguenot, Wim Mennes, Maria Rosaria Milana, Karla Pfaff, Kettil Svensson, Fidel Toldra, Rosemary Waring, 
Detlef Wölfle. Correspondence: cef-unit@efsa.europa.eu 

3  Acknowledgement: The Panel wishes to thank the members of the Working Groups on Flavourings for the preparation of 
this Opinion: wishes to thank the members of the Working Groups on Flavourings for the preparation of this Opinion: Ulla 
Beckman Sundh, Vibe Beltoft, Wilfried Bursch, Angelo Carere, Karl-Heinz Engel, Henrik Frandsen, Rainer Gürtler, 
Frances Hill, Trine Husøy, John Christian Larsen, Pia Lund, Wim Mennes, Gerard Mulder, Karin Nørby, Gerard Pascal, 
Iona Pratt, Gerrit Speijers, Harriet Wallin and EFSA’s staff member Kim Rygaard Nielsen for the preparatory work on this 
scientific Opinion. 
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14.082, 14.095, 14.096, 14.098, 14.100, 14.114, 14.121, 14.123, 14.142 and 14.144] evaluated in 
FGE.50, the Panel agrees with the JECFA conclusion, “No safety concern at estimated levels of intake 
as flavouring substances” based on the MSDI approach. Adequate specifications for the materials of 
commerce are available for all 41 flavouring substances. 

 

© European Food Safety Authority, 2011 

 

SUMMARY  

The European Food Safety Authority (EFSA) asked the Panel on Food Contact Materials, Enzymes, 
Flavourings and Processing Aids (the Panel) to provide scientific advice to 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 was 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 41 pyrazine derivatives evaluated by the JECFA (57th meeting) 
and will be considered in relation to the EFSA evaluation of 21 pyrazine derivatives evaluated in the 
Flavouring Group Evaluation 17, Revision 2 (FGE.17Rev2). 

The Panel concluded that the 41 substances in the JECFA flavouring group of pyrazines are 
structurally related to the pyrazines evaluated by EFSA in FGE.17Rev2.  

In the previous version of the present Flavouring Group Evaluation (FGE), the Panel concluded that it 
could agree in the way the application of the Procedure has been performed by the JECFA for 40 out 
of the 41 pyrazines derivatives. For 5-methylquinoxaline [FL-no: 14.028], the Panel concluded that in 
line with the conclusions for quinoxaline and the two quinoxaline derivatives (quinoxaline [FL-no: 
14.147], 2-methylquinoxaline [FL-no: 14.139] and 2,3-dimethylquinoxaline [FL-no: 14.108]) in 
FGE.17Rev1, 5-methylquinoxaline should not be evaluated using the Procedure until adequate 
genotoxicity data become available. New genotoxicity data have now become available and based on 
these data the Panel concluded that the in vitro genotoxicity alert could be ruled out for 5-
methylquinoxaline [FL-no: 14.028] as no genotoxic potential at gene or chromosome level was 
indicated. 

For all 41 substances evaluated through the JECFA Procedure intake data are available for EU.  

For all 41 substances evaluated through the Procedure 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 41 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 are available for all 41 JECFA evaluated 
substances.  

For all the 41 JECFA-evaluated pyrazines [FL-no: 14.005, 14.006, 14.015, 14.017, 14.018, 14.019, 
14.020, 14.021, 14.022, 14.024, 14.025, 14.026, 14.027, 14.028, 14.031, 14.032, 14.034, 14.035, 
14.037, 14.043, 14.044, 14.049, 14.050, 14.053, 14.054, 14.055, 14.056, 14.062, 14.067, 14.069, 
14.077, 14.082, 14.095, 14.096, 14.098, 14.100, 14.114, 14.121, 14.123, 14.142 and 14.144] the Panel 
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agrees with the JECFA conclusion, “No safety concern at estimated levels of intake as flavouring 
substances” based on the MSDI approach. 

KEY WORDS 

Pyrazines, JECFA 57th meeting, pyrazine derivatives, quinoxaline derivatives, FGE.17Rev2. 
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BACKGROUND 
Regulation (EC) No 2232/96 of the European Parliament and the Council (EC, 1996a) 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 2009/163/EC (EC, 
2009a). 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, 1999a).  

Commission Regulation (EC) No 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 – 2008, during its 55th, 57th, 59th, 61st, 63rd, 65th, 68th and 69th meetings, the JECFA 
evaluated about 1000 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. 

In addition, in letter of 1 April 2009 the Commission requested EFSA to carry out a re-evaluation of 
flavouring substances [FL-no: 14.028, 14.108 and 14.139] in accordance with Commission Regulation 
(EC) No 1565/2000: 

“The European Commission requests the European Food Safety Authority to carry out a risk 
assessment on 5-methylquinoxaline ([FL-no: 14.028]), 2,3-dimethylquinoxaline ([FL-no: 14.108]) and 
2-methylquinoxaline ([FL-no: 14.139]) in accordance with Commission Regulation (EC) No 
1565/2000, if possible by the end of the evaluation programme, if not within nine month from 
finalisation of that programme”.   

The deadline of the Terms of Reference was negotiated to 30 June 2010. 

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, 1999a), 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 Panel on Food Contact Materials, Enzymes, Flavourings and Processing 
Aids (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 
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substances are of no safety concern at their estimated levels of intake, whether additional data are 
required or whether certain substances should not be put through the EFSA Procedure. 

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).  

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 
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As reflected in the Opinion of SCF (SCF, 1999a), 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 
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. 

HISTORY OF THE EVALUATION OF THE SUBSTANCES IN THE PRESENT FGE 
In FGE.50, which contain a group of 41 flavouring substances consisting of pyrazine and pyrazine 
derivatives, the Panel concluded that for one of these substances, 5-methyl quinoxaline [FL-no: 
14.028], the Procedure should not be applied until adequate genotoxicity data become available. This 
conclusion was in line with the Panel conclusion for three other quinoxalines evaluated in 
FGE.17Rev1 (EFSA, 2008r).  

FGE Opinion 
adopted by 
EFSA 

Link No. of candidate 
substances 

FGE.50 February 
2007 

http://www.efsa.europa.eu/EFSA/efsa_locale-
1178620753812_1178692189146.htm 

41 

FGE.50Rev1 November 
2010 

 41 

 

Additional genotoxicity data have now become available for [FL-no: 14.028] and the present revision 
of FGE.50, FGE.50Rev1 includes the evaluation of these genotoxicity data submitted by the Industry 
(Flavour Industry, 2009a). 

Of the 41 flavouring substances considered by EFSA in FGE.50 no European production volumes 
were available for seven substances [FL-no: 14.025, 14.026, 14.034, 14.067, 14.069, 14.077 and 
14.121]. As no European production volumes were available no MSDI could be calculated for EU and 
accordingly the substances could not be considered by EFSA using the Procedure. In the course of 
2010, Industry provided EU production figures (EFFA, 2010a; EFFA, 2010c) for these seven 
substances together with similar data on approximately 100 other substances from 27 different 
FGEs. In order to avoid unnecessary delay, these substances were evaluated in a special FGE, 
FGE.96, in which EU production volumes / anticipated production volumens submitted on request 
by DC SANCO have been included in the evaluation (EFSA, 2010aj). The EU production 
volumes of these seven substances and the outcome of the evaluations have also been included in 
the current revision of FGE.50 (EFFA, 2010a; EFFA, 2010c). 

Finally, since the previous version of FGE.50 (EFFA, 2010a), missing information have been provided 
on the stereoisomeric composition for two substances [FL-no: 14.037 and 14.062], identity test for one 
substance [FL-no: 14.024], clarification of the specific gravity for three substances [FL-no: 14.019, 
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14.054 and 14.062] and composition of mixtures of positional isomers [FL-no: 14.006, 14.020, 
14.021, 14.025, 14.035, 14.050, 14.055, 14.067, 14.077, 14.100, 14.114 and 14.121]. 

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 41 flavouring substances consisting of pyrazine and pyrazine 
derivatives. 

1.1.2. EFSA Considerations 

The Panel concluded that all the 41 substances in the JECFA flavouring group of pyrazines are 
structurally related to the group of 21 pyrazines evaluated by EFSA in the Flavouring Group 
Evaluation 17, Revision 2 (FGE.17 Rev2). 

1.2. Isomers 

1.2.1. Status 

Two of the JECFA evaluated substances [FL-no: 14.037 and FL-no: 14.062] have a chiral centre. 
Further 12 substances consist of mixtures of positional isomers [FL-no: 14.006, 14.020, 14.021, 
14.025, 14.035, 14.050, 14.055, 14.067, 14.077, 14.100, 14.114 and 14.121]. 

1.2.2. EFSA Considerations 

Industry has informed that the two substances [FL-no: 14.037 and FL-no: 14.062] occur as a racemic 
mixture (EFFA, 2010a).  

Industry has informed about the composition of the mixture of positional isomers of the 12 JECFA 
evaluated substances [FL-no: 14.006, 14.020, 14.021, 14.025, 14.035, 14.050, 14.055, 14.067, 14.077, 
14.100, 14.114 and 14.121] (EFFA, 2010a). 

1.3. Specifications 

1.3.1. JECFA Status 

The JECFA specifications are available for all 41 substances (JECFA, 2001c). See Table 1. 

1.3.2. EFSA Considerations 

The available specifications are considered adequate for all 41 JECFA evaluated substances. 
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2. Intake Estimations 

2.1. JECFA Status 

For all 41 substances evaluated through the JECFA Procedure intake data are available for EU, see 
Table 3.1.   

2.2. EFSA Considerations 

No comments. 

3. Genotoxicity Data 

3.1. Genotoxicity Studies – Text Taken4 from the JECFA (JECFA, 2002a) 

In vitro 

2-Methylpyrazine [FL-no: 14.027], 2-ethylpyrazine [FL-no: 14.022], 2,3-dimethylpyrazine [FL-no: 
14.050], 2,5-dimethylpyrazine [FL-no: 14.020], 2,6-dimethylpyrazine [FL-no: 14.021], 2,3,5-
trimethylpyrazine [FL-no: 14.019], pyrazine [FL-no: 14.144]: These substances have been tested for 
their ability to cause reverse mutation, with uniformly negative results up to concentrations of 1000 
microgram/plate in various strains of Salmonella typhimurium with and without an exogenous 
metabolic activation system from rodent liver (Stich et al., 1980; Aeschbacher et al., 1989; Lee et al., 
1994a). In one of these studies, 2-methylpyrazine, 2-ethylpyrazine, 2,5-dimethylpyrazine, 2,6-
dimethylpyrazine, and pyrazine were also tested for their ability to cause mitotic crossover-gene 
conversion in Saccharomyces cerevisiae and chromosomal aberrations in Chinese hamster ovary cells 
(Stich et al., 1980). Surviving cells in cultures of stationary phase S. cerevisiae strain D5 showed an 
increase in the percentage of aberrant colonies at test concentrations of 3300–135 000 microgram/ml; 
however, no increase in the number of mitotic recombinants was observed among the aberrant 
colonies.  

Pyrazine and the other alkyl-substituted pyrazine derivatives that were tested induced significant 
percentages of chromosomal aberrations (breaks and exchanges) in metaphase plates in Chinese 
hamster ovary cells with and without metabolic activation at test concentrations of 2500–40000 
microgram/ml. However, these concentrations were two to four times lower than those that were 
cytotoxic, and no negative controls were used to allow a demonstration that a significant increase in 
the incidence of aberrations had actually occurred (Stich et al., 1980). 

(2, 5 or 6)-Methoxy-3-methylpyrazine [FL-no: 14.025]: A mixture of three isomers, (2, 5 or 6)-
methoxy-3-methylpyrazine, did not induce reverse mutation in S. typhimurium strain TA98, TA100, 
TA1535, TA1537, or TA1538 at concentrations of 3.6 mg/plate with and without metabolic activation 
(Wild et al., 1983).  

In vivo 

(2, 5 or 6)-Methoxy-3-methylpyrazine [FL-no: 14.025]: A test for Basc mutation was performed in 
Drosophila with a concentration of 10 mmol/L (140 microgram/ml), with no mutagenic effect (Wild et 
al., 1983). 

                                                      
 
4 The text is taken verbatim from the indicated reference source, but text related to substances not included in the 
present FGE has been removed. 
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Male and female NMRI mice were treated once orally with (2, 5, or 6)-methoxy-3-methylpyrazine at a 
dose of 87, 174, or 248 mg/kg bw and killed, and bone-marrow smears were prepared 30 h after 
treatment. There was no increase in the frequency of micronuclei in polychromatic erythrocytes (Wild 
et al., 1983). 

Conclusion on genotoxicity 

The relevance of the positive results for pyrazine and certain alkylpyrazines in assays with S. 
cerevisiae and Chinese hamster ovary cells in vitro reported by Stich et al. (1980) is unclear. The 
studies were performed at high, nearly toxic concentrations of the weakly basic pyrazines, which may 
have altered cellular homeostasis. The results of studies of genotoxicity by Zajac-Kaye & Ts’o (Zajac-
Kaye & Ts’o, 1984), Brusick (Brusick, 1986), Bradley et al. (Bradley et al., 1987), and Heck et al. 
(Heck et al., 1989), for example, indicate that agents other than the pyrazines may have caused the 
observed results. The positive results in vitro reported by Stich et al. (Stich et al., 1980) were not 
corroborated by the results of studies conducted in vivo by Wild et al. (Wild et al., 1983) with (2, 5, or 
6)-methoxy-3-methylpyrazine [FL-no: 14.025]. 

For a summary of in vitro / in vivo genotoxicity data considered by the JECFA see Table 2.1. 

3.2. Genotoxicity Studies - Text Taken5 from EFSA FGE.17Rev2 (EFSA, 2010h) 

Genotoxicity data were provided for three of the 20 candidate substances and for 11 of the 41 
supporting substances. The three candidate substances are quinoxaline [FL-no: 14.147] and its 
derivatives 2-methylquinoxaline [FL-no: 14.139] and 2,3-dimethylquinoxaline [FL-no: 14.108]. After 
finalisation of the previous version of this FGE (i.e. FGE.17, Revision 1), both in vitro and in vivo 
genotoxicity data have become available for the supporting substance 5-methylquinoxaline [FL-no: 
14.028]. This substance is a candidate flavouring substance in FGE.50. The Panel explored the option 
of using the genotoxicity data submitted for 5-methylquinoxaline [FL-no: 14.028] to support the 
evaluation of the genotoxic potential of the candidate quinoxaline derivatives in FGE.17.  

Genotoxicity data on Candidate substances 

In in vitro studies, quinoxaline [FL-no: 14.147], up to 10000 microgram/plate and 2,3-
dimethylquinoxaline [FL-no: 14.108], up to 2500 microgram/plate, with and without metabolic 
activation, did not cause reverse mutation in various strains of Salmonella typhimurium (See Table 
IV.4). Two studies on 2-methylquinoxaline [FL-no: 14.139] are available, one study with a positive, 
the other with negative result in the Ames test. However, quinoxaline [FL-no: 14.147] at 250 
microgram/ml culture medium and with metabolic activation was found to induce TFT-mutants in the 
mouse lymphoma mutagenesis assay (L5178Y TK+/- cells). This study was conducted in accordance 
with the OECD guideline 476 and therefore considered valid. 

No adequate in vivo studies on genotoxicity of the substances are available. A study of the potential of 
quinoxaline [FL-no: 14.147] to induce sperm head abnormalities (Topham, 1980) did not address a 
genetic endpoint and the Panel considered it could not be used for evaluation of genotoxicity of this 
substance. 

Genotoxicity data on Supporting substances  

Substituted pyrazines  

 

                                                      
 
5 The text is taken verbatim from the indicated reference source, but text related to substances not included in the 
present FGE has been removed. 
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In vitro, 2-methylpyrazine [FL-no: 14.027], ethylpyrazine [FL-no: 14.022], 2,3-dimethylpyrazine [FL-
no: 14.050], 2,5-dimethylpyrazine [FL-no: 14.020], 2,3-diethylpyrazine [FL-no: 14.005], 2,6-
dimethylpyrazine [FL-no: 14.021], 2,3,5-trimethylpyrazine [FL-no: 14.019], pyrazine [FL-no: 14.144] 
and (2, 5 or 6)-methoxy-3-methylpyrazine [FL-no: 14.025] were tested for their ability to cause 
reverse mutation in various strains of S. typhimurium and consistently revealed negative results with 
and without metabolic activation (Table 2.2).  

In one of these studies, 2-methylpyrazine, ethylpyrazine, 2,5-dimethylpyrazine, 2,6-dimethylpyrazine, 
and pyrazine were also tested for their potential to cause genotoxicity in Saccharomyces cerevisiae 
and chromosomal aberrations in Chinese hamster ovary cells (Table 2.2) (Stich et al., 1980). This 
study has strong limitations for the following reasons. The positive results were observed only in a 
narrow range of exceedingly high and toxic concentrations. In the case of chromosome aberrations, the 
concentration used exceeded the maximum level (5 mg/ml) recommended by OECD. It has been 
shown (Galloway, 2000) that in vitro chromosome breaking can occur secondary to toxicity and/or 
changed physiological conditions (e.g., pH, osmolarity) with compounds not able to react with DNA 
and negative in the Ames test and in vivo. The S.cerevisiae D5 assay for induction of "aberrant 
colonies" is not routinely used and has not been validated at international level due to the uncertainty 
on the various effects involved. Thus, the positive results reported by Stich et al. (Stich et al., 1980) 
are considered of limited value and not relevant for hazard and risk assessment. Furthermore, pyrazine 
was found negative in a wide range of concentrations both in the Salmonella assay and in the mouse 
lymphoma TK assay (Fung et al., 1988). 

Quinoxalines 

5-Methylquinoxaline [FL-no: 14.028] was examined for its mutagenic potential in Salmonella 
typhimurium strains TA100, TA1535, TA98 and TA1537, as well as in Escherichia coli strain WP2 
uvrA. The study was conducted according to GLP and was in compliance with OECD Guideline 471. 
No evidence of mutagenicity was found with or without S9 metabolic activation at concentrations up 
to 5,000 µg/plate (Ogura & Wakamatsu, 2004).  

5-methylquinoxaline was examined for its potential to induce structural chromosome aberrations in 
mammalian cells. The study was conducted according to GLP and was in compliance with OECD 
Guideline 473. The test system used was a subculture of Chinese hamster lung-derived CHL/IU cells 
that were exposed to the test material at concentrations of 320, 480 and 720 µg/mL without S9 mix, 
and 72.0, 228 and 720 µg/mL with S9 mix. The percentage of “cell productivity” (the cell number was 
measured and expressed as relative growth rate compared to negative control) was reported as a 
parameter for cytotoxicity. The Panel considered that 5-methylquinoxaline was found to induce 
chromosomal aberrations in cultured mammalian cells in the presence of metabolic activation. 
Additionally, an increased frequency of polyploid cells up to 12.5 % of the middle dose compared to 0 
% in the control was observed in the presence and absence of metabolic activation at concentrations 
which induced only low cytotoxicity (Ajimu & Kawaguchi, 2004a) 

In vivo data are available for two one of the supporting substances only, (2, 5 or 6)-Methoxy-3-
methylpyrazine [FL-no: 14.025] and 5-methylquinoxaline [FL-no: 14.028].  

5-Methylquinoxaline [FL-no: 14.028] was examined for its potential to induce micronucleated 
polychromatic erythrocytes (MNPCEs) in the bone marrow. The test material was administered daily 
(gavage) for two consecutive days to seven week old and six week old male SPF ICR (Crj:CD-1) mice 
at dosages of 125, 250 and 500 mg/kg/day (6 animals/dose). Microscopic examination of femoral bone 
marrow cells was conducted randomly from 5 animals. Two thousand polychromatic erythrocytes 
(PCE) per animal were analyzed microscopically (x1000), and the number of micronucleated 
polychromatic erythrocytes (MNCPE) was recorded. In order to evaluate the PCE/NCE ratio, the 
number of PCEs out of 200 total erythrocytes (PCEs plus NCEs) was recorded. The test was 
considered positive if the MNPCE frequencies in one or more treatment groups were significantly 
higher than that in the negative control groups. No significant increase of micronucleated 
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polychromatic erythrocyte frequency was observed in these treatment groups compared with the 
negative control group. The PCE/NCE ratio was not changed (Ajimu & Kawaguchi, 2004b). Based on 
the PCE/NCE ratio there is no indication that the substance reached the bone marrow, however, the 
Panel noted that the high dose was the maximum tolerated dose since clinical signs of toxicity have 
been observed after oral intake. Additionally, a doubling of this dose was lethal for two out of six 
animals in a preliminary test. Thus, the Panel considered it reasonable to assume that the substance 
was systemically available and reached the bone marrow. 

For (2, 5 or 6)-methoxy-3-methylpyrazine [FL-no: 14.025] a test for Basc mutation was performed in 
Drosophila with a concentration of 10 mmol/L (140 microgram/ml) in the solutions/emulsions fed to 
the flies, with no mutagenic effect (Table 2.3). Secondly, male and female NMRI mice were treated 
once orally with 87, 174 or 248 mg/kg bw, bone-marrow smears were prepared only at one sampling 
time (at 30 hours) after treatment. There was no increase in the frequency of micronuclei in 
polychromatic erythrocytes (Table 2.3). The PCE/NCE ratio was not reported and thus, it is not clear 
if the test substance reached the bone marrow. However from this study, there is no evidence of 
genotoxic potential. 

Conclusion on genotoxicity 

The available data indicate that apparently there is no simple structure-activity relationship for the 
genotoxicity of quinoxalines, because the profile of genotoxic events in vitro differs for the various 
congeners (point mutations for [FL no: 14.139] and [FL-no: 14.147] vs chromosomal aberrations for 
[FL no: 14.028]). Therefore these compounds are to be evaluated based on substance-specific data for 
each individual quinoxaline derivative. 

In vitro data indicate a genotoxic potential for quinoxaline [FL-no: 14.147] and 2-methylquinoxaline 
[FL-no: 14.139], for which no in vivo data are available. Therefore, for these two substances the 
Procedure cannot be applied until adequate genotoxicity data become available.  

Conversely, 2,3-dimethylquinoxaline [FL-no: 14.108] is not considered genotoxic in vitro and hence 
can be evaluated through the Procedure (three negative bacterial reverse gene mutation assays which, 
although limited, consistently indicate lack of genotoxicity). 

The Panel concluded that no genotoxic potential is indicated for 19 candidate substances, including 
2,3-dimethylquinoxaline [FL-no: 14.108]. For these 19 substances, the available data do not preclude 
their evaluation through the Procedure. 

For a summary of in vitro / in vivo genotoxicity data considered by EFSA see Table 2.2 and 2.3. 

3.3. EFSA Considerations 

The Panel considered that no genotoxic potential at gene or chromosome level is indicated for this 
group of flavourings. 

4. Application of the Procedure 

4.1. Application of the Procedure to Pyrazine and 40 Derivatives by JECFA (JECFA, 
2002b) 

According to the JECFA 32 of the substances belong to structural class II and nine to structural class 
III using the decision tree approach presented by Cramer et al. (Cramer et al., 1978). 
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The JECFA concluded all 41 pyrazines 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 all substances are below 
the thresholds for their structural classes II and III (step A3).  

In conclusion, the JECFA evaluated all 41 substances as to be of no safety concern at the estimated 
levels of intake as flavouring substance based on the MSDI approach. 

The evaluations of the 41 substances are summarised in Table 3.1: Summary of Safety Evaluation of 
Pyrazine and 40 Derivatives (JECFA, 2003a). 

4.2. Application of the Procedure to 21 Pyrazine Derivatives by EFSA (FGE.17Rev2) 
(EFSA, 2010h) 

In the previous version of FGE.17, FGE.17Rev1, it was found that two of the candidate substances, 
quinoxaline [FL-no: 14.147] and 2-methylquinoxaline [FL-no: 14.139] showed possible genotoxic 
potential in vitro. Therefore, the Panel decided that the Procedure could not be applied to these two 
candidate substances nor for the structurally related 2,3-dimethylquinoxaline [FL-no: 14.108] until 
adequate genotoxicity data become available.  

Additional genotoxicity data have now become available for the structurally related 5-
methylquinoxaline [FL-no: 14.028] and in the present FGE these genotoxicity data submitted by the 
Industry (Flavour Industry, 2009a) have been evaluated. The available data indicate that there is no 
apparent structure-activity relationship for the genotoxicity of quinoxalines (Hashimoto et al., 1979): 
thus these compounds are to be considered individually. 2,3-Dimethylquinoxaline [FL-no: 14.108] is 
not genotoxic in vitro and can be evaluated through the Procedure; conversely, in vitro data indicate a 
genotoxic potential for quinoxaline [FL-no: 14.147] and 2-methylquinoxaline [FL-no: 14.139], for 
which no in vivo data are available. Therefore, for these two substances the Procedure cannot be 
applied until adequate genotoxicity data become available. 

Furthermore, the candidate substance, 2,5 or 6-methoxy-3-ethylpyrazine [FL-no: 14.051] no European 
production figures were available and consequently no European exposure estimates could be 
calculated. Accordingly, the safety in use could not be assessed using the Procedure for this substance. 

Of the 18 candidate substances which are evaluated using the Procedure, 16 are classified into 
structural class II and two substances into structural class III using the decision tree approach 
presented by Cramer et al. (Cramer et al., 1978). 

Sixteen of the 18 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 threshold for 
the structural class (step A3). Two candidate substances cannot be anticipated to be metabolised to 
innocuous products [FL-no: 14.122 and 14.052]. Therefore these two substances are evaluated along 
the B-side of the Procedure scheme. 

For these substance the intake is below the threshold for the structural class (step B3). For 2-isopropyl-
3-methyl thiopyrazine [FL-no: 14.122] a NOAEL exists to provide an adequate margin of safety to the 
estimated level of intake as flavouring substance (step B4). For one substance, isopropenylpyrazine 
[FL-no: 14.052] or for any relevant supporting substances no valid toxicity study from which a 
NOAEL could be established was available. Therefore, the Panel concluded that additional toxicity 
data are needed for this substance. 

In conclusion the Panel considered that the 17 of the 18 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 18 substances are summarised in Table 3.2: Summary of Safety 
Evaluation Applying the Procedure (EFSA, 2010h). 
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4.3. EFSA Considerations 

In the previous version of the present FGE, FGE50, the Panel concluded that they could agree in the 
way the application of the Procedure has been performed by the JECFA for 40 out of the 41 pyrazines 
derivatives. For 5-methylquinoxaline [FL-no: 14.028], the Panel concluded that in line with the 
conclusions for quinoxaline and the quinoxaline derivatives in FGE17.Rev1, 5-methylquinoxaline 
should not be evaluated using the Procedure until adequate genotoxicity data become available. 
Furthermore, for seven substances [FL-no: 14.025, 14.026, 14.034, 14.067, 14.069, 14.077 and 
14.121], the evaluation could not be finalised due to missing EU production volumes. 

New data on in vitro and in vivo genotoxicity for 5-methylquinoxaline [FL-no: 14.028] provided by 
Industry, were considered in this revision. Based on these data the Panel concluded that the in vitro 
genotoxicity alert could be ruled out for 5-methylquinoxaline [FL-no: 14.028] in FGE.50 as no 
genotoxic potential at gene or chromosome level was indicated. 

Accordingly, the Panel therefore considered that no genotoxic potential is indicated for this group of 
41 pyrazine derivatives. 

The JECFA concluded at their 57th meeting that 5-methylquinoxaline [FL-no: 14.028] would be 
metabolised to innocuous products. The Panel agrees with the JECFA conclusion “no safety concern 
at estimated levels of intake as flavouring substances” based on the MSDI approach. 

Based on newly submitted EU production volumes for the seven JECFA evaluated substances [FL-no: 
14.025, 14.026, 14.034, 14.067, 14.069, 14.077 and 14.121] the MSDIs range from 0.0012 to 2.2 
microgram/capita/day, which are all below the threshold for their respective structural class.  

For all seven substances the Panel concluded at step A3 that these substances would be of no safety 
concern at their estimated level of intake based on the MSDI approach (EFSA, 2010aj). 

5. Conclusion 

The Panel concluded that the 41 substances in the JECFA flavouring group of pyrazines are 
structurally related to the pyrazines evaluated by EFSA in the Flavouring Group Evaluation 17 
(FGE.17Rev2).  

In the previous version of the present FGE, FGE50, the Panel concluded that it could agree in the way 
the application of the Procedure has been performed by the JECFA for 40 out of the 41 pyrazines 
derivatives. For 5-methylquinoxaline [FL-no: 14.028], the Panel concluded that in line with the 
conclusions for quinoxaline and the two quinoxaline derivatives (quinoxaline [FL-no: 14.147], 2-
methylquinoxaline [FL-no: 14.139] and 2,3-dimethylquinoxaline [FL-no: 14.108]) in FGE17.Rev1, 5-
methylquinoxaline should not be evaluated using the Procedure until adequate genotoxicity data 
become available. New genotoxicity data have now become available and based on these data the 
Panel concluded that the in vitro genotoxicity alert could be ruled out for 5-methylquinoxaline [FL-no: 
14.028] as no genotoxic potential at gene or chromosome level was indicated. 

For all 41 substances evaluated through the JECFA Procedure intake data are available for EU.   

For all 41 substances evaluated through the Procedure 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 41 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 are available for all the 41 JECFA 
evaluated substances.  
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For all the 41 JECFA evaluated pyrazines [FL-no: 14.005, 14.006, 14.015, 14.017, 14.018, 14.019, 
14.020, 14.021, 14.022, 14.024, 14.025, 14.026, 14.027, 14.028, 14.031, 14.032, 14.034, 14.035, 
14.037, 14.043, 14.044, 14.049, 14.050, 14.053, 14.054, 14.055, 14.056, 14.062, 14.067, 14.069, 
14.077, 14.082, 14.095, 14.096, 14.098, 14.100, 14.114, 14.121, 14.123, 14.142 and 14.144] 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  
Table 1: Specifications Summary for the JECFA Evaluated Substances in the Present Group (JECFA, 2001c) 

Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Pyrazines (JECFA, 2001c) 
FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 
2) 

Boiling point, °C 
3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. 
Index 4) 
Spec.gravity 
5) 

EFSA comments 

14.005 
771 

2,3-Diethylpyrazine N

N  

3136 
534 
15707-24-1 

Liquid 
C8H12N2 
136.20 

Soluble 
Miscible 

180 
 
IR 
97 % 

1.492-1.509 
0.956-0.976 

 
 

14.006 
768 

2-Ethyl-3-methylpyrazine N

N  

3155 
548 
15707-23-0 

Liquid 
C7H10N2 
122.17 

Soluble 
Miscible 

57 (13 hPa) 
 
IR 
97 % 

1.499-1.509 
0.972-0.993 

Mixture of positional 
isomers (2,3-; 2,5- and 2,6-
isomers), 2,3- (75-85 %); 
2,5- (15-25 %) and 2,6-
isomers (1-2 %) (sum 97%) 
(EFFA, 2010a). 

14.015 
952 

5,6,7,8-Tetrahydroquinoxaline N

N  

3321 
721 
34413-35-9 

Solid 
C8H10N2 
134.18 

Moderately soluble 
Soluble 

85 (4 hPa) 
29-30 
IR 
98 % 

n.a. 
n.a. 

 
 

14.017 
770 

2-Ethyl-5-methylpyrazine N

N  

3154 
728 
13360-64-0 

Liquid 
C7H10N2 
122.17 

Soluble 
Miscible 

79 (88 hPa) 
 
IR 
95 % 

1.491-1.501 
0.960-0.970 

 
 

14.018 
780 

2,3,5,6-Tetramethylpyrazine 

N

N

 

3237 
734 
1124-11-4 

Solid 
C8H12N2 
136.20 

Slightly soluble 
Very soluble 

190 
85-90 
IR 
95 % 

n.a. 
n.a. 

 
 

14.019 
774 

2,3,5-Trimethylpyrazine N

N  

3244 
735 
14667-55-1 

Liquid 
C7H10N2 
122.17 

Soluble 
Miscible 

171 
 
IR 
98 % 

1.500-1.509 
0.967-0.987 

Specific gravity: depending 
on the quality and the 
producer, the SG ranges 
from: 0.967-0.987 (EFFA, 
2010a). 

14.020 
766 

2,5-Dimethylpyrazine N

N  

3272 
2210 
123-32-0 

Liquid 
C6H8N2 
108.14 

Soluble 
Miscible 

155 
 
IR 
98 % 

1.497-1.503 
0.982-1.000 

Mixture of positional 
isomers (2,5- and 2,6-
isomers), 2,5- (45-65 %) and 
2,6-isomers (35-55 %) (sum 
98 %) (EFFA, 2010a).  

14.021 
767 

2,6-Dimethylpyrazine N

N  

3273 
2211 
108-50-9 

Solid 
C6H8N2 
108.14 

Soluble 
Very soluble 

154 
48 
IR 
98 % 

n.a. 
n.a. 

Mixture of positional 
isomers (2,5- and 2,6-
isomers), 2,5- (35-55 %) and 
2,6-isomers (45-65 %) (sum 
98 %) (EFFA, 2010a). 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Pyrazines (JECFA, 2001c) 
FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 
2) 

Boiling point, °C 
3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. 
Index 4) 
Spec.gravity 
5) 

EFSA comments 

14.022 
762 

Ethylpyrazine 

N

N

 

3281 
2213 
13925-00-3 

Liquid 
C6H8N2 
108.14 

Soluble 
Miscible 

152 
 
IR 
98 % 

1.493-1.508 
0.981-1.000 

 
 

14.024 
776 

2-Ethyl-3,5-dimethylpyrazine N

N  

3150 
2245 
13925-07-0 

Liquid 
C8H12N2 
136.20 

Soluble 
Miscible 

180 
 
IR MS 
95 % 

1.496-1.502 
0.952-0.961 

 
 

14.025 
788 

2,5 or 6-Methoxy-3-
methylpyrazine 

N

N O N

N

O

N

N

O

2-Methoxy-3-methylpyrazine 6-Methoxy-3-methylpyrazine

5-Methoxy-3-methylpyrazine

3183 
2266 
63450-30-6 

Liquid 
C6H8ON2 
124.14 

Soluble 
Miscible 

80-85 (13 hPa) 
 
IR 
97 % 

1.505-1.510 
1.060-1.090 

 
Mixture of positional 
isomers (2/5/6-MeO-3-Me), 
2-3- (75-85 %); 6-3- (15-25 
%) and 5-3- isomers (1-2 %) 
(sum 97 %) (EFFA, 2010a). 

14.026 
772 

2-Isopropyl-5-methylpyrazine 
N

N

3554 
2268 
13925-05-8 

Liquid 
C8H12N2 
136.20 

Soluble 
Miscible 

190 
 
NMR 
97 % 

1.492-1.498 
0.977-0.984 

 
 

14.027 
761 

2-Methylpyrazine N

N  

3309 
2270 
109-08-0 

Liquid 
C5H6N2 
94.12 

Soluble 
Miscible 

137 
 
IR 
98 % 

1.501-1.509 
1.007-1.033 

 
 

14.028 
798 

5-Methylquinoxaline 

N

N
3203 
2271 
13708-12-8 

Liquid 
C9H8N2 
144.18 

Freely soluble 
Very soluble 

120 (20 hPa) 
20 
IR 
98 % 

1.616-1.624 
1.102-1.128 

 
 

14.031 
795 

Pyrazineethanethiol 

N

N SH

 

3230 
2285 
35250-53-4 

Liquid 
C6H8N2S 
140.21 

Soluble 
Miscible 

105-110 (26hPa) 
 
IR 
97 % 

1.553-1.570 
1.147-1.157 

 
 

14.032 
784 

Acetylpyrazine 
N

N

O 3126 
2286 
22047-25-2 

Solid 
C6H6ON2 
122.13 

Slightly soluble 
Moderately soluble 

188 
74-80 
IR 
99 % 

n.a. 
n.a. 

 
 

14.034 
796 

Pyrazinyl methyl sulfide 

N

N S

 

3231 
2288 
21948-70-9 

Solid 
C5H6N2S 
126.18 

Soluble 
Very soluble 

75 (7 hPa) 
42-47 
IR 
99 % 

n.a. 
n.a. 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Pyrazines (JECFA, 2001c) 
FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 
2) 

Boiling point, °C 
3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. 
Index 4) 
Spec.gravity 
5) 

EFSA comments 

14.035 
797 

2-Methyl-3,5 or 6-
methylthiopyrazine 

N

N

N

N

N

N

S S

S
3-Methylthio-2-methylpyrazine 5-Methylthio-2-methylpyrazine

6-Methylthio-2-methylpyrazine

3208 
2290 
67952-65-2 

Liquid 
C6H8N2S 
140.21 

Miscible 
Miscible 

85-87 (13 hPa) 
 
IR 
99 % 

1.570-1.590 
1.133-1.153 

Mixture of positional 
isomers (2-Me-3/5/6-
Methylthio), 2-methyl-3-
methylthio-isomer (75-85 
%); main SCs: 2-5-isomer 
(15-25 %) and 2-6-isomer 
(1-2 %) (EFFA, 2010a). 

14.037 
781 

6,7-Dihydro-5-methyl-5H-
cyclopentapyrazine 

N

N

 

3306 
2314 
23747-48-0 

Liquid 
C8H10N2 
134.18 

Slightly soluble 
Miscible 

200 
 
IR 
97 % 

1.525-1.535 
1.048-1.059 

 
Racemate (EFFA, 2010a) 
 

14.043 
792 

2-Isobutyl-3-methoxypyrazine 

N

N

O

3132 
11338 
24683-00-9 

Liquid 
C9H14ON2 
166.22 

Soluble 
Miscible 

60 (3 hPa) 
 
IR 
95 % 

1.487-1.497 
0.983-1.003 

 
 

14.044 
773 

2-Isobutyl-3-methylpyrazine N

N  

3133 
 
13925-06-9 

Liquid 
C9H14N2 
150.22 

Soluble 
Miscible 

199 
 
IR 
98 % 

1.488-1.498 
0.936-0.942 

 
 

14.049 
785 

2-Acetyl-3-ethylpyrazine 
N

N

O 3250 
11293 
32974-92-8 

Liquid 
C8H10ON2 
150.18 

Soluble 
Miscible 

220 
 
IR 
98 % 

1.509-1.520 
1.068-1.079 

 
 

14.050 
765 

2,3-Dimethylpyrazine N

N  

3271 
11323 
5910-89-4 

Liquid 
C6H8N2 
108.14 

Soluble 
Miscible 

156 
 
IR 
95 % 

1.501-1.510 
0.997-1.030 

Mixture of positional 
isomers (2,3-; 2,5- and 2,6-
isomers), 2,3- (70-85 %); 
2,5- (10-25 %) and 2,6-
isomers (1-2 %) (sum 95 %) 
(EFFA, 2010a). 

14.053 
794 

Mercaptomethylpyrazine N

N

SH

 

3299 
11502 
59021-02-2 

Liquid 
C5H6N2S 
126.18 

Soluble 
Miscible 

94 (13 hPa) 
 
IR 
98 % 

1.548-1.560 
1.148-1.156 

 
 

14.054 
787 

Methoxypyrazine N

N

O

 

3302 
11347 
3149-28-8 

Liquid 
C5H6ON2 
110.12 

Miscible 
Miscible 

61-62 (38 hPa) 
 
IR 
99 % 

1.492-1.510 
1.110-1.140 

Specific gravity: depending 
on the quality and the 
producer, the SG ranges 
from: 1.110-1.140 (EFFA, 
2010a). 

14.055 
786 

2-Acetyl-3,5-dimethylpyrazine 
N

N

O

N

N

O

 

3327 
11294 
54300-08-2 

Liquid 
C8H10ON2 
150.18 

Soluble 
Miscible 

70 (9 hPa) 
 
IR 
97 % 

1.510-1.520 
1.070-1.075 

Mixture of positional 
isomers (2-Acetyl-3,5/6-
dimethyl), 3,5-dimethyl (65-
70 %) and 3,6-dimethyl (25-
30 %) isomers (sum 95 %) 
(EFFA, 2010a). 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Pyrazines (JECFA, 2001c) 
FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 
2) 

Boiling point, °C 
3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. 
Index 4) 
Spec.gravity 
5) 

EFSA comments 

14.056 
777 

2,3-Diethyl-5-methylpyrazine 

N

N

 

3336 
11303 
18138-04-0 

Liquid 
C9H14N2 
150.22 

Moderately soluble 
Miscible 

203 
 
IR 
98 % 

1.493-1.505 
0.938-0.957 

 
 

14.062 
791 

2-(sec-Butyl)-3-methoxypyrazine N

N

O

 

3433 
11300 
24168-70-5 

Liquid 
C9H14ON2 
166.22 

Soluble 
Miscible 

50 (1 hPa) 
 
IR 
99 % 

1.478-1.498 
0.976-1.002 

Racemate (EFFA, 2010a). 
Specific gravity: depending 
on the quality and the 
producer, the SG ranges 
from: 0.976-1.002 (EFFA, 
2010a).  

14.067 
793 

2-Methyl-3,5 or 6-
ethoxypyrazine 

N

N

N

N

N

N

O O

O
2-Methyl-3-ethoxypyrazine 2-Methyl-5-ethoxypyrazine

2-Methyl-6-ethoxypyrazine  

3569 
11921 
32737-14-7 

Liquid 
C7H10ON2 
138.17 

Soluble 
Miscible 

175-176 
 
IR 
97 % 

1.493-1.497 
1.034-1.041 

Mixture of positional 
isomers (2-Methyl-3/5/6-
ethoxy-), 2-methyl-3-
ethoxypyrazine (75-85 %), 
2-methyl-5-ethoxypyrazine 
(15-25 %) and 2-methyl-6-
ethoxypyrazine (1-2 %) 
(sum 97 %) (EFFA, 2010a). 

14.069 
783 

Cyclohexylmethylpyrazine N

N  

3631 
 
28217-92-7 

Liquid 
C11H16N2 
176.26 

Slightly soluble 
Miscible 

100 (5 hPa) 
 
NMR 
97 % 

1.515-1.520 
1.003-1.009 

 
 

14.077 
789 

2-Ethyl-(3,5 or 6)-
methoxypyrazine (85%) and 2-
Methyl-(3,5 or 6)-
methoxypyrazine (13%) 

N

N

O

N

N

O

(85%) (15%)  

3280 
11329 
 

Liquid 
 
 

Soluble 
Miscible 

80-95 (13 hPa) 
 
IR 
99 % 

1.497-1.505 
1.036-1.052 

Mixture of positional 
isomers (2-Ethyl/Methyl-
(3/5/6)-methoxypyrazine: 2-
Ethyl form (85 %) & 2-
Methyl form (13 %), 2-3- 
(75-85 %); 2-5- (15-25 %) 
and 2-6- ethyl or methyl (1-
2 %) (EFFA, 2010a). 
 

14.082 
950 

2-Acetyl-3-methylpyrazine 
N

N

O 3964 
11296 
23787-80-6 

Liquid 
C7H8ON2 
136.15 

Soluble 
Miscible 

90 (26 hPa) 
 
IR 
98 % 

1.521-1.523 
1.105-1.114 

 
 

14.095 
779 

3,5-Diethyl-2-methylpyrazine 

N

N

 

3916 
11305 
18138-05-1 

Liquid 
C9H14N2 
150.22 

Slightly soluble 
Miscible 

95 (18 hPa) 
 
NMR 
97 % 

1.492-1.502 
0.944-0.954 

 
 

14.096 
778 

2,5-Diethyl-3-methylpyrazine 

N

N

 

3915 
11304 
32736-91-7 

Liquid 
C9H14N2 
150.22 

Moderately soluble 
Miscible 

95 (18 hPa) 
 
NMR 
97 % 

1.4922-
1.5022 
0.944-0.954 
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Table 1: Specification Summary of the Substances in the JECFA Flavouring Group of Pyrazines (JECFA, 2001c) 
FL-no 
JECFA-no 

EU Register name Structural formula FEMA no 
CoE no 
CAS no 

Phys.form 
Mol.formula 
Mol.weight 

Solubility 1) 
Solubility in ethanol 
2) 

Boiling point, °C 
3) 
Melting point, °C 
ID test 
Assay minimum 

Refrac. 
Index 4) 
Spec.gravity 
5) 

EFSA comments 

14.098 
782 

6,7-Dihydro-2,3-dimethyl-5H-
cyclopentapyrazine 

N

N

 

3917 
11309 
38917-62-3 

Solid 
C9H12N2 
148.21 

Slightly soluble 
Very soluble 

66 (3 hPa) 
25-27 
NMR 
97 % 

n.a. 
n.a. 

CASrn in Register refers to 
6,7-dihydro-3,5-dimethyl-
5H-cyclopentapyrazine. 
CASrn to be changed. 

14.100 
775 

3,(5- or 6-)-Dimethyl-2-
ethylpyrazine 

N

N

N

N
2-Ethyl-3,6-dimethylpyrazine2-Ethyl-3,5-dimethylpyrazine  

3149 
727 
55031-15-7 

Liquid 
C8H12N2 
136.2 

Soluble 
Miscible 

180 
 
IR NMR 
95 % 

1.496-1.506 
0.950-0.980 

Mixture of positional 
isomers (2-Ethyl-3,5/6-
dimethyl-), 2-ethyl-3,5-
dimethylpyrazine (50-57 
%); 2-ethyl-3,6-
dimethylpyrazine (43-50 %) 
(EFFA, 2010a). 

14.114 
769 

2-Ethyl-6-methylpyrazine 

N

N

 

3919 
11331 
13925-03-6 

Liquid 
C7H10N2 
122.17 

Soluble 
Miscible 

80 (65 hPa) 
 
IR 
95 % 

1.487-1.497 
0.967-0.980 

Mixture of positional 
isomers (2-Ethyl-5/6-
ethylpyrazine), 2-5- (66 %) 
and 2-6-isomers (33%) (sum 
97 %) (EFFA, 2010a). 

14.121 
790 

2-Isopropyl-(3,5 or 6)-
methoxypyrazine 

N

N N

N

N

N

O O

O
2-Methoxy-3-isopropylpyrazine 2-Methoxy-5-isopropylpyrazine

2-Methoxy-6-isopropylpyrazine

3358 
11344 
93905-03-4 

Liquid 
C8H12ON2 
152.2 

Soluble 
Miscible 

120-125 (26hPa) 
 
IR 
97 % 

1.492-1.499 
1.010-1.022 

Mixture of positional 
isomers (2-Isopropyl-3/5/6-
methoxy), 2-3- (75-85 %); 
2-5- (15-25 %) and 2-6-
isomers (1-2 %) (sum 97 %) 
(EFFA, 2010a). 

14.123 
764 

Isopropylpyrazine 
N

N

3940 
11343 
29460-90-0 

Liquid 
C7H10N2 
122.17 

Soluble 
Miscible 

70 (26 hPa) 
 
IR 
98 % 

1.486-1.496 
0.967-0.972 

 
 

14.142 
763 

Propylpyrazine N

N  

3961 
11362 
18138-03-9 

Liquid 
C7H10N2 
122.17 

Soluble 
Miscible 

65 (16 hPa) 
 
NMR 
98 % 

1.492-1.496 
0.966-0.970 

 
 

14.144 
951 

Pyrazine 

N

N

 

4015 
11363 
290-37-9 

Solid 
C4H4N2 
80.09 

Freely soluble 
Very soluble 

115-118 
53 
IR 
98 % 

n.a. 
n.a. 

 
 

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 41 Pyrazines (JECFA, 2002a)  

Table 2.1: Summary of Genotoxicity Data for 41 Pyrazines (JECFA, 2002a) 
FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration *) Results Reference 

In vitro 
14.019 
774 

2,3,5-Trimethylpyrazine N

N

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.98–97 735 mg/plate Negativea (Aeschbacher et al., 
1989) 

14.020 
766 

2,5-Dimethylpyrazine N

N  

Reverse mutation S. typhimurium TA98, TA100 Not reported Negativea (Lee et al., 1994a) 
Reverse mutation S. typhimurium TA98, TA100, 

TA1537 
12 500–200 000 mg/ 
plate 

Negativea (Stich et al., 1980) 

Mutation  S. cerevisiae D5 16 900–135 000 mg/ml Positiveb (Stich et al., 1980) 
Chromosomal aberration Chinese hamster ovary cells 2500–40 000 mg/ml Positivea (Stich et al., 1980) 

14.021 
767 

2,6-Dimethylpyrazine N

N  

Reverse mutation S. typhimurium TA100 
S. typhimurium TA 98 
S. typhimurium TA 98 

86–10 800 mg/plate 
2160–10 800 mg/plate 
86–10 800 mg/plate 

Negativea  
Positiveb  
Negativec 

(Lee et al., 1994a) 

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.54–54 000 mg/plate Negativea (Aeschbacher et al., 
1989) 

Reverse mutation S. typhimurium TA98, TA100, 
TA1537 

6300–100 000 mg/plate  Negativea (Stich et al., 1980) 

Mutation  S. cerevisiae D5 3300–33 800 mg/ml Positiveb (Stich et al., 1980) 
Chromosomal aberration Chinese hamster ovary cells 5000–10 000 mg/ml Positivea (Stich et al., 1980) 

14.022 
762 

Ethylpyrazine 
2-Ethylpyrazine 

N

N

 

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.97–97 200 mg/plate Negativea (Aeschbacher et al., 
1989) 

Reverse mutation S. typhimurium TA98, TA100, 
TA1537 

6300–100 000 mg/plate Negativea (Stich et al., 1980) 

Mutation  S. cerevisiae D5 8500–67 500 mg/ml Positiveb (Stich et al., 1980) 
Chromosomal aberration Chinese hamster ovary cells 2500–5000 mg/ml Positivea (Stich et al., 1980) 

14.024 
776 

2-Ethyl-3,5-dimethylpyrazine 
3-Ethyl-2,6-dimathylpyrazine 

N

N

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.97–97 200 mg/plate Negativea (Aeschbacher et al., 
1989) 

14.025 
788 

2,5 or 6-Methoxy-3-methylpyrazine 
(2 or 5 or 6)-Methoxy-3-methylpyrazine 

N

N O N

N

O

N

N

O

2-Methoxy-3-methylpyrazine 6-Methoxy-3-methylpyrazine

5-Methoxy-3-methylpyrazine

Reverse mutation S. typhimurium TA98, TA100, 
TA1535, TA1537, TA1538 

 3600 mg/plate  Negativea (Wild et al., 1983) 

14.027 
761 

2-Methylpyrazine N

N  

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.94–94,000 mg/plate Negativea (Aeschbacher et al., 
1989) 

Reverse mutation S. typhimurium TA98, TA100 Not reported Negativea (Lee et al., 1994a) 
Reverse mutation S. typhimurium TA 98, TA100, 

TA1537 
6300–100 000 mg/plate Negativea (Stich et al., 1980) 
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Table 2.1: Summary of Genotoxicity Data for 41 Pyrazines (JECFA, 2002a) 
FL-no 
JECFA-no 

EU Register name 
JECFA name 

Structural formula End-point Test system Concentration *) Results Reference 

Mutation  S. cerevisiae D5 8500–67 500 mg/ml Positiveb  (Stich et al., 1980) 
Chromosomal aberration Chinese hamster ovary cells 2500–40 000 mg/ml Positivea (Stich et al., 1980) 

14.050 
765 

2,3-Dimethylpyrazine N

N

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.97–97 200 mg/plate Negativea (Aeschbacher et al., 
1989) 

Reverse mutation S. typhimurium TA98, TA100 Not reported Negativea (Lee et al., 1994a) 
14.144 
951 

Pyrazine 

N

N

 

Reverse mutation S. typhimurium TA98, TA100, 
TA102 

0.64–64 000 mg/plate Negativea (Aeschbacher et al., 
1989) 

Reverse mutation S. typhimurium TA98, TA100 Not reported Negativea (Lee et al., 1994a) 
Reverse mutation S. typhimurium TA98, TA100, 

TA1537 
6300–100 000 mg/plate Negativea (Stich et al., 1980) 

Mutation S. cerevisiae D5 7500–60 000 mg/ml  Positiveb (Stich et al., 1980) 
Chromosomal aberration Chinese hamster ovary cells 2500–25 000 mg/ml Positivea (Stich et al., 1980) 

In vivo 
14.025 
788 

2,5 or 6-Methoxy-3-methylpyrazine 
(2 or 5 or 6)-Methoxy-3-methylpyrazine 

N

N O N

N

O

N

N

O

2-Methoxy-3-methylpyrazine 6-Methoxy-3-methylpyraz

5-Methoxy-3-methylpyrazine

Basc mutation Drosophila melanogaster 10 mmol/L Negative (Wild et al., 1983) 
Micronucleus formation Mouse 87, 174, or 248 mg/kg 

bw 
Negative (Wild et al., 1983) 

*: Concentration should be in microgram not mg..A mistake in the JECFA monograph. 
a: With and without metabolic activation. 
b: Without metabolic activation. 
c: With metabolic activation. 
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Table 2.2: Genotoxicity Data (in vitro) EFSA / FGE.17Rev2 

Substances listed in brackets are the JECFA evaluated supporting substances in FGE.17Rev2 

Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA, FGE.17Rev2 

 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 
(Pyrazine [14.144]) 
  

Ames test S. typhimurium 
TA98; TA100; TA102 

64000 µg/plate Negative1 (Aeschbacher et al., 
1989) 

64000 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only, dose range but not individual doses reported. 

Ames test S. typhimurium 
TA98; TA100 

Not reported Negative1 (Lee et al., 1994a) Report of insufficient quality because test concentrations are not given. Reference 
compound within a large study, details are reported for positive compounds only.  

Ames test S. typhimurium 
TA98; TA100; TA1537 

100000 µg/plate Negative1 (Stich et al., 1980) Study with strong limitations with results of limited value. 

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

10000 µg/ml Negative1, 2 (Fung et al., 1988) Valid study in accordancce with OECD guideline 471. 
 

Mutation assay S. cerevisiae 
Strain D5 

60000 µg/ml Positive3 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Chromosomal 
Aberration assay 

Chinese hamster 
ovary cells 

10000 µg/ml 
2500 µg/ml 

Positive1 
Positive1 

(Stich et al., 1980) Study with strong limitations with results of limited value. 

Mouse lymphoma 
mutagenesis assay 

mouse lymphocytes  
L5178Y TK+/- 

10000 µg/ml Negative1 (Fung et al., 1988) Study in accordancce with former OECD guideline 476 (1983); colonies were not 
sized and results were not confirmed in a second study as requested by the OECD 
guideline in force. Therefore, chromosomal aberrations effects could not be ruled 
out.   

(2-Methylpyrazine [14.027]) Ames test S. typhimurium 
TA98; TA100; TA102 

94000 µg/plate Negative1 (Aeschbacher et al., 
1989) 

94000 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only, dose range but not individual doses reported. 

Ames test S. typhimurium 
TA98; TA100 

Not reported Negative1 (Lee et al., 1994a) Report of insufficient quality because test concentrations are not given. Reference 
compound of a large study, details are reported for positive compounds only. 

Ames test S. typhimurium 
TA98; TA100; TA1537 

100000 µg/plate Negative1 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Mutation assay S. cerevisiae 
Strain D5 

67500 µg/ml Positive3 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Chromosomal 
Aberration assay 

Chinese hamster 
ovary cells 

40000 µg/ml 
20000 µg/ml 

Positive1 

Positive1 
(Stich et al., 1980) Study with strong limitations with results of limited value. 

(Ethylpyrazine [14.022]) Ames test S. typhimurium 
TA98; TA100; TA102 

97200 µg/plate Negative1 (Aeschbacher et al., 
1989) 

97200 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only, dose range but not individual doses reported. 

Ames test S. typhimurium 
TA98; TA100; TA1537 

100000 µg/plate Negative1 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Mutation assay S. cerevisiae 
Strain D5 

67500 µg/ml Positive3 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Chromosomal 
Aberration assay 

Chinese hamster 
ovary cells 

5000 µg/ml 
2500 µg/ml 

Positive1 

Positive1 
(Stich et al., 1980) Study with strong limitations with results of limited value. 

(2,3-Dimethylpyrazine [14.050]) Ames test S. typhimurium 
TA98; TA100; TA102 

97200 µg/plate Negative1 (Aeschbacher et al., 
1989) 

97200 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains. only, dose range but not individual doses reported. 

Ames test S. typhimurium 
TA98; TA100 

NR Negative1 (Lee et al., 1994a) Report of insufficient quality because test concentrations are not given. Reference 
compound within a large study, details are reported for positive compounds only. 
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Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA, FGE.17Rev2 

 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 
(2,5-Dimethylpyrazine [14.020]) Ames test S. typhimurium 

TA98; TA100; TA102 
97200 µg/plate Negative1 (Aeschbacher et al., 

1989) 
97200 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only, dose range but not individual doses reported. 

Ames test S. typhimurium 
TA98; TA100 

Not reported Negative1 (Lee et al., 1994a) Report of insufficient quality because test concentrations are not given. Reference 
compound of a large study, details are reported for positive compounds only. 

Ames test S. typhimurium 
TA98; TA100; TA1537 

200000 µg/plate Negative1 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Mutation assay S. cerevisiae 
Strain D5 

135500 µg/ml Positive3 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Chromosomal 
aberration assay 

Chinese hamster 
ovary cells 

40000 µg/ml 
20000 µg/ml 

Positive1 

Positive1 
(Stich et al., 1980) Study with strong limitations with results of limited value. 

(2,6-Dimethylpyrazine [14.021]) Ames test S. typhimurium 
TA98; TA100; TA102 

54000 µg/plate Negative1 (Aeschbacher et al., 
1989) 

54000 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only, dose range but not individual doses reported. 

Ames test S. typhimurium 
TA98; TA100 

10800 Negative4 (Lee et al., 1994a) Well conducted study, valid although not in accordance with OECD guideline 
471: two S. typhimurium strains only. 

Ames test S. typhimurium 
TA98; TA100; TA1537 

100000 µg/plate Negative1 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Mutation assay S. cerevisiae 
Strain D5 

33800 µg/ml Positive3 (Stich et al., 1980) Study with strong limitations with results of limited value. 

Chromosomal 
aberration assay 

Chinese hamster 
ovary cells 

10000 µg/ml 
2500 µg/ml 

Positive1 

Positive1 
(Stich et al., 1980) Study with strong limitations with results of limited value. 

(2,3-Diethylpyrazine [14.005]) Ames test S. typhimurium 
TA98; TA100; TA102 

109000 µg/plate Negative1 (Aeschbacher et al., 
1989) 

109000 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only, dose range but not individual doses reported. 

(2,3,5-Trimethylpyrazine [14.019]) Ames test S. typhimurium 
TA98; TA100; TA102 

97735 µg/plate Negative1 (Aeschbacher et al., 
1989) 

97735 µg/plate: highest non-bactericidal dose. Well conducted study, valid 
although not in accordance with OECD guideline 471: three S. typhimurium 
strains only. 

((2,5 or 6)-Methoxy-3- 
methylpyrazine [14.025]) 

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

3600 µg/plate Negative1 (Wild et al., 1983) Well conducted study, valid although not in accordance with OECD guideline 
471:  test concentrations not reported. 

(Pyrazinylethanethiol [14.031]) Ames test S. typhimurium 
TA97; TA98; TA100; TA1535 

NR Negative1 (Zeiger and Margolin, 
2000) 

Well conducted study, valid although not in accordance with OECD guideline 
471: report does not give test concentrations, four test concentarions. 

Quinoxaline [14.147] Ames test S. typhimurium 
TA98; TA100 

NR Negative3 (Beutin et al., 1981) TA98 ; TA100: results presented in detail, without metabolic activation.  
TA1535,TA1537,TA1538: results incl. metabolic activation are mentioned in text 
(negative), but no data given. Not in accordance with OECD guideline 471.  

Ames test S. typhimurium 
TA98; TA100; TA102 

0.35 mmol Negative3, 5 (Aeschbacher et al., 
1989) 

0.35 mmol: highest non-bactericdial dose. Well conducted study, valid although 
not in accordance with OECD guideline 471: three S. typhimurium strains only, 
dose range but not individual doses reported. 

Modified Ames 
test 

S. typhimurium 
TA98; TA100; TA1535; TA1537; TA1538; 
G46; C3076; D3052 
E. coli 
WP2; WP2uvrA- 

NR Negative3 (McMahon et al., 1979) Review, of limited value (concentrations tested not reported).  

Ames test 
(plate 
incorporation 
method) 

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

10000 µg/plate Negative3 (San, 1995) Valid study in accordancce with OECD guideline 471. 
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Table 2.2: Summary of Genotoxicity Data (in vitro) EFSA, FGE.17Rev2 

 
Chemical Name [FL-no]  Test System Test Object  Concentration Result  Reference  Comments 

DNA Polymerase 
deficiency assay 

E. coli NR Negative3 (Rosenkranz & Leifer, 
1980) 

Review, of limited value (concentrations tested not reported; without metabolic 
activation). 

SOS 
Chromosome test 

E. coli 
PQ37 

NR Negative1 (Beutin et al., 1981)  

Mouse lymphoma 
mutagenesis assay 

L5178Y TK+/- 
mouse lymphocytes 

(with S9) 20 – 
250 
(without S9) 100 
– 1500 microg/ml 
 

Positive6 

Weakly 
Positive3 

(National Cancer 
Institute, 1998) 

Valid study in accordancce with OECD guideline 476.  
 

2-Methylquinoxaline [14.139] Ames test S. typhimurium 
TA98; TA100 

500 µg/plate Positive1 (Hashimoto et al., 1979) Well conducted study, valid although not in accordance with OECD guideline 
471: two S. typhimurium strains only, highest dose but not individual doses 
reported. 
Positive only in TA98 and T100 with metabolic activation.  

Ames test S. typhimurium 
TA98; TA100; TA102 

0.007 - 700 
µmol/plate 
(equal to 0.001 – 
100 mg/plate) 

Negative1, 7 (Aeschbacher et al., 
1989) 

0.7 mmol: highest non-bactericidal dose. Well conducted study (valid), but not in 
accordance with OECD guideline 471: three S. typhimurium strains only, dose 
range but not individual doses reported. 

2,3-Dimethylquinoxaline [14.108] Ames test S. typhimurium 
TA98; TA100; TA1535; 

2500 µg/plate Negative6 (Anderson and Styles, 
1978) 

Well conducted study, valid although not in accordance with OECD guideline 
471 (with S9 metabolic activation only). 

Ames test S. typhimurium 
TA100 

NR Negative6 (Epler et al., 1978) Review, no detailed information on test conditions incl.concentration. Authors 
pointed out the unanswered question whether the testing of negative compounds 
can sensibly be terminated (in 1978).  

 Ames test S. typhimurium 
TA98; TA100 

NR Negative1 (Hashimoto et al., 1979) Validity cannot be evaluated. Concentrations not reported. Results not reported in 
detail. 

(5-Methylquinoxaline [14.028]) Reverse mutation S. typhimurium TA 98, TA100, TA1535, 
TA1537 and E.coli strain WP2 uvrA 

Up to 5000 
microgram/plate 

Negative1 (Ogura & Wakamatsu, 
2004) 

Valid. GLP-study in compliance with OECD 471 (except that no justification was 
provided for the use of duplicate instead of triplicate plating). 

Chromosomal 
aberration assay 

Chinese hamster lung-derived CHL/IU 
cells 

320, 480, 720 
microgram/ml 
72, 228, 720 
microgram/ml 

Negative3 

 

Positive6 

(Ajimu & Kawaguchi, 
2004a) 

Valid. GLP-study mainly in compliance with OECD 473 (duration of exposure 
not clearly reported). The authors noted in the discussion section that cytotoxicty 
was observed in the form of decreased cell viability and reproductive rate. 
However, it is not clear if one or two parameters for cytotoxicity were measured. 
The percentage of “cell productivity” (the cell number was measured and 
expressed as relative growth rate compared to negative control) was reported. 
According to the authors, there was a clear evidence of cytotoxicty in the form of 
decreased cell viability and reproductive rate at concentrations where 
chromosomal aberrations were observed. However, the results presented in tables 
demonstrate that 30 and 66 % of cell with chromosomal aberrations were induced 
at the limit of exessive cytotoxicty (54 and 46% of relative growth) in the 
preliminary test (in which 50 cells per slide were scored) at 180 and 360 µg/mL in 
the presence of S9, respectively. In the main test, the percentage of cells with 
chromosomal aberrations in the presence of S9 was 2.0, 2.5, 6.5 and 57.5 at 0, 72, 
228 and 720 µg/mL, respectively, which was accompanied by 100, 90, 85 and 
46% relative growth, respectively. 

NR: Not reported. 
1 With and without S9 metabolic activation.  
2 Metabolic activation was provided with both rat and hamster liver S9 mix.  
3 Without S9 metabolic activation.  
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4 Results were negative in TA100 with and without S9 metabolic activation; however, in TA98 the results were negative and positive with and without S9 metabolic activation, respectively.  
5 Results were negative in TA100 with and without S9 metabolic activation. Weak results were noted in TA98 and TA102 with S9 metabolic activation. These changes may be related to the heat production products of the Maillard reaction in the 
presence of creatinine.  
6 With S9 metabolic activation.  
7 Weak results were noted in all strains with S9 metabolic activation. (the number of revertants was increased up to 1.3-fold compared to control). According to the authors (Aeschbacher et al., 1989), these changes may be related to the heat 
production products of the Maillard reaction in the presence of creatinine.  
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Table 2.3: Genotoxicity Data (in vivo) EFSA / FGE.17Rev2 

Substances listed in brackets are JECFA-evaluated supporting substances in FGE.17Rev2. 

Table 2.3: GENOTOXICITY (in vivo) 
Chemical Name [FL-no]  Test System Test Object  Route Dose Result  Reference  Comments 
((2,5 or 6)-Methoxy-3- methylpyrazine 
[14.025]) 

Basc test D. 
melangaster 

 10 mM Negative (Wild et al., 1983) Limited relevance for risk assessment as the test is not in a mammalian 
system and the test is not used routinely.  

Micronucleus assay Mouse  248 mg/kg Negative (Wild et al., 1983) Study design does not meet the criteria of current guidelines (PCE/NCE 
ratio was not reported, thus it is not clear if the test substance reached 
the bone marrow). Not in accordance with OECD guideline 474 
(1983/1997). 

Quinoxaline [14.147] Sperm head abnormality 
test 

Mouse I.P 2500 mg/kg  Negative (Topham, 1980) Sperm head abnormality test does not make use of a genetic endpoint. 

(5-Methylquinoxaline [14.028]) Micronucleus assay Mouse Gavage 125, 250 and 
500 mg/kg/day 

Negative (Ajimu & Kawaguchi, 
2004b) 

Valid. GLP-study mainly in compliance with OECD 474 (only 5 male 
mice per group instead of 5 males and 5 females),  
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TABLE 3: SUMMARY OF SAFETY EVALUATIONS 
Table 3.1: Summary of Safety Evaluation of Pyrazine and 40 Derivatives (JECFA, 2003a) 

Table 3.1: Summary of Safety Evaluation of JECFA-Evaluated Pyrazine Derivatives (JECFA, 2003a) 
FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI 
(μg/capita/day) 
 

Class 2) 
Evaluation procedure 
path 3) 

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

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

EFSA conclusion on the 
material of commerce 

14.005 
771 

2,3-Diethylpyrazine N

N  

1.6 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.006 
768 

2-Ethyl-3-methylpyrazine N

N  

72 
9 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.017 
770 

2-Ethyl-5-methylpyrazine N

N  

4.0 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.018 
780 

2,3,5,6-Tetramethylpyrazine 

N

N

 

6.7 
19 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.019 
774 

2,3,5-Trimethylpyrazine N

N  

100 
46 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.020 
766 

2,5-Dimethylpyrazine N

N  

19 
8 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.021 
767 

2,6-Dimethylpyrazine N

N  

1.3 
2 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.022 
762 

Ethylpyrazine 

N

N

 

2.2 
6 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.024 
776 

2-Ethyl-3,5-dimethylpyrazine N

N  

1.2 
0.3 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

No safety concern at the 
estimated level of intake 
based on the MSDI 
approach. 
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Table 3.1: Summary of Safety Evaluation of JECFA-Evaluated Pyrazine Derivatives (JECFA, 2003a) 
FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI 
(μg/capita/day) 
 

Class 2) 
Evaluation procedure 
path 3) 

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

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

EFSA conclusion on the 
material of commerce 

14.025 
788 

2,5 or 6-Methoxy-3-methylpyrazine 

N

N O N

N

O

N

N

O

2-Methoxy-3-methylpyrazine 6-Methoxy-3-methylpyrazine

5-Methoxy-3-methylpyrazine

2.2 
15 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.026 
772 

2-Isopropyl-5-methylpyrazine 
N

N

0.024 
0.4 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.027 
761 

2-Methylpyrazine N

N  

17 
7 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.032 
784 

Acetylpyrazine 
N

N

O 12 
120 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.037 
781 

6,7-Dihydro-5-methyl-5H-
cyclopentapyrazine 

N

N

 

3.9 
4 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.043 
792 

2-Isobutyl-3-methoxypyrazine 

N

N

O

1.6 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.044 
773 

2-Isobutyl-3-methylpyrazine N

N  

0.037 
0.01 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.049 
785 

2-Acetyl-3-ethylpyrazine 
N

N

O 0.73 
0.1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.050 
765 

2,3-Dimethylpyrazine N

N  

14 
4 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.054 
787 

Methoxypyrazine N

N

O

 

3.0 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

No safety concern at the 
estimated level of intake 
based on the MSDI 
approach. 
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Table 3.1: Summary of Safety Evaluation of JECFA-Evaluated Pyrazine Derivatives (JECFA, 2003a) 
FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI 
(μg/capita/day) 
 

Class 2) 
Evaluation procedure 
path 3) 

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

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

EFSA conclusion on the 
material of commerce 

14.055 
786 

2-Acetyl-3,5-dimethylpyrazine 
N

N

O

N

N

O 0.97 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.056 
777 

2,3-Diethyl-5-methylpyrazine 

N

N

 

0.11 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.062 
791 

2-(sec-Butyl)-3-methoxypyrazine N

N

O 0.85 
0.1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.077 
789 

2-Ethyl-(3,5 or 6)-methoxypyrazine 
(85%) and 2-Methyl-(3,5 or 6)-
methoxypyrazine (13%) 

N

N

O

N

N

O

(85%) (15%)

1.3 
1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.082 
950 

2-Acetyl-3-methylpyrazine 
N

N

O 0.1 
0.1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.095 
779 

3,5-Diethyl-2-methylpyrazine 

N

N

 

0.012 
0.01 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.096 
778 

2,5-Diethyl-3-methylpyrazine 

N

N

 

0.012 
0.01 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.098 
782 

6,7-Dihydro-2,3-dimethyl-5H-
cyclopentapyrazine 

N

N

 

0.012 
0.01 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

No safety concern at the 
estimated level of intake 
based on the MSDI 
approach. 
CASrn in Register refers to 
6,7-dihydro-3,5-dimethyl-
5H-cyclopentapyrazine. 
CASrn to be changed. 

14.100 
775 

3,(5- or 6-)-Dimethyl-2-
ethylpyrazine 

N

N

N

N
2-Ethyl-3,6-dimethylpyrazine2-Ethyl-3,5-dimethylpyrazine  

38 
9 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.114 
769 

2-Ethyl-6-methylpyrazine 

N

N 0.37 
0.4 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 

No safety concern at the 
estimated level of intake 
based on the MSDI 
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Table 3.1: Summary of Safety Evaluation of JECFA-Evaluated Pyrazine Derivatives (JECFA, 2003a) 
FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI 
(μg/capita/day) 
 

Class 2) 
Evaluation procedure 
path 3) 

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

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

EFSA conclusion on the 
material of commerce 

approach approach. 
14.121 
790 

2-Isopropyl-(3,5 or 6)-
methoxypyrazine 

N

N N

N

N

N

O O

O
2-Methoxy-3-isopropylpyrazine 2-Methoxy-5-isopropylpyr

2-Methoxy-6-isopropylpyrazine

0.0012 
0.1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.123 
764 

Isopropylpyrazine 
N

N

0.12 
0.1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.142 
763 

Propylpyrazine N

N  

0.12 
0.1 

Class II 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.015 
952 

5,6,7,8-Tetrahydroquinoxaline N

N  

8 
ND 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.028 
798 

5-Methylquinoxaline 

N

N

 

22 
1 

Class III 
A3: Intake below threshold 

4) The Panel concluded based 
on additional data that the 
genotoxicity alert can be 
ruled out. No safety 
concern at the estimated 
level of intake based on the 
MSDI approach 

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

14.031 
795 

Pyrazineethanethiol 

N

N SH

 

0.13 
1 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.034 
796 

Pyrazinyl methyl sulfide 

N

N S

 

0.0061 
0.01 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.035 
797 

2-Methyl-3,5 or 6-
methylthiopyrazine 

N

N

N

N

N

N

S S

S
3-Methylthio-2-methylpyrazine 5-Methylthio-2-methylpyra

6-Methylthio-2-methylpyrazine

6.3 
13 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

 No safety concern at the 
estimated level of intake 
based on the MSDI 
approach. 
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Table 3.1: Summary of Safety Evaluation of JECFA-Evaluated Pyrazine Derivatives (JECFA, 2003a) 
FL-no 
JECFA-no 

EU Register name Structural formula EU MSDI 1)  
US MSDI 
(μg/capita/day) 
 

Class 2) 
Evaluation procedure 
path 3) 

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

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

EFSA conclusion on the 
material of commerce 

14.053 
794 

Mercaptomethylpyrazine N

N

SH

 

0.012 
0.01 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.067 
793 

2-Methyl-3,5 or 6-ethoxypyrazine N

N

N

N

N

N

O O

O
2-Methyl-3-ethoxypyrazine 2-Methyl-5-ethoxypyrazine

2-Methyl-6-ethoxypyrazine

0.055 
0.01 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.069 
783 

Cyclohexylmethylpyrazine N

N  

0.012 
0.01 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

14.144 
951 

Pyrazine 

N

N

 

0.024 
0.2 

Class III 
A3: Intake below threshold 

4) No safety concern at the 
estimated level of intake 
based on the MSDI 
approach 

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

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 µg/person/day Class II = 540 µg/person/day, 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. 
 
ND: not determined. 
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (EFSA / FGE.17Rev2) 

Table 3.2: Summary of Safety Evaluation Applying the Procedure (based on intakes calculated by the MSDI approach) 

FL-no EU Register name Structural formula MSDI 1)  
(μg/capita/day) 

Class 2) 
Evaluation procedure path 
3) 

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

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

Evaluation remarks 

14.081 
 

5-Acetyl-2,3-dimethylpyrazine 

N

N

O 0.012 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.083 
 

2-Acetyl-5-ethylpyrazine 

N

N

O 0.012 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.084 
 

2-Acetyl-5-methylpyrazine 
N

N

O 0.0024 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.086 
 

2-Acetyl-6-ethylpyrazine 

N

N

O 0.0061 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.087 
 

2-Acetyl-6-methylpyrazine 

N

N

O 0.028 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.091 
 

2-Butyl-3-methylpyrazine 

N

N 0.12 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.097 
 

2,5-Diethylpyrazine 

N

N 0.024 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.099 
 

6,7-Dihydro-5,7-dimethyl-5H-
cyclopentapyrazine 

N

N
0.032 
 

Class II 
A3: Intake below threshold 

4) 7)  

14.101 
 

2,5-Dimethyl-3-
isopropylpyrazine 

N

N 0.018 
 

Class II 
A3: Intake below threshold 

4) 6)  
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (based on intakes calculated by the MSDI approach) 

FL-no EU Register name Structural formula MSDI 1)  
(μg/capita/day) 

Class 2) 
Evaluation procedure path 
3) 

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

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

Evaluation remarks 

14.102 
 

5,6-
Dimethyldihydrocyclopentapyraz
ine 

N

N

N

N 0.024 
 

Class II 
A3: Intake below threshold 

4) 7)  

14.113 
 

5-Ethyl-6,7-dihydro-5H-
cyclopentapyrazine 

N

N 0.012 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.127 
 

2-Methoxy-3-propylpyrazine 

N

N O 0.061 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.129 
 

2-Methyl-3-propylpyrazine 

N

N 0.011 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.148 
 

5,6,7,8-Tetrahydro-5-
methylquinoxaline 

N

N 0.0073 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.161 
 

6,7-Dihydro-2,5-dimethyl-5H-
cyclopentapyrazine 

N

N 0.011 
 

Class II 
A3: Intake below threshold 

4) 6)  

14.052 
 

Isopropenylpyrazine 

N

N

0.012 
 

Class II 
B3: Intake below threshold, 
B4: No adequate NOAEL 

Additional data required   

14.051 
 

2,5 or 6-Methoxy-3-
ethylpyrazine 

N

N

O
 
 

Class II 
No evaluation 

   

14.108 
 

2,3-Dimethylquinoxaline 

N

N 0.049 
 

Class III 
A3: Intake below threshold 

4) 6)  

14.122 
 

2-Isopropyl-3-
methylthiopyrazine 

N

N

S

0.061 
 

Class III 
B3: Intake below threshold, 
B4: Adequate NOAEL exists 

4) 6)  

14.139 
 

2-Methylquinoxaline 

N

N 0.12 
 

Class III 
A3: Intake below threshold 

4) 6)  
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Table 3.2: Summary of Safety Evaluation Applying the Procedure (based on intakes calculated by the MSDI approach) 

FL-no EU Register name Structural formula MSDI 1)  
(μg/capita/day) 

Class 2) 
Evaluation procedure path 
3) 

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

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

Evaluation remarks 

14.147 
 

Quinoxaline 

N

N 0.12 
 

Class III 
No evaluation 

  a) 

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 µg/person/day, Class II = 540 µg/person/day, 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 and/or information on stereoisomerism. 
8) No conclusion can be drawn due to lack of information on the purity of the material of commerce. 
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ABBREVIATIONS 

BW  Body weight 

CAS  Chemical Abstract Service 

CEF  Panel on Food Contact Materials, Enzymes, Flavourings and Processing Aids 

CHO  Chinese hamster ovary (cells) 

CoE  Council of Europe 

DNA  Deoxyribonucleic acid 

EFSA  The European Food Safety Authority 

EPA  United States Environmental Protection Agency  

EU  European Union 

FAO  Food and Agriculture Organization of the United Nations  

FEMA  Flavor and Extract Manufacturers Association 

FGE  Flavouring Group Evaluation  

FLAVIS (FL) Flavour Information System (database) 

GLP  Good laboratory practise 

ID  Identity 

Ip  Intraperitoneal 

IR  Infrared spectroscopy 

JECFA  The Joint FAO/WHO Expert Committee on Food Additives 

MNPCE Micronucleated polychromatic erythrocytes 

MSDI  Maximised Survey-derived Daily Intake 

mTAMDI Modified Theoretical Added Maximum Daily Intake 

NCE  Normochromatic erythrocyte 

No  Number 

NOAEL No observed adverse effect level 

NTP  National Toxicology Program 

PCE  Polychromatic erythrocyte 

SCE  Sister chromatic exchange 

SCF  Scientific Committee on Food 
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INTERNATIONAL PROGRAMME ON CHEMICAL SAFETY
The preparatory work for toxicological evaluations of food additives and
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of the effects of chemicals on human health and the quality of the
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1. Introduction

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

2. General considerations

As a result of the recommendations of the first Joint FAO/WHO
Conference on Food Additives, held in September 1955 (1), there
have been fifty-six previous meetings of the Committee (Annex 1).
The present meeting was convened on the basis of a recommendation
made at the fifty-fifth meeting (Annex 1, reference 149).

The tasks before the Committee were:

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

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

— to review and prepare specifications for selected food additives
and flavouring agents (sections 3 and 4 and Annex 2).
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2.1 Modification of the agenda

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

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

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

2.2 Principles governing the toxicological evaluation of
compounds on the agenda

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

2.3 Principles for the safety assessment of chemicals in food

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

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

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

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

The Committee stressed that the Procedure for the Safety Evaluation
of Flavouring Agents is intended for application to flavouring agents
used to impart flavour to foods and not to other uses of these sub-
stances or to other chemicals that may be used in flavouring formu-
lations. Consequently, the Committee was unable to finalize the
evaluations of certain substances listed on the agenda,1 pending
confirmation of their use and intake as flavouring agents.

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

2.5 a,b-Unsaturated carbonyl compounds and aldehydes

The a,b-unsaturated carbonyl group is a reactive moiety that repre-
sents a potential structural alert for toxicity. Five flavouring agents
containing such a group were considered by the Committee at its
forty-ninth meeting (Annex 1, reference 131), but their evaluation
was postponed, pending consideration of other a,b-unsaturated car-
bonyl compounds. The safety of these five agents was reconsidered by

1 See sections 4.1.3–4.1.5.
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the Committee at its fifty-fifth meeting (Annex 1, reference 149),
when it also evaluated furfural, cinnamaldehyde, structural analogues
of cinnamaldehyde, pulegone and esters of the corresponding
alcohols, which are predicted to be metabolized by formation of a,b-
unsaturated carbonyls. The available data on the toxicity of these
compounds in experimental animals showed a number of adverse
effects at high doses, and no-observed-effect-levels (NOELs) for
these effects were identified. The presence of protective processes in
cells, such as conjugation with glutathione, provides adequate capac-
ity for detoxification at the low doses associated with the use of such
compounds as flavouring agents. In consequence, the Committee con-
cluded that the presence of an a,b-unsaturated carbonyl group in a
flavouring agent, or its formation during metabolism, would not pre-
clude assessment of that substance by the Procedure for the Safety
Evaluation of Flavouring Agents. This conclusion was supported by
data on the toxicokinetics of 4-phenyl-3-buten-2-one (No. 820), which
was considered by the Committee at its present meeting. This a,b-
unsaturated carbonyl compound undergoes complete first-pass me-
tabolism in rats and mice after oral administration and is rapidly
eliminated (with a half-life of 20min in rats and 10min in mice) after
intravenous administration. A number of other a,b-unsaturated car-
bonyl compounds were also evaluated by the Committee at its present
meeting (Nos 821, 826 and 829), as were several compounds predicted
to be metabolized to an a,b-unsaturated carbonyl compound (Nos
819, 944, 946 and 948).

Aldehyde groups are also chemically reactive and can bind to soluble
proteins and protein components of membranes. Several aldehydes
were evaluated previously by the Committee, and the potential
genotoxicity of furfural was considered in detail at the fifty-first meet-
ing (Annex 1, reference 137). Furfural was reported to be genotoxic in
three of 16 assays for reverse mutation in Salmonella typhimurium
and in one of three assays for rec gene mutation in Bacillus subtilis. A
few chromosomal aberrations were seen in Chinese hamster ovary
cells in culture when furfural was added at relatively high concentra-
tions (Annex 1, reference 138). Sister chromatid exchanges and for-
ward mutations were induced in mouse lymphoma cells. The
Committee concluded that the weak activity seen in vitro in some
tests for genotoxicity might be explained by the reactivity of the
aldehyde group. Various metabolic processes (i.e. oxidation, conjuga-
tion and condensation) effectively eliminate the reactive aldehyde
functional group, when the metabolic pathways are not saturated by
high, non-physiological doses. The flavouring agents evaluated at the
present meeting included a number of aldehydes (Nos 22, 865, 866,
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868, 869, 877–879, 889–893, 896–898 and 937) and compounds that are
predicted to be metabolized to aldehydes, such as acetals (Nos 837–
840, 867, 940–949 and 954). Metabolism of these flavouring agents is
predicted to result in gradual formation of aldehydes, which undergo
extensive biotransformation, resulting in only low concentrations of
the aldehydes per se. The results of tests for reverse mutation in
bacteria were positive for pyruvaldehyde (No. 937), but consistently
negative for Nos 22, 80, 95, 98, 867, 868, 877–879, 889, 893, 896, 897
and 953; the results of assays for rec gene mutation in B. subtilis were
negative (Nos 878, 889 and 893) or equivocal (Nos 22 and 896).
Chromosomal aberrations were reported in vitro in some studies with
Nos 22, 878, 889, 893, 896 and 937, but not with No. 80. Similarly,
sister chromatid exchanges were reported in some studies with Nos
22, 80, 878, 889 and 937, but not with Nos 868, 893 and 897. Mutations
were reported in mouse lymphoma cells exposed to some aldehydes
(Nos 80, 877, 878 and 893), but not other aldehydes or acetate (Nos
867, 889 and 896). The results of studies in vivo did not indicate
genotoxicity after oral administration in a variety of test systems: in
Drosophila melanogaster (with Nos 22, 80, 879 and 893), in assays for
micronucleus formation in mice (with Nos 879, 889 and 893) and in
assays for dominant lethal mutations in mice (No. 896). Sister chro-
matid exchange was induced in mice and hamsters by intraperitoneal
injection of acetaldehyde (No. 80), and weakly positive results were
obtained in several tests in vivo with pyruvaldehyde (No. 937) at very
high doses (>200mg/kg of body weight). Pyruvaldehyde is a natural
component of some foods, and the amount ingested due to its use as
a flavouring agent would be much less than the estimated intake from
natural sources. The Committee concluded that metabolic processes
such as oxidation and conjugation effectively eliminate reactive alde-
hyde functional groups from such substances when they are consumed
in the amounts that would arise from their use as flavouring agents.

2.6 Minimum assay values for flavouring agents

At its fifty-third meeting, the Committee developed criteria for estab-
lishing specifications for flavouring agents (Annex 1, reference 143).
The Committee noted that these criteria — chemical formula and
relative molecular mass, identity test and the minimum amount that
can be determined (minimum assay value) — constitute the core infor-
mation required to establish acceptable specifications. At its present
meeting, the Committee considered that a minimum assay value of 95%
for an individual flavouring agent would apply to both the flavouring
agent itself and to the agent plus its known secondary components.
The minimum assay values of about 90% of the flavouring agents
evaluated to date meet or exceed 95%, and the Committee received
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information about the nature of the secondary components of the others.
The Committee noted that 95% is not a fixed value for the acceptabil-
ity of specifications for flavouring agents and that flexibility can be used
in establishing an acceptable level of secondary components, taking
into account the probable levels of intake and other considerations.

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

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

2.7 Requests for data relating to intake assessments

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

2.7.1 Food additives

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

— for which only specifications are to be considered;
— for which the Committee has recently deferred an evaluation,

pending the provision of a specific toxicological study or informa-
tion on specifications, provided it has evaluated intake of the
additive during the preceding 3–5 years.

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

2.7.2 Contaminants

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

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

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

2.8 Principles governing the establishment and revision of
specifications

2.8.1 Inclusion of raw materials and manufacturing methods in
specifications

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

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

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

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

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

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

— addition of the general requirement that source microorganisms
be non-pathogenic and non-toxigenic (Annex 1, reference 145).

At its fifty-fifth meeting (Annex 1, reference 149), the Committee
reiterated its view, expressed at its fifty-third meeting (Annex 1, ref-
erence 145), that Annex 1 (General specifications for enzyme prepa-
rations used in food processing) of the Compendium of food additive
specifications (Annex 1, reference 96) required updating in the light of
technological developments and to ensure consistency and coherence
with the appendices, including Appendix B (General considerations and
specifications for enzymes from genetically manipulated microorganisms).

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

At its present meeting, the Committee noted that the list of mycotox-
ins contained in the existing general specifications was not relevant to
all food enzyme preparations from fungal sources. It agreed that an
attempt to list all known mycotoxins of potential concern was imprac-
tical and unwarranted. The Committee further agreed that enzyme
preparations derived from fungal sources be evaluated for those my-
cotoxins that are known to be synthesized by strains of the species or
related species used in the production of the enzyme preparation.
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With regard to limits on heavy metals, the Committee agreed that the
specifications for lead contained in the existing general specifications
should be lowered from 10mg/kg to 5mg/kg. The Committee recog-
nized that arsenic is not a concern in enzyme preparations, and there-
fore deleted the limit for this metal. Moreover, as there is no traceable
source of cadmium or mercury in enzyme preparations, the Commit-
tee saw no need to establish limits for those metals. Such changes are
consistent with the Committee’s current policy on heavy metals
(Annex 1, reference 145).

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

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

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

3. Specific food additives (other than flavouring
agents)

The Committee evaluated two food additives for the first time and re-
evaluated a number of others. Information on the safety evaluations
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and on specifications is summarized in Annex 2. Details of further
toxicological studies and other information required for certain sub-
stances are given in Annex 3.

3.1 Safety evaluations
3.1.1 Emulsifiers

3.1.1.1 Diacetyltartaric and fatty acid esters of glycerol
Diacetyltartaric and fatty acid esters of glycerol were reviewed by the
Committee at its tenth and seventeenth meetings (Annex 1, refer-
ences 13 and 32). At its seventeenth meeting, the Committee allo-
cated an ADI of 0–50mg/kg of body weight on the basis of the results
of biochemical and metabolic studies and feeding tests in animals. At
the same meeting, the Committee also reviewed mixed tartaric, acetic
and fatty acid esters of glycerol and allocated an ADI “not limited”,
with the provision that the total intake of tartaric acid from food
additives should not exceed 30mg/kg of body weight per day.

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

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

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

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



11

Biological data. Biochemical studies suggest that diacetyltartaric and
fatty acid esters of glycerol are hydrolysed in the gastrointestinal tract
to yield mono- and diglycerides and acetylated tartaric acid. As mono-
and diglycerides are natural dietary constituents, they would be sub-
jected to natural digestion and absorption processes. Diacetyltartaric
acid is not a natural constituent of the diet, and there is evidence that
it may be further hydrolysed to yield acetic and tartaric acids. When
labelled diacetyltartaric and fatty acid esters of glycerol were admin-
istered to rats, only about one-third of a 14C label on tartaric acid was
absorbed; slightly more was excreted in expired air than in urine.

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

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

In the short- and long-term studies in rats, diacetyltartaric and fatty
acid esters of glycerol at a concentration of 100g/kg of diet caused a
transient occurrence of soft stools, particularly in males. Food con-
sumption was frequently depressed at this concentration, most consis-
tently during the first weeks of treatment. The palatability of the diet
was not improved by incorporating diacetyltartaric and fatty acid
esters of glycerol into breadcrumbs or by volatilizing the fatty acids in
the substance by freeze–drying the diet before administration. Body-
weight gain tended to be reduced, but this effect was not observed
consistently in the short-term study. In the long-term study, consump-
tion of a diet containing diacetyltartaric and fatty acid esters of glyc-
erol at 100g/kg was associated with decreased body weight. This
effect was transient in male rats, but body weights more than 10%
lower than those of controls persisted in females into the second
year of the study. Supplementing the diet with additional protein,
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magnesium, pyridoxine (vitamin B6) and cyanocobalamin (vitamin
B12) reduced the decrease in weight observed with the compound at
100g/kg of diet in the 6-month study.

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

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

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

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

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

In a two-generation study of reproductive toxicity, parental males
of the F0 generation ate less of the diet containing 100g/kg of diacetyl-
tartaric and fatty acid esters of glycerol and gained less weight during
the pre-mating period. Although F0 females at this dietary concentra-
tion also ate less food during the first few weeks of the study, their
body-weight gains were not affected. The body weights, body-weight
gains and food consumption of the F1 adults were unchanged. The
survival of the F1 and F2 litters was not affected by treatment. The
weight gains during lactation of the F1 generation litters of dams given
diacetyltartaric and fatty acid esters of glycerol at concentrations of 60
or 100g/kg of diet and of the F2 generation litters of dams at 100g/kg
of diet were significantly reduced. The reproductive organs were not
assessed histologically. The NOEL for reproductive toxicity was
30g/kg of diet, equivalent to 1500g/kg of body weight per day.

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

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

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

A toxicological monograph was prepared, incorporating information
from the earlier monographs and summaries of the studies reviewed
for the first time at the present meeting.
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3.1.1.2 Quillaia extracts
Quillaia extracts (synonyms: bois de Panama, Panama bark extracts,
quillai extracts, Quillay bark extracts, soapbark extracts) are
obtained by aqueous extraction of the milled inner bark or wood of
pruned stems and branches of Quillaja saponaria Molina (family
Rosaceae), which is a large evergreen with shiny, leathery leaves and
a thick bark, native to China and several South American countries,
principally Bolivia, Chile and Peru. The term “quillaia” refers to the
dried inner bark of the tree.

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

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

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

In previous evaluations, the Committee considered data on
unpurified quillaia extracts. Quillaia extracts were reviewed toxico-
logically by the Committee at its twenty-sixth meeting (Annex 1,
reference 59). The available toxicological data included adequate
lifetime studies in mice and rats, from which a NOEL was identified.
However, in the absence of data, no specifications were prepared,
and, hence, no ADI could be allocated. At its twenty-ninth meeting
(Annex 1, reference 70), the Committee prepared new tentative
specifications and established an ADI of 0–5mg/kg of body weight.
The present evaluation was conducted in response to a request by the
Codex Committee on Food Additives and Contaminants at its Thirty-
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second Session (4) that the Expert Committee re-evaluate all relevant
information on the toxicity and, in particular, the intake of quillaia
extracts. No new data were submitted to the Committee at its present
meeting. The Committee evaluated published reports on quillaia ex-
tracts or specific saponins that provided information relevant to a
toxicological assessment of quillaia extracts.

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

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

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

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

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

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

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

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

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

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



17

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

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

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

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

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

A toxicological monograph was prepared.

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

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

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

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

The potential intake of invertase from its use in chocolates was also
predicted for the Australian population from individual dietary records
obtained in a survey in 1995. Assuming consumption of 600mg/kg of
filled chocolate, the mean invertase intake by consumers was 20mg/
day (33g/day of filled chocolate), and that of persons at the 95th
percentile of consumption was 61mg/day (100g/day of filled choco-
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late). These estimates were based on 24-h recalls of food consump-
tion, which tend to result in overestimates of consumption on a long-
term basis. The intake of invertase by young children and adolescents
was similar to that of adults but would be relatively higher than that
of the general population if expressed per kilogram of body weight.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

This MTDI was considered to cover a number of phosphate salts,
according to the principle established by the Committee at its ninth,
twenty-third and twenty-ninth meetings (Annex 1, references 11, 50
and 70) that the ADI (or MTDI) established for ionizable salts should
be based on previously accepted recommendations for the constituent
cations and anions. However, in this case, while an MTDI has been
established for the class of phosphate salts, certain specific salts were
not included because specifications were lacking and because infor-
mation was not available to indicate whether they were being used as
food-grade materials.

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

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

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

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

• Trisodium diphosphate is manufactured by hydration and drying of
mixtures of sodium diphosphate. It is used in meat products at
concentrations of up to 5g/kg. The specifications were made tenta-
tive, pending further information on loss on drying, loss on ignition,
the test method for loss on ignition and the assay method for the
monohydrate.
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The Committee included these salts in the group MTDI for phos-
phates, diphosphates and polyphosphates.

A toxicological monograph was not prepared.

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

Hydrogenated poly-1-decene was first evaluated by the Committee at
its forty-ninth meeting (Annex 1, reference 131) for use as a glazing
and releasing agent. A 28-day range-finding study and a 90-day study
in rats that were available at that time were considered inadequate to
support use of this product as a food additive. Data were requested to
demonstrate that the oily coats observed in rats fed hydrogenated
poly-1-decene in the 90-day study were not the result of systemic
absorption of the material. The Committee also requested that the
results of a study demonstrating lack of absorption in humans be
provided. In the absence of such data, the results of long-term studies
of toxicity and reproductive toxicity and information on the metabo-
lism, distribution and excretion of hydrogenated poly-1-decene would
be required.

At its fifty-third meeting (Annex 1, reference 143), the Committee
reviewed a study of the distribution and excretion of [3H]hydro-
genated poly-1-decene conducted in rats. This study established
that the oiliness of the fur observed within 1–6h of administration of
a bolus dose was associated with radiolabelled material originating
from the anal region, which was spread by grooming. However, while
the study indicated that very little hydrogenated poly-1-decene was
absorbed after oral administration, it did not allow clear definition of
the fate or disposition of any absorbed material. The Committee was
therefore unable to establish an ADI and requested an adequate
study of the absorption and deposition of hydrogenated poly-1-
decene in order to determine whether further studies were required.

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

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

In its re-evaluation, the Committee accepted that equivalent infor-
mation can be obtained with 3H and 14C, provided that the label is
located in a metabolically stable position, as was the case for
[3H]hydrogenated poly-1-decene. It also accepted that, for technical
reasons, use of 14C-labelled hydrogenated poly-1-decene might be less
appropriate, as the synthetic 14C-labelled compound might be differ-
ent from the substance used in the studies of toxicity. The results of
the study indicated that <1% of the dose of [3H]hydrogenated poly-1-
decene was absorbed from the gut. The absorbed radiolabel was
present largely as 3H2O, probably arising from tritium exchange be-
tween the labelled substance and body water. The Committee con-
cluded that absorption of hydrogenated poly-1-decene was negligible.
This conclusion was corroborated by the results of the 90-day study in
rats, which provided no evidence of its accumulation in tissues. Fur-
thermore, the revised specifications for the substance, which require
that it contains a maximum of 1.5% of compounds with fewer than 30
carbon atoms should ensure that absorption of components of low
relative molecular mass is kept to a minimum.

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

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

Hydrogenated poly-1-decene can be used as a release agent in bread
prepared in commercial baking operations at concentrations of
up to 300–500mg/kg and in glazed fruit at concentrations of up to
2000mg/kg. Bread is expected to be the major source of total intake of
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this compound. If use only in bread is assumed, it can be calculated
that up to 720g of bread containing hydrogenated poly-1-decene at a
concentration of 500mg/kg could be consumed by a 60-kg person
before the ADI of 0–6mg/kg of body weight was exceeded. However,
it was considered highly unlikely that a person would consume this
amount of bread containing hydrogenated poly-1-decene at the maxi-
mum level of use each day.

An addendum to the toxicological monograph was prepared.

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

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

Natamycin was evaluated by the Committee at its twelfth and twenti-
eth meetings (Annex 1, references 17 and 41). At its twentieth meet-
ing, the Committee established an ADI of 0–0.3mg/kg of body
weight. The present evaluation was conducted in response to a re-
quest by the Codex Committee on Food Additives and Contaminants
at its Thirty-second Session (4).

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

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

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

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

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

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

In a study of developmental toxicity, an aqueous suspension of
natamycin at 500mg/l was given to groups of 20–26 rabbits at a dose
of 0, 5, 15 or 50mg/kg of body weight per day by gavage on days 6–18
of gestation. The maternal mortality rate was 0%, 5%, 9% and 19%
at the four doses, respectively. No clinical signs of toxicity were ob-
served in the does, and the cause of death was unknown. The mean
maternal body weight, pregnancy rate, number of implantation sites,
number of resorption sites, numbers of live and dead fetuses, propor-
tion of viable fetuses and incidence of soft-tissue anomalies were
comparable in the treated groups and a control group given the ve-
hicle only. The fetal body weight in the group dosed at 15 mg/kg of
body weight by gavage was lower than that of fetuses in the control
group given the vehicle only. The incidence of extra sternebrae was
increased at the two highest doses in comparison with the control
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group, but not in a dose-related manner. However, in view of the
unusual sensitivity of the gastrointestinal tract of rabbits to poorly
absorbed substances and to compounds with antimicrobial activity,
this study was considered unsuitable for deriving the ADI.

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

Use of natamycin as an antifungal agent in food may result in expo-
sure of the indigenous microflora to trace quantities of antimicrobial
residues. The human intestinal microflora is a complex mixture of
more than 400 bacterial species, consisting primarily of bacterial cells
at a concentration of approximately 1011–1012 colony-forming units
per gram (CFU/g). Fungi are much less abundant than bacteria in
the human gastrointestinal tract, the concentration of yeast in stool
samples from healthy subjects being up to 105 CFU/g. As bacteria are
not affected by polyenes, natamycin residues should not harm them;
as yeasts are found in low quantities, the consequences of exposure to
traces of natamycin would be minimal.

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

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

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

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

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

The Committee confirmed the previously established ADI of 0–
0.3mg/kg of body weight for natamycin, which was based on observa-
tions of gastrointestinal effects in humans. The Committee noted that
the estimated intakes of natamycin, based on maximum levels of use
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in cheese and processed meats proposed in the draft Codex General
Standard for Food Additives, do not exceed this ADI.

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

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

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

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

Biological data. Review of the results of the studies considered by the
Committee at its fifty-fifth meeting and comparisons with the data
reviewed at the present meeting revealed a difference in sensitivity
between Wistar and Sprague-Dawley rats. Sprague-Dawley rats given
D-tagatose at a concentration of 50g/kg of diet for 28 days showed
increased hepatic glycogen only when they had not been fasted the
night before necropsy, and this effect was not associated with any
microscopic changes in the liver. In a 90-day study in which Sprague-
Dawley rats were killed after fasting overnight, administration of D-
tagatose at a concentration of 50g/kg of diet had no adverse effect on
the liver. In a 6-month study in Wistar rats in which the animals were
killed after fasting 3, 7, 14 and 28 days and 3 and 5 months after treat-
ment, administration of D-tagatose at concentrations of up to 100g/kg
of diet had no adverse effects. Wistar rats are therefore less suscep-
tible to the hepatic effects of D-tagatose than Sprague-Dawley rats. As
D-tagatose stimulated glycogen deposition to a similar degree in the
two rat strains in short-term studies, the difference is likely to occur at a
later stage, during glycogen-induced or other stimulation of liver growth.
The authors suggested that the increase in normal liver mass seen
in fasted rats fed diets containing 100 or 200g/kg D-tagatose is trig-
gered by increased postprandial storage of liver glycogen resulting
from simultaneous feeding of D-tagatose and glucose equivalents.
In order to test this hypothesis, the effects of separate and simulta-
neous administration of D-tagatose and glycogen precursors on liver
weight and glycogen level were investigated in Wistar and Sprague-
Dawley rats. The results neither supported nor invalidated the hypothesis.
As several studies have been performed in healthy volunteers and in
patients with diabetes, the number of persons varying from 4 to 73,
the Committee based its toxicological evaluation on the data from
these studies. The length of these studies varied from several days to
several weeks; one study of 12 months’ duration included only a
limited number of patients with type 2 diabetes. The toxicological
aspects investigated included gastrointestinal effects, increased serum
uric acid concentrations and hepatic effects.
Mild gastrointestinal symptoms were reported in only one study, in 3
of 10 patients with type 2 diabetes receiving D-tagatose at 10g/day for
several days, whereas in other studies diarrhoea was observed only in
patients receiving 25g three times daily for 8 weeks. In healthy indi-
viduals, administration of a single dose of 30g induced diarrhoea in
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some persons only, whereas other studies showed no laxative effect of
single doses of D-tagatose as high as 75g.

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

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

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

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

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

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

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

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

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

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

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

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

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

Increased cell proliferation has frequently been postulated as a
mechanism of non-genotoxic carcinogenicity or tumour promotion.
The preferred methods of assessing cell proliferation are based on
histological techniques, which allow identification of the nature and
location of proliferating cells. There was no consistent pattern of
colon damage in rats treated with carrageenan for prolonged periods.
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Some studies showed caecal enlargement, but most did not show
histological damage. In one study in which rats underwent autoradio-
graphic examination, no significant difference from controls in the
number of cells per crypt or in the proportion of labelled cells was
seen in rats fed a diet containing carrageenan at 74g/kg for 28 days.

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

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

Evaluation. In a recent study with a classical tumour initiation–
promotion protocol, administration of carrageenan at concentrations
of up to 50 g/kg of diet did not promote colon carcinogenesis in rats
given dimethylhydrazine. The Committee noted, however, that, in
two studies that showed enhancement of colon carcinogenesis in rats,
higher dietary concentrations of carrageenan were used and carrag-
eenan was administered before, during and after the carcinogens.
The enhanced carcinogenicity seen under these circumstances may
have resulted from promotion or from altered toxicokinetics or bio-
transformation of the carcinogen. Therefore, the mechanism of the
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enhancement of colon carcinogenesis in these studies remains unre-
solved. Continuous feeding of high doses of carrageenan caused a
generalized proliferative response, measured as increased thymidine
kinase activity, in the mucosal tissue of the colon of male rats. This
effect might play a role in the observed enhancement of the tumorige-
nicity of known colon carcinogens by high dietary concentrations of
carrageenan. However, a proliferative effect of carrageenan on the
mucosa of the colon was seen only at a dietary concentration of
26 g/kg or more. No effect was seen at a concentration of 15 g/kg in the
diet, corresponding to 750mg/kg of body weight per day, which greatly
exceeded the estimated human intake of carrageenan and processed
Eucheuma seaweed of 30–50 g/person per day from their use as food
additives. Bearing in mind that the enhancement of colon carcinogen-
esis in rats was seen at much higher concentrations and that carrag-
eenan at 50 g/kg of diet did not promote tumours in rat colon in a
classical initiation–promotion study, the Committee considered that
the intake of carrageenan and processed Eucheuma seaweed from
their use as food additives was of no concern. It therefore allocated a
group ADI “not specified”1 to the sum of carrageenan and processed
Eucheuma seaweed.

An addendum to the toxicological monograph was prepared. The
existing specifications for both carrageenan and processed Eucheuma
seaweed were revised by incorporating more complete descriptions of
the analytical procedures for the determination of lead, cadmium and
mercury and by raising the acceptable limit for lead from 2mg/kg to
5mg/kg and the acceptable limit for cadmium from 1mg/kg to 2mg/
kg. These limits were raised to take into account new information on
inadequacies of the analytical methods for determination of these
elements, which are due to the high salt content of the polysaccha-
rides of both processed Eucheuma seaweed and carrageenan. The
changes were not made because of information about higher concen-
trations of lead and cadmium than those previously considered by
the Committee. The Committee also observed that the new limits
are consistent with the limits established for these heavy metals in
specifications for other hydrocolloids, such as alginic acid.

3.1.8.2 Curdlan
Curdlan (synonym, b-1,3-glucan) is a linear polymer of high relative
molecular mass, consisting of b-1,3-linked glucose units. Curdlan is
produced by fermentation of pure cultures from a non-pathogenic,
non-toxinogenic strain of Agrobacterium Biovar1 (identified as
Alcaligens faecalis var. myxogenes at the time of its isolation) or

1 See footnote on page 32.
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Alcaligens radiobacter. Curdlan is recovered from the fermentation
medium by addition of acid and alkali to disrupt the cells, which
releases the curdlan into the medium, followed by separation by
centrifugation. It is then washed with copious amounts of water to
eliminate mineral salts and other water-soluble substances that may
have been carried over from the fermentation broth. The commercial
product is an odourless or nearly odourless, tasteless, white to nearly-
white spray-dried powder.

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

The Committee reviewed curdlan at its fifty-third meeting (Annex 1,
reference 143), when it allocated a temporary ADI “not specified”,1

pending information on the use of curdlan, including the maximum
and typical expected levels in the food categories in which it is pro-
posed for use in the draft Codex General Standard for Food Addi-
tives, and on the consumption in various regions of the world of foods
that might contain curdlan.

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

The sponsor submitted an estimate based on daily food intake per
capita and typical levels of use in Japan (15mg/kg of processed
meat, 10mg/kg of processed poultry and fish, 5mg/kg of dairy prod-
ucts, 30mg/kg of egg products, 10mg/kg of grain products and pasta,
10mg/kg of cereals and starch desserts, 10mg/kg of gravies and sauces
and 30mg/kg of gelatins). The mean intakes were estimated to be

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

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

The data on uses and intake requested by the Committee at its fifty-
third meeting were provided and raised no safety concern. The
Committee therefore established an ADI “not specified”1 for use of
curdlan as a food additive.

The existing specifications were revised, with minor changes.

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

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

1 See footnote on page 32.
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can be used as a substitute for gelatin or gum arabic and would
replace a large amount of sugar.
Acetylated oxidized starch has a stable configuration under normal
conditions in food. It is hydrolysed slowly in the presence of strong
acids, yielding glucose, gluconic acid and acetic acid. No degradation
products are expected or known to result from storage or use of this
substance in the preparation of foods at neutral pH. The substance is
not known to sequester minerals, nor does it interact with proteins or
vitamins. It has no known effect on other nutrients.
In a 14-day range-finding study in rats, administration of a diet con-
taining acetylated oxidized starch at a concentration of 300 or 500mg/
kg increased the weights of full and empty caeca, and dilated caeca
were found at autopsy. At the higher concentration, soft faeces also
occurred. The NOEL was 100mg/kg of diet.
In a 90-day study in rats given a diet containing acetylated oxidized
starch, increased full and empty caecal weights were seen at the
highest concentration of 300mg/kg of diet. Macroscopic examination
showed a dilated caecum in one male rat. Histological examination
did not reveal changes in the caecal wall or other parts of the digestive
tract. Increased caecal weights are a known response to high dietary
concentrations of poorly digested carbohydrates in rats, due perhaps
to an increased osmotic load of short-chain fatty acids produced by
microbial degradation and the associated water retention. Focal
hyperplasia of the urinary bladder epithelium was seen in 4 out of 10
male rats that received the highest dietary concentration but not in
males given lower concentrations, in controls or in females. The
change was probably treatment-related and a consequence of irrita-
tion of the urinary bladder by calculi. The NOEL was 100mg/kg of
diet, equivalent to 5900mg/kg of body weight per day.
If acetylated oxidized starch was to be used only in jelly confectionery
at a concentration of 300g/kg and if the maximum consumption by
consumers was 200g of jelly confectionery per day, the maximum
intake of acetylated oxidized starch would be 60g/day.
The effects seen in the 14-day and 90-day studies in rats were similar
to those observed with high dietary concentrations of other slowly
digested carbohydrates and are commonly seen in rats given other
modified starches in the diet. Because of the nature of acetylated
oxidized starch and its similarity to other modified starches with non-
systemic effects, the Committee established an ADI “not specified”,1

on the basis of the known uses of acetylated oxidized starch as an
ingredient in confectionery products.

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

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

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

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

a-Cyclodextrin had not been evaluated previously by the Committee,
but the structurally related compound b-cyclodextrin was evaluated
at the forty-first and forty-fourth meetings (Annex 1, references 107
and 116), and g-cyclodextrin was evaluated at the fifty-first and fifty-
third meetings (Annex 1, references 137 and 143). At its present
meeting, the Committee noted the close structural similarity between
a- and b-cyclodextrin (seven glucose units) and g-cyclodextrin (eight
glucose units), which permitted comparisons of the metabolism and
toxicity of these compounds.



41

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

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

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

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

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

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

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

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

The Committee concluded that, on the basis of the available studies
on a-cyclodextrin and studies on the related compounds b-
cyclodextrin and g-cyclodextrin, for which ADIs have been allocated,
there was sufficient information to allocate an ADI “not specified”.1

This ADI was based on the known current uses of a-cyclodextrin
within good manufacturing practice as a carrier and stabilizer for
flavours, colours and sweeteners; as a water-solubilizer for fatty acids
and certain vitamins; as a flavour modifier in soya milk; and as an
absorbent in confectionery.

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

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

1 See footnote on page 32.
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sodium sulfate in food. This information was provided to the Commit-
tee at its fifty-fifth meeting (Annex 1, reference 149), and the “tenta-
tive” designation was removed from the specifications. At that time,
the temporary ADI was not reconsidered.

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

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

In the absence of evidence of toxicity and given the current uses of
this substance, the Committee allocated an ADI “not specified”1 for
sodium sulfate.

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

3.2 Revision of specifications
3.2.1 Acesulfame K

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

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

3.2.2 Blackcurrant extract

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

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

3.2.3 L-Malic acid

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

3.2.4 Oxystearin

The specifications for oxystearin were considered by the Committee
at its fifty-fifth meeting (Annex 1, reference 149). At that meeting, the
Committee maintained the “tentative” designation, with the stipula-
tion that the specifications would be withdrawn if information on the
levels of, and a suitable analytical method for, epoxides was not
provided by 1 May 2001. The Committee noted that oxystearin was no
longer in commercial use as a food additive.

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

3.2.5 Pectins

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

The specifications for pectins were revised. The four separate tests for
the identification of pectins contained in the specifications prepared
at the thirty-ninth meeting (Annex 1, reference 101) were replaced by
a new test involving enzymatic degradation, which is specific for pec-
tins, as the Committee had been informed that the previous tests were
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not adequate for all commercial samples of pectins. The Committee
was also informed that new separation techniques were used which
could result in contamination of pectins with insoluble organic com-
pounds. Therefore, a new criterion for purity, the percentage of “total
insolubles”, was introduced. In addition, the limits for copper, zinc
and arsenic were deleted, and the limit for lead was lowered from
10mg/kg to 5mg/kg.

3.2.6 Smoke flavourings

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

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

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

The specifications for smoke flavourings were considered by the
Committee at its fifty-fifth meeting (Annex 1, reference 149) and were
maintained as “tentative”, pending the receipt of information on an
alternative solvent to benzene for use in the analysis of the carbonyl
content. At its present meeting, the Committee revised the existing
tentative specifications and removed the “tentative” designation. The
revised specifications apply only to water-soluble distillates of con-
densed wood smoke, to their aqueous, vegetable oil or polysorbate
extracts and to concentrates of these products. They do not apply to
products derived from the water-insoluble tars, to certain commercial
products or to pyroligneous acid, a by-product of the manufacture of
charcoal by carbonation of wood in the absence of air.

3.2.7 Tagetes extract

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

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

3.3 Revision of limits for metals in food additives

At its fifty-fifth meeting (Annex 1, reference 149), the Committee
began to implement a systematic 5-year programme to replace the
outdated test for heavy metals (as lead) in all existing food additive
specifications with appropriate limits for individual metals of concern.
Limits for lead and arsenic in 43 emulsifiers were proposed. As no
alternative proposals were received by the Secretariat before the
deadline for submission of data for the present meeting, the new pub-
lished limits (Annex 1, reference 151) were adopted, replacing those
published in the Compendium of food additive specifications and its
addenda (Annex 1, references 103, 109, 118, 124, 133, 139, 145 and 151).

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

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

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

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

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

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

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

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

4. Flavouring agents

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

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

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

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

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

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

A key element of the Procedure involves determining whether a
flavouring agent and the product(s) of its metabolism are innocuous
and/or endogenous substances. For the purpose of the evaluations,
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the Committee used the following definitions, adapted from the re-
port of its forty-sixth meeting (Annex 1, reference 122):
Innocuous metabolic products are defined as products that are known
or readily predicted to be harmless to humans at the estimated intake
of the flavouring agent.
Endogenous substances are intermediary metabolites normally
present in human tissues and fluids, whether free or conjugated;
hormones and other substances with biochemical or physiological
regulatory functions are not included. The estimated intake of a
flavouring agent that is, or is metabolized to, an endogenous sub-
stance should be judged not to give rise to perturbations outside the
physiological range.

Intake data
Estimates of the intake of flavouring agents by populations typically
involve the acquisition of data on the amounts used in food. These
data were derived from surveys in Europe and the USA. In Europe,
a survey was conducted in 1995 by the International Organization of
the Flavour Industry, in which flavour manufacturers reported the
total amount of each flavouring agent that had been incorporated into
food sold in the European Union during the previous year. Manufac-
turers were requested to exclude use of flavouring agents in pharma-
ceutical, tobacco or cosmetic products.
In the USA, a series of surveys was conducted between 1970 and
1987 by the National Research Council of the National Academy of
Sciences (under contract to the Food and Drug Administration), in
which information was obtained from ingredient manufacturers and
food processors on the amount of each substance destined for addi-
tion to the food supply and on the usual and maximal levels at which
each substance was added to foods in a number of broad categories.
In using the data from these surveys to estimate intakes of flavouring
agents, the Committee assumed that only 60% of the total amount
used in Europe and 80% of that used in the USA is reported and that
the total amount used in food is consumed by only 10% of the popu-
lation. Intake was thus calculated from the following equation:

    

Intake

g person
g kg

Populationm
m

 per day
Annual volume of production kg

 of consumers  or 0.8  days( ) = ( ) ¥ ( )
¥ ( ) ¥

10
0 6 365

9

.

The population of consumers was assumed to be 32 ¥ 106 in Europe
and 26 ¥ 106 in the USA.

4.1.1 Pyrazine derivatives

The Committee evaluated a group of 41 flavouring agents consisting
of pyrazine and pyrazine derivatives (see Table 2) by the Procedure
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for the Safety Evaluation of Flavouring Agents (see Fig. 1). None of
these agents has previously been evaluated by the Committee.

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

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

4.1.1.2 Absorption, distribution, metabolism and elimination
Pyrazine is a weak base (log10 of the reciprocal of the dissociation
constant, 13.4). Absorption of weak amine bases such as pyrazine
derivatives is optimal at the pH of the intestine (5.0–7.0). In humans
and laboratory rodents, orally administered substituted pyrazines are
rapidly absorbed from the gut and excreted.

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

Pyrazine derivatives containing an oxygenated functional group in the
side-chain. In pyrazine derivatives containing a ring activator (e.g. a
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methoxy substituent), significant ring hydroxylation may occur.
Pyrazines with a methoxy side-chain, such as methoxypyrazine (No.
787), are more susceptible to nucleophilic attack, probably by molyb-
denum hydroxylases, and therefore primarily undergo ring hydroxy-
lation. Additionally, the methoxy side-chain is O-demethylated. In
rats, 3-acetylpyridine is reduced mainly to the secondary alcohol and
excreted as the glucuronic acid conjugate. Therefore, acylated
pyrazines (Nos 784–786 and 950) are expected to be metabolized
mainly by reduction of the ketone functional group.
Pyrazine derivatives containing a thiol or sulfide functional group in
the side-chain. Four pyrazine derivatives in this group contain either
a thiol or a sulfide functional group in their side-chain. The possible
metabolic pathways for the thiols, 2-(mercaptomethyl)pyrazine (No.
794) and 2-pyrazinylethane thiol (No. 795), include oxidation to form
sulfinic acid (RSO2H) and sulfonic acid (RSO3H); methylation to
yield methyl sulfides, which then form sulfoxides and sulfones; reac-
tion with physiological thiols to form mixed disulfides and conjuga-
tion with glucuronic acid; or oxidation of the a-carbon, which results
in desulfuration and formation of an aldehyde. Pyrazinylmethyl me-
thyl sulfide (No. 796) and (3 or 5 or 6)-(methylthio)-2-methylpyrazine
(No. 797) are predicted to be metabolized to sulfoxides and then to
sulfones, which are the main urinary metabolites of simple sulfides.
The Committee at its fifty-third meeting (Annex 1, reference 143)
considered the pathways of metabolism of sulfur centres in its evalu-
ation of a group of 137 flavouring agents that included aliphatic and
aromatic sulfides and thiols, with and without an additional oxygen-
ated functional group.

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

Step 2. At current levels of intake, all 41 flavouring agents can be
predicted to be metabolized to innocuous products, and the pathways
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involved would not be expected to be saturated. The evaluation of
these substances therefore proceeded via the left-hand side of the
decision-tree.

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

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

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

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

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

4.1.2 Aromatic substituted secondary alcohols, ketones and related
esters

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

The Committee had previously evaluated three members of this
group. a-Methylbenzyl alcohol (No. 799) was evaluated at the forty-
first meeting (Annex 1, reference 107), when an ADI of 0–0.1mg/kg
of body weight was established. At its twenty-fourth meeting, the
Committee reviewed data on a-isobutylphenethyl alcohol (No. 827)
(Annex 1, reference 53), and at its twenty-third and twenty-fifth meet-
ings, it reviewed data on methyl b-naphthyl ketone (No. 811) (Annex
1, references 50 and 56). No ADI was allocated to either of these
flavouring agents.

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

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

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

4.1.2.2 Absorption, distribution, metabolism and elimination
Generally, the flavouring agents in this group are rapidly absorbed
from the gut. The aromatic secondary alcohols (and aromatic ketones
after reduction to the corresponding secondary alcohols) are then
either conjugated with glucuronic acid and excreted primarily in the
urine, or are further oxidized and excreted mainly as glycine conju-
gates. As aromatic esters are generally hydrolysed in vivo by the
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catalytic activity of carboxylesterases, which are found predominantly
in hepatocytes, it is anticipated that the 10 esters in this group of
flavouring agents will be hydrolysed to their parent aromatic or ali-
phatic alcohols and carboxylic acids. The eight aromatic secondary
alcohols formed as a result of this process are excreted as their glucu-
ronides or are further metabolized and excreted in the urine. The
corresponding eight simple aliphatic carboxylic acids are metabolized
completely by well-known pathways. The two remaining esters (Nos
834 and 835) are hydrolysed to ethanol and aromatic keto-carboxylic
acids (3-oxo-3-phenylpropanoic acid and 3-oxo-5-phenylpentanoic
acid, respectively), which are anticipated to be further metabolized
and excreted in the urine, like other aromatic ketones.

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

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

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

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

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

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

No data were available on the toxicity of the remaining agent (No.
812) or of relevant structurally related substances. Accordingly, the
evaluation of this substance proceeded to step B5.

Step B5. As the estimated daily per capita intake of 4-acetyl-6-tert-
butyl-1,1-dimethylindan (No. 812) in Europe (6mg) exceeds the
threshold of 1.5 mg/person per day, further data are required for a
safety evaluation. The Committee concluded that this flavouring
agent cannot be classified as of “no safety concern at current level of
intake”.

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

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

4.1.2.5 Conclusions
The Committee concluded that 37 of this group of 38 aromatic sec-
ondary alcohols, ketones and related esters would not pose a safety
concern at currently estimated levels of use as flavouring agents.
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The Committee noted that when data on toxicity were available,
they were consistent with the results of the safety evaluation. Data on
toxicity were required for two agents (Nos 811 and 812) in application
of the Procedure. Relevant data were available for one of these
substances (No. 811), which gave a large safety margin in relation to
the estimated intake.

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

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

4.1.3 Benzyl derivatives

The Committee evaluated a group of 37 flavouring agents1 that con-
sisted of benzyl alcohol (No. 25), benzaldehyde (No. 22), benzoic acid
(No. 850) and related substances (Table 4) by the Procedure for the
Safety Evaluation of Flavouring Agents (see Fig. 1). All members of
this group are aromatic primary alcohols, aldehydes, carboxylic acids
or related esters or acetals. The benzene ring may be ring-substituted
with alkyl substituents (Nos 863–869).

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

1 During evaluation of these flavouring agents, the Committee questioned whether some
substances in this group (Nos 850, 861 and 862) were used as flavouring agents and
therefore appropriately evaluated by the Procedure. Information to address this question
will be sought from the relevant manufacturers.



74

Ta
b

le
 4

S
u

m
m

ar
y 

o
f 

re
su

lt
s 

o
f 

th
e 

sa
fe

ty
 e

va
lu

at
io

n
s 

o
f 

b
en

zy
l 

d
er

iv
at

iv
es

a

Fl
av

ou
rin

g
 a

g
en

t
N

o.
C

A
S

 n
um

b
er

 a
nd

S
te

p
 A

3
/B

3
b

S
te

p
 A

4
S

te
p

 B
4

C
om

m
en

ts
C

on
cl

us
io

n
st

ru
ct

ur
e

D
oe

s 
in

ta
ke

Is
 t

he
A

d
eq

ua
te

on
 p

re
d

ic
te

d
b

as
ed

 o
n

ex
ce

ed
 t

he
su

b
st

an
ce

m
ar

gi
n 

of
 s

af
et

y
m

et
ab

ol
is

m
cu

rr
en

t
th

re
sh

ol
d

 f
or

or
 a

re
 it

s
fo

r 
su

b
st

an
ce

in
ta

ke
hu

m
an

 in
ta

ke
?

m
et

ab
ol

ite
s

or
 r

el
at

ed
en

do
ge

no
us

?
su

b
st

an
ce

?

B
en

zy
l a

lc
oh

ol
c

25
10

0-
51

-6
Y

es
Y

es
S

ee
 n

ot
e 

1
E

ur
op

e:
 1

6
00

0
U

S
A

: 
17

00
0

B
en

zy
l f

or
m

at
e

84
1

10
4-

57
-4

N
o

N
R

S
ee

 n
ot

e 
2

E
ur

op
e:

 4
1

U
S

A
: 

51

B
en

zy
l a

ce
ta

te
c

23
14

0-
11

-4
N

o
N

R
S

ee
 n

ot
e 

2
E

ur
op

e:
 1

40
0

U
S

A
: 

85
0

B
en

zy
l p

ro
p

io
na

te
84

2
12

2-
63

-4
N

o
N

R
S

ee
 n

ot
e 

2
N

o 
sa

fe
ty

E
ur

op
e:

 4
9

co
nc

er
n

U
S

A
: 

99

B
en

zy
l b

ut
yr

at
e

84
3

10
3-

37
-7

N
o

N
R

S
ee

 n
ot

e 
2

E
ur

op
e:

 1
20

U
S

A
: 

29
0

B
en

zy
l i

so
b

ut
yr

at
e

84
4

10
3-

28
-6

N
o

N
R

S
ee

 n
ot

e 
2

E
ur

op
e:

 1
5

U
S

A
: 

21

O
H

O
H

O

O

O

O

O

O

O

O

O



75

B
en

zy
l i

so
va

le
ra

te
84

5
10

3-
38

-8
N

o
N

R
S

ee
 n

ot
e 

2
E

ur
op

e:
 1

4
U

S
A

: 
19

B
en

zy
l t

ra
ns

-2
-m

et
hy

l-2
-

84
6

37
52

6-
88

-8
N

o
N

R
S

ee
 n

ot
e 

2
b

ut
en

oa
te

E
ur

op
e:

 0
.0

1
U

S
A

: 
0.

03

B
en

zy
l 2

,3
-d

im
et

hy
l-

84
7

74
92

-6
9-

5
N

o
N

R
S

ee
 n

ot
e 

2
cr

ot
on

at
e

E
ur

op
e:

 0
.0

1
U

S
A

: 
1

B
en

zy
l a

ce
to

ac
et

at
e

84
8

53
96

-8
9-

4
N

o
N

R
S

ee
 n

ot
e 

2
E

ur
op

e:
 0

.2
U

S
A

: 
0.

07

B
en

zy
l b

en
zo

at
ec

24
12

0-
51

-4
Y

es
Y

es
S

ee
 n

ot
es

 2
N

o 
sa

fe
ty

E
ur

op
e:

 1
90

0
an

d
 6

co
nc

er
n

U
S

A
: 

42
00

B
en

zy
l p

he
ny

la
ce

ta
te

84
9

10
2-

16
-9

N
o

N
R

S
ee

 n
ot

e 
2

E
ur

op
e:

 5
U

S
A

: 
57

B
en

za
ld

eh
yd

ec
22

10
0-

52
-7

Y
es

Y
es

S
ee

 n
ot

e 
3

E
ur

op
e:

 9
30

0
U

S
A

: 
36

00
0

B
en

za
ld

eh
yd

e 
d

im
et

hy
l

83
7

11
25

-8
8-

8
N

o
N

R
S

ee
 n

ot
e 

4
ac

et
al

E
ur

op
e:

 0
.2

U
S

A
: 

0.
3

O

O

O

O

O

O

O

O
O

O

O

O

O

H

O

O

O



76

Ta
b

le
 4

 (
co

nt
in

ue
d

)

Fl
av

ou
rin

g
 a

g
en

t
N

o.
C

A
S

 n
um

b
er

 a
nd

S
te

p
 A

3
/B

3
b

S
te

p
 A

4
S

te
p

 B
4

C
om

m
en

ts
C

on
cl

us
io

n
st

ru
ct

ur
e

D
oe

s 
in

ta
ke

Is
 t

he
A

d
eq

ua
te

on
 p

re
d

ic
te

d
b

as
ed

 o
n

ex
ce

ed
 t

he
su

b
st

an
ce

m
ar

gi
n 

of
 s

af
et

y
m

et
ab

ol
is

m
cu

rr
en

t
th

re
sh

ol
d

 f
or

or
 a

re
 it

s
fo

r 
su

b
st

an
ce

in
ta

ke
hu

m
an

 in
ta

ke
?

m
et

ab
ol

ite
s

or
 r

el
at

ed
en

do
ge

no
us

?
su

b
st

an
ce

?

B
en

za
ld

eh
yd

e 
g

ly
ce

ry
l

83
8

13
19

-8
8-

6
N

o
N

R
S

ee
 n

ot
e 

4
ac

et
al

E
ur

op
e:

 1
6

U
S

A
: 

30
0

B
en

za
ld

eh
yd

e 
p

ro
p

yl
en

e
83

9
25

68
-2

5-
4

N
o

N
R

S
ee

 n
ot

e 
4

N
o 

sa
fe

ty

g
ly

co
l a

ce
ta

te
E

ur
op

e 
0.

04

co
nc

er
n

U
S

A
: 

11
0

B
en

zo
ic

 a
ci

d
c,

d
85

0
65

-8
5-

0
N

o
N

R
S

ee
 n

ot
e 

5
E

va
lu

at
io

n
E

ur
op

e:
 3

9
no

t f
in

al
iz

ed
U

S
A

: 
34

0

M
et

hy
l b

en
zo

at
e

85
1

93
-5

8-
3

N
o

N
R

S
ee

 n
ot

e 
6

E
ur

op
e:

 4
7

U
S

A
: 

23
0

E
th

yl
 b

en
zo

at
e

85
2

93
-8

9-
0

N
o

N
R

S
ee

 n
ot

e 
6

N
o 

sa
fe

ty

E
ur

op
e:

 1
10

co
nc

er
n

U
S

A
: 

11
0

O

O

O

O
O

H

O

O
O

H

O

O

O
H

O

O

O



77

P
ro

p
yl

 b
en

zo
at

e
85

3
23

15
-6

8-
6

N
o

N
R

S
ee

 n
ot

e 
6

E
ur

op
e:

 0
.0

1
U

S
A

: 
0.

3

H
ex

yl
 b

en
zo

at
e

85
4

67
89

-8
8-

4
N

o
N

R
S

ee
 n

ot
e 

6
E

ur
op

e:
 3

80
U

S
A

: 
1

Is
op

ro
p

yl
 b

en
zo

at
e

85
5

93
9-

48
-0

N
o

N
R

S
ee

 n
ot

e 
6

E
ur

op
e:

 0
.0

04
U

S
A

: 
0.

3

Is
ob

ut
yl

 b
en

zo
at

e
85

6
12

0-
50

-3
N

o
N

R
S

ee
 n

ot
e 

6
E

ur
op

e:
 0

.4
U

S
A

: 
1

Is
oa

m
yl

 b
en

zo
at

e
85

7
94

-4
6-

2
N

o
N

R
S

ee
 n

ot
e 

6

N
o 

sa
fe

ty

E
ur

op
e:

 1
10

co
nc

er
n

U
S

A
: 

33

ci
s -

3-
H

ex
en

yl
 b

en
zo

at
e

85
8

25
15

2-
85

-6
N

o
N

R
S

ee
 n

ot
e 

6
E

ur
op

e:
 8

U
S

A
: 

0.
1

Li
na

ly
l b

en
zo

at
e

85
9

12
6-

64
-7

N
o

N
R

S
ee

 n
ot

e 
6

E
ur

op
e:

 1
0

U
S

A
: 

2

O

O

O

O

O

O

O

O

O

O

O

O

O

O



78

Ta
b

le
 4

 (
co

nt
in

ue
d

)

Fl
av

ou
rin

g
 a

g
en

t
N

o.
C

A
S

 n
um

b
er

 a
nd

S
te

p
 A

3
/B

3
b

S
te

p
 A

4
S

te
p

 B
4

C
om

m
en

ts
C

on
cl

us
io

n
st

ru
ct

ur
e

D
oe

s 
in

ta
ke

Is
 t

he
A

d
eq

ua
te

on
 p

re
d

ic
te

d
b

as
ed

 o
n

ex
ce

ed
 t

he
su

b
st

an
ce

m
ar

gi
n 

of
 s

af
et

y
m

et
ab

ol
is

m
cu

rr
en

t
th

re
sh

ol
d

 f
or

or
 a

re
 it

s
fo

r 
su

b
st

an
ce

in
ta

ke
hu

m
an

 in
ta

ke
?

m
et

ab
ol

ite
s

or
 r

el
at

ed
en

do
ge

no
us

?
su

b
st

an
ce

?

G
er

an
yl

 b
en

zo
at

e
86

0
94

-4
8-

4
N

o
N

R
S

ee
 n

ot
e 

6
N

o 
sa

fe
ty

E
ur

op
e:

 4
co

nc
er

n
U

S
A

: 
0.

03

G
ly

ce
ry

l t
rib

en
zo

at
ed

86
1

61
4-

33
-5

N
o

N
R

S
ee

 n
ot

e 
6

E
ur

op
e:

 N
D

U
S

A
: 

49

P
ro

p
yl

en
e 

g
ly

co
l

86
2

19
22

4-
26

-1
N

o
N

R
S

ee
 n

ot
e 

6

E
va

lu
at

io
n

d
ib

en
zo

at
ed

E
ur

op
e:

 N
D

no
t f

in
al

iz
ed

U
S

A
: 

14

M
et

hy
lb

en
zy

l a
ce

ta
te

86
3

29
75

9-
11

-3
N

o
N

R
S

ee
 n

ot
e 

2
N

o 
sa

fe
ty

(m
ix

ed
 o

rt
ho

-,
 m

et
a -

E
ur

op
e:

 N
D

co
nc

er
n

an
d

 p
ar

a -
is

om
er

s)
U

S
A

: 
3

O

O

O
O

O

O
O

O

O
O

O

O

O

O

O

O

O

O



79

p
- I

so
p

ro
p

yl
b

en
zy

l
86

4
53

6-
60

-7
N

o
N

R
S

ee
 n

ot
e 

1
al

co
ho

l
E

ur
op

e:
 0

.3
U

S
A

: 
0.

3

4-
E

th
yl

b
en

za
ld

eh
yd

e
86

5
47

48
-7

8-
1

N
o

N
R

S
ee

 n
ot

e 
3

E
ur

op
e:

 0
.4

U
S

A
: 

6

To
lu

al
d

eh
yd

es
 (

m
ix

ed
86

6
13

34
-7

8-
7

N
o

N
R

S
ee

 n
ot

e 
3

or
th

o -
, 

m
et

a -
 a

nd
E

ur
op

e:
 2

60
p

ar
a -

is
om

er
s)

U
S

A
: 

11
00

To
lu

al
d

eh
yd

e 
g

ly
ce

ry
l

86
7

13
33

-0
9-

1
N

o
N

R
S

ee
 n

ot
e 

4

N
o 

sa
fe

ty

ac
et

al
E

ur
op

e:
 0

.0
1

co
nc

er
n

U
S

A
: 

1

C
um

in
al

d
eh

yd
e

86
8

12
2-

03
-2

N
o

N
R

S
ee

 n
ot

e 
3

E
ur

op
e:

 1
30

U
S

A
: 

1

2,
4-

D
im

et
hy

lb
en

za
ld

eh
yd

e
86

9
15

76
4-

16
-6

N
o

N
R

S
ee

 n
ot

e 
3

E
ur

op
e:

 0
.4

U
S

A
: 

0.
1

O
H

H

O H

O

H

O H

O

O
O

H

O
H

O
H

C
H

3

H

O H

O



80

Ta
b

le
 4

 (
co

nt
in

ue
d

)

Fl
av

ou
rin

g
 a

g
en

t
N

o.
C

A
S

 n
um

b
er

 a
nd

S
te

p
 A

3
/B

3
b

S
te

p
 A

4
S

te
p

 B
4

C
om

m
en

ts
C

on
cl

us
io

n
st

ru
ct

ur
e

D
oe

s 
in

ta
ke

Is
 t

he
A

d
eq

ua
te

on
 p

re
d

ic
te

d
b

as
ed

 o
n

ex
ce

ed
 t

he
su

b
st

an
ce

m
ar

gi
n 

of
 s

af
et

y
m

et
ab

ol
is

m
cu

rr
en

t
th

re
sh

ol
d

 f
or

or
 a

re
 it

s
fo

r 
su

b
st

an
ce

in
ta

ke
hu

m
an

 in
ta

ke
?

m
et

ab
ol

ite
s

or
 r

el
at

ed
en

do
ge

no
us

?
su

b
st

an
ce

?

B
en

zy
l 2

-m
et

ho
xy

et
hy

l
84

0
74

92
-3

9-
9

N
o

Y
es

S
ee

 n
ot

e 
7

N
o 

sa
fe

ty
ac

et
al

E
ur

op
e:

 N
D

Th
e 

N
O

E
L 

of
co

nc
er

n
U

S
A

: 
1

6
m

g/
kg

 o
f b

od
y

w
ei

g
ht

 p
er

 d
ay

in
 a

 tw
o-

ge
ne

ra
tio

n 
st

ud
y

of
 r

ep
ro

d
uc

tiv
e

to
xi

ci
ty

 in
 r

at
s

is
 >

10
00

0 
tim

es
th

e 
es

tim
at

ed
in

ta
ke

 o
f b

en
zy

l
2-

m
et

ho
xy

et
hy

l
ac

et
al

 w
he

n
us

ed
 a

s 
a

fla
vo

ur
in

g 
ag

en
t

C
A

S
: 

C
he

m
ic

al
 A

b
st

ra
ct

s 
S

er
vi

ce
; 

N
D

: 
no

 d
at

a 
on

 in
ta

ke
 r

ep
or

te
d

; 
N

R
: 

no
t 

re
q

ui
re

d
 f

or
 e

va
lu

at
io

n 
b

ec
au

se
 c

on
su

m
p

tio
n 

of
 t

he
 s

ub
st

an
ce

 w
as

 d
et

er
m

in
ed

to
 b

e 
of

 n
o 

sa
fe

ty
 c

on
ce

rn
 a

t 
st

ep
 A

3 
of

 t
he

 P
ro

ce
d

ur
e.

a
S

te
p

 1
: 

A
ll 

of
 t

he
 f

la
vo

ur
in

g
 a

g
en

ts
 in

 t
hi

s 
g

ro
up

 a
re

 in
 s

tr
uc

tu
ra

l c
la

ss
 I

.
St

ep
 2

: 
A

ll 
of

 t
he

 f
la

vo
ur

in
g

 a
g

en
ts

 in
 t

hi
s 

g
ro

up
 a

re
 e

xp
ec

te
d

 t
o 

b
e 

m
et

ab
ol

iz
ed

 t
o 

in
no

cu
ou

s 
p

ro
d

uc
ts

, 
ex

ce
p

t 
fo

r 
b

en
zy

l 2
-m

et
ho

xy
et

hy
l a

ce
ta

l (
N

o.
 8

40
).

b
Th

e 
th

re
sh

ol
d

 f
or

 h
um

an
 in

ta
ke

 f
or

 s
tr

uc
tu

ra
l c

la
ss

 I
 is

 1
80

0
mg

/d
ay

. 
A

ll 
in

ta
ke

 v
al

ue
s 

ar
e 

ex
p

re
ss

ed
 in

 m
g

/d
ay

.
c

A
 g

ro
up

 A
D

I 
of

 0
–5

m
g

/k
g

 o
f 

b
od

y 
w

ei
g

ht
 f

or
 b

en
zo

ic
 a

ci
d

, 
th

e 
b

en
zo

at
e 

sa
lts

 (
ca

lc
iu

m
, 

p
ot

as
si

um
 a

nd
 s

od
iu

m
),

 b
en

za
ld

eh
yd

e,
 b

en
zy

l a
ce

ta
te

 a
nd

 b
en

zy
l

al
co

ho
l, 

ex
p

re
ss

ed
 a

s 
b

en
zo

ic
 a

ci
d

 e
q

ui
va

le
nt

s,
 w

as
 c

on
fir

m
ed

 b
y 

th
e 

C
om

m
itt

ee
 a

t 
its

 f
or

ty
-s

ix
th

 m
ee

tin
g

 (
A

nn
ex

 1
, 

re
fe

re
nc

e 
12

2)
 a

nd
 e

xt
en

d
ed

 t
o

in
cl

ud
e 

b
en

zy
l b

en
zo

at
e 

at
 t

he
 p

re
se

nt
 m

ee
tin

g
.

d
Fu

rt
he

r 
in

fo
rm

at
io

n 
is

 r
eq

ui
re

d
 t

o 
d

et
er

m
in

e 
w

he
th

er
 t

hi
s 

su
b

st
an

ce
 is

 in
 c

ur
re

nt
 u

se
 a

s 
a 

fla
vo

ur
in

g
 a

g
en

t.

N
ot

es
 t

o 
Ta

b
le

 4
1.

B
en

zy
l a

lc
oh

ol
s 

ar
e 

ox
id

iz
ed

 t
o 

th
e 

co
rr

es
p

on
d

in
g

 a
ci

d
s,

 w
hi

ch
 a

re
 c

on
ju

g
at

ed
 w

ith
 g

ly
ci

ne
 a

nd
 e

xc
re

te
d

 a
s 

hi
p

p
ur

ic
 a

ci
d

.
2.

B
en

zy
l e

st
er

s 
ar

e 
hy

d
ro

ly
se

d
 t

o 
th

e 
co

rr
es

p
on

d
in

g
 a

ci
d

s 
an

d
 a

lc
oh

ol
s.

3.
B

en
zy

l a
ld

eh
yd

es
 a

re
 o

xi
d

iz
ed

 t
o 

th
e 

co
rr

es
p

on
d

in
g

 a
ci

d
s.

4.
B

en
za

ld
eh

yd
e 

ac
et

al
s 

ar
e 

hy
d

ro
ly

se
d

 t
o 

yi
el

d
 t

he
 a

ld
eh

yd
e.

5.
B

en
zo

ic
 a

ci
d

 is
 c

on
ju

g
at

ed
 w

ith
 g

ly
ci

ne
 a

nd
 e

xc
re

te
d

 a
s 

hi
p

p
ur

ic
 a

ci
d

.
6.

B
en

zo
at

e 
es

te
rs

 a
re

 h
yd

ro
ly

se
d

 t
o 

yi
el

d
 t

he
 c

or
re

sp
on

d
in

g
 a

lc
oh

ol
s 

an
d

 a
ci

d
s.

7.
H

yd
ro

ly
se

d
 t

o 
ac

et
al

d
eh

yd
e,

 b
en

zy
l a

lc
oh

ol
 a

nd
 2

-m
et

ho
xy

et
ha

no
l.

O
O

O



81

Of the 37 substances in this group, 29 have been reported to occur
naturally in foods. They have been detected in a wide variety of fruits,
vegetables, meats, cheeses and wine.

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

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

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

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

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

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

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

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

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

Step B3. For benzyl 2-methoxyethyl acetal (No. 840), no data on
intake were reported for Europe and an intake of 1mg/person per day
was reported for the USA, which is below the threshold of concern for
substances in structural class I (1800mg/person per day). The evalua-
tion of this substance therefore proceeded to step B4.
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Step B4. The NOEL of 6 mg/kg of body weight per day for benzyl 2-
methoxyethyl acetal (No. 840) in a two-generation study of reproduc-
tive toxicity in rats provides a margin of safety > 10000 times the
estimated daily per capita intake in the USA. The Committee con-
cluded that this substance would not pose a safety concern at the
currently estimated level of intake.

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

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

Furthermore, the total combined daily intake per kilogram of body
weight of all benzyl derivatives (0.5mg in Europe and 1mg in the
USA) is lower than the group ADI of 0–5mg/kg of body weight for
benzoic acid, the benzoate salts (calcium, potassium and sodium),
benzaldehyde, benzyl acetate and benzyl alcohol, expressed as ben-
zoic acid equivalents, which was maintained by the Committee at its
forty-sixth meeting (Annex 1, reference 122). The three benzyl de-
rivatives that account for more than 90% of the total intake of this
group of substances in Europe and the USA are benzyl benzoate (No.
24), which is rapidly hydrolysed to benzyl alcohol and benzoic acid,
benzaldehyde (No. 22) and benzyl alcohol (No. 25). All these sub-
stances are readily metabolized to benzoic acid, which is endogenous
in humans. The Committee considered that the endogenous concen-
tration of this substance would not give rise to perturbations outside
the physiological range. Therefore, these three substances were con-
sidered to be of no safety concern at currently estimated levels of
intake.

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

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

4.1.4 Hydroxy- and alkoxy-substituted benzyl derivatives

The Committee evaluated a group of flavouring agents1 comprising 46
structurally related substances by the Procedure for the Safety Evalu-
ation of Flavouring Agents (see Fig. 1). All members of this group are
aromatic primary alcohols, aldehydes, carboxylic acids or their corre-
sponding esters or acetals. The structural feature common to
all members of the group is a primary oxygenated functional group
bound directly to a benzene ring. The ring also contains hydroxy or
alkoxy substituents (see Table 5).

The Committee had previously evaluated four members of this group.
Ethyl vanillin (No. 893) was evaluated by the Committee at its elev-
enth meeting (Annex 1, reference 14), when a conditional ADI of
0–10mg/kg of body weight was established. At its thirty-fifth meeting,
the Committee converted this ADI to a temporary ADI of 0–5mg/kg
of body weight (Annex 1, reference 88). At its thirty-ninth meeting,
the Committee extended the temporary ADI (Annex 1, reference
101). At its forty-fourth meeting, the Committee allocated an ADI of
0–3mg/kg of body weight to ethyl vanillin (Annex 1, reference 116).
Vanillin (No. 889) was evaluated by the Committee at its eleventh
meeting (Annex 1, reference 14), when an ADI of 0–10mg/kg of body
weight was established. Methyl salicylate (No. 899) was evaluated by
the Committee at its eleventh meeting (Annex 1, reference 14), and
an ADI of 0–0.5mg/kg of body weight was established. Piperonal (No.
896) was also evaluated at the eleventh meeting, and an ADI of
0–2.5mg/kg of body weight was established (Annex 1, reference 14).

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

1 During evaluation of these flavouring agents, the Committee questioned whether one
substance in this group (No. 870) was currently used as a flavouring agent and
therefore appropriately evaluated by the Procedure. Information to address this question
will be sought from relevant manufacturers.
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4.1.4.1 Estimated daily per capita intake
The total annual volume of production of the 46 flavouring agents in
this group is 450 tonnes in Europe and 1800 tonnes in the USA.
Vanillin (No. 889), ethyl vanillin (No. 893), methyl salicylate (No.
899) and piperonal (No. 896), for which ADIs were previously estab-
lished by the Committee, account for approximately 98% of the total
annual volume in Europe and 99% in the USA. In Europe, the
estimated daily per capita intakes of these compounds are 55mg of
vanillin, 6.2mg of ethyl vanillin, 0.5mg of methyl salicylate and 1.7mg
of piperonal. In the USA, the estimated daily per capita intakes
are 150mg of vanillin, 43mg of ethyl vanillin, 44mg of methyl sali-
cylate and 3.2mg of piperonal. The estimated daily per capita intakes
of the other flavouring agents in this group are lower. Ethyl salicylate
(No. 900) and p-methoxybenzaldehyde (No. 878) have the next high-
est daily per capita intakes; that of ethyl salicylate is 1.7mg in the
USA and that of p-methoxybenzaldehyde is 0.5mg in both Europe
and the USA. The remaining 40 flavouring agents have estimated
daily per capita intakes of <100mg, 10 of which are under 1mg. The
daily per capita intake of each substance in Europe and the USA is
shown in Table 5.

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

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

4.1.4.3 Application of the Procedure for the Safety Evaluation of
Flavouring Agents
Step 1. In applying the Procedure for the Safety Evaluation of
Flavouring Agents (see Fig. 1), the Committee assigned 36 of the 46
flavouring agents in this group to structural class I. These flavouring
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agents are all either simple substituted aromatic compounds, cyclic
acetals of benzaldehydes which are expected to be hydrolysed to
aromatic aldehydes and simple aliphatic alcohols (Nos 870–875, 877–
886, 889–891, 897–903, 908, 955–959), or compounds containing two
aromatic rings which are expected to be hydrolysed to mononuclear
residues with simple functional groups (Nos 876, 904, 905 and 907).
The remaining 10 flavouring agents (Nos 887, 888, 892–896, 953, 954
and 960) are ethyl vanillin or piperonal derivatives that contain either
an ethoxy or a methylene dioxy substituent. They are common com-
ponents of food, or closely structurally related to common compo-
nents of food, and were assigned to structural class II.

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

Step A3. The estimated daily per capita intakes of 34 of the flavouring
agents in structural class I and eight flavouring agents in structural
class II were below the thresholds of concern for these classes
(1800mg and 540 mg, respectively). The Committee concluded that
these 42 flavouring agents would not be expected to be of safety
concern at currently estimated levels of use.
The estimated daily per capita intakes of vanillin (No. 889) and methyl
salicylate (No. 899), which are in structural class I, exceed the thresh-
old of concern for this class (1800mg). The estimated daily per capita
intakes of vanillin are 55000mg in Europe and 150000mg in the USA,
and that of methyl salicylate is 44000mg in the USA. The estimated
daily per capita intakes of ethyl vanillin (No. 893) and piperonal (No.
896), which are in structural class II, exceed the threshold of concern
for this class (540mg). The estimated daily per capita intakes of ethyl
vanillin are 6200mg in Europe and 43000mg in the USA, and those of
piperonal are 1700mg in Europe and 3200mg in the USA.
The estimated daily per capita intakes of these four substances are
below their respective ADI values. The daily intakes of vanillin in
Europe and the USA, approximately 0.9 and 2.5mg/kg of body weight
respectively, do not exceed the ADI of 0–10mg/kg of body weight for
vanillin. The highest estimated daily intakes of ethyl vanillin (0.7mg/
kg of body weight in the USA) and piperonal (0.05mg/kg of body
weight in the USA) do not exceed the ADIs of 0–3mg/kg of body
weight for ethyl vanillin and 0–2.5mg/kg of body weight for piperonal.
The highest estimated daily intake of the remaining substance, methyl
salicylate, is 0.7mg/kg of body weight, which is approximately equal
to its ADI of 0–0.5mg/kg of body weight.
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The estimates of intake derived from total annual volume of produc-
tion are based on the assumption that only 10% of the population
consumes the substance under consideration. The Committee re-
viewed an analysis of the intake of methyl salicylate which was based
on individual dietary records of consumption of baked goods, chew-
ing-gums, hard and soft sweets and beverages in which this agent is
used in the USA. The analysis showed that more than 50% of the
population would be expected to consume methyl salicylate. Use of
this measured proportion of eaters in place of the default assumption
of 10% yields an estimated intake of methyl salicylate of 0.1mg/kg of
body weight, which is still below the current ADI of 0–0.5mg/kg of
body weight.

Step A4. Vanillin (No. 889), methyl salicylate (No. 899), ethyl vanillin
(No. 893) and piperonal (No. 896) are not endogenous in humans.
The evaluation of these substances therefore proceeded to step A5.

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

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

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

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

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

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

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

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

4.1.5 Aliphatic acyclic diols, triols and related substances

The Committee evaluated a group of 31 flavouring agents1 that
included aliphatic acyclic diols, triols and related substances

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Step A4. Glycerol (No. 909), lactic acid (No. 930) and the hydrolysis
products of ethyl lactate (No. 931) are endogenous in humans and
their use as flavouring agents is therefore not expected to be of safety
concern. Triacetin (No. 920), 3-oxohexanoic acid glyceride (No. 910),
3-oxodecanoic acid glyceride (No. 914) and 3-oxotetradecanoic acid
glyceride (No. 916) are glycerol esters and are hydrolysed to glycerol.
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Propylene glycol (No. 925) and propylene glycol stearate (No. 926)
are not endogenous in humans; however, the ester is expected to be
hydrolysed to propylene glycol and stearic acid. Propylene glycol is
known to be oxidized to lactic acid in mammals. The safety of these
substances would therefore not be expected to be of concern.

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

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

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

4.1.6 Aliphatic acyclic acetals

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

Aliphatic acetals are geminal diethers in which two molar equivalents
of alcohol are condensed with an aldehyde. Three of the 10 acetals in
this group are formed from acetaldehyde and simple aliphatic
alcohols (Nos 940, 941 and 943); the remaining seven acetals are
formed from methanol or ethanol and aldehydes of carbon chain-
length C7–C10 (Nos 942 and 944–949). Acetals are known to be
hydrolysed in vivo to yield the corresponding alcohols and aldehydes.
Of the component alcohols (methanol, ethanol and cis-3-hexen-1-ol)
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and aldehydes, acetaldehyde, heptanal, 4-heptenal, octanal and
decanal had been considered previously by the Committee at its forty-
ninth and fifty-first meetings (Annex 1, references 131 and 137), when
it concluded that their safety was of no concern at currently estimated
levels of use as flavouring agents.

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

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

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

On the basis of their recognized or presumed metabolic fate, the
component alcohols and aldehydes can be grouped into three struc-
tural classes: linear, aliphatic, primary, saturated and unsaturated
alcohols and aldehydes; a,b-unsaturated aldehydes; and branched-
chain aliphatic aldehydes. The metabolic detoxication of linear, ali-
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phatic, primary alcohols in vivo occurs primarily by oxidation to the
corresponding aldehyde, with subsequent oxidation of the aldehyde
to the corresponding carboxylic acid. The acid can serve as a substrate
for fatty acid oxidation pathways and the citric acid cycle. In general,
a,b-unsaturated aldehydes are metabolized by oxidation to the corre-
sponding carboxylic acid, which may then participate in the fatty acid
pathway. The aldehyde can also be conjugated with glutathione in a
Michael-type addition. Branched-chain aliphatic aldehydes are oxi-
dized primarily to polar metabolites, which are excreted mainly in the
urine. The main urinary metabolites of branched aldehydes are diac-
ids and hydroxyacids resulting from w-oxidation, reduction and hydra-
tion of the alkene function and oxidation of the aldehyde function.

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

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

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

Step 2. At current levels of intake, all of these flavouring agents can
be predicted to be metabolized to their component aldehydes and
alcohols, which are then metabolized to innocuous products,1 and the
pathways involved would not be expected to be saturated. Evaluation
of these substances therefore proceeded via the left-hand side of the
decision-tree.

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

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

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

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

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

4.2 Revision of certain specifications for purity
4.2.1 Flavouring agents with specifications designated as “tentative” at

previous meetings

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

For the remaining 47 substances, no further data were provided that
would permit the preparation of satisfactory specifications, according
to the criteria identified by the Committee at its fifty-third meeting
(Annex 1, reference 143). The flavour industry has indicated that
many of these substances are highly noxious, sulfur-containing com-
pounds which are not routinely handled in the pure form. It is there-
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fore impracticable to provide information on, for instance, boiling-
point or specific gravity. The Committee concluded that, in such
cases, the additional criteria identified at its fifty-third meeting for the
establishment of satisfactory specifications should not apply and that
only the basic data on chemical identity, minimum assay and identity
test were required.

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

4.2.2 Flavouring agents with minimum assay values less than 95%

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

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

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

4.2.3 Specifications for flavouring agents being reviewed for safety

A total of 203 flavouring agents were reviewed for safety at the
present meeting. For four of them, specifications had been drawn up
at the forty-sixth meeting (Annex 1, reference 122), and these were
revised for use of these substances as flavouring agents. For six
flavouring agents, information on specifications was not submitted.
These will be considered at a future meeting when such data become
available.
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New specifications were drawn up for the remaining 193 flavouring
agents. For 27 substances, the new specifications were designated as
“tentative”, either because they failed to meet the criteria drawn up at
the fifty-third meeting (Annex 1, reference 143) or because certain
aspects required clarification.

5. Contaminants

5.1 Chloropropanols

Certain chlorinated propanols occur as contaminants in hydrolysed
vegetable proteins. Processing of defatted vegetable proteins by tradi-
tional hydrochloric acid hydrolysis leads to the formation of 3-chloro-
1,2-propanediol and 1,3-dichloro-2-propanol. These two substances
were evaluated by the Committee at its forty-first meeting (Annex 1,
reference 107), when it concluded that they are undesirable contami-
nants in food and expressed the opinion that their concentrations in
hydrolysed vegetable proteins should be reduced as far as is techni-
cally achievable. The present evaluations were conducted in response
to a request by the Codex Committee on Food Additives and Con-
taminants at its Thirty-second Session (4) for the Expert Committee
to re-evaluate 3-chloro-1,2-propanediol and 1,3-dichloro-2-propanol
on the basis of new data that had become available since the forty-first
meeting.

5.1.1 3-Chloro-1,2-propanediol
5.1.1.1 Absorption, distribution, metabolism and excretion
3-Chloro-1,2-propanediol crosses the blood–testis barrier and the
blood–brain barrier and is widely distributed in the body fluids. The
parent compound is partly detoxified by conjugation with glutathione,
resulting in excretion of the corresponding mercapturic acid, and is
partly oxidized to b-chlorolactic acid and further to oxalic acid. Ap-
proximately 30% is broken down to carbon dioxide and exhaled. In
the studies from which these data were derived, however, much of the
administered dose was not accounted for. Intermediate formation of
an epoxide has been postulated but not proven. There is some indica-
tion that microbial enzymes can dehalogenate halogenated alcohols
to produce glycidol, a known genotoxin in vitro and in vivo.

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

In several studies in which 3-chloro-1,2-propanediol was administered
orally to rats as repeated doses of > 1mg/kg of body weight per day, it
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decreased sperm motility and impaired male fertility. At doses of
≥10–20mg/kg of body weight per day, alterations in sperm morphol-
ogy and epididymal lesions (spermatocoele) were found. The com-
pound reduced fertility in males of several other mammalian species
at slightly higher doses than in the rat.

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

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

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

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

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

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

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

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

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

The toxicological studies summarized above indicate that 3-chloro-
1,2-propanediol would not be expected to have acute effects at any
level of intake that might reasonably be expected. This analysis there-
fore addressed only long-term intake of 3-chloro-1,2-propanediol
from foods.
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Intake of 3-chloro-1,2-propanediol would be due predominantly to
consumption of contaminated soya sauces. In a survey of 90 samples
of commercial soya sauces, 50 samples contained <1mg/kg, and the
average concentration was 18mg/kg. The results of this survey were
taken as representative for all soya sauces for the purposes of the
intake assessment.

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

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

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

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

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

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

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

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

In several short-term studies in rats, oral administration of 1,3-
dichloro-2-propanol at doses of ≥10mg/kg of body weight per day
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caused significant hepatic toxicity. This was associated with oxidative
metabolism, which yielded intermediates that reacted with and de-
pleted glutathione.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

5.2 Polychlorinated dibenzodioxins, polychlorinated
dibenzofurans and coplanar polychlorinated biphenyls

5.2.1 Introduction

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

Neither PCDDs nor PCDFs have been evaluated previously by the
Committee. PCBs were evaluated by the Committee at its thirty-fifth
meeting (Annex 1, reference 88), when it concluded that it was impos-
sible to establish a precise numerical value for a tolerable intake in
humans because of limitations in the available data and the ill-defined
nature of the materials that were used in feeding studies.
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PCDDs, PCDFs and coplanar PCBs were evaluated at the present
meeting in response to a request by the Codex Committee on Food
Additives and Contaminants at its Thirty-second Session (4) for the
Expert Committee to evaluate the risks associated with their presence
in food.

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

Table 8
Compounds considered and their toxic equivalency factor assigned by WHO

Compound Abbreviation Toxic equivalency
factor

Polychlorinated dibenzodioxins
2,3,7,8-Tetrachlorodibenzodioxin TCDD 1
1,2,3,7,8-Pentachlorodibenzodioxin 1,2,3,7,8-PeCDD 1
1,2,3,4,7,8-Hexachlorodibenzodioxin 1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-Hexachlorodibenzodioxin 1,2,3,6,7,8-HxCDD 0.1
1,2,3,6,7,9-Hexachlorodibenzodioxin 1,2,3,6,7,9-HxCDD 0.1
1,2,3,4,6,7,8-Heptachlorodibenzodioxin 1,2,3,4,6,7,8-HpCDD 0.01
Octachlorodibenzodioxin OCDD 0.0001

Polychlorinated dibenzofurans
2,3,7,8-Tetrachlorodibenzofuran 2,3,7,8-TCDF 0.1
1,2,3,7,8-Pentachlorodibenzofuran 1,2,3,7,8-PeCDF 0.05
2,3,4,7,8-Pentachlorodibenzofuran 2,3,4,7,8-PeCDF 0.5
1,2,3,4,7,8-Hexachlorodibenzofuran 1,2,3,4,7,8-HxCDF 0.1
1,2,3,6,7,8-Hexachlorodibenzofuran 1,2,3,6,7,8-HxCDF 0.1
1,2,3,7,8,9-Hexachlorodibenzofuran 1,2,3,7,8,9-HxCDF 0.1
2,3,4,6,7,8-Hexachlorodibenzofuran 2,3,4,6,7,8-HxCDF 0.1
1,2,3,4,6,7,8-Heptachlorodibenzofuran 1,2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,7,8,9-Heptachlorodibenzofuran 1,2,3,4,7,8,9-HpCDF 0.01
Octachlorodibenzofuran OCDF 0.0001

“Non-ortho” polychlorinated biphenyls
3,3¢,4,4¢-Tetrachlorobiphenyl 3,3¢,4,4¢-TCB 0.0001
3,4,4¢,5,-Tetrachlorobiphenyl 3,4,4¢,5-TCB 0.0001
3,3¢,4,4¢,5-Pentachlorobiphenyl 3,3¢,4,4¢,5-PeCB 0.1
3,3¢,4,4¢,5,5¢-Hexachlorobiphenyl 3,3¢,4,4¢,5,5¢-HxCB 0.01

“Mono-ortho” polychlorinated biphenyls
2,3,3¢,4,4¢-Pentachlorobiphenyl 2,3,3¢,4,4¢-PeCB 0.0001
2,3,4,4¢,5-Pentachlorobiphenyl 2,3,4,4¢,5-PeCB 0.0005
2,3¢,4,4¢,5-Pentachlorobiphenyl 2,3¢,4,4¢,5-PeCB 0.0001
2,3¢,4,4¢,5¢-Pentachlorobiphenyl 2,3¢,4,4¢,5¢-PeCB 0.0001
2,3,3¢,4,4¢,5-Hexachlorobiphenyl 2,3,3¢,4,4¢,5-HxCB 0.0005
2,3,3¢,4,4¢,5¢-Hexachlorobiphenyl 2,3,3¢,4,4¢,5¢-HxCB 0.0005
2,3¢,4,4¢,5,5¢-Hexachlorobiphenyl 2,3¢,4,4¢,5,5¢-HxCB 0.00001
2,3,3¢,4,4¢,5,5¢-Heptachlorobiphenyl 2,3,3¢,4,4¢,5,5¢-HpCB 0.00001
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and their assigned TEF values. In the TEF approach, the toxicity
of all chemicals in the series is related to that of 2,3,7,8-
tetrachlorodibenzodioxin (TCDD), one of the most potent of the
dioxins and that for which most toxicological and epidemiological
information is available. Use of the TEF approach is based on the
assumption that PCDDs, PCDFs and coplanar PCBs have a common
mechanism of action, which involves binding to the aryl hydrocarbon
(Ah) receptor, an intracellular receptor protein. This binding is con-
sidered to be the necessary, but not sufficient, first step in the expres-
sion of the toxicity of these compounds. Many uncertainties exist in
applying the TEF approach to the assessment of human risk, but it is
the most feasible approach currently available.

PCDDs, PCDFs and coplanar PCBs were considered by a WHO
consultation held in 1998 (5), which established a tolerable daily
intake (TDI) of 1–4pg/kg of body weight, applicable to the toxic
equivalents of these compounds. The TDI was based on a number of
studies of developmental toxicity and immunological toxicity. At its
present meeting, the Committee used the assessment of the consulta-
tion as the starting point for its evaluation, taking into account the
following additional data:

— the results of a study on the toxicokinetics of TCDD after single
and repeated dosing;

— two new studies of developmental toxicity;
— new information on a study in rhesus monkeys that had been

evaluated by the Committee at its fifty-fifth meeting (Annex 1,
reference 149).

5.2.2 Toxicokinetics
5.2.2.1 Absorption and biotransformation
Coplanar compounds in dietary fat pass easily from the gut into the
blood. Indeed, experiments in humans and laboratory animals given
an oral dose of TCDD showed 50–90% absorption. This figure is
comparable with the near-complete absorption of PCDDs, PCDFs
and PCBs by nursing infants from their mothers’ milk.

After absorption from the gut, TCDD enters the lymph in the form of
chylomicrons and is cleared from the blood within 1h, to appear
mainly (74–81% of an administered dose) in the liver and adipose
tissue. After clearance from the blood, coplanar compounds remain
mainly in serum lipoproteins (very low density, low density and high
density), and some are bound to serum proteins.

The Committee used the results of a study in which [3H]TCDD was
given to pregnant Long-Evans rats by gavage as a single dose of 50,
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200, 800 or 1000ng/kg of body weight on day 15 of gestation, and the
concentration of the radiolabel measured in tissues 1 day after treat-
ment. The average maternal body burdens (with the percentage of the
dose in the four treatment groups) were 31 (60%), 97 (48%), 520
(65%) and 580 (59%) ng/kg of body weight, respectively. On the basis
of this study, the Committee used a value of 60% for the percentage
of TCDD retained in pregnant rats 1 day after administration of a
single dose by gavage on day 15 of gestation.

The distribution of PCDDs and PCDFs between the blood and organs
is governed by lipid partitioning and binding to plasma proteins. The
concentrations of PCDDs and PCDFs in blood and adipose tissue are
closely correlated. TCDD is distributed between blood and adipose
tissue by lipid partitioning, whereas the distribution of hexachlorodi-
benzodioxins (HxCDDs), hexachlorodibenzofurans (HxCDFs),
octachlorodibenzodioxins (OCDDs) and octachlorodibenzofurans
(OCDFs) is also governed by binding to plasma proteins.

Binding to plasma proteins plays an important role in the uptake of
coplanar compounds from the blood in the liver, even for lower
chlorinated congeners. When rodents are exposed to increasing doses
of TCDD, it is preferentially sequestered in the liver. After entering
liver cells, TCDD either dissolves in the lipid fraction or binds to the
Ah receptor or to cytochrome P450 (CYP) proteins, probably mi-
crosomal CYP 1A2. As the amounts of CYP 1A and CYP 1B proteins
in cells are regulated by formation of the TCDD–Ah receptor com-
plex, exposure to increasing amounts of TCDD results in increased
formation of this complex, which leads to increased production of
CYP 1A and CYP 1B mRNA and proteins (enzyme induction), and
accumulation of TCDD by increased binding to the induced CYP
proteins. Similar sequestration has been observed with higher chlori-
nated PCDDs and PCDFs and with coplanar PCBs.

The hepatic sequestration of coplanar compounds markedly affects
their distribution in the body. For example, whereas the liver usually
contributes 10% and the adipose tissue 60% of the body burden of
TCDD in mice, these fractions may increase to 67% in liver and
decrease to 23% in adipose tissue in mice in which hepatic CYP
proteins have been fully induced. Similar results were found in rats,
clearly indicating the non-linear character of the kinetics of TCDD at
concentrations that induce hepatic CYP proteins.

As in rodents, preferential sequestration of PCDDs and PCDFs in the
liver rather than in adipose tissue has been observed in humans
exposed to background concentrations of these compounds. Al-
though Ah receptor-dependent CYP induction has been observed in
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human liver cells in vitro after exposure to TCDD, it occurred at
concentrations that were several orders of magnitude higher than
those observed in human blood. It is therefore likely that the seques-
tration is due to binding to constitutive CYP proteins.

5.2.2.2 Metabolism and excretion
In laboratory animals, PCDDs and PCDFs are excreted almost exclu-
sively in the bile, excretion in the urine being a minor route. Whereas
the parent compound is found primarily in the organs of rodents, only
metabolites of PCDDs and PCDFs occur in bile, indicating hepatic
metabolism, including hydroxylation and conjugation, of these com-
pounds. Similar reactions were found in vitro when recombinant
human CYP 1A1 was incubated with TCDD. Faecal excretion of
unmetabolized PCDDs and PCDFs is also an important route of
elimination in humans.

In rodents, the half-life of TCDD ranges from 8–24 days in mice to
16–28 days in rats. Humans eliminate PCDDs and PCDFs more
slowly, the estimated mean half-life of TCDD ranging from 5.5 to 11
years. The half-lives of other PCDD congeners and of PCDFs and
coplanar PCBs vary widely. These differences in the half-lives of
different congeners are reflected in their TEFs (see Table 8).

5.2.2.3 Relationship between human intake and doses used in studies in
laboratory animals
The biochemical and toxicological effects of PCDDs, PCDFs and
coplanar PCBs are directly related to their concentrations in tissues,
and not to the daily dose. The most appropriate measure of dose
would therefore be the concentration at the target tissue; however,
this is seldom known. The body burden, which is strongly correlated
with the concentrations in tissue and serum, integrates the differences
in half-lives between species. Thus, rodents require appreciably
higher daily doses (100–200-fold) to achieve a body burden at steady
state that is equivalent to that recorded in humans exposed to back-
ground concentrations. Toxicokinetically, estimates of body burden
are therefore more appropriate measures of dose for interspecies
comparisons than is the daily dose.

The long half-lives of PCDDs, PCDFs and coplanar PCBs in humans
have several implications for the period of intake that is relevant to
the assessment. First, the concentration of toxic equivalents in the
body (or the internal toxic equivalents to which a target organ is
exposed) will increase over time as more of the compounds are in-
gested. Second, after cessation of exposure, the body’s concentration
of stored toxic equivalents (and the exposure of internal organs) will
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decline slowly, only half of the accumulated toxic equivalents disap-
pearing over about 7 years, resulting in a pseudo-steady state only
after decades. Third, because of this long-term storage in the body
and the consequent daily exposure to the body’s stored toxic equiva-
lents, intake on a particular day will have a small or even negligible
effect on the overall body burden. For example, in the unlikely event
of food contamination that leads to an intake 100 times the amount
present in a typical meal, the body burden of the adult eating that
meal would increase by <3%. The rest of the body burden would be
made up of the PCDDs, PCDFs and coplanar PCBs consumed in
many thousands of meals over the previous decade or more.

Therefore, the Committee concluded that the appropriate period for
evaluating the mean intake of these compounds is 1 month.

In order to transform an animal body burden into an equivalent
human monthly intake (EHMI) that on a long-term basis would result
in a similar body burden (at steady state), simple, classical toxico-
kinetic calculations can be used. The elimination of low doses of
PCDDs was considered to follow first-order kinetics and to be inde-
pendent of the body burden or dose. The Committee calculated the
total body burden at steady-state using the following equation:
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where f is the fraction of dose absorbed from food (assumed to be
50% in humans) and the estimated half-life of TCDD is 2774 days (7.6
years). For compounds that follow first-order kinetics, 4–5 half-lives
will be required to approach steady state. For TCDD, this would be
equivalent to more than 30 years.

This model is based on the assumption that PCDDs are distributed in
only one compartment: the whole body. Although most of the body
burden of PCDD is distributed in the lipid stores, at higher doses the
liver also sequesters these compounds in both humans and animals.
Predictions of body burden after intake of high doses that are based
on lipid concentrations may therefore be underestimates of the total
body burden (and the intake leading to that body burden), because of
hepatic sequestration. Use of physiologically based pharmacokinetic
models may be more appropriate under these circumstances. In order
to transform the body burdens resulting from intake of the low con-
centrations to which the general population is exposed and from the
low doses used in the pivotal toxicological studies into estimated
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human daily intake, the Committee considered use of a less compli-
cated, classical pharmacokinetic model to be appropriate.

5.2.2.4 Determinants of dose received by fetuses in studies of
developmental toxicity
The time of dosing in several of the studies considered by the Com-
mittee, day 15 of gestation, marks the onset of the sensitive phase of
sexual differentiation in rats and represents a critical time of fetal
exposure. The determinant of the reproductive effects is the fetal
concentration on days 15–16 of gestation, which in turn is determined
by the maternal serum concentration. The latter concentration differs
with a bolus dose (as in these studies) and with repeated doses provid-
ing the same total intake. As the serum concentration of TCDD after
a bolus dose rises before distribution to the tissue compartments, the
serum concentration is likely to be higher than that after long-term
intake of a lower concentration.

The difference in the fetal body burden after a single bolus dose and
after repeated administration of low doses resulting in a similar
maternal body burden was addressed in a study in Long-Evans rats
treated on day 16 of gestation (6, 7). The rats were given [3H]TCDD
at 1, 10 or 30ng/kg of body weight per day by gavage in corn oil, on 5
days per week for 13 weeks. They were then mated, and dosing was
continued daily throughout gestation. The regimen produced a
steady-state concentration of TCDD in the dams. The average mater-
nal and fetal body burdens on day 16 of gestation after this treatment
and after administration of a single dose of TCDD by gavage on day
15 of gestation are shown in Table 9.

As expected, a single dose on day 15 of gestation by gavage resulted
in considerably higher fetal concentrations on day 16 than short-term
administration of low daily doses leading to maternal steady-state
body burdens of similar magnitude.

Using the data in Table 9, the Committee conducted least-squares
linear fits of dose versus maternal and fetal body burdens. Since
radiolabelled TCDD was used in both studies, a zero intercept was
assumed for the fitted line. None of these fits showed what appeared
to be any significant deviation from linearity. These data indicate that
the ratio of fetal :maternal body burden resulting from a bolus dose
would be 1.7 times that from multiple doses providing the same total
dose. Kinetic data indicate that a linear dose–response relationship
would be expected at the doses used in these studies. The fetal and
maternal body burdens in both data sets were also fitted to power
equations, which provided a better fit of the data obtained at the low
end of the range of single doses. The factor used to convert maternal
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body burden after single doses to a corresponding steady-state body
burden with the power equations was 2.6.

5.2.3 Toxicological studies
5.2.3.1 Acute toxicity studies
In laboratory animals, the acute toxicity of TCDD and related
PCDDs and PCDFs substituted in at least the C-2, C-3, C-7 and C-8
positions varies widely between and among species. For example,
the median lethal dose in guinea-pigs treated orally was 0.6mg/kg of
body weight, while that in hamsters was >5000mg/kg of body weight.
Explanations for this variation include differences in Ah receptor
functionality (size, transformation and binding of the PCDD response
element), toxicokinetics (metabolic capacity and tissue distribution)
and body fat content. While data on acute toxicity were available
for various commercial PCB mixtures (median lethal doses usually
>100mg/kg of body weight), the data on individual coplanar PCB
congeners in mammals were limited.

One of the more common symptoms associated with lethality induced
by PCDDs is a generalized delayed wasting syndrome characterized
by inhibition of gluconeogenesis, reduced feed intake and loss of
body weight. Other toxic effects observed after a single exposure to
PCDDs include haemorrhages in a number of organs, thymic atrophy,
reduced bone-marrow cellularity and loss of body fat and lean muscle
mass, although some differences in the frequency of these effects was
seen among species.

Table 9
Average maternal and fetal body burdens after a single dose and after
administration of repeated doses of TCDD to pregnant Long-Evans rats

Dose (ng/kg of body Body burden on day 16 of gestation
weight per day) (ng/kg of body weight per day)

Maternal Fetal

Single dose
50 30 5.3

200 97 13
800 520 39

1000 520 56

Repeated dosesa

0.71 20 1.4
7.1 120 7.5

21 300 15

Source: references 6 and 7; used by permission.
a Daily dose, adjusted for continuous administration from 5 to 7 days per week.
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5.2.3.2 Carcinogenicity studies
TCDD and other PCDDs induced tumours at multiple sites in
laboratory animal species of each sex. In a series of assays in vivo
and in vitro, TCDD promoted the growth of transformed cells (e.g.
rat tracheal epithelium cells treated with N-methyl-N¢-nitro-N-
nitrosoguanidine), consistent with observations of cancer promotion
in whole animals in vivo. In a long-term study of carcinogenicity with
TCDD in rats, the LOEL for hepatic adenomas in females was 10ng/
kg of body weight per day, and the NOEL was 1ng/kg of body weight
per day. Several studies have shown that TCDD promotes tumours in
laboratory animals, in particular liver tumours. Several other PCDDs,
PCDFs and non-ortho- and mono-ortho-PCBs also promoted liver
tumours. In a long-term study in rats in which the incidence of liver
tumours was increased over that in controls, the LOEL of 10ng/kg of
body weight per day corresponded to a steady-state body burden of
290ng/kg of body weight. In order for humans to attain a similar
steady-state body burden, they would have to have a daily intake of
150pg/kg of body weight (see the equation on page 126).

5.2.3.3 Genotoxicity studies
The results of several short-term assays for genotoxicity with TCDD,
covering various end-points, were negative. Furthermore, TCDD did
not bind covalently to DNA from the liver of mice. The Committee
concluded that TCDD does not initiate carcinogenesis.

5.2.3.4 Developmental toxicity studies
A number of biochemical changes, including enzyme induction, al-
tered expression of growth factors and enhanced oxidative stress,
have been noted in laboratory animals with body burdens of TCDD
within a lower range of 3–10ng/kg of body weight. The Committee
considered these biochemical effects to be early markers of exposure
to PCDDs, PCDFs and coplanar PCBs, or events induced by these
compounds in animals and in humans that may or may not result in
adverse effects at higher body burdens.

The Committee reviewed the relevant studies (8–14) considered by
the WHO consultation held in 1998 (4), as well as three recent studies
(15–17). The Committee noted that the most sensitive adverse effects
reported were on development in the male offspring of rats and
immunological deficits in rats after prenatal exposure to TCDD (see
Table 10).

The WHO consultation identified a study in which endometriosis was
found after long-term administration of TCDD to rhesus monkeys.
The Committee stressed that the findings in this study should be
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interpreted with caution, as the daily intake was not adequately re-
ported. In addition, analyses conducted 13 years after the end of
exposure showed high concentrations of coplanar PCBs in the blood
of the monkeys with endometriosis, possibly from an unknown source
(14). The Committee also noted that the LOELs in some of the
pivotal studies in rats (Table 10) would result in EHMIs that were
similar to or lower than that derived from the LOEL for endometrio-
sis in monkeys.

In a recent study (17), pregnant Holtzman rats were given a single
oral dose of TCDD at 0–800ng/kg of body weight on day 15 of
gestation, and the male offspring were examined on days 49 and 120
after birth. No changes were seen in testicular or epididymal weight
nor in daily sperm production or sperm reserve at any dose. However,
the weight of the urogenital complex, including the ventral prostate,
was significantly reduced at doses of 200 and 800ng/kg of body weight
in rats killed on day 120. Moreover, the anogenital distance of male
rats receiving doses ≥50ng/kg of body weight and killed on day 20 was
significantly decreased. The Committee noted that administration
of TCDD at any dose resulted in a dose-dependent increase in 5a-
reductase type 2 mRNA and a decrease in androgen receptor mRNA
in the ventral prostate of rats killed at day 49 but not in those killed at
day 120, with no adverse sequelae at the lowest dose of 12.5ng/kg of
body weight. On the basis of 60% absorption and an assumption of a
linear relationship for the data in Table 9, the equivalent maternal
body burden after multiple doses at this NOEL would be 13ng/kg of
body weight. Fitting the data in Table 9 into the power equation, the
Committee estimated the body burden NOEL to be 19ng/kg of body
weight. The LOEL of 50ng/kg of body weight per day corresponds to
an equivalent body burden of 51ng/kg of body weight with the linear
model and 76ng/kg of body weight with the power model.

The lowest LOEL reported for the reproductive system of male off-
spring was found in an experiment with Wistar rats (16). In this study,
the dams were treated subcutaneously before mating and throughout
mating, pregnancy and lactation. They received an initial loading dose
of [14C]TCDD at 25, 60 or 300ng/kg of body weight 2 weeks before
mating, and then a weekly maintenance dose of TCDD at 5, 12 or
60ng/kg of body weight. The size of the maintenance doses was deter-
mined on the basis of a reported elimination half-life for TCDD of 3
weeks in adult rats. The effects on male reproductive end-points were
studied on days 70 and 170 after birth. The number of sperm per
cauda epididymis at puberty and in adulthood was lower in the off-
spring of all treated dams than in those of controls. Daily sperm
production was permanently lower in offspring of treated dams than
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in those of controls, as was the sperm transit rate, thus increasing the
time required by the sperm to pass through the cauda epididymis.
Moreover, the offspring of the treated groups showed increased num-
bers of abnormal sperm when investigated in adulthood. The latency
periods to mounting and intromission were significantly greater in
offspring of dams at the lowest and highest doses, but not of those at
the intermediate dose, than in offspring of controls. The Committee
noted the lack of clear dose–response relationships for most of these
effects in the treated groups. In the male offspring of dams at the
highest dose, the concentration of serum testosterone was decreased
in adulthood, and permanent changes found in the testicular tubuli
included pyknotic nuclei and the presence of cell debris in the lumen.
The fertility of the male offspring was not affected in any of the
treated groups.

In computing the long-term dose required to produce the fetal con-
centration found in the group given the initial loading dose of 25ng/kg
of body weight, the Committee noted that the dose would have been
reduced to 20ng/kg of body weight before the maintenance dose of
5ng/kg of body weight given on day 14. On the basis of the linear fit
to the data in Table 9, the fetal body burden resulting from the
maternal body burden of 20ng/kg of body weight would be 1.04ng/kg
of body weight. The maintenance dose of 5ng/kg of body weight
administered on day 14 of gestation would make an additional contri-
bution to the fetal body burden of 0.27ng/kg of body weight, resulting
in a total fetal body burden of 1.31ng/kg of body weight. On the basis
of a linear fit to the data in Table 9, a maternal body burden of TCDD
of 25ng/kg of body weight at steady state would be required to pro-
duce this fetal body burden.

The studies summarized in Table 10 provide evidence that adverse
effects on the reproductive system are induced in male offspring
of pregnant rats given TCDD. The studies show reductions in daily
sperm production, in the number of sperm in the cauda epididymides
and in epididymal weight as well as accelerated eye opening, a reduc-
tion in anogenital distance and feminized sexual behaviour in male
offspring associated with maternal steady-state body burdens of
TCDD of ≥25ng/kg of body weight. Reductions in the weights of the
testes and the size of the sex accessory glands, such as the ventral
prostate, in male offspring, development of external malformations of
the genitalia in female offspring and reduced fertility in males and
females required higher maternal body burdens.

The Committee noted that the most sensitive end-points differed
between studies, perhaps reflecting strain differences in sensitivity
and even minor differences in the experimental conditions, e.g. the
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diet. The Committee also noted that, in one study, administration of
a single dose of TCDD at 12.5ng/kg of body weight to dams by gavage
decreased the amount of androgen receptor mRNA in the ventral
prostate of offspring at puberty on day 49 after birth, indicating
reduced androgenic responsiveness. However, none of the other
above-mentioned adverse effects were seen in male offspring at this
dose, which corresponds to an estimated maternal steady-state body
burden of TCDD of approximately 19ng/kg of body weight (Table
10). The Committee considered the effect on androgenic respon-
siveness to be an early marker of exposure to TCDD, like enzyme
induction, altered expression of growth factors and enhanced oxida-
tive stress, or an event that may or may not result in adverse effects in
animals at higher body burdens.

5.2.4 Observations in humans
5.2.4.1 Effects other than cancer
In two episodes of food poisoning in China (Province of Taiwan) and
Japan, in which infants were exposed in utero to heat-degraded PCBs,
a variety of adverse physical developmental abnormalities was ob-
served, including decreased penis length and alterations of spermato-
zoa; neurodevelopmental abnormalities were also seen. The affected
children in Taiwan, China, were born to mothers with estimated body
burdens of toxic equivalents of PCBs of 2–3mg/kg of body weight.

Environmental or background exposure of infants in Germany, the
Netherlands and the USA was evaluated in several studies; for ex-
ample, the mean concentration of toxic equivalents in human milk
was 60pg/g of lipid (range 25–155pg/g) in a study in Groningen and
Rotterdam, the Netherlands. Low birth weight and detriments in
neurological development and alterations in thyroid hormones, the
distribution of lymphocyte subpopulations and the frequency of
infections and respiratory symptoms were observed. The observed
neurodevelopmental deficits were subtle and the prevalence within
the normal range; their potential consequences for future intellectual
function are unknown. The associations observed were considered to
be due to prenatal exposure rather than to postnatal intake (from
milk). In one study of breastfed and bottle-fed infants, the intake
of PCDDs and PCBs was inversely related to performance in
neurobehavioural tests, breastfed infants having better scores than
bottle-fed infants. These studies of low exposure related primarily to
PCBs, and fewer data were available on the effects of PCDDs and
PCDFs.

In adults, most of the effects other than cancer observed after expo-
sure to PCDDs, PCDFs and coplanar PCBs, such as chloracne,
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appeared only at doses several orders of magnitude greater than those
generally received from background contamination of foods. In
Seveso, Italy, more female children than expected were born to fa-
thers who had serum TCDD concentrations > 80pg/g of lipid (16–
20ng/kg of body weight) at the time of conception.

5.2.4.2 Carcinogenicity
A working group convened by the International Agency for Research
on Cancer (IARC) classified TCDD as a human carcinogen (Group
1). Other PCDDs and PCDFs were considered not to be classifiable as
to their carcinogenicity to humans (Group 3).

The most informative studies for evaluating the carcinogenicity of
TCDD are four cohort studies of herbicide producers (two in Ger-
many and one each in the Netherlands and the USA) and one cohort
study of residents of a contaminated area in Seveso, Italy. A multi-
country cohort study from IARC included three of these four cohorts,
other industrial cohorts, many of which had not been reported
in separate publications, and a cohort of professional herbicide
applicators.

In most of the epidemiological studies considered, exposure had been
primarily to TCDD, with some exposure to mixtures of other PCDDs,
as contaminants of phenoxy herbicides and chlorophenols. The stud-
ies involved persons with the highest recorded exposure to TCDD,
the estimated geometric mean blood lipid concentrations after the
last exposure ranging from 1100 to 2300pg/g of lipid in the industrial
cohorts; lower average concentrations were found in the population
exposed in Seveso.

Low excess risks of the order of 40% were found for all neoplasms
combined in all the studies of industrial cohorts in which the exposure
assessment was adequate. The risks for cancers at specific sites were
increased in some of the studies, but the results were not consistent
between studies, and no single cancer site seemed to predominate.
The results of tests for trends for increasing excess risks for all neo-
plasms with increasing intensity of exposure were statistically signifi-
cant. Increasing risks for all neoplasms with time since first exposure
were observed in those studies in which latency was evaluated. The
follow-up of the Seveso cohort has so far been shorter than that of the
industrial cohorts; however, the rate of death from all cancers has not
been found to differ significantly from that expected in the general
population. Excess risks were seen for cancers at some specific sites
among persons in the most heavily contaminated zones at the time of
the accident, but there were few cases.
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In these well-conducted cohort studies, the intensity of exposure
could be ascertained with precision because of the long biological
half-life of TCDD in human tissues, and the relative risks increased
significantly with increasing exposure. Although the excess cancer
risk at the highest exposure was statistically significant, these results
must be evaluated with caution, as the overall risks are not high and
the strongest evidence is for industrial populations whose exposure
was two to three orders of magnitude greater than that of the general
population, and who also had heavy exposure to other chemicals;
furthermore, lifestyle factors such as smoking were not evaluated.
There are few precedents of carcinogens that increase the risk for
cancer at all sites combined, with no excess risk for any specific
tumour predominating.

A “benchmark dose” was calculated from the effective dose esti-
mated to result in a 1% increase in cancer mortality (ED01), on the
basis of a meta-analysis of data for three industrial cohorts with well-
documented exposure and comparison with the doses required for
effects other than cancer. A statistically significant linear trend in risk
with intensity of exposure was observed, which persisted even after
exclusion of the groups with the greatest exposure. Within the range
of reasonable assumptions, the ED01 differed quite widely and de-
pended strongly on the assumptions made. Furthermore, a number of
uncertainties would influence the predicted ED01, including the exact
exposure of the occupational cohorts and, to a lesser extent, the
potential confounding effects of factors not considered in the studies.

5.2.5 Sampling and analytical methods

As no specific guidelines have been drawn up for sampling foods to
be analysed for their PCDD, PCDF and coplanar PCB content, the
basic guidelines for sampling for organic contaminants or pesticides
should be used. The objective is to obtain a representative, homoge-
neous laboratory sample without introducing secondary contamina-
tion. Although PCDDs, PCDFs and coplanar PCBs are chemically
stable, the samples should be stored and transported in such a way
that they do not deteriorate. PCDDs, PCDFs and coplanar PCBs are
usually found as complex mixtures of varying composition in different
matrices. Their identification and quantification require a highly so-
phisticated method of analysis in order to separate the toxic conge-
ners listed in Table 8 from the more prevalent, less toxic congeners.
Usually, PCDDs, PCDFs and coplanar PCBs are determined by cap-
illary gas chromatography with mass spectrometry.

No official method exists for the determination of these compounds in
food. Reliable results have been obtained in the absence of official
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methods when the method used has been shown to be suitable and to
fulfil analytical quality criteria developed in other fields of residue
analyses. The methods used to determine PCDDs and PCDFs in food
must provide sufficient information to allow calculation of the results
as toxic equivalents, at concentrations of 0.1–1pg/g of fat in milk,
meat and eggs, 10pg/g of fat in fish or ≥100pg/g of fat in cases of
heavier contamination, and 0.1–0.5pg/g of dry matter in food of veg-
etable origin. The patterns of congeners can vary between regions and
foods.

When the method used is of insufficient sensitivity, the concentrations
of PCDDs, PCDFs and coplanar PCBs in many foods may be near
or below the limit of quantification. The method used to derive the
concentrations of undetected congeners (the imputation method) can
therefore have a variable effect on the summary toxic equivalent
value for a food sample. In the most commonly used imputation
methods, the contribution of each undetected congener to the toxic
equivalent is considered to be either 0 (“lower-bound concentra-
tions”), the limit of detection or limit of quantification (“upper-bound
concentrations”) or half the limit of detection or limit of determina-
tion. In methods with insufficient sensitivity, the lower- and upper-
bound concentrations can differ by a factor of 10–100 or even more. If
the sensitivity is appropriate, the differences between lower- and
upper-bound concentrations are negligible. Therefore, low estimates
of PCDDs, PCDFs and coplanar PCBs in a sample may represent
truly low concentrations or be the result of use of zero as the value for
undetected congeners in a food sample. Conversely, high estimates
may be the result either of contamination or of use of the upper-
bound concept with insufficient sensitivity.

Application of upper-bound or lower-bound concentrations leads to
over- and underestimates of intake, respectively. Therefore, the Com-
mittee recommended that laboratories report their results as lower-
bound, upper-bound and half-detection limits, in addition to values
for individual congeners, thus providing all the necessary information
for interpreting the results for specific requirements. Experts who are
summarizing results based on toxic equivalents should indicate the
way in which the toxic equivalents were calculated.

For analysis of food samples with normal background contamina-
tion by PCDDs, PCDFs or PCBs, gas chromatography with high-
resolution mass spectrometry has been validated in collaborative
studies and has been shown to provide the required sensitivity and
specificity. Bioanalytical assays have been developed for rapid screen-
ing of sediments, soil, fly ash and various foods, but only the chemical-
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activated luciferase gene expression (CALUX) assay has been used
for food; validation of this assay has begun. While gas chroma-
tography with mass spectrometry is the most powerful method for
identifying and quantifying congeners and for recognizing congener-
specific patterns, it does not allow direct measurement in a matrix of
all congeners present that act through the Ah receptor pathway. The
CALUX assay provides an indication of the toxic equivalents present
in a certain matrix, including interactive (synergistic or antagonistic)
effects; however, it cannot provide information on the pattern of
congeners.

The Committee recognized that the available analytical data on
PCDDs, PCDFs and coplanar PCBs are limited by the lack of gen-
erally accepted criteria for intra- and inter-laboratory validation.
Mutual acceptance of analytical methods would be facilitated by
international collaborative studies and proficiency testing pro-
grammes. For reliable analysis of concentrations in the range of
normal background contamination, control laboratories must use
sufficiently sensitive methods. General statistical parameters that
have been established in other fields of residue analysis could be used.
The requirements for acceptable analytical methods clearly need to
be harmonized, so that data are comparable and can be used for risk
management purposes.

5.2.6 Levels and patterns of contamination of food commodities

Data were submitted by Belgium, Canada, Japan, New Zealand,
Poland and the USA and by the European Commission in a report
containing data on Belgium, Denmark, Finland, France, Germany,
Italy, the Netherlands, Norway, Sweden and the United Kingdom.
In all countries in which a substantial number of samples had been
analysed, the concentrations of PCDDs, PCDFs and coplanar PCBs
in food were found to have decreased up to the late 1990s, but the
decrease had slowed or was even partly reversed in some food catego-
ries in several countries owing to contamination of animal feed. For
the present assessment of intake at the international level, only data
collected after 1995 were considered.

As the Committee did not have access to the original analytical re-
sults, it was not possible to ascertain whether the results had been
obtained by the lower- or upper-bound approach, and the concentra-
tions used in the assessment were expressed as sums of congeners.

Insufficient individual data were available from most countries to
allow construction of a full curve of the distribution of concentrations.
Most data were submitted in an aggregated format. As recommended
by a FAO/WHO workshop on assessing exposure to contaminants
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(18), aggregated data were weighted as a function of the number of
initial samples and then used to obtain a weighted mean concentra-
tion of PCDDs, PCDFs and PCBs in six major food groups: meat and
meat products, eggs, fish and fish products, milk and milk products,
vegetables and vegetable products, and fats and oils. National data
were aggregated by region or country (North America, Western
Europe, Japan and New Zealand) and are summarized in Table 11.
Insufficient data were available for the rest of the world to permit a
realistic estimate of the distribution of contaminants. The Committee
recognized that there are significant differences within the food cat-
egories in Table 11, and that the data used in this analysis may not
reflect the true mean for a food category. For example, the mean
concentrations of PCDDs, PCDFs and coplanar PCBs and the rate of
consumption vary considerably in different fish species, and it was not
possible to determine if the mean represents the fish species most

Table 11
Weighted mean and derived median concentrations of PCDDs, PCDFs and
coplanar PCBs in six food groups, expressed as toxic equivalents (pg/g whole
food)

Region or Food category PCDDs/PCDFs Coplanar PCBs
country Weighted Derived Weighted Derived

mean median mean median

North America Dairy 0.10 0.07 0.02a 0.01a

Eggs 0.17 0.14 0.04a 0.02a

Fish 0.56 0.28 0.13a 0.08a

Meat 0.13 0.10 0.14a 0.05a

Western Europe Dairy 0.07 0.04 0.08 0.07
Eggs 0.16 0.15 0.07 0.06
Fish 0.47 0.31 2.55 0.90
Meat 0.08 0.06 0.41 0.08
Vegetable products 0.04 0.03 0.04 LOD

Japan Dairy 0.06 0.04 0.04 0.02
Eggs 0.07 0.03 0.06 0.04
Fish 0.37 0.11 0.69 0.19
Meat 0.09 0.01 0.04 0.009
Vegetable products 0.003 0.002 0.02 0.003

New Zealand Dairy 0.02 0.02 0.01 0.008
Fish 0.06 0.05 0.09 0.07
Meat 0.01 0.01 0.02 0.01
Vegetable products 0.008 0.008 <LOD <LOD

All Fats and oils 0.21 0.10 0.07a 0.02

LOD: limit of detection.
a Data on PCBs frequently did not include mono-ortho PCBs.
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commonly consumed. However, the data received were not sufficient
to allow an analysis that might account for such variation.

In a second step, a log-normal distribution of contaminants in foods was
assumed, and a model of distribution was constructed from the weigh-
ted mean and a geometric standard deviation of 3 derived from the
concentrations in six broad food groups. On the basis of these derived
distributions, the percentiles of consumption were determined. The
derived median values (50th percentiles) are presented in Table 11.

5.2.7 Estimated dietary intake

Because of the long half-lives of PCDDs, PCDFs and coplanar PCBs,
their hazard to health can be estimated only after consideration of
intake over a period of months. Short-term variations in PCDD, PCDF
and coplanar PCB concentrations in foods have much less effect on
overall intake than might be the case for other food contaminants.

The distribution of long-term mean intake in various populations was
calculated by the following procedure:

• The distributions of concentrations were constructed for various
regions and food groups from the available data. The distributions
were assumed to be log-normal.

• Data on food consumption from the GEMS/Food regional diets
and national surveys were used to estimate mean consumption of
six major food groups in each diet. A log-normal distribution was
constructed from these data with a geometric standard deviation of
1.3 extrapolated from the results of the food consumption survey in
the Netherlands in order to account for inter-individual variation in
consumption. The average contributions of the six basic food
groups to total food consumption were derived for each diet.

• The dietary intake of a particular population was assessed by
combining the concentrations in foods and food consumption dis-
tributions for that population using a Monte Carlo approach. In
each Monte Carlo trial, the dietary intake was estimated by multi-
plying random values for food consumption and concentrations in
various food groups. The concentrations were weighted according
to the contribution of the food group to total food consumption.
The estimates of intake were combined to form a distribution of
long-term mean dietary intake for each population studied. The
distributions are characterized by a median and a 90th percentile
intake. Calculations were performed for the sum of the toxic
equivalents of PCDDs and PCDFs and for the sum of coplanar
PCBs separately, because the data on occurrence of PCBs were
obtained independently.
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The simulated intakes of PCDDs, PCDFs and coplanar PCBs in the
GEMS/Food regional diets are presented in Table 12. These intakes
are, however, likely to be overestimates, as the data on concentrations
were derived from surveys (without random sampling) and from the
GEMS/Food regional diets, which are based on data on food supply
(apparent consumption) and which are known to overestimate food
consumption by at least 15%.

More reliable estimates of intake (Table 13) were obtained by using
national food consumption data rather than data on the food supply
(apparent consumption) from the GEMS/Food regional diets. The
simulated intakes presented in Table 13 are not strictly national esti-
mates and are somewhat higher than the national estimates submitted
by the European Commission.

Table 12
Median and 90th percentile values of estimated long-term intake of PCDDs,
PCDFs and coplanar PCBs,a based on the GEMS/Food regional diets

Source of Source of Intake of PCDDs and Intake of coplanar
data on data on food PCDFs PCBs
concentrationsb consumption Median 90th percentile Median 90th percentile

North America Europe 68 160 14 35
Western Europe Europe 54 130 57 150
Japan Far East 7 15 7 19
New Zealand Europe 18 36 10 22

a Expressed as toxic equivalents, pg/kg of body weight per month, assuming 60kg of body
weight.

b For North America, the data on concentrations in vegetables in Western Europe were used; for
New Zealand, the data on concentrations in eggs in Japan were used.

Table 13
Median and 90th percentile values of estimated long-term intake of PCDDs,
PCDFs and coplanar PCBs,a based on national food consumption data

Source of Source of Intake of PCDDs and Intake of coplanar
data on data on food PCDFs PCBs
concentrationsb consumption Median 90th percentile Median 90th percentile

North America USA 42 100 9 25
Western Europe France 40 94 47 130

Netherlands 33 81 30 82
United 39 91 41 110

Kingdom

a Expressed as toxic equivalents, pg/kg of body weight per month, assuming 60kg of body
weight.

b For North America, the data on concentrations in vegetables in Western Europe were used.
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The calculated contributions of various food categories to the intake
of PCDDs, PCDFs and coplanar PCBs showed that the largest frac-
tion (>70%) is from food of animal origin in both the GEMS/Food
regional diets and the national diets.

Information was lacking on both the quality of data and geographical
representativeness for some regions. More data are required on the
occurrence of coplanar compounds in food products, particularly
from geographical regions other than Europe, so that more represen-
tative estimates of intake can be made for all regions.

Breastfed infants have higher intakes of these compounds than
bottle-fed infants or adults on a body-weight basis, although for only
a small portion of their lives. Breast milk has beneficial effects, de-
spite the risk of contamination. WHO has therefore repeatedly evalu-
ated the health significance of contamination of breast milk with
coplanar compounds. WHO recommends and supports breastfeeding
but has concluded that continued and enhanced efforts should be
directed towards identifying and controlling environmental sources of
these substances.

5.2.8 Evaluation

In view of the long half-lives of PCDDs, PCDFs and coplanar PCBs,
the Committee concluded that it would not be appropriate to estab-
lish an acute reference dose for these compounds.

The Committee concluded that a tolerable intake could be estab-
lished for TCDD on the basis of the assumption that there is a thresh-
old for all effects, including cancer. Carcinogenicity due to TCDD was
not linked to mutagenicity or DNA binding, and it occurred at higher
body burdens in animals than other toxic effects. The Committee
concluded that the establishment of a tolerable intake based on ef-
fects other than cancer would also address any carcinogenic risk.

The studies listed in Table 10 were those considered by the Commit-
tee in choosing the lowest LOELs and NOELs for assessment of
tolerable intake. The lowest LOEL and NOEL were provided by the
studies of Faqi et al. (16) and Ohsako et al. (17), respectively. With
the toxicokinetic conversions described in Table 9, these two studies
indicate maternal body-burden LOELs and NOELs for effects on
male rat offspring of 25ng/kg of body weight and 13ng/kg of body
weight, respectively.

5.2.8.1 Background body burdens in laboratory animals
In the studies used to estimate body burden on the basis of the
distribution of TCDD after multiple dosing, radiolabelled material
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was used. Therefore, the known background concentrations of
TCDD and other PCDDs and PCDFs in the tissues of laboratory
rodents resulting from traces of these compounds in rat feed were
ignored. The Committee identified two studies that could be used to
predict the body burdens of rats resulting from the presence of copla-
nar compounds in laboratory feed. These studies were mutually con-
sistent and predicted that “unexposed” laboratory rats had toxic
equivalent body burdens of 3–12ng/kg of body weight, depending on
age. Thus, the maternal body burdens of TCDD seen in studies with
radiolabelled material should be adjusted upwards by a minimum of
3ng/kg of body weight to account for the background concentrations
of unlabelled PCDDs and PCDFs. The maternal toxic equivalent
body burden may still be underestimated, as 3ng/kg of body weight
was the minimum in the two studies, and in one of the studies copla-
nar PCBs were not included.

Addition of 3ng/kg of body weight to the body burdens calculated
from the linear model and the data in Table 9 resulted in estimated
total toxic equivalent body burdens of 16ng/kg of body weight for
the NOEL and 28ng/kg of body weight for the LOEL. These body
burdens correspond to EHMIs of 240 and 420pg/kg of body weight,
respectively. Fitting the data in Table 9 into the power-model equation
gave EHMIs of 330pg/kg and 630pg/kg of body weight, respectively.

5.2.8.2 Identification of safety factors
The safety factors considered in establishing acceptable levels of in-
take on the basis of the results of studies in laboratory animals usually
include the following: a factor to convert a LOEL to a NOEL (if
needed); a factor to extrapolate from animals to humans; and factors
to account for inter-individual variations in susceptibility. Typically,
factors of 10 have been used for extrapolation between species and
for accounting for the human variation in susceptibility, and a factor
of 3–10 for extrapolating from a LOEL to a NOEL.

As a NOEL was identified for effects in the male offspring of rats, no
factor for conversion from a LOEL to a NOEL was needed for the
EHMI derived from the study described above (17).

As concluded by the WHO consultation (5), use of body burdens to
scale doses from studies in laboratory animals to equivalent human
doses removes the need for safety factors to account for differences in
toxicokinetics between animals and humans.

To account for inter-individual differences in toxicokinetics among
humans, a safety factor should be applied. The Committee noted that
limited data were available on the toxicokinetics of TCDD in humans
and considered that the default factor of 3.2 was appropriate.
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The Committee observed that humans may be less sensitive than rats
to some effects. However, the conclusion is less certain for other
effects and the possibility that the most sensitive humans might be as
sensitive to the adverse effects of TCDD as rats were in the pivotal
studies cannot be excluded. Therefore, the Committee concluded that
no safety factor in either direction need be applied for differences in
toxicodynamics among humans.

Use of a LOEL instead of a NOEL indicates the need for an addi-
tional safety factor. As the LOEL for the sensitive end-point was
considered to be close to a NOEL and represented marginal effects,
the Committee applied a factor of 3 to account for use of a LOEL
instead of a NOEL. This resulted in an overall safety factor of 9.6
(3 ¥ 3.2).

The Committee concluded that a total safety factor of 3.2 should be
applied to the EHMI associated with the NOEL, and a total safety
factor of 9.6 should be applied to the EHMI associated with the
LOEL.

5.2.8.3 Tolerable intake
As stated in the discussion of toxicokinetics, the long half-lives of
PCDDs, PCDFs and coplanar PCBs mean that each daily ingestion
has a small or even a negligible effect on overall intake. In order to
assess long- or short-term risks to health due to these substances, total
or average intake should be assessed over months, and tolerable
intake should be assessed over a period of at least 1 month. To
encourage this view, the Committee decided to express the tolerable
intake as a monthly value in the form of a provisional tolerable
monthly intake1 (PTMI).

As shown in Table 14, use of the linear model to extrapolate the
maternal body burden at the NOEL, obtained with a single dose, to
that expected at multiple doses gives a EHMI of 237pg/kg of body
weight, which would be expected to result in a body burden that is
lower than that which had effects in animals. The PTMI derived by
application of the safety factor of 3.2 to this EHMI is 74pg/kg of body
weight.

Similarly, as shown in Table 14, the PTMI derived by application of
the safety factor of 9.6 to the EHMI derived from the study that

1 By analogy with the provisional tolerable weekly intake (PTWI), the end-point used for
safety evaluations by the Committee for food contaminants with cumulative properties.
Its value represents the permissible human monthly exposure to those contaminants
unavoidably associated with otherwise wholesome and nutritious foods.
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provided the LOEL is 44pg/kg of body weight. As also shown in
Table 14, use of the power model to extrapolate the maternal body
burden with single doses to multiple doses would result in PTMIs of
103pg/kg of body weight for the NOEL and 66pg/kg of body weight
for the LOEL. The range of PTMIs derived from the two studies, with
either the linear or the power model to extrapolate the maternal body
burden with single to multiple doses, is thus 40–100pg/kg of body
weight per month. The Committee chose the mid-point of this range,
70pg/kg of body weight per month, as the PTMI. Furthermore, in
accordance with the conclusions of the WHO consultation (5), the
Committee concluded that this tolerable intake should be applied to
intake of PCDDs, PCDFs and coplanar PCBs expressed as TEFs.

5.2.8.4 Comparison of PTMI with estimated intake from food
In the GEMS/Food regional diets, the range of estimated intake of
toxic equivalents of PCDDs and PCDFs is 7–68pg/kg of body weight
per month at the median and 15–160pg/kg of body weight per month
at the 90th percentile of mean lifetime exposure, and that for copla-
nar PCBs is 7–57pg/kg of body weight per month at the median
and 19–150pg/kg of body weight per month at the 90th percentile of
consumption. The intakes estimated from national food consumption
data were lower: 33–42pg/kg of body weight per month at the median
and 81–100pg/kg of body weight per month at the 90th percentile for
PCDDs and PCDFs, and 9–47pg/kg of body weight per month at the

Table 14
Summary of four calculations of PTMI

Linear model Power model

NOEL LOEL NOEL LOEL

Administered dose (ng/kg of body weight) 12.5a 12.5a

Maternal body burden (ng/kg of body weight) 7.6 25b 7.6 25b

Equivalent maternal body burden with long-term 13c 25c 19d 39d

dosing (ng/kg of body weight)
Body burden from feed (ng/kg of body weight) 3 3 3 3
Total body burden (ng/kg of body weight) 16e 28e 22e 42e

EHMI (pg/kg of body weight per month) 237 423 330 630
Safety factor 3.2 9.6 3.2 9.6
PTMI (pg/kg of body weight per month) 74 44 103 66

a Bolus dose (NOEL).
b Target maternal body burden from repeated dosing (LOEL).
c Assuming a linear relationship between fetal and maternal body burden (based on data in

Table 9).
d Assumes a non-linear relationship between fetal and maternal body burden (based on data in

Table 9).
e Assuming, for humans, a half-life of 7.6 years and 50% uptake from food (see equation on

page 126).
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median and 25–130pg/kg of body weight per month at the 90th per-
centile for coplanar PCBs. Estimates could not be made for the sum
of PCDDs, PCDFs and coplanar PCBs, because data on concentra-
tions were submitted separately by countries.

The median and 90th percentile of the derived distribution of intakes
were considered to describe long-term intake. A Monte Carlo calcu-
lation was used to predict these intakes for coplanar PCBs on the
basis of two sets of distribution curves generated from information on
mean concentrations in six major food groups and corresponding data
on mean food consumption from several sources, by applying geomet-
ric standard deviations of 3 and 1.3 to the respective means. The
geometric standard deviation for the food consumption curves ac-
counted for long-term consumption patterns. As the mean intakes of
the whole population tend not to change with the duration of a
survey, use of mean consumer intakes to generate the curves for
major food groups, rather than individual commodities, approximates
the mean intakes of the whole population, as nearly all respondents
were consumers.

5.2.8.5 Uncertainties
Several sources of uncertainty were identified in the data used to
assess intake, which suggest that they are likely to be overestimates at
both the median and the 90th percentile levels of consumption. De-
spite the uncertainties, the results suggest that a considerable fraction
of the population will have a long-term mean intake above the PTMI.

Furthermore, despite the large amount of information on toxicity,
substantial uncertainties remain which should be considered in apply-
ing the risk assessment and in interpreting the estimates of intake of
PCDDs, PCDFs and coplanar PCBs. The Committee used the overall
data to identify a level of intake of coplanar compounds in food that
represents no appreciable risk to humans. The safety assessment in-
cludes adjustment for a number of uncertainties, including estimates
of TEFs within orders of magnitude in order to relate the potency of
28 relatively poorly studied compounds to that of one well-studied
compound, TCDD. Moreover, the relative proportion of TCDD and
the other 28 compounds varies; TCDD typically constitutes a small
percentage of the total toxic equivalents in foods.

The PTMI is not a limit of toxicity and does not represent a boundary
between safe intake and intake associated with a significant increase
in body burden or risk. Long-term intakes slightly above the PTMI
would not necessarily result in adverse health effects but would erode
the safety factor built into the calculations of the PTMI. It is not
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possible, given current knowledge, to define the magnitude and dura-
tion of excess intake that would be associated with adverse health
effects.

5.2.8.6 Effect of maximum limits on intake, risk and food availability
The concentrations of PCDDs, PCDFs and coplanar PCBs vary
among foods. In establishing regulatory limits, the possible undesired
consequences of their enforcement should be taken into account, such
as reductions in the food supply. The Committee explored the theo-
retical effects of various maximum regulatory limits on compliance
and on long-term average reduction of intake. On the basis of this
analysis, the Committee concluded that, in order to achieve, for ex-
ample, a 20% reduction in intake of coplanar compounds from food,
the intake of a wide range of foods would have to be reduced by a
similar percentage. This relationship exists because these contami-
nants are present at relatively high levels in major food types. Fur-
thermore, in view of the half-times of these compounds in humans,
setting regulatory limits on the basis of the PTMI would have no
discernible effect on body burdens for several years.

In contrast, long-term reductions could be gained by identifying
and eliminating the routes by which these compounds pass from the
environment into food supplies. The Committee was informed that
studies of environmental concentrations over time in several coun-
tries suggest that measures to control emissions to the environment
generally have had a substantial impact on both the amounts of
PCDDs and PCDFs present in the environment and the body burdens
of the general public.

6. Future work

1. The Committee has been asked on several occasions to advise the
Codex Committee on Food Additives and Contaminants on the
relative risks associated with alternative proposed maximum limits
for contaminants in foods. However, a maximum limit will not, in
many cases, have a substantial effect on the long-term intake of the
contaminant by the general population, nor will it have a measur-
able impact on public health unless a substantial proportion of the
food supply is removed from the market. Nevertheless, maximum
limits could have a positive influence on agricultural and industrial
practices and contribute to reducing the intake of some contami-
nants for which the distribution is highly skewed. The Committee
recommended more detailed consideration of this issue at a future
meeting.
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2. The Committee strongly reiterated its recommendation made at
its fifty-fifth meeting for revision of the Guide to specifications
(Annex 1, reference 100). This revision is urgently required, so that
significant developments in methods of analysis can be included.

3. The Committee recommended continuation of its activity to up-
date limits for heavy metals in food additives and concluded that
acidity regulators and colours should be reviewed at its next meet-
ing on food additives and contaminants.

4. The Committee recommended that the monograph that covers
specifications for 16 modified starches should be divided into
smaller monographs, as changes to one specification mean that the
entire monograph must be changed.

7. Recommendations

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

2. The Codex Alimentarius Commission has adopted International
Numbering System (INS) numbers 472e and 472f for diacetyltar-
taric and fatty acid esters of glycerol and for tartaric, acetic and
fatty acid esters of glycerol, mixed, respectively. At its fifty-first
meeting (Annex 1, reference 137), the Committee established one
specification under the name “diacetyltartaric and fatty acid esters
of glycerol” to cover these two substances, and at the present
meeting a temporary ADI was established. The specifications have
been combined because, even if diacetyltartaric and fatty acid
esters of glycerol and tartaric, acetic and fatty acid esters of gly-
cerol, mixed, are manufactured from different raw materials, they
meet all the criteria of the specifications and cannot be distin-
guished from each other by currently available analytical methods.
The Committee recommended that the Codex Committee on Food
Additives and Contaminants consider whether it would be more
appropriate to have only one INS number for labelling purposes.

3. The Committee recognized that the revised “General specifica-
tions and recommendations for enzyme preparations used in food
processing” in the Compendium of food additive specifications,
addendum 9 (FAO Food and Nutrition Paper, No. 52, Add. 9, 2001)
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contain many criteria for safety evaluations that are more appro-
priate for inclusion elsewhere. The Committee recommended that
the project to update and consolidate principles and methods for
the assessment of chemicals in food (see section 2.3) include the
safety assessment of enzymes intended for use in food and a subse-
quent removal of these guidelines from the general specifications.

4. In view of the complexity of the analytical methods for determin-
ing PCDDs, PCDFs and coplanar PCBs, the Committee recom-
mended that a specific validation protocol be developed. Labora-
tories involved in such analytical work should be encouraged by
FAO/WHO to participate in collaborative studies and proficiency
testing.

5. A clear definition of “flavouring agent” has not been elaborated by
the Committee, which recommended to FAO and WHO that such
a definition be developed when updating principles for the assess-
ment of chemicals in food.
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Annex 1
Reports and other documents resulting from
previous meetings of the Joint FAO/WHO Expert
Committee on Food Additives

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

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

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

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

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

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

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

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

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

10. Specifications for identity and purity and toxicological evaluation of food colours.
FAO Nutrition Meetings Report Series, No. 38B, 1966; WHO/Food Add/66.25
(out of print).

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

12. Toxicological evaluation of some antimicrobials, antioxidants, emulsifiers, stabi-
lizers, flour-treatment agents, acids, and bases. FAO Nutrition Meetings Report
Series, No. 40A, B, C, 1967; WHO/Food Add/67.29 (out of print).

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

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

15. Toxicological evaluation of some flavouring substances and non-nutritive sweet-
ening agents. FAO Nutrition Meetings Report Series, No. 44A, 1968; WHO/
Food Add/68.33 (out of print).

16. Specifications and criteria for identity and purity of some flavouring substances
and non-nutritive sweetening agents. FAO Nutrition Meetings Report Series,
No. 44B, 1969; WHO/Food Add/69.31 (out of print).

17. Specifications for the identity and purity of food additives and their toxicological
evaluation: some antibiotics (Twelfth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 45,
1969; WHO Technical Report Series, No. 430, 1969 (out of print).

18. Specifications for the identity and purity of some antibiotics. FAO Nutrition
Meetings Report Series, No. 45A, 1969; WHO/Food Add/69.34 (out of
print).

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

20. Toxicological evaluation of some food colours, emulsifiers, stabilizers, anticaking
agents, and certain other substances. FAO Nutrition Meetings Report Series, No.
46A, 1970; WHO/Food Add/70.36 (out of print).

21. Specifications for the identity and purity of some food colours, emulsifiers, stabi-
lizers, anticaking agents, and certain other food additives. FAO Nutrition
Meetings Report Series, No. 46B, 1970; WHO/Food Add/70.37 (out of print).

22. Evaluation of food additives: specifications for the identity and purity of food
additives and their toxicological evaluation: some extraction solvents and certain
other substances; and a review of the technological efficacy of some antimicrobial
agents (Fourteenth report of the Joint FAO/WHO Expert Committee on Food
Additives). FAO Nutrition Meetings Report Series, No. 48, 1971; WHO Tech-
nical Report Series, No. 462, 1971 (out of print).

23. Toxicological evaluation of some extraction solvents and certain other substances.
FAO Nutrition Meetings Report Series, No. 48A, 1971; WHO/Food Add/70.39
(out of print).

24. Specifications for the identity and purity of some extraction solvents and certain
other substances. FAO Nutrition Meetings Report Series, No. 48B, 1971; WHO/
Food Add/70.40 (out of print).
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25. A review of the technological efficacy of some antimicrobial agents. FAO
Nutrition Meetings Report Series, No. 48C, 1971; WHO/Food Add/70.41
(out of print).

26. Evaluation of food additives: some enzymes, modified starches, and certain other
substances: toxicological evaluations and specifications and a review of the tech-
nological efficacy of some antioxidants (Fifteenth report of the Joint FAO/WHO
Expert Committee on Food Additives). FAO Nutrition Meetings Report Series,
No. 50, 1972; WHO Technical Report Series, No. 488, 1972.

27. Toxicological evaluation of some enzymes, modified starches, and certain other
substances. FAO Nutrition Meetings Report Series, No. 50A, 1972; WHO Food
Additives Series, No. 1, 1972.

28. Specifications for the identity and purity of some enzymes and certain other
substances. FAO Nutrition Meetings Report Series, No. 50B, 1972; WHO Food
Additives Series, No. 2, 1972 (out of print).

29. A review of the technological efficacy of some antioxidants and synergists. FAO
Nutrition Meetings Report Series, No. 50C, 1972; WHO Food Additives Series,
No. 3, 1972 (out of print).

30. Evaluation of certain food additives and the contaminants mercury, lead, and
cadmium (Sixteenth report of the Joint FAO/WHO Expert Committee on Food
Additives). FAO Nutrition Meetings Report Series, No. 51, 1972; WHO
Technical Report Series, No. 505, 1972, and corrigendum (out of print).

31. Evaluation of mercury, lead, cadmium, and the food additives amaranth,
diethylpyrocarbonate, and octyl gallate. FAO Nutrition Meetings Report Series,
No. 51A, 1972; WHO Food Additives Series, No. 4, 1972.

32. Toxicological evaluation of certain food additives with a review of general prin-
ciples and of specifications (Seventeenth report of the Joint FAO/WHO Expert
Committee on Food Additives). FAO Nutrition Meetings Report Series, No. 53,
1974; WHO Technical Report Series, No. 539, 1974, and corrigendum (out of
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Annex 2
Acceptable Daily Intakes, other toxicological
information and information on specifications

Food additives evaluated toxicologically

Food additive Specificationsa Acceptable daily intake (ADI in
mg/kg of body weight) and other
toxicological recommendations

Emulsifiers
Diacetyltartaric and fatty acid R 0–50 (temporary)b

esters of glycerol
Tartaric, acetic and fatty acid Wc ADI “not limited” withdrawnc

esters of glycerol, mixed
Quillaia extracts R, Tb 0–5 (temporary)b,d

Enzyme preparation
Invertase from Saccharomyces N Acceptablee

cerevisiae

Food colours
b-Carotene from Blakeslea N, Tb 0–5 (group ADI)f

trispora
Curcumin R 0–1 (temporary)b

Food salts
Calcium dihydrogen diphosphate N Included in the maximum tolerable
Monomagnesium phosphate N, Tb daily intake of 70mg/kg of
Sodium calcium polyphosphate N body weight for phosphates,
Trisodium diphosphate N, Tb diphosphates and polyphosphates

Glazing agent
Hydrogenated poly-1-decene R 0–6

Preservative
Natamycin (pimaricin) R, Tb 0–0.3

Sweetening agent
D-Tagatose S 0–80

Thickening agents
Carrageenan R

ADI “not specified”g (group ADI)h

Processed Eucheuma seaweed R
Curdlan R ADI “not specified”g

Miscellaneous substances
Acetylated oxidized starch N, Ri

a-Cyclodextrin N ADI “not specified”g

Sodium sulfate S

a N, new specifications prepared; R, existing specifications revised; S, specifications exist,
revision not considered or required; T, the existing, new or revised specifications are tentative
and new information is needed; W, existing specifications withdrawn.

b See Annex 3.
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c The ADI was withdrawn because the specifications for tartaric, acetic and fatty acid esters of
glycerol, mixed, were combined with those for diacetyltartaric and fatty acid esters of glycerol
under the latter name at the fifty-first meeting (Annex 1, reference 137).

d Applicable only to the unpurified extract.
e Invertase from Saccharomyces cerevisiae that meets the specifications developed at the

present meeting was considered to be acceptable because S. cerevisiae is commonly used in
the preparation of food. Its use should be limited by good manufacturing practice.

f Group ADI for b-carotene from Blakeslea trispora and synthetic b-carotene.
g ADI “not specified” is used to refer to a food substance of very low toxicity which, on the basis

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

h Group ADI for carrageenan and processed Eucheuma seaweed.
i The new specifications for acetylated oxidized starch were incorporated into the revised

specifications for modified starches.

Food additives considered for specifications only

Food additive Specificationa

Acesulfame K (potassium salt) R
Blackcurrant extract R
DL-Malic acid R
Oxystearin W
Pectins R
Smoke flavourings R
Tagetes extract R

a R, existing specifications revised; W, existing specifications withdrawn.

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

Flavouring agent No. Specificationsa Conclusion
based on
current intake

Pyrazine derivatives

Structural class II
2-Methylpyrazine 761 N
2-Ethylpyrazine 762 N
2-Propylpyrazine 763 N
2-Isopropylpyrazine 764 N

No safety

2,3-Dimethylpyrazine 765 N
concern

2,5-Dimethylpyrazine 766 N
2,6-Dimethylpyrazine 767 N
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Flavouring agent No. Specificationsa Conclusion
based on
current intake

2-Ethyl-3-methylpyrazine 768 N
2-Ethyl-6-methylpyrazine 769 N
2-Ethyl-5-methylpyrazine 770 N
2,3-Diethylpyrazine 771 N
2-Methyl-5-isopropylpyrazine 772 N
2-Isobutyl-3-methylpyrazine 773 N
2,3,5-Trimethylpyrazine 774 N
2-Ethyl-3,(5 or 6)-dimethylpyrazine 775 N
3-Ethyl-2,6-dimethylpyrazine 776 N
2,3-Diethyl-5-methylpyrazine 777 N
2,5-Diethyl-3-methylpyrazine 778 N
3,5-Diethyl-2-methylpyrazine 779 N
2,3,5,6-Tetramethylpyrazine 780 N No safety
5-Methyl-6,7-dihydro-5H-cyclopentapyrazine 781 N concern
6,7-Dihydro-2,3-dimethyl-5H- 782 N

cyclopentapyrazine
Acetylpyrazine 784 N
2-Acetyl-3-ethylpyrazine 785 N
2-Acetyl-3,(5 or 6)-dimethylpyrazine 786 N
Methoxypyrazine 787 N
(2 or 5 or 6)-Methoxy-3-methylpyrazine 788 N
2-Ethyl-(3 or 5 or 6)-methoxypyrazine 789 N
2-Methoxy-(3 or 5 or 6)-isopropylpyrazine 790 N
2-Methoxy-3-(1-methylpropyl)pyrazine 791 N
2-Isobutyl-3-methoxypyrazine 792 N
2-Acetyl-3-methylpyrazine 950 N

Structural class III
(Cyclohexylmethyl)pyrazine 783 N
2-Methyl-(3 or 5 or 6)-ethoxypyrazine 793 N
2-(Mercaptomethyl)pyrazine 794 N
2-Pyrazinylethane thiol 795 N
Pyrazinylmethyl methyl sulfide 796 N

No safety

(3 or 5 or 6)-(Methylthio)-2-methylpyrazine 797 N
concern

5-Methylquinoxaline 798 N
Pyrazine 951 N
5,6,7,8-Tetrahydroquinoxaline 952 N

Aromatic substituted secondary alcohols,
ketones and related esters

Structural class I
a-Methylbenzyl alcoholb 799 N
a-Methylbenzyl formate 800 N
a-Methylbenzyl acetate 801 N

No safetya-Methylbenzyl propionate 802 N
concerna-Methylbenzyl butyrate 803 N

a-Methylbenzyl isobutyrate 804 N
p, a-Dimethylbenzyl alcohol 805 N
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Flavouring agent No. Specificationsa Conclusion
based on
current intake

Acetophenone 806 N
4-Methylacetophenone 807 N
p-Isopropylacetophenone 808 N
2,4-Dimethylacetophenone 809 N
Acetanisole 810 N
1-(p-Methoxyphenyl)-2-propanone 813 N
a-Methylphenethyl butyrate 814 N, T
4-Phenyl-2-butanol 815 N
4-Phenyl-2-butyl acetate 816 N
4-(p-Tolyl)-2-butanone 817 N, T
4-(p-Methoxyphenyl)-2-butanone 818 N

No safety

4-Phenyl-3-buten-2-ol 819 N
concern

4-Phenyl-3-buten-2-one 820 N
3-Methyl-4-phenyl-3-buten-2-one 821 N
1-Phenyl-1-propanol 822 N
a-Ethylbenzyl butyrate 823 N
Propiophenone 824 N
a-Propylphenethyl alcohol 825 N
1-(p-Methoxyphenyl)-1-penten-3-one 826 N
Ethyl benzoylacetate 834 N
Ethyl 2-acetyl-3-phenylpropionate 835 N

Structural class II
4-Acetal-6-tert-butyl-1,1-dimethylindan 812 N Additional 

data required
a-Isobutylphenethyl alcohol 827 N
4-Methyl-1-phenyl-2-pentanone 828 N
1-(4-Methoxyphenyl)-4-methyl-1-penten-3-one 829 N

No safety
 

3-Benzyl-4-heptanone 830 N
concern

1-Phenyl-1,2-propanedione 833 N

Structural class III
Methyl b-naphthyl ketone 811 N
Benzophenone 831 N No safety
1,3-Diphenyl-2-propanone 832 N concern
Benzoin 836 N

Benzyl derivatives

Structural class I
Benzyl alcoholc 25 R
Benzyl formate 841 N
Benzyl acetatec 23 R
Benzyl propionate 842 N
Benzyl butyrate 843 N

No safety

Benzyl isobutyrate 844 N
concern

Benzyl isovalerate 845 N
Benzyl trans-2-methyl-2-butenoate 846 N
Benzyl 2,3-dimethylcrotonate 847 N, T
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Flavouring agent No. Specificationsa Conclusion
based on
current intake

Benzyl acetoacetate 848 N
Benzyl benzoatec 24 R
Benzyl phenylacetate 849 N
Benzaldehydec 22 R

No safety

Benzaldehyde dimethyl acetal 837 N
concern

Benzaldehyde glyceryl acetal 838 N
Benzaldehyde propylene glycol acetal 839 N

Benzoic acidc 850 N
Evaluation
not finalizedd

Methyl benzoate 851 N
Ethyl benzoate 852 N
Propyl benzoate 853 N
Hexyl benzoate 854 N
Isopropyl benzoate 855 N No safety
Isobutyl benzoate 856 N concern
Isoamyl benzoate 857 N
cis-3-Hexenyl benzoate 858 N
Linalyl benzoate 859 N
Geranyl benzoate 860 N
Glyceryl tribenzoate 861 N, T Evaluation not
Propylene glycol dibenzoate 862 N, T finalizedd

Methylbenzyl acetate (mixed ortho-, meta- 863 N
and para-isomers)

p-Isopropylbenzyl alcohol 864 N
4-Ethylbenzaldehyde 865 N
Tolualdehydes (mixed ortho-, meta- and 866 N, T

para-isomers)
No safety

Tolualdehyde glyceryl acetal 867 N
concern

Cuminaldehyde 868 N
2,4-Dimethylbenzaldehyde 869 N
Benzyl 2-methoxyethyl acetal 840 N

Hydroxy- and alkoxy-substituted benzyl
derivatives

Structural class I
4-Hydroxybenzyl alcohol 955 —e

4-Hydroxybenzaldehyde 956 —e No safety
4-Hydroxybenzoic acid 957 —e concern
2-Hydroxybenzoic acid 958 —e

Butyl p-hydroxybenzoate 870 N, T Evaluation not
finalizedd

Anisyl alcohol 871 N
Anisyl formate 872 N, T
Anisyl acetate 873 N No safety
Anisyl propionate 874 N concern
Anisyl butyrate 875 N
Anisyl phenylacetate 876 N
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Flavouring agent No. Specificationsa Conclusion
based on
current intake

Veratraldehyde 877 N
p-Methoxybenzaldehyde 878 N
p-Ethoxybenzaldehyde 879 N
Methyl o-methoxybenzoate 880 N
2-Methoxybenzoic acid 881 N
3-Methoxybenzoic acid 882 N
4-Methoxybenzoic acid 883 N
Methyl anisate 884 N
Ethyl p-anisate 885 N
Vanillyl alcohol 886 N
Vanillinf 889 N
4-Hydroxy-3-methoxybenzoic acid 959 —e

No safety
Vanillin acetate 890 N

concern
Vanillin isobutyrate 891 N
Salicylaldehyde 897 N
2-Hydroxy-4-methylbenzaldehyde 898 N
Methyl salicylateg 899 N
Ethyl salicylate 900 N
Butyl salicylate 901 N
Isobutyl salicylate 902 N
Isoamyl salicylate 903 N
Benzyl salicylate 904 N
Phenethyl salicylate 905 N
o-Tolyl salicylate 907 N
2,4-Dihydroxybenzoic acid 908 N

Structural class II
Vanillyl ethyl ether 887 N
Vanillyl butyl ether 888 N
Ethyl vanillinh 893 N
Vanillin erythro- and threo-butan-2,3-diol acetal 960 —e

Ethyl vanillin isobutyrate 953 N No safety
Ethyl vanillin propylene glycol acetal 954 N, T concern
Piperonyl acetate 894 N
Piperonyl isobutyrate 895 N
Piperonali 896 N
Ethyl vanillin b-D-glucopyranoside 892 N

Aliphatic acyclic diols, triols and related substances

Structural class I

Glycerolj 909 N, T
Evaluation not
finalizedd

1,2,3-Tris[(1¢-ethoxy)ethoxy]propane 913 N No safety
concern

Glyceryl monostearate 918 N, T
Glyceryl monooleate 919 N, T Evaluation not
Triacetin 920 N, T finalizedd

Glyceryl tripropanoate 921 N, T
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Flavouring agent No. Specificationsa Conclusion
based on
current intake

Tributyrin 922 N, T
Glycerol 5-hydroxydecanoate 923 N, T
Glycerol 5-hydroxydodecanoate 924 N, T Evaluation not
Propylene glycolk 925 N, T finalizedd

Propylene glycol stearate 926 N, T
1,2-Di[(1-ethoxy)ethoxy]propane 927 N
Lactic acid 930 N
Ethyl lactatel 931 N
Butyl lactate 932 N
Potassium 2-(1¢-ethoxy)ethoxypropanoate 933 N
cis-3-Hexenyl lactate 934 N
Butyl butyryllactate 935 N

No safety

Pyruvic acid 936 N
concern

Pyruvaldehyde 937 N, T
Ethyl pyruvate 938 N
Isoamyl pyruvate 939 N

Structural class III
3-Oxohexanoic acid glyceride 910 N, T
3-Oxooctanoic acid glyceride 911 N, T No safety
Heptanal glyceryl acetal (mixed 1,2 and 1,3 912 N concern

acetals)
3-Oxodecanoic acid glyceride 914 N, T
3-Oxododecanoic acid glyceride 915 N, T Evaluation not
3-Oxotetradecanoic acid glyceride 916 N, T finalizedd

3-Oxohexadecanoic acid glyceride 917 N, T
4-Methyl-2-pentyl-1,3-dioxolane 928 N No safety
2,2,4-Trimethyl-1,3-oxacyclopentane 929 N concern

Aliphatic acyclic acetals

Structural class I
1,1-Dimethoxyethane 940 N
Acetal 941 N
Heptanal dimethyl acetal 947 N
4-Heptenal diethyl acetal 949 N
Octanal dimethyl acetal 942 N No safety
2,6-Nonadienal diethyl acetal 946 N concern
Decanal dimethyl acetal 945 N
Citral dimethyl acetal 944 N
Citral diethyl acetal 948 N
Acetaldehyde ethyl cis-3-hexenyl acetal 943 N, T

a N, new specifications prepared; R, existing specifications revised; T, the existing, new or
revised specifications are tentative and new information is needed.

b An ADI of 0–0.1mg/kg of body weight was established for a-methylbenzyl alcohol by the
Committee at its forty-first meeting (WHO Technical Report Series, No. 837, 1993), which was
maintained at the present meeting.

c A group ADI of 0–5mg/kg of body weight for benzoic acid, the benzoate salts (calcium,
potassium and sodium), benzaldehyde, benzyl acetate and benzyl alcohol, expressed as
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benzoic acid equivalents, was confirmed by the Committee at its forty-sixth meeting (WHO
Technical Report Series, No. 868, 1997) and extended to include benzyl benzoate at the
present meeting.

d Further information is required to determine whether this substance is in current use as a
flavouring agent.

e Specifications will be considered at the fifty-ninth meeting of the Committee.
f An ADI of 0–10mg/kg of body weight was established for vanillin by the Committee at its

eleventh meeting (WHO Technical Report Series, No. 383, 1968), which was maintained at the
present meeting.

g An ADI of 0–0.5mg/kg of body weight was established for methyl salicylate by the Committee
at its eleventh meeting (WHO Technical Report Series, No. 383, 1968), which was maintained
at the present meeting.

h An ADI of 0–3mg/kg of body weight was established for ethyl vanillin by the Committee at its
forty-fourth meeting (WHO Technical Report Series, No. 859, 1995), which was maintained at
the present meeting.

i An ADI of 0–2.5mg/kg of body weight was established for piperonal by the Committee at its
eleventh meeting (WHO Technical Report Series, No. 383, 1968), which was maintained at the
present meeting.

j An ADI “not specified” was established for glycerol by the Committee at its twentieth meeting
(WHO Technical Report Series, No. 599, 1976), which was maintained at the present meeting.

k An ADI of 0–25mg/kg of body weight was established for propylene glycol by the Committee
at its seventeenth meeting (WHO Technical Report Series, No. 539, 1974), which was
maintained at the present meeting.

l Ethyl lactate was included in the group ADI “not specified” for lactic acid and its salts that was
established by the Committee at its twenty-sixth meeting (WHO Technical Report Series, No.
683, 1982), which was maintained at the present meeting.

Flavouring agents considered for specifications only

Flavouring agent No. Specificationsa

Allyl tiglate 10 R
Allyl cyclohexane acetate 12 R
Allyl cyclohexane butyrate 14 R
Allyl cyclohexane valerate 15 R
Allyl cyclohexane hexanoate 16 R
Isoamyl formate 42 R
Isoamyl 2-methylbutyrate 51 R
Geranyl acetate 58 R
Rhodinyl propionate 64 R
Geranyl hexanoate 70 R
Geranyl isobutyrate 72 R
Rhodinyl isobutyrate 74 R
Rhodinyl isovalerate 77 R
3,7-Dimethyl-2,6-octadien-1-yl 2-ethylbutanoate 78 R
Heptanal 95 R
Nonanal 101 R
Undecanal 107 R
Lauric acid 111 R, T
Myristic acid 113 R, T
Palmitic acid 115 R, T
Stearic acid 116 R, T
Propyl formate 117 R
n-Amyl formate 119 R
Isobutyl formate 124 R
n-Amyl heptanoate 170 R
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Flavouring agent No. Specificationsa

Isobutyl heptanoate 172 R
Nonyl octanoate 178 R
Methyl laurate 180 R
Isoamyl laurate 182 R, T
Butyl stearate 184 R
trans-3-Heptenyl 2-methyl propanoate 191 R
Methyl 2-methylbutyrate 205 R
2-Methylbutyl 2-methylbutyrate 212 R
w-6-Hexadecenlactone 240 R
cis-4-Hydroxy-6-dodecenoic acid lactone 249 R
2-Methylpentanal 260 R
2-Methylhexanoic acid 265 R
5-Methylhexanoic acid 266 R
2-Methyloctanal 270 R
2,6-Dimethyloctanal 273 R
2-Methylundecanal 275 R
Isopropyl formate 304 R
Isopropyl propionate 306 R
Isopropyl hexanoate 308 R
cis-5-Octen-1-ol 322 R
cis-5-Octenal 323 R
cis-6-Nonenal 325 R
4-Decenal 326 R
9-Decenoic acid 328 R
10-Undecenal 330 R
Methyl 3-hexenoate 334 R
Butyl 10-undecenoate 344 R
2-Methyl-3-pentenoic acid 347 R
2,6-Dimethyl-6-hepten-1-ol 348 R
Ethyl 2-methyl-3-pentenoate 350 R
Hexyl 2-methyl-3(4)-pentenoate (mixture) 352 R
Terpinyl formate 367 R
Terpinyl butyrate 370 R
Terpinyl isovalerate 372 R
p-Menth-8-en-1-ol 374 R
a-Ionone 388 R
g-Ionone 390 R, T
Allyl a-ionone 401 R
a-iso-Methylionone 404 R
5-Hydroxy-4-octanone 416 R
2-Hydroxy-2-cyclohexen-1-one 424 R
(+)-Neo-menthol 428 R
p-Menth-1-en-3-ol 434 R
2-Ethyl-1,3,3-trimethyl-2-norbornanol 440 R
Methyl 1-acetoxycyclohexyl ketone 442 R
1-Ethylhexyl tiglate 448 R
(1-Buten-1-yl) methyl sulfide 457 R
3-(Methylthio)propanol 461 R
3-(Methylthio)propyl acetate 478 R
Allyl thiopropionate 490 R, T
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Flavouring agent No. Specificationsa

2-Propanethiol 510 R
2-Naphthalenethiol 531 R
Trithioacetone 543 R
2,5-Dimethyl-2,5-dihydroxy-1,4-dithiane 562 R
2-Methyl-2-(methyldithio)propanal 580 R
Ethyl 2-(methyldithio)propionate 581 R
Methyl 2-oxo-3-methylpentanoate 591 R
Geranyl acetoacetate 599 R
3-(Hydroxymethyl)-2-heptanone 604 R, T
1,4-Nonanediol diacetate 609 R, T
Aconitic acid 627 R, T
3-Phenylpropyl hexanoate 642 R, T
3-Phenylpropionaldehyde 645 R
Cinnamaldehyde ethylene glycol acetal 648 R
Cinnamyl butyrate 652 R
Cinnamaldehyde 656 R
Propyl cinnamate 660 R
Butyl cinnamate 663 R
Heptyl cinnamate 666 R
Phenethyl cinnamate 671 R
3-Phenylpropyl cinnamate 672 R
Cinnamyl cinnamate 673 R
a-Amylcinnamyl formate 676 R
a-Amylcinnamyl acetate 677 R
a-Amylcinnamyl isovalerate 678 R, T
a-Amylcinnamaldehyde dimethyl acetal 681 R
o-Tolyl acetate 698 R
p-Vinylphenol 711 R
Guaiacyl phenylacetate 719 R
Hydroquinone monoethyl ether 720 R
4-Ethyl-2,6-dimethoxyphenol 723 R
4-Propyl-2,6-dimethoxyphenol 724 R
4-Allyl-2,6-dimethoxyphenol 726 R
Dihydroxyacetophenone 729 R, T
Vanillylidene acetone 732 R
Furfuryl propionate 740 R
Furfuryl pentanoate 741 R
Furfuryl octanoate 742 R
Furfuryl 3-methylbutanoate 743 R
Amyl 2-furoate 748 R
Hexyl 2-furoate 749 R
Octyl 2-furoate 750 R
2-Phenyl-3-carboethoxyfuran 752 R, T
Furfuryl butyrate 759 R
Cinnamyl benzoate 760 R

a R, existing specifications revised; T, the existing, new or revised specifications are tentative
and new information is required.
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Contaminants

Contaminant Tolerable intake and other toxicological
recommendations

3-Chloro-1,2-propanediol Provisional maximum tolerable daily intake: 2mg/kg
of body weight

1,3-Dichloro-2-propanol Establishment of a tolerable intake was considered
to be inappropriate because of the nature of the
toxicity observed (tumorigenic in various organs
in rats and interacts with chromosomes and/or
DNA); the Committee noted that the dose that
caused tumours in rats (19mg/kg of body
weight per day) was about 20000 times the
highest estimated intake of 1,3-dichloro-2-
propanol by consumers of soya sauce (1mg/kg
of body weight per day).

Polychlorinated dibenzodioxins, Provisional tolerable monthly intake: 70pg/kg of
polychlorinated dibenzofurans body weight
and coplanar polychlorinated
biphenyls
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Annex 3
Further information required or desired

Toxicological information
Diacetyltartaric and fatty acid esters of glycerol

The following information relating to the 2-year study on toxicity in
rats is required for evaluation in 2003:

1. In order to determine whether some of the adverse effects that
were observed were treatment-related, the groups treated with
diacetyltartaric and fatty acid esters of glycerol should be com-
pared with both untreated and monoglyceride-treated controls,
and the control groups should be compared with one another.

2. Additional information on the incidence of mycocardial fibrosis
and adrenal medullary hyperplasia in animals at the lowest and
intermediate doses should be provided.

Curcumin

The results of a study on reproductive toxicity with a substance com-
plying with the specifications for curcumin, known to be in progress,
is required for evaluation in 2003.

Information on specifications
b-Carotene from Blakeslea trispora

Information is required on the method of analysis for residual sol-
vents (ethyl acetate and isobutyl acetate). This information is re-
quired for evaluation in 2003.

Monomagnesium phosphate and trisodium diphosphate

Information is required on the loss on drying, loss on ignition, test
method for loss on ignition and assay method for the hydrates. This
information is required for evaluation in 2003.

Natamycin

Information is required on the level and determination of water con-
tent, limit for lead, specific rotation, assay value and method of assay
for the commercial product. Comments on other aspects of the mono-
graph are invited. This information is required for evaluation in 2003.

Quillaia extracts

The existing specifications for quillaia extracts were revised in order
to clarify the differences between unpurified and semi-purified ex-
tracts. As additional information on composition (minimum and
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maximum percentages of saponins in unpurified and semi-purified
extracts) is necessary, the specifications were designated as tentative.
Once the requested information has been received, the Committee
will consider whether separate specifications for unpurified and semi-
purified extracts are required. This information is required for evalu-
ation in 2003.
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Further information on these and other WHO publications can be obtained from
Marketing and Dissemination, World Health Organization, 1211 Geneva 27, Switzerland.
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This report represents the conclusions of a Joint FAO/WHO
Expert Committee convened to evaluate the safety of various
food additives and contaminants, with a view to recommending
Acceptable Daily Intakes (ADIs) and tolerable intakes, respec-
tively, and to prepare specifications for the identity and purity of
food additives.

The first part of the report contains a general discussion of
the principles governing the toxicological evaluation of food
additives (including flavouring agents) and contaminants,
assessments of intake, and the establishment and revision
of specifications for food additives. A summary follows of the
Committee’s evaluations of toxicological and intake data on
various specific food additives (diacetyltartaric and fatty acid
esters of glycerol, quillaia extracts, invertase from Saccharomy-
ces cerevisiae, b-carotene from Blakeslea trispora, curcumin,
phosphates, diphosphates and polyphosphates, hydrogenated
poly-1-decene, natamycin, D-tagatose, carrageenan, processed
Eucheuma seaweed, curdlan, acetylated oxidized starch,
a-cyclodextrin and sodium sulfate), flavouring agents and
contaminants (3-chloro-1,2-propanediol, 1,3-dichloro-2-propanol,
and a large number of polychlorinated dibenzodioxins, polychlo-
rinated dibenzofurans and coplanar polychlorinated biphenyls).
Annexed to the report are tables summarizing the Committee’s
recommendations for ADIs of the food additives and tolerable
intakes of the contaminants considered, changes in the status
of specifications of these food additives and specific flavouring
agents, and further information required or desired.
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SAFETY DATA SHEET 
according to Regulation (EC) No. 1907/2006 

Version 7.3 
Revision Date 26.11.2022 

Print Date 17.03.2025 
GENERIC EU MSDS - NO COUNTRY SPECIFIC DATA - NO OEL DATA 

 
SECTION 1: Identification of the substance/mixture and of the company/undertaking 

1.1 Product identifiers 

Product name : 2,5-Dimethylpyrazine 
 

Product Number : 175420 

Brand : Aldrich 

REACH No. : A registration number is not available for this substance as the 

substance or its uses are exempted from registration, the 

annual tonnage does not require a registration or the 

registration is envisaged for a later registration deadline. 

CAS-No. : 123-32-0 

 

1.2 Relevant identified uses of the substance or mixture and uses advised against 

Identified uses : Laboratory chemicals, Manufacture of substances 

1.3 Details of the supplier of the safety data sheet 

Company : Sigma-Aldrich Chemie GmbH 

Industriestrasse 25 

CH-9471 BUCHS 
 
Telephone : +41 81 755 2511 

Fax : +41 81 756 5449 

E-mail address : technischerservice@merckgroup.com 

1.4 Emergency telephone 

Emergency Phone # : +41 43-508-2011 (CHEMTREC)                                                                              

+41 44-251-5151 (Tox-Zentrum)                                                                           

145(Tox Info Suisse) 

 

 

 
 
SECTION 2: Hazards identification 

2.1 Classification of the substance or mixture 

Classification according to Regulation (EC) No 1272/2008 

Acute toxicity, Oral (Category 4), H302 

For the full text of the H-Statements mentioned in this Section, see Section 16. 

2.2 Label elements 

Labelling according Regulation (EC) No 1272/2008 

Pictogram 

 

 
Signal Word Warning 
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Hazard statement(s) 

H302 Harmful if swallowed. 
 
Precautionary statement(s) 

P301 + P312 + P330 IF SWALLOWED: Call a POISON CENTER/ doctor if you feel 

unwell. Rinse mouth. 
 
Supplemental Hazard 

Statements 

none 

 

2.3 Other hazards 

This substance/mixture contains no components considered to be either persistent, 

bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at 

levels of 0.1% or higher. 

 

 
 
SECTION 3: Composition/information on ingredients 

3.1 Substances 

Formula : C6H8N2 

Molecular weight : 108,14 g/mol 

CAS-No. : 123-32-0 

EC-No. : 204-618-3 
 
Component Classification Concentration 

2,5-dimethylpyrazine 

 CAS-No. 

EC-No. 

 

123-32-0 

204-618-3 

 

 

Acute Tox. 4; H302 

 

<= 100 % 

For the full text of the H-Statements mentioned in this Section, see Section 16. 

 
 
SECTION 4: First aid measures 

4.1 Description of first-aid measures 

General advice 

Consult a physician. Show this material safety data sheet to the doctor in attendance. 

If inhaled 

If breathed in, move person into fresh air. If not breathing, give artificial respiration. 

Consult a physician. 

In case of skin contact 

Wash off with soap and plenty of water. Consult a physician. 

In case of eye contact 

Flush eyes with water as a precaution. 

If swallowed 

Do NOT induce vomiting. Never give anything by mouth to an unconscious person. Rinse 

mouth with water. Consult a physician. 

4.2 Most important symptoms and effects, both acute and delayed 

The most important known symptoms and effects are described in the labelling (see section 

2.2) and/or in section 11 
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4.3 Indication of any immediate medical attention and special treatment needed 

No data available 

 

 
 
SECTION 5: Firefighting measures 

5.1 Extinguishing media 

Suitable extinguishing media 

Use water spray, alcohol-resistant foam, dry chemical or carbon dioxide. 

5.2 Special hazards arising from the substance or mixture 

Carbon oxides 

Nitrogen oxides (NOx) 

5.3 Advice for firefighters 

Wear self-contained breathing apparatus for firefighting if necessary. 

5.4 Further information 

Use water spray to cool unopened containers. 

 

 
 
SECTION 6: Accidental release measures 

6.1 Personal precautions, protective equipment and emergency procedures 

Use personal protective equipment. Avoid breathing vapors, mist or gas. Ensure adequate 

ventilation. Remove all sources of ignition. Beware of vapors accumulating to form 

explosive concentrations. Vapors can accumulate in low areas. 

For personal protection see section 8. 

6.2 Environmental precautions 

Prevent further leakage or spillage if safe to do so. Do not let product enter drains. 

6.3 Methods and materials for containment and cleaning up 

Contain spillage, and then collect with an electrically protected vacuum cleaner or by wet-

brushing and place in container for disposal according to local regulations (see section 

13). Keep in suitable, closed containers for disposal. 

6.4 Reference to other sections 

For disposal see section 13. 

 
 
SECTION 7: Handling and storage 

7.1 Precautions for safe handling 

Advice on safe handling 

Avoid contact with skin and eyes. Avoid inhalation of vapor or mist. 

Advice on protection against fire and explosion 

Keep away from sources of ignition - No smoking.Take measures to prevent the build up of 

electrostatic charge. 

Hygiene measures 

Handle in accordance with good industrial hygiene and safety practice. Wash hands before 

breaks and at the end of workday. 

For precautions see section 2.2. 

7.2 Conditions for safe storage, including any incompatibilities 

Storage conditions 
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Store in cool place. Keep container tightly closed in a dry and well-ventilated place.  

Hygroscopic.  

Storage class 

Storage class (TRGS 510): 10: Combustible liquids 

7.3 Specific end use(s) 

Apart from the uses mentioned in section 1.2 no other specific uses are stipulated 

 
 
SECTION 8: Exposure controls/personal protection 

8.1 Control parameters 

Ingredients with workplace control parameters 

8.2 Exposure controls 

Personal protective equipment 

 

Eye/face protection 

Face shield and safety glasses Use equipment for eye protection tested and 

approved under appropriate government standards such as NIOSH (US) or EN 

166(EU). 

Skin protection 

Handle with gloves. Gloves must be inspected prior to use. Use proper glove 

removal technique (without touching glove's outer surface) to avoid skin contact 

with this product. Dispose of contaminated gloves after use in accordance with 

applicable laws and good laboratory practices. Wash and dry hands. 
 
The selected protective gloves have to satisfy the specifications of Regulation (EU) 

2016/425 and the standard EN 374 derived from it. 
 
Full contact 

Material: Nitrile rubber 

Minimum layer thickness: 0,11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 
 
Splash contact 

Material: Nitrile rubber 

Minimum layer thickness: 0,11 mm 

Break through time: 480 min 

Material tested:Dermatril® (KCL 740 / Aldrich Z677272, Size M) 
 
data source: KCL GmbH, D-36124 Eichenzell, phone +49 (0)6659 87300, e-mail 

sales@kcl.de, test method: EN374 

If used in solution, or mixed with other substances, and under conditions which 

differ from EN 374, contact the supplier of the EC approved gloves. This 

recommendation is advisory only and must be evaluated by an industrial hygienist 

and safety officer familiar with the specific situation of anticipated use by our 

customers. It should not be construed as offering an approval for any specific use 

scenario. 
 
Body Protection 

Complete suit protecting against chemicals, The type of protective equipment must 

be selected according to the concentration and amount of the dangerous substance 

at the specific workplace. 
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Respiratory protection 

Where risk assessment shows air-purifying respirators are appropriate use a full-

face respirator with multi-purpose combination (US) or type ABEK (EN 14387) 

respirator cartridges as a backup to engineering controls. If the respirator is the sole 

means of protection, use a full-face supplied air respirator. Use respirators and 

components tested and approved under appropriate government standards such as 

NIOSH (US) or CEN (EU). 

Control of environmental exposure 

Prevent further leakage or spillage if safe to do so. Do not let product enter drains. 

 

 

 
 
SECTION 9: Physical and chemical properties 

9.1 Information on basic physical and chemical properties 

a) Physical state liquid 

b) Color yellow 

c) Odor No data available 

d) Melting 

point/freezing point 

No data available 

e) Initial boiling point 

and boiling range 

155 °C - lit. 

f) Flammability (solid, 

gas) 

No data available 

g) Upper/lower 

flammability or 

explosive limits 

No data available 

h) Flash point 64 °C - closed cup 

i) Autoignition 

temperature 

No data available 

j) Decomposition 

temperature 

No data available 

k) pH No data available 

l) Viscosity Viscosity, kinematic: No data available 

Viscosity, dynamic: No data available 

m) Water solubility No data available 

n) Partition coefficient: 

n-octanol/water 

No data available 

o) Vapor pressure No data available 

p) Density 0,99 g/cm3 at 25 °C - lit. 

 Relative density No data available 

q) Relative vapor 

density 

No data available 

r) Particle 

characteristics 

No data available 
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s) Explosive properties No data available 

t) Oxidizing properties No data available 

9.2 Other safety information 

No data available 

 
 
SECTION 10: Stability and reactivity 

10.1 Reactivity 

No data available 

10.2 Chemical stability 

Stable under recommended storage conditions. 

10.3 Possibility of hazardous reactions 

No data available 

10.4 Conditions to avoid 

Heat, flames and sparks. 

10.5 Incompatible materials 

Strong acids, Strong oxidizing agents 

10.6 Hazardous decomposition products 

In the event of fire: see section 5 

 

 
 
SECTION 11: Toxicological information 

11.1 Information on toxicological effects 

Acute toxicity 

LD50 Oral - Rat - 1.020 mg/kg 

Inhalation: No data available 

Dermal: No data available 

Skin corrosion/irritation 

Remarks: No data available 

Serious eye damage/eye irritation 

Remarks: No data available 

Respiratory or skin sensitization 

No data available 

Germ cell mutagenicity 

Test Type: Hamster 

Test system:  ovary  

Remarks: Cytogenetic analysis 

Carcinogenicity 

No data available 

Reproductive toxicity 

No data available 

Specific target organ toxicity - single exposure 

No data available 

Specific target organ toxicity - repeated exposure 

No data available 
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Aspiration hazard 

No data available 

11.2 Additional Information 

RTECS: UQ2800000 

To the best of our knowledge, the chemical, physical, and toxicological properties have not 

been thoroughly investigated. 
 
 

 
 
SECTION 12: Ecological information 

12.1 Toxicity 

No data available 

12.2 Persistence and degradability 

No data available 

12.3 Bioaccumulative potential 

No data available 

12.4 Mobility in soil 

No data available 

12.5 Results of PBT and vPvB assessment 

This substance/mixture contains no components considered to be either persistent, 

bioaccumulative and toxic (PBT), or very persistent and very bioaccumulative (vPvB) at 

levels of 0.1% or higher. 

12.6 Endocrine disrupting properties 

No data available 

12.7 Other adverse effects 

No data available 

 

 
 
SECTION 13: Disposal considerations 

13.1 Waste treatment methods 

Product 

This combustible material may be burned in a chemical incinerator equipped with an 

afterburner and scrubber. Offer surplus and non-recyclable solutions to a licensed 

disposal company.  

Contaminated packaging 

Dispose of as unused product.  

 

 
 
SECTION 14: Transport information 

14.1 UN number 

ADR/RID:  -  IMDG:  -  IATA:  -  

14.2 UN proper shipping name 

ADR/RID:  Not dangerous goods 

IMDG:  Not dangerous goods 

IATA:  Not dangerous goods 
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14.3 Transport hazard class(es) 

ADR/RID:  -  IMDG:  -  IATA:  -  

14.4 Packaging group 

ADR/RID:  -  IMDG:  -  IATA:  -  

14.5 Environmental hazards 

ADR/RID:  no IMDG Marine pollutant: no IATA: no 

14.6 Special precautions for user 

No data available 

 

 
 
SECTION 15: Regulatory information 

15.1 Safety, health and environmental regulations/legislation specific for the 

substance or mixture  

This material safety data sheet complies with the requirements of Regulation (EC) No. 

1907/2006. 
 
 

15.2 Chemical Safety Assessment 

For this product a chemical safety assessment was not carried out 

 
 
SECTION 16: Other information 

Full text of H-Statements referred to under sections 2 and 3. 

H302 Harmful if swallowed. 
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Full text of other abbreviations 

ADN - European Agreement concerning the International Carriage of Dangerous Goods 

by Inland Waterways; ADR - Agreement concerning the International Carriage of 

Dangerous Goods by Road; AIIC - Australian Inventory of Industrial Chemicals; ASTM - 

American Society for the Testing of Materials; bw - Body weight; CMR - Carcinogen, 

Mutagen or Reproductive Toxicant; DIN - Standard of the German Institute for 

Standardisation; DSL - Domestic Substances List (Canada); ECx - Concentration 

associated with x% response; ELx - Loading rate associated with x% response; EmS - 

Emergency Schedule; ENCS - Existing and New Chemical Substances (Japan); ErCx - 

Concentration associated with x% growth rate response; GHS - Globally Harmonized 

System; GLP - Good Laboratory Practice; IARC - International Agency for Research on 

Cancer; IATA - International Air Transport Association; IBC - International Code for the 

Construction and Equipment of Ships carrying Dangerous Chemicals in Bulk; IC50 - Half 

maximal inhibitory concentration; ICAO - International Civil Aviation Organization; 

IECSC - Inventory of Existing Chemical Substances in China; IMDG - International 

Maritime Dangerous Goods; IMO - International Maritime Organization; ISHL - Industrial 

Safety and Health Law (Japan); ISO - International Organisation for Standardization; 

KECI - Korea Existing Chemicals Inventory; LC50 - Lethal Concentration to 50 % of a 

test population; LD50 - Lethal Dose to 50% of a test population (Median Lethal Dose); 

MARPOL - International Convention for the Prevention of Pollution from Ships; n.o.s. - 

Not Otherwise Specified; NO(A)EC - No Observed (Adverse) Effect Concentration; 

NO(A)EL - No Observed (Adverse) Effect Level; NOELR - No Observable Effect Loading 

Rate; NZIoC - New Zealand Inventory of Chemicals; OECD - Organization for Economic 

Co-operation and Development; OPPTS - Office of Chemical Safety and Pollution 

Prevention; PBT - Persistent, Bioaccumulative and Toxic substance; PICCS - Philippines 

Inventory of Chemicals and Chemical Substances; (Q)SAR - (Quantitative) Structure 

Activity Relationship; REACH - Regulation (EC) No 1907/2006 of the European 

Parliament and of the Council concerning the Registration, Evaluation, Authorisation and 

Restriction of Chemicals; RID - Regulations concerning the International Carriage of 

Dangerous Goods by Rail; SADT - Self-Accelerating Decomposition Temperature; SDS - 

Safety Data Sheet; TCSI - Taiwan Chemical Substance Inventory; TECI - Thailand 

Existing Chemicals Inventory; TSCA - Toxic Substances Control Act (United States); UN 

- United Nations; UNRTDG - United Nations Recommendations on the Transport of 

Dangerous Goods; vPvB - Very Persistent and Very Bioaccumulative 

 

Further information 

Copyright 2020 Sigma-Aldrich Co. LLC. License granted to make unlimited paper copies 

for internal use only. 

The above information is believed to be correct but does not purport to be all inclusive 

and shall be used only as a guide. The information in this document is based on the 

present state of our knowledge and is applicable to the product with regard to 

appropriate safety precautions. It does not represent any guarantee of the properties of 

the product. Sigma-Aldrich Corporation and its Affiliates shall not be held liable for any 

damage resulting from handling or from contact with the above product. See 

www.sigma-aldrich.com and/or the reverse side of invoice or packing slip for additional 

terms and conditions of sale. 

 

The branding on the header and/or footer of this document may temporarily not visually 

match the product purchased as we transition our branding. However, all of the 

information in the document regarding the product remains unchanged and matches the 

product ordered. For further information please contact mlsbranding@sial.com. 

 

 


