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Abstract

This publication is the eighth in a series of safety evaluations performed by the Expert Panel of the Flavor and Extract Manu-
facturers Association (FEMA). In 1993, the panel initiated a comprehensive program to re-evaluate the safety of more than 1700
GRAS flavoring substances under conditions of intended use. Elements that are fundamental to the safety evaluation of flavor ingre-
dients include exposure, structural analogy, metabolism, pharmacokinetics and toxicology. Flavor ingredients are evaluated individ-
ually and in the context of the available scientific information on the group of structurally related substances. Scientific data relevant
to the safety evaluation of the use of benzyl derivatives as flavoring ingredients is evaluated. The group of benzyl derivatives was
reaffirmed as GRAS (GRAST) based, in part, on their self-limiting properties as flavoring substances in food; their rapid absorption,
metabolic detoxication, and excretion in humans and other animals, their low level of flavor use, the wide margins of safety between
the conservative estimates of intake and the no-observed-adverse effect levels determined from subchronic and chronic studies and
the lack of significant genotoxic and mutagenic potential. This evidence of safety is supported by the fact that the intake of benzyl
derivatives as natural components of traditional foods is greater than their intake as intentionally added flavoring substances.
© 2004 Elsevier Ltd. All rights reserved.

Abbreviations: ABS, chromosomal aberration; AMS, Ames assay; B. subtilis, Bacillus subtilis; bw, body weight; CHO, Chinese hamster ovary;
CoA, coenzyme A; DNA, deoxyribonucleic acid; E. coli, Escherichia coli; F, Female; FDA, United States Food and Drug Administration; FEMA,
The Flavor and Extract Manufacturers Association; GRAS, generally recognized as safe; GRASa, GRAS affirmed; GRASr, GRAS reaffirmed; im,
intramuscular; ip, intraperitoneal; iv, intravenous; LDso, median lethal dose; M, Male; MLA, mouse lymphoma cell assay; NAS, National Academy
of Science; NCI, National Cancer Institute; NOAEL, No-observed-adverse effect level; NR, not reported; NTP = National Toxicology Program;
ppm = parts per million; SMVCE, sperm morphology and vaginal cytology examinations; S. typhimurium, Salmonella typhimurium; SCE, sister
chr‘omatid exchanges; SLR, scientific literature review; UDS, unscheduled DNA synthesis.
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1. Chemical identity

This summary presents the key data relevant to the
safety evaluation of benzyl alcohol, benzaldehyde, or
benzoic acid and 34 structurally related substances for
their intended use as flavoring ingredients (see Table 1).
All members of this group are aromatic primary alcohols,
aldehydes, carboxylic acids, or their corresponding esters
or acetals. The structural features common to this group
of substances include an oxygenated functional group
bonded directly to a benzene ring that may be ring-substi-
tuted with alkyl substituents. The group contains the par-
ent saturated alcohol, benzyl alcohol (No. 1), and related
benzyl esters (No. 2-12); the corresponding aldehyde,
benzaldehyde (No. 13), and related acetals (No. 14-17);
the corresponding parent carboxylic acid, benzoic acid
(No. 18), and related benzoate esters (No. 19-30). This
group also includes 7 additional benzyl derivatives (No.
31-37) containing ring alkyl substituents.

The substances in this group were selected based on
the criteria that: (1) all members contain a benzene ring

substituted with a reactive primary oxygenated func-
tional group or can be hydrolyzed to such a functional
group, (2) the major pathway of metabolic detoxication
involves hydrolysis and oxidation to yield the corre-
sponding benzoic acid derivative which is excreted either
as the free acid or the glycine conjugate, (3) they show a

- consistent pattern of toxicity in both short- and long-

term studies, and (4) they exhibit no evidence of genotox-
icity in standardized batteries of in vitro and in vivo
assays. Metabolism studies in humans and animals and
four 2-year bioassays performed on parent substances
in this group provide the basis for a comprehensive met-
abolic and toxicological assessment of the group.

2. Exposure

_.2.1._ Flavor use and natural occurrence

The total annual volume of the 37 benzyl derivatives
is approximately 464,110 kg in USA (NAS, 1970, 1982,
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1987; Lucas et al., 1999) (see Table 1). Approximately
94% of the total annual volume in USA is accounted
for by three substances in the group [benzyl alcohol
(No. 1), benzaldehyde (No. 13), and benzyl benzoate
(No. 11)]. Approximately 59% of the total annual vol-
ume in USA is accounted for by benzaldehyde. The daily
per capita intake ! of each agent is reported in Table 1.

In addition to exposure through food and flavor
sources, benzoic acid has been found endogenously in
the human body. Endogeneus benzoic acid is formed
through the phenylalanine-tyrosine pathway (JECFA,
1980, 1997).

Thirty (30) of the 37 substances have been reported to
occur naturally in foods. They have been detected in a
wide variety of fruits (apple, avocado, blackberry, blue-
berry, cherry, cranberry, melon, papaya, plum, rasp-
berry, strawberry), vegetables (artichokes, asparagus,
beans, cabbage, corn, leek, mushroom, potato, tomato),
meats (cooked beef, cooked and roasted chicken, cured
pork, shell fish), cheeses (gruyere, cheddar, mozzarella,
parmesan), teas, and wines (Maarse et al., 1999).

Quantitative natural occurrence data is reported for
10 substances in the group. Five of these substances
show that human oral exposure occurs predominantly
in food (i.e., consumption ratio greater than or equal
to 1), while the other five substances have consumption
ratio less than 1 (See Table 1) (Stofberg and Kirschman,
1985; Stofberg and Grundschober, 1987).

3. Hydrolysis, absorption, distribution, excretion
and metabolism

3.1. Hydrolysis

In general, aromatic esters are hydrolyzed in vivo
through the catalytic activity of carboxylesterases or
esterases (Heymann, 1980), the most important of
which are the A-esterases. These enzymes are
found throughout mammalian tissues (Anders, 1989;
Heymann, 1980), but predominate in hepatocytes (Hey-
mann, 1980).

Hydrolysis of benzyl and benzoate esters to yield the
corresponding alcohols and carboxylic acids and hydro-

! Intake (ug/kg) calculated as follows: [[(annual volume, kg)x
(1 x 10° pug/kg)Y[population x correction factor x 365 days]], where
population (10%, “eaters only”) = 26 X 108 for USA; where correction
factor = 0.8 for the Lucas et al. and 0.6 for NAS USA surveys, and
represents the assumption that only 80% and 60%, respectively, of
the flavor volume was reported in the surveys (Lucas et al., 1999;
NAS, 1970, 1982, 1987). For agents that were not surveyed the
anticipated volume was used with a correction factor of 0.6. Intake
(ng/kgbw per day) calculated as follows: [(pg per day)/body weight],
where body weight = 60 kg. Slight variations may occur from
rounding off.

lysis of acetals to yield benzaldehyde and simple ali-
phatic alcohols have been reported in several in vitro
experiments (see Fig. 1).

Benzyl acetate (No. 3) when incubated with rat plas-
ma in vitro was rapidly hydrolyzed to benzyl alcohol
(No. 1) with peak alcohol concentration after 4 minutes.
No plasma benzyl alcohol was observed in vivo follow-
ing gavage or feed administration of benzyl acetate to
rats; however high plasma levels of hippuric acid and
benzoic acid were detected. The absence of benzyl ace-
tate in plasma is evidence that benzyl acetate is rapidly
hydrolyzed to benzyl alcohol, which is then rapidly oxi-
dized to benzoic acid in vivo (Yuan et al., 1995).

Benzyl acetate was readily hydrolyzed in pig liver
homogenate (Heymann, 1980). The plasma half-lives
(ty2) for the in vitro hydrolysis of a series of four alkyl
benzoates [including methyl benzoate (No. 19), ethyl
benzoate (No. 20) and propyl benzoate (No. 21)] and
two aryl benzoates in 80% human blood plasma de-
creased from 210 min for ethyl benzoate to 24 min for
butyl benzoate and 19 and 15 min for phenyl benzoate
and benzyl benzoate, respectively (Nielson and Bundg-
aard, 1987).

An in vitro hydrolysis study found that benzyl phen-
ylacetate (No. 12) was 90% hydrolyzed within 1 h and
completely hydrolyzed within 2 h of incubation with a
2% pancreatin solution (Leegwater and van Straten,
1974).

Benzaldehyde related acetals readily hydrolyze to
their component alcohols and benzaldehyde under
acidic conditions. Benzaldehyde propylene glycol
acetal (No. 16) was 97% hydrolyzed after incubation
for 5 h with simulated gastric juice and intestinal fluid
in vitro compared to blank incubation (Morgareidge,
1962).

3.2. Absorption, distribution and excretion

The benzyl derivatives are rapidly absorbed through
the gut, metabolized primarily in the liver, and excreted
in the urine as glycine conjugates of benzoic acid deriv-
atives (Davison, 1971; Abdo et al., 1985; Temellini,

--1993). Recent studies on the effect of dose, species, sex

and mode of administration on the absorption, distribu-
tion and excretion of these substances are described in
detail below.

Groups of 50 male Fischer 344 rats and 50 male
B6C3F,; mice were administered 14C-benzyl acetate
{No. 3) orally at levels of 5-500 mg/kgbw for rats and
10-1000 mg/kgbw for mice for five days per week for
a period of two weeks. Urine and feces were collected
separately over a period of 24 h following dosing. Car-
bon dioxide (CO,) and other volatile substances were
collected at 2, 4, 5, and 24 h following each dose. At ter-
mination, blood, liver, muscle, adipose, skin, lung, kid-
ney, and stomach were collected and analyzed for
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Fig. 1. Metabolism of benzyl derivatives.

radioactivity. The compound was readily absorbed from
the gastrointestinal tract of both species, and approxi-
mately 90% and 0.3-1.3% of the total dose was recov-
ered as hippuric acid in the urine and feces,
respectively, within 24 h. No benzyl acetate-derived
radioactivity was detected in any tissue analyzed at
24 h. The clearance pattern was not affected by repeated
dosing 5 days/week for 2 weeks at 500 mg/kgbw in rats

or 1000 mg/kgbw in mice. Such complete clearance indi- ~

cates that benzyl acetate is readily absorbed and ex-
creted (Abdo et al., 1985).

Following gavage administration of 14C-benzyl ace-
tate to groups of three or more male Fischer 344 rats
at doses of 5, 250 or 500 mg/kgbw as the substance
alone, in corn oil, or propylene glycol, 70-89% of the
dose was excreted in the urine within 24 h. Approxi-
mately 4% radioactivity was detected in the feces after
72 h. The elimination of benzyl acetate and metabolites,
regardless of vehicle, was largely complete after 3 days.
Only negligible residues were found in tissues. Although
no benzyl acetate was detected in the plasma or urine,
small amounts of benzyl alcohol were detected in the

plasma. At 500 mg/kgbw, unconjugated benzoic acid
was the major plasma metabolite while at 5 mg/kg, hip-
puric acid was the major urinary metabolite. The pro-
portion of the glucuronic acid conjugate of benzoic
acid increased with increasing dose, while low levels
(1.0-3.6%) of benzoic acid and benzylmercapturic acid
were not affected by dose or vehicle (Chidgey and Cald-
well, 1986).

~--Fischer 344 rats-and C57BI/6N mice were-given a sin-
gle oral dose of 14C benzyl acetate at doses of 5 or
500 mg/kgbw (rats) or 10 mg/kgbw (mice) to determine
the effects of age on disposition of benzyl acetate
(McMabhon et al., 1989). Age groups studied were 34,
9, and 25-month-old rats and 2, 13, and 25-month-old
mice. In rats, approximately 80% of radioactivity was
recovered in the urine in the first 24 h for all age groups.
The major urinary metabolite was hippuric acid and a

minor “urinary metabolite -was benzylmercapturic- acid

in rats. There was no age difference in the percentage
of '*C benzyl acetate excreted as hippuric acid, but the
amount of excreted benzylmercapturic acid increased
slightly in the 25-month-old rats. The percentage of
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radioactivity excreted in the feces was slightly decreased
in the 25-month-old group.

In mice, hippuric acid was the major urinary metab-
olite, constituting 93-96% of the total dose. Less radio-
activity was excreted in the urine of 25-month-old mice
than in the younger groups. Fecal excretion was a minor
route and the amount was similar for all age groups. The
authors concluded that formation of hippuric acid is not
affected by age, but aging does affect the minor routes of
metabolism and excretion of benzyl acetate in rats and
mice (McMahon et al., 1989).

In a study of the influence of gavage and dietary
administration on the toxicokinetics of benzyl acetate,
plasma levels of benzyl alcohol, benzoic acid and hippu-
ric acid were measured at 24 h intervals after groups of 6
F344 rats were given 500 mg/kgbw of benzyl acetate by
gavage in corn oil, and groups of 12 B6C3F; mice were
given 1,000 mg/kgbw of benzyl acetate by the same
route. Groups of 10 rats and 10 mice were fed diets con-
taining 2700 ppm and 10,800 ppm, respectively, of ben-
zyl acetate for 7 days. The calculated daily dose levels
were reported to be approximately 648 mg/kgbw in rats
and 900 mg/kgbw in mice. Benzyl acetate was undetect-
able in the plasma after gavage or dietary administra-
tion. After gavage administration, benzyl alcohol
could not be detected in the plasma after 5 min in mice
and 10 min in rats. Peak plasma levels of benzoic acid
and hippuric acid were reached within 3 h of gavage
administration. Compared to the gavage mode of
administration, peak plasma concentrations of benzoic
acid were 40-fold less in rats and 300-fold less in mice
after dietary administration. Plasma concentrations of
hippuric acid were similar regardless of the mode of
administration (Yuan et al., 1995).

Following administration of 375 mg 14C benzoic acid
(No. 18)/kg bw to rats (oral) and mice (ip), 88-89% of
the radioactivity was recovered in the urine within
24 h and 91-94% after 72 h, and only 1-6% was present
in the feces (Nutley, 1990).

In a study on the effects of benzyl alcohol in neonates,
4 full-term and 9 pre-term infants received intravenous
(iv) or intramuscular (im) doses of 0.007-0.222 umol
benzyl alcohol (No. 1)/kgbw in medication. Maximum
serum concentration levels of benzoic acid in pre-term
infants were approximately 10 times those in full-term
infants. Larger percentages of benzyl alcohol doses
were found as benzoic acid {75.2% (iv) and 83.8%(im)
vs. 38.1%(iv) and 57.7%(im)} and less as hippuric
acid {64.2%(iv) and 26.3%(im) vs. 82.3%(iv) and
85.2%(im)} in pre-term infants compared to term in-
fants. The study indicates that glycine conjugation is
deficient in pre-term compared to full-term infants
(LeBel et al., 1988).

After administration of oral doses of 40, 80, and
160 mg/kgbw of sodium benzoate to humans, the clear-
ance of benzoic acid increased disproportionately to the

dose while the clearance for hippuric acid was propor-
tional to dose. Peak plasma concentrations of benzoic
acid increased with increasing dose, while peak hippuric
acid concentrations did not change. The data suggest
that the conjugation with glycine to form hippuric acid
is a saturable process in humans (Kubota et al., 1988;
Kubota and Ishizaki, 1991).

Based on these studies, benzyl derivatives are ex-
pected to be rapidly absorbed, and rapidly metabolized
to benzoic acid. The acid is then conjugated with glycine
and excreted mainly in the urine. At high dose levels, the
glycine conjugation pathway may be saturated; in which
case, free benzoic acid is excreted unchanged.

3.3. Metabolism

3.3.1. Metabolism of benzyl alcohol, benzaldehyde,
benzoic acid and related esters

Benzyl esters and acetals are hydrolyzed to benzyl
alcohol and benzaldehyde, respectively (see Fig. 1). The
alcohol and aldehyde are rapidly oxidized to benzoic acid
while benzoate esters are hydrolyzed to benzoic acid. The
benzoic acid derivatives are excreted primarily as the
glycine conjugate. Benzoic acid is readily conjugated
with glycine in liver (321 nmol/min/g) and kidney
homogenate (254 nmol/min/g) (Temellini, 1993). At high
dose levels formation of the glycine conjugate is glycine
limited. When glycine is depleted, free benzoic acid
may be excreted unchanged or as the glucuronic acid
conjugate (Bray et al., 1951; Diack and Lewis, 1928;
Williams, 1959).

Following oral, subcutaneous, or ip administration of
14C benzyl acetate to mice (10-1000 mg/kgbw) and rats
(5-500 mg/kgbw), hippuric acid was the major urinary
metabolite. Minor amounts of benzyl alcohol, benzoic
acid and benzylmercapturic acid were also detected in
the urine (Abdo et al., 1985; Chidgey and Caldwell,
1986; Yuan et al., 1995; Clapp and Young, 1570;
McMabhon et al., 1989).

Using specific enzyme inhibitors, a pathway was pro-
posed for the metabolic conversion of benzyl acetate to
benzylmercapturic acid in male Fischer rats. Five hun-
dred (500) mg/kgbw of '*C benzyl acetate was adminis-
tered to groups of 3-5 male Fischer rats by gavage,
alone or in conjunction with ip injections of 200 mg/
kgbw of pyrazole (an aicohol dehydrogenase inhibitor),
10 mg/kgbw of pentachlorophenol (a sulfotransferase
inhibitor) or both. Within 24 h of administration of ben-
zyl acetate alone, 92% of the dose was recovered in the
urine, 3% in the feces and <1% in the carcasses. The
combination treatment of benzyl acetate and inhibitor
delayed the excretion of '*C in urine compared to treat-
ment with benzyl acetate alone. The pyrazole only group
had an 11-fold increase in the amount of benzylmercap-
turic acid excreted in the first 24 h with a halving of the
percentage of benzoyl glucuronide eliminated in the
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urine. The elimination of hippuric acid was unaffected in
the pyrazole treated group as compared to controls. The
amount of benzylmercapturic acid was significantly in-
creased in the combination group, but not to the same
Jevels as the pyrazole only group. Benzyl sulphate has
been shown to be converted to benzylmercapturic acid
in rats (Clapp and Young, 1970) and S-benzylglutathi-
one is formed in the presence of rat liver cytosol (Gillam,
1971). Benzyl aicohol is converted to benzylmercapturic
acid in rats involving an obligatory benzylsulphate inter-
mediate (Van Doorn et al., 1981). In the case of benzyl
acetate, these results suggest that benzylmercapturic
acid forms via the sulfate ester of benzyl alcohol (Chid-
gey et al., 1986).

Less than 5 min after single intraperitoneal doses of
770-1100 mg/kgbw of benzyl alcohol given to CDI
mice, benzyl alcohol and benzaldehyde were detected
in the plasma. Animals pretreated with an alcohol
dehydrogenase inhibitor (pyrazole) resulted in a 200%
increase in plasma benzyl alcohol levels, while pretreat-
ment with an aldehyde inhibitor (disulfiram) resulted in
a 368% increase in plasma benzaldehyde levels. These
data suggest that benzaldehyde and benzyl alcohol are
interconvertible in the liver (McCloskey et al., 1986).

The principal pathway of metabolism of benzalde-
hyde (No. 13) includes oxidation to yield benzoic. acid,
which is subsequently conjugated with glycine and
excreted as hippuric acid (Bray et al, 1951; NTP,
1990a,b). In the rabbit, approximately 83% of single
doses of 350 or 750 mg/kgbw of benzaldehyde is ex-
creted in the urine of both dose groups. The aldehyde
is oxidized mainly to benzoic acid and excreted predom-
inantly as hippuric acid (~68%). Other urinary metabo-
lites detected are benzoylglucuronic acid (10%), benzoyl
glucuronide (3%), free benzoic acid (1.5%), and trace
amounts of benzylmercapturic acid (Laham et al,
1988).

To a minor extent, benzaldehyde is reduced to ben-
zyl alcohol, which as the sulfate conjugate may react
with glutathione to form benzylmercapturic acid
(Laham and Potvin, 1987). Groups of Sprague-Dawley
rats (5/group/sex) were given single oral doses of 400,
750, or 1000 mg/kgbw of pure benzaldehyde by gavage
daily for 13 consecutive days. Twenty-four (24) h uri-
nary excretion of benzylmercaputric acid was measured
after the 2nd, 8th, and 13th dose. Although females in
the mid- and high-dose groups exhibited a slight de-
crease in excretion of benzylmercapturic acid after
the 8th dose, all groups showed increased urinary lev-
els of the conjugated acid after 13 doses. An increase
in dose from 400 to 1000 mg/kgbw per day resulted
in a 7-8-fold increase in excreted benzylmercapturic
acid.

Administration of 375 mg '*C- benzoic acid/kgbw to
mice (ip) and rats (oral) resulted in excretion of hippuric
acid (70.2-84.2%), benzoyl glucuronide (0.7-1.8%), ben-
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zoic acid (0.4-12.8%), and 3-hydroxy-3-phenyl propi-
onic acid (0.1-0.2%) (Nutley, 1990).

14C_Benzoic acid was administered orally at-doses in
the range from 1 to 400 mg/kg bw to various species
including primates, pigs, rabbits, rodents, cats, dogs,
hedgehogs, bats, birds, and reptiles. Hippuric acid
was the primary urinary metabolite in most species.
The ornithine conjugate of benzoic acid, ornithic acid,
was the major urinary metabolite excreted within 24 h
in chickens and reptiles. Benzoyl glucuronide was pre-
dominant in the fruit bat. In humans, >99% 14C was
excreted as hippuric acid within 24 h (Bridges et al.,
1970).

Male volunteers were given oral doses of 2000-
5000 mg sodium benzoate. The 5000 mg dose group
was given a 5000mg dose of glycinel h later and
2000 mg doses every 2 h thereafter. Benzoate was ex-
creted mainly as hippuric acid. No free benzoic acid
was detected. Minor amounts of benzoylglucuronide
were detected, with more formed at the 5000 mg dose
than at the 2000 mg dose. Co-administration of glycine
with benzoate increased the rate of hippuric acid excre-
tion, indicating that at high dose levels, glycine is rate
limiting for formation of hippuric acid (Amsel and Levy,
1969).

3.3.2. Metabolism of substituted benzyl alcohols,
benzaldehydes and benzoic acid derivatives

Aromatic ring substitution has little or no influence
on the principal pathway of metabolism. Oxidation of
the alcohol or aldehyde to the benzoic acid derivative
may be accompanied by minor amounts of side-chain
oxidation or O-dealkylation of a ring alkoxy group.

Large doses (2 g) of cuminaldehyde (p-isopropylbenz-
aldehyde, No. 37) were administered orally to.male
rabbits. Urine was collected for 3 days post-treatment.
Cuminaldehyde undergoes a combination of oxidation
of the aldehyde function and the oxidation of the
alkyl-side chain to yield 9-hydroxycuminic acid,
8-hydroxycuminic acid. Cumyl alcohol and 2-carboxy-
phenylpropionic acid were minor urinary metabolites
(Ishida et al., 1989).

3.3.3. Summary of metabolic data

In summary, benzyl and benzoate esters and benzal-
dehyde acetals are readily hydrolyzed to the corres-
ponding parent alcohol, aldehyde, or acid. Following
hydrolysis, benzyl alcohol is sequentially oxidized to
benzaldehyde and then benzoic acid, followed by excre-
tion as hippuric acid. To a minor extent, benzyl alcohol
may conjugate with glutathione, benzaldehyde may be
reduced to benzyl alcohol, and benzoic acid may conju-
gate with glucuronic acid. The latter conjugation path-
way may become more important as high levels of
benzoic acid saturate the glycine (hippurate) conjuga-
tion pathway. At very high levels of exposure, free



1220 T B. Adams et al. | Food and Chemical Toxicology 43 (2005) 1207-1240

benzoic acid may sequester significant quantities of ace-
tyl CoA.

4. Toxicological studies
4.1. Acute toxicity

Oral LDy, values have been reported for 30 of the 37
substances in this group (see Table 2). LDsg values in
rats are in the range from 1020 mg/kg bw for p-isopro-
pylbenzyl alcohol (No. 32) to 12,300 mg/kg bw for hexyl
benzoate (No. 22), indicating that the oral acute toxicity
of the benzyl derivatives is very low (Graham and Kuiz-
enga, 1945; Draize et al., 1948; Smyth et al., 1951, 1954;
Jenner et al., 1964; Taylor et al., 1964; Sporn et al., 1967;
Kravets-Bekker and Ivanova, 1970; Owen and Meyer,
1971; Shelanski and Moldovan, 1971, Weir and Wong,
1971; Levenstein, 1973, 1974; Moreno, 1973, 1974,
1977, 1979, 1980; DeGroot et al., 1974; Lewis and
Palanker, 1979; Costello and Moore, 1984; Ciba-Geigy,
1991; Proctor and Gamble, 1992). In mice the oral LDs
values are in the range from 1580 mg/kg bw for benzyl
alcohol (No. 1) to 9408 mg/kgbw for linalyl benzoate
(No. 27) indicating that the acute oral toxicity of benzyl
derivatives is very low (Jenner et al., 1964; Hoffmann-
LaRoche, 1967; Kravets-Bekker and Ivanova, 1970;
Sado, 1973; Shell, 1982; Schafer and Bowles, 1985). In
rabbits, guinea pigs and cats the oral LD50 values are
in the range from 1000 mg/kgbw for benzaldehyde
(No. 13) to greater than 5000 mg/kg bw for linalyl ben-
zoate (No. 27) indicating that the acute oral toxicity of
benzyl derivatives is very low (Graham and Kuizenga,
1945; Draize et al., 1948; Jenner et al., 1964; Kravets-
Bekker and Ivanova, 1970; Moreno, 1973).

4.2. Short-term and long-term studies of toxicity

Short-term toxicological studies have been reported
for nine (9) representative benzyl derivatives. Short-term
studies for benzyl alcohol, one benzyl ester, three benzo-
ate esters, and two alkyl-substituted benzaldehyde deriv-
atives are summarized in Table 2 and described in detail
below.

4.2.1. Mice

4.2.1.1. Benzyl alcohol (No. 1). Groups of 10 male and
10 female B6C3F; mice were administered O (control),
50, 100, 200, 400, or 800 mg/kg bw benzyl alcohol daily
by gavage 5 days per week for a period of 13 weeks. No
compound related histopathology was observed. Deaths
occurred in most groups, however, all but one was
attributed to the gavage procedure. Mean body weights
of males and females were reduced by 5% and 8%,
respectively, at the 800 mg/kgbw per day dose level
and body weights of females were reduced 5% at

the 400 mg/kgbw per day. At the highest dose level,
staggering was seen in both male and female mice
during the first 2 weeks of the study. The dose level of
100 mg/kgbw per day produced no adverse effects
(NTP, 1989).

4.2.1.2. Benzyl acetate (No. 3). Benzyl acetate was
administered to groups of 10 male B6C3F; mice in corn
oil daily by gavage at doses of 0 (control), 62.5, 125, 250,
500, or 1,000 mg/kg bw 5 days per week for a period of
13 weeks. Groups of 10 female mice were administered
benzyl acetate by gavage at doses of 0 (control), 125,
250, 500, 1,000, or 2,000 mg/kg bw on the same sche-
dule. Eight of the 10 female mice that received
2,000 mg/kg bw died; however, one of these deaths was
due to gavage error. Compound-related clinical signs,
including trembling, inactivity, labored breathing, and
depressed body temperature, were reported in the
high-dose mice. Gross examination after necropsy and
histopathological examination failed to reveal any ef-
fects related to administration of the test substance
(NTP, 1986). Subsequent microscopic examination re-
vealed hippocampal necrosis in one female at the
1000 mg/kg bw per day dose (NTP, 1993a). No adverse
effects were observed at dose levels less than or equal to
500 mg/kg bw per day (NTP, 1986).

For a period of 13 weeks, 5 days per week, groups
of 10 male and 10 female B6C3F; mice were maintained
on diets containing 0, 3130, 6250, 12,500, 25,000, or
50,000 ppm benzyl acetate calculated to provide an aver-
age daily intake of 0 (control), 425, 1000, 2000, 3700, or
7900 mg benzy! acetate/kgbw for males and 650, 1280,
2980, 4300, or 9400 mg/kgbw for females (FDA,
1993). At all dose levels, statistically significant
(P < 0.01) decreases in body weights were reported com-
pared to the control group in both sexes. Absolute and
relative organ weights were affected by lower terminal
body weights. A non-statistically significant decrease in
feed consumption was reported at all dose levels, which
may have been due to poor palatability. Hematological
examination and clinical chemistry determinations show
normal values. In the 50,000 ppm group, brain lesions,
consisting of hippocampal necrosis and cerebellar hem-
orrhage, were reported in 4 mice (1 male, 3 females).
Hepatocellular necrosis also occurred in the male mouse
with brain lesions (NTP, 1993a).

4.2.1.3. Benzaldehyde (No. 13). Groups of 10 male
and 10 female B6C3F, mice were administered doses
of 0 (control), 75, 150, 300, 600 or 1200 mg benzalde-
hyde/kg bw by gavage daily in corn oil 5 days per week
for a period of 13 weeks. At the 1200 mg/kg bw per day
dose, 9/10 males and 1/10 females died during the first
week of the study. Mean body weight of males at the
600 mg/kg bw per day level were 9% less than that of
controls. Mild to moderate renal tubule degeneration
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Table 2
Acute, short- and long-term toxicity studies for benzyl derivatives used as flavor ingredients
Flavoring Oral acute Reference Short- and Time NOAEL Reference
ingredient studies long-term studies (days)/ (mg/kgbw)
Oral LDs, Species, sex® route
mg/kgbw
(Species)
Benzylalcohol 1040 (Rabbit) Graham and Rat, MF 91 100 NTP (1989)
Kuizenga (1945)
Benzylalcohol 2979 (Rat) Ciba-Geigy (1991) Rat, MF 16 125 NTP (1989)
Benzylalcobol 2080 (Rat) Graham and Rat, MF 721 <200 NTP (1989)
Kuizenga (1945)
Benzylalcohol 1230 (Rat) Jenner et al. (1964) Mouse, MF 91 100 NTP (1989)
Benzylalcohol 1570 (Rat) Proctor and Mouse, MF 16 250 NTP (1989)
Gamble (1992)
Benzylalcohol 3100 (Rat) Smyth et al. (1951) Mouse, MF 721 200 NTP (1989)
Benzylalcohol 1580 (Mouse) Jenner et al. (1964)
Benzyl formate <5000 (Rat) Shelanski and Rat, MF 14 500 NTP (1986)
Moldovan (1971)
Benzyl acetate 2640 (Rabbit) Graham and Rat, MF 91 250 NTP (1986)
Kuizenga (1945)
Benzy! acetate 2490 (Rat) Jenner et al. (1964) Rat, MF 91 460 NTP (1993a)
Benzyl acetate 3690 (Rat) Graham and Rat, MF._. 721 <130 NTP (1993a)
Kuizenga (1945)
Benzyl acetate Rat, MF 721 250 NTP (1986)
Benzyl acetate Mouse, MF 14 1000 NTP (1986)
Benzy! acetate Mouse, M 91 500 NTP (1986)
Benzyl acetate Mouse, MF 721 <35 NTP (1993a)
Benzyl acetate Mouse, MF 721 <500 NTP (1986)
Benzyl propionate 3300 (Rat) Moreno (1973)
Benzy! butyrate 1850 (Rat) Moreno (1973)
Benzyl butyrate -.2330 (Rat)- - -Jenmer et al. (1964)
Benzyl isobutyrate 2850 (Rat) Owen and
Meyer (1971)
Benzyl isovalerate <5000 (Rat) Moreno (1974)
Benzyl trans-2- >5000 (Rat) Moreno (1979)
methyl-2-
butenoate
Benzyl benzoate 2240 (Cat) Graham and
Kuizenga (1945)
Benzyl benzoate 2016 (Rabbit) Draize et al. (1948)
Benzyl benzoate 1680 (Rabbit) Graham and
Kuizenga (1945)
Benzyl benzoate 1120 (Guinea Draize et al. (1948)
pig)
Benzyl benzoate 1904 (Rat) Draize et al. (1948)
Benzyl benzoate 2800 (Rat) Graham and
Kuizenga (1945)
Benzy! benzoate 1568 (Mouse) Draize et al. (1948)
Benzyl phenylacetate >5000 (Rat) Owen and
Meyer (1971)
Benzaldehyde 1000 (Guinea Jenner et al. (1964) Rat, MF 91 200 Kluwe et al. (1983)
pig)
Benzaldehyde 1300 (Rat) Jenner et al. (1964) Rat, MF 91 200 NTP (1990a, 1990b)
Benzaldehyde 2850 (Rat) Sporn et al. (1567) Rat, MF 189-196 >50 Hagan et al. (1967)
Benzaldehyde 1300 (Rat) Taylor et al. (1964) ----- Rat, MF - 721 <200 NTP (19902, 1990b)
Benzaldehyde 1250 (Mouse) Schafer and Mouse, MF 91 300 Kluwe et al. (1983)
Bowles (1985)
Benzaldehyde Mouse, MF 91 300 NTP (1990a, 1990b)
Benzaldehyde Mouse, MF 728 <200 NTP (1990a, 1990b)
Benzaldehyde 1220 (Rat) Moreno (1977)
dimethyl acetal
Benzaldehyde 3749 (Rat) Levenstein (1974)

glyceryl acetal

(continued on next page)
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Flavoring Oral acute Reference Short- and Time NOAEL Reference
ingredient studies long-term studies (days)/  (mg/kgbw)
Oral LDs, Species, sex® route
mg/kgbw
(Species)
Benzaldehyde 2750 (Rat) Moreno (1980)
glyceryl acetal
Benzaldehyde 3000 (Rat) Lewis and Palanker (1979)

propylene glycol

acetal

Benzoic acid 1250 (Mouse) Schafer and Bowles (1985) Rat, MF 540-730 <370 Sodemoto and
Enomoto (1980)
Benzoic acid 1996 (Mouse) Sado (1973) Mouse, MF 90 80 Shtenberg and
Ignat’ev (1970)
Benzoic acid 1950 (Mouse) Shell (1982) Mouse, MF 510 40 Shtenberg and
Ignat’ev (1970)
Methyl benzoate 2170 {Rabbit) Graham and Kuizenga (1945) Rat 183 0.005 Kravets-Bekker
and Ivanova (1970)
Methy! benzoate 4100 (Guinea pig) Kravets-Bekker and
Ivanova (1970)
Methyl benzoate 2170 (Rat) Graham and Kuizenga (1945)
Methy! benzoate 1350 (Rat) Jenner et al. (1964)
Methyl benzoate 3500 (Rat) Kravets-Bekker and
Ivanova (1970)
Methy! benzoate 3420 (Rat) Smyth et al. (1954)
Methyl benzoate 3330 (Mouse) Jenner et al. (1964)
Methyl benzoate 3000 (Mouse) Kravets-Bekker and
Ivanova (1970)
Ethy! benzoate 2630 (Rabbit) Graham and
Kuizenga (1945)
Ethyl benzoate 2100 (Rat) Graham and
Kuizenga (1945)
Ethyl benzoate 6480 (Rat) Smyth et al. (1954)
Hexyl benzoate 12,300 (Rat) Smyth et al. (1951)
Isopropyl benzoate 3730 (Rat) Smyth et al. (1951)
Isobutyl benzoate 3685 (Rat) Levenstein (1973)
Isoamyl benzoate 6330 (Rat) Weir and Wong (1971)
cis-3-Hexenyl >5000 (Rat) Moreno (1976)
benzoate
Linalyl benzoate >5000 (Rabbit) Moreno (1973)
Linalyl benzoate >5000 (Rat) Moreno (1973)
Linalyl benzoate 9408 (Mouse) Hoffmann-
LaRoche (1967)
Gerany! benzoate >5000 (Rat) Moreno (1973)
Glyceryltribenzoate Rat, MF 90 604 Carson (1972a)
Propylene glycol Rat, MF 90 2541 Carson (1972b)
dibenzoate
p-Isopropylbenzyl 1020 (Rat) Moreno (1973)
alcohol
4-Ethylbenzaldehyde 1970 (Rat) Costello and Moore (1984)
Tolualdehydes 2250 (Rat) Moreno (1973) Rat, MF 90 36.1 Oser et al. (1965)
(mixed o, m, p)
Tolualdehydes Rat, MF 91 250 Brantom et al.
(mixed o, m, p) (1972)
Totualdehyde 3400 (Rat) Moreno (1972)
glyceryl acetal
Cuminaldehyde 1390 (Rat) Jenner et al. (1964)
2,4-Dimethyl- <5000 (Rat) DeGroot et al. (1974) Rat, MF 14 1.75 DeGroot et al.
benzaldehyde (1974)

3 M = Male; F = Female. If not listed, sex was not specified in the report.

was reported in all males at the 1200 mg/kg bw per day
dose level and 1 male at the 600 mg/kg bw per day dose

"~ “level. These lesions were not observed in Tower dose lev-
els in males or any dose level in females. The no adverse
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effect level was reported to be 300 mg/kg bw per day
(NTP, 1990a).

4.2.1.4. Benzoic acid (No. 18). Groups of 50 male and
50 female crossbred white mice (strain not specified)
were administered 80 mg benzoic acid/kg bw by oral
intubation daily for 3 months. Weight gain of the test
animals was reduced compared to control animals. This
was not due to reduced feed intake, but it may have been
due to stress factors such as food restriction, low tem-
perature, swimming test, centrifugation, carbon tetra-
chloride detoxication test or kidney function testing
(Shtenberg and Ignat’ev, 1970). Benzoic acid was admin-
istered orally to groups of 25 male and 25 female mice at
40 mg/kg bw daily for 17 months. Survival at 2.5
months was greater for the benzoic acid group (68%)
than that for the control group of males (60%) or female
rats (62%) (Shtenberg and Ignat’ev, 1970).

4.2.2. Rats

4.2.2.1. Benzyl alcohol (No. 1). Benzyl alcohol was
administered to groups of 10 male and 10 female
F344/N rats at doses of 0 (control), 50, 100, 200, 400
or 800 mg/kgbw in corn oil daily by gavage five days
per week for a period of 13 weeks. After dosing, stagger-
ing, lethargy and labored breathing occurred in both
sexes at 800 mg/kgbw. Eight (8) males and 2 females
at 800 mg/kg bw per day dose died after treatment, with
the deaths of 4 males and one female being attributed to
gavage errors. Reduction in the relative weight gain of
female rats in the 200 and the 400 mg/kgbw per day
groups was observed. At the end of the study, body
weights of males and females at the 800 mg/kgbw level
were reduced by 7% and 5%, respectively. At the
800 mg/kgbw per day level, histopathologic examina-
tion revealed necrosis of the dentate gyrus of the hippo-
campus in all surviving male (9) and female (7) rats,
skeletal muscle necrosis in 5 males, kidney nephrosis in
6 males, consisting of degeneration of the tubular epi-
thelium. The renal lesions were non-specific and similar
to age related renal disease. No adverse effects were re-
ported at 100 mg/kg bw per day (NTP, 1989).

4.2.2.2. Benzaldehyde (No. 13). Groups of 10 male
and 10 female F344/N rats were administered benzalde-
hyde five days per week for a period of 13 weeks by corn
oil gavage at doses of 0 (control), 50, 100, 200, 400 or
800 mg/kgbw. Prior to the end of the study, 6/10 males
and 3/10 females at 800 mg/kgbw per day, 1/10 female at
the 400 mg/kgbw per day and one control female died.
Surviving male rats at 800 mg/kgbw per day had body
weights 26% lower than those of controls. At the highest
dose, there was necrosis of the cerebellum and neurons
of the hippocampus, forestomach hyperplasia and
hyperkeratosis, liver degeneration (males only), and kid-
ney tubular epithelial degeneration. No adverse effects

were observed at dose levels of 200 mg/kg (NTP,
1990a,b).

Groups of 5 male and 5 female Osborne-Mendel rats
were maintained on a diet calculated to provide an aver-
age daily intake of 50 mg benzaldehyde/kg of food for a
period of 27-28 weeks (Hagan et al., 1967). Weekly mea-

~surement of body weight and-food intake revealed no

significant difference between test animals and controls.
At termination, hematological examinations revealed
normal values. At necropsy, no differences were re-
ported between major organ weights of test and control
animals. Gross examination and histopathological
examinations failed to reveal any changes related to
the administration of the test substance. No adverse ef-
fects were seen at the dietary level examined (50 mg/kg
of food) which was calculated to be 600 g benzalde-
hyde/kgbw per day (FDA, 1993).

4.2.2.3. Benzoic acid (No. 18). Male and female
Fischer 344 rats were fed 0, 1, or 2% sodium benzoate
in the diet (approximately 0, 370, or 735 mg/kg bw per
day for males and 0, 445, or 880 mg/kg bw per day for
females) for a period of 18-24 months (Sodemoto and
Enomoto, 1980). Mortality of all groups was affected
by hemorrhagic pneumonia; however, there was no re-
ported difference in mortality, growth, or food intake
between treated and control rats. There was also no sig-
nificant difference in tumor response in treated as com-
pared to control rats.

4.2.2.4. Benzyl acetate (No. 3). Groups of F344 male
rats were maintained on diets providing 0 (control),
20,000, 35,000, or 50,000 ppm of benzyl acetate 5 days
a week for 103 weeks. These dietary levels correspond
to an average daily intakes of 0, 1000, 1750, 2500 mg/
kg bw of benzyl acetate (FDA, 1993). No effects on mor-
tality or body weights of rats were reported at dietary
concentrations of 20,000 ppm. Compound-related neu-
ronal necrosis was seen in the groups receiving 35,000
or 50,000 ppm benzyl acetate. When a glycine supple-
ment was fed in conjunction with the highest dose, mor-
tality and signs of toxicity were significantly reduced.
The authors concluded that adequate levels of glycine
were instrumental in reducing the toxicity of benzyl ace-
tate (Abdo et al., 1998).

Groups of 10 male and 10 female F344/N rats were
administered 0 (control), 62.5, 125, 250, 500 or
1000 mg benzyl acetate/kgbw in corn oil daily by gavage
5 days per week for a period of 13 weeks. Male and fe-
male rats receiving 1000 mg/kgbw per day and females
receiving 500 mg/kgbw per day showed signs of ataxia,
trembling and sluggishness. On day 86, 2 males and
one female died at the highest dose. At 1000 mg/kg bw
per day, males showed depressed mean body weight
(12%). At necropsy, thickened stomach walls were re-
ported in 2 of 8 surviving males and 4 of 9 surviving
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females. No adverse effects were observed at 250 mg/
kgbw per day (NTP, 1986). At 1000 mg/kgbw per day,
histopathologic reexamination of brains revealed hippo-
campal necrosis in 8 males and 4 females, the severity
being greater in males (NTP, 1993a).

For a period of 13 weeks, groups of 10 male and 10
female F344/N rats were maintained on diets contain-
ing 0, 3130, 6250, 12500, 25,000, or 50000 ppm of ben-
zyl acetate. These dietary levels were calculated to
provide an average daily intake of 0 (control), 230,
460, 900, 1750, or 3900 mg benzyl acetate/kgbw for
males and 0 (control), 240, 480, 930, 1870, or
4500 mg benzyl acetate/kg bw for females (FDA,
1993). At the highest dose level, 9/10 rats of each sex
died before completion of the study. Final mean body
weights of males and females at the highest dietary level
were less than half that of the control group. Males at
1750 mg/kgbw per day showed a 10% decrease in mean
body weight compared to that of controls. Food con-
sumption in the males at 1750 and 3900 mg/kgbw
and females at 4500 mg/kgbw per day was reduced
compared to controls. Serum cholesterol was signifi-
cantly decreased in females at the three highest dose
levels. Substance-related histopathology in males and
females at the highest dose level included necrosis of
neurons and glial cells in the cerebellum and hippocam-
pus, renal tubule degeneration and regeneration, and
degeneration and hyperplasia of the sarcolemmal nuclei
in the skeletal muscles of the thigh and in the tongue.
Indirect treatment-related effects secondary to the poor
condition of the animals included bone marrow deple-
tion, thymus atrophy, degeneration of splenic lymphoid
follicles, zymogen granule depletion, and increased
basophilia of the pancreatic acinar cells, erosion of
the glandular stomach, secretory depletion in of the
seminal vesicles and immature/hypoplastic uterus. At
termination, examination of females of the control,
1870 and 4500 mg/kgbw per day dose groups showed
an increase in the volume, surface, and numerical den-
sity of hepatic peroxisomes in treated groups compared
to those of controls. At 900 mg/kgbw per day and
higher dose levels, testicular changes, including asper-
matogenesis and atrophy of the seminiferous tubules
were seen. No adverse effects were observed at dosages
of 480 mg/kgbw per day (NTP, 1993a).

In an earlier 4-month study, no pancreatic tumors
were reported in male F344 and Lewis rats administered
500 mg/kg bw per day of benzyl acetate by gavage for 5
days a week (Longnecker et al., 1986).

4.2.2.5. Benzyl butyrate (No. 5). For a period of 12
weeks, rats (unspecified strain, 12/sex/group) were main-
tained on a diet containing a mixture of six aromatic es-
ters at levels calculated to provide an average daily
target intake of 0 or100 mg/kgbw per day. Six aromatic
esters commonly used in foods {ethyl benzoate,

0.15 ppm; isobutyl benzoate, 25 ppm: benzyl acetate,
18.7 ppm; benzyl butyrate, 25 ppm; ethyl methylphenyl-
glycidate, 25 ppm; and glycidate M-116, 25 ppm) were
blended and incorporated in the diet in the ratio of prac-
tical use levels in foods. The blend was fed in a nutrition-
ally adequate diet to weanling rats for the 12-week
period at a level computed to be 100 times the assumed
flavor intake for man (on a per kilogram of body weight
basis). Throughout the experimental period the group
receiving this aromatic ester blend exhibited normal
body weight gain, food consumption, efficiency of food

“utilization, appearance, and behavior. At the end of the

feeding period, blood and urine samples were taken
from 3 males and 3 females. There was no significant dif-
ference between blood hemoglobin and urine glucose
levels in test and control groups. Traces of albumin pres-
ent in urine specimens from the control as well as the
test group are not regarded as significant. At autopsy
no abnormalities were observed relating to the test
materials and the weights of livers and kidneys were
within normal limits for both groups. These experimen-
tal data indicate that no toxic effect was manifest in rats
as a result of feeding a blend of six aromatic esters in
common use as flavoring agents for a 12-week period
at a daily dosage Ievel calculated to be 126 mg/kgbw
per day (Oser, 1957).

4.2.2.6. Tolualdehydes—mixed o, m, p (No. 34). For a
period of 90 days, groups of 15 male and 15 female
weanling Sprague-Dawley rats, individually housed,
were provided with a diet containing tolualdehyde at
levels calculated to provide an average daily intake of
36.1 mg/kgbw. Substances were dissolved in acetone
and blended into a basal laboratory diet to yield the re-
quired daily intake for the test substance. Control diet
was the basal laboratory diet admixed with acetone.
Dietary acetone was evaporated before presentation to
the animals. Samples of the treatment diet were taken
weekly for assessment of stability and concentration
of the test material. Daily observations of appearance,
behavior, appetite, elimination, gross signs of toxic ef-
fects, and mortality were similar among test and control
animals. Weekly measurement of body weights and
food consumption revealed no significant differences be-
tween test and control animals. Hematological examin-
ations, blood chemical determinations, and urine
analysis performed during weeks 6 and 12 on 8§ males
and 8 females revealed normal values. At necropsy,
the weights of the liver and kidneys were recorded. Tis-
sues from major organs of 8 male and 8 female rats
were subsequently preserved in formalin. In addition,
the livers and kidneys of the remaining 7 animals were
examined for histopathological changes. There was no
difference in absolute or relative organ weights between
test and control animals or any evidence of gross
pathology or histopathology. The dietary intake of
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36.1 mg/kg bw per day produced no changes attribut-
able to tolualdehyde (Oser et al., 1965) is greater than
1,000 times the daily per capita intake (“eaters only™)
of 19 pg tolualdehydes/kgbw from use as a flavoring
agent in USA.

Groups of 15 male and 15 female CFE rats were
administered 0 (control), 50, 250, or 500 mg tolualde-
hyde/kgbw in corn oil daily by oral intubation for a per-
iod of 13 weeks. Additional groups of 5 rats per sex were
given 0, 250, or 500 mg/kgbw daily for 2 or 6 weeks by
the same method. Weekly measurement of body weights
and food and water intake revealed that the female
group at 500 mg/kgbw per day exhibited significantly
lower body weight after 2 weeks. No body weight
changes were observed in any other group regardless
of the study duration (2, 6, or 13 weeks). Hematological

examination, blood chemical determinations, and urine’

analysis performed at 2, 6, or 13 weeks revealed a tran-
sient increase in erythrocyte count, hematocrit, and
hemoglobin concentration in males, but only at 2 weeks.
At necropsy at week 13, measurement of organ weights
revealed a significant decrease (9-18%) in absolute or
relative small intestine weight in all treatment groups
and decreased relative pituitary weights in females at
500 mg/kgbw per day. The magnitude of the change in
mean small intestine weights was not dose related. In a
second study, groups of 30 female rats were adminis-
tered 0 or 500 mg/kgbw in corn oil by gavage daily for
13 weeks. There was no significant difference in absolute
or relative mean small intestine weights between the con-
trol and test group in the second study or between the
control group in the second study and female dosed
group in the first 13-week study. The authors noted that,
for some unknown reason, the small intestine weights

these parameters were observed in the propylene glycol
dibenzoate study. In either study, hematological exam-
inations, blood chemical determinations, and urine
analysis performed during weeks 6 and 12 on 8 males
and 8 females from each group revealed normal values.
At necropsy, the weights of the liver and kidneys were
recorded. Tissues from major organs of 8 male and 8
female rats were subsequently preserved in formalin.
Histopathologic examinations were made on hematoxy-
lin and eosin-stained sections. In addition, the livers and
kidneys of the remaining seven animals were examined
for histopathological changes. There was no difference
in absolute or relative organ weights between test and
control animals or any evidence of gross pathology or
histopathology in either study. Based on the depressed
weight gain in high dose males, the no observable ad-
verse effect level for glyceryl tribenzoate was reported
to be 604 mg/kgbw per day (Carson, 1972a). This dose
is greater than 100 times the daily per capita intake of
1 pg/kgbw from use of glyceryl tribenzoate as a flavor-
ing substance in the USA. The NOAEL of 2541 mg/
kgbw per day is greater than 100,000 times the daily
per capita intake (“‘eaters only”) of 0.2 pg propylene
glycol dibenzoate/kgbw from use as a flavoring ingredi-
ent in the USA.

4.2.2.8. 2,4-Dimethylbenzaldehyde (No. 37). Groups of
5 male and 5 female rats were administered 0 (control),
0.175 or 1.75mg 2,4-dimethylbenzaldehyde/kg bw by
stomach tube daily, 6 days per week for a period of 14
days. At 1.75 mg/kg bw per day, male rats showed an
increased relative liver weight. Female rats showed no
significant difference in relative liver weight at the same
dose level. Histopathological examination of the liver

of the control animals in the first 13-week study were __ __and kidneys revealed no abnormalities associated with

abnormally high. The organ weight changes were not
associated with any evidence of gross and histopatholo-
gical abnormalities. The authors reported a no observa-
ble adverse effect level of 250 mg/kgbw per day
(Brantom et al., 1972).

4.2.2.7. Glyceryl tribenzoate (No. 29) and Propylene
glycol dibenzoate (No. 30). For a period of 90 days, 4
groups each consisting of 15 male and 15 female wean-
ling FDRL-weanling rats, individually housed, were
maintained on a diet containing glyceryl tribenzoate
or propylene glycol dibenzoate at levels calculated to
provide an average daily intake of 120, 604 or
2571 mg/kg bw or 126, 633, or 2,541 mg/kg bw, respec-
tively. Daily observations of appearance, behavior,
appetite, elimination, gross signs of toxic effects, and
mortality were similar among test and control animals.
Weekly measurement of body weights and food con-
sumption revealed a depressed growth rate and effi-
ciency of food utilization in high dose males in the
glyceryl tribenzoate study. No significant differences in

the administration of dimethylbenzaldehyde (DeGroot
et al., 1974).

4.3. Long-term studies of toxicity and carcinogenicity

The results of six long-term toxicity and carcinogenic-
ity studies with 4 representative benzyl derivatives are
summarized in Table 2 and described below.

4.3.1. National toxicology program studies

4.3.1.1. Benzyl alcohol (No. 1), benzaldehyde (No. 13),
benzyl acetate (No. 3). The National Toxicology Pro-
gram (NTP) conducted four long-term toxicity and car-
cinogenicity studies on three members of this group:
benzyl alcohol, benzaldehyde and benzyl acetate (a
gavage and a microencapsulation study). Based on
extensive metabolic data that benzyl acetate is readily
hydrolyzed to benzyl alcohol in vivo, and benzyl
alcohol is rapidly oxidized to benzaldehyde in vivo,
the results of all four 2-year bioassay studies are re-
viewed together.
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Each of the three test compounds were administered
in corn oil gavage five days per week to groups of 50
F344/N rats and B6C3F; mice for a period of two years
at two dose levels. An additional study was conducted in
which test groups of 60 rats or mice were maintained on
diets containing benzy! acetate. Animals were observed
once weekly for 12-13 weeks and at least monthly there-
after. All animals were subject to necropsy after death,
or at the end of the study. Throughout these studies,
mean body weights were comparable among all groups,
except for rats and mice maintained on the high dose
level of benzyl acetate in the feed, which was reduced
(5-16%) due to decreased feed consumption. Increased
mortality seen in some of the groups was attributable
to the gavage procedure, reflux and aspiration of the
gavage material into the lungs, or administration errors
resulting in direct disposition of material into the lungs
(NTP, 1986, 1989, 1990a,b, 1993b).

4.3.1.2. Results and discussion

4.3.1.2.1. Benzyl alcohol (No. 1) and benzaldehyde
(No. 13). According to the NTP, “under conditions of
the 2 year gavage study, there was no evidence of carcin-
ogenic activity of benzyl alcohol in male or female F344/
N rats or B6C3F1 mice receiving either 200 or 400 mg/
kg bw.”

NTP also concluded “under conditions of the 2 year
gavage studies, there was no evidence of carcinogenic
activity for male or female F344/N rats receiving 200 or
400 mg/kg bw/d benzaldehyde. However, there was some
evidence of carcinogenic activity of benzaldehyde in
B6C3F, mice at 300 or 600 mg/kg bw, as indicated by
increased incidences of squamous cell papillomas and
hyperplasia of the forestomach.” (NTP, 1989, 1990a).

The occurrence of squamous cell papillomas and
forestomach hyperplasia in rodents is common in NTP
bioassay gavage studies in which a high concentration
of an irritating material in corn oil is delivered daily
by tube into the forestomach for two years. High con-
centrations of aldehydes (i.e. malonaldehyde, furfural,
and benzaldehyde) (NTP, 1988, 1990a,b) and other irri-
tating substances (i.e. dihydrocoumarin and coumarin)
(NTP, 1992, 1993b) delivered in corn oil by gavage are
consistently associated with these phenomena in the
forestomach of rodents. Squamous cell papillomas are
benign lesions of surfaces covered with squamous epi-
thelium. A majority of papillomas arise as a result of
chronic irritation, or less frequently from infection from
some strains of viruses (Smith and Ford, 1993). Addi-
tionally, forestomach hyperplasia and papillary prolifer-
ation in these studies did not progress to squamous cell
carcinomas.

The relevance of the appearance of forestomach
tumors in rodents to potential carcinogenic targets in
humans has been the subject of much investigation
(Grice, 1988; Wester and Kroes, 1988; Clayson et al,,

1990). Although it has been suggested that the mucosa
of the rodent forestomach is similar to that of the
human esophagus, this is clearly not the case. The ro-
dent forestomach has a storage function and contains
mucosa of keratinizing squamous epithelium that is con-
stantly exposed to the strong acid medium of the gastric
contents. Conversely, the esophagus has no storage
capacity and contains non-keratinizing squamous epi-
thelium that is extremely sensitive to the adverse effects
of strong acid medium. The esophagus has no significant
contact with food contents in that it is a muscle that ex-
erts a motive action on food contents propelling them
from the pharynx to the stomach.

Apparently, the combination of daily introduction of
a dosing tube into the forestomach and delivery of high
concentrations of an irritating test material in corn oil,
which itself is a mild irritant and mitogen, was the likely
source of the papillomas in the rodent forestomach. This
conclusion is supported by the observation that the
occurrence of squamous cell papillomas and forestom-
ach hyperplasia in gavage administration of a test mate-
rial in corn oil for 2 years (NTP, 1986) disappear when
the same substance is administered at similar intake lev-
els in the diet (NTP, 1993a). Therefore, the appearance
of these benign lesions in the 2-year rodent bioassay
has no relevance to humans, given that human exposure
occurs when low levels of benzaldehyde are consumed in
the diet.

4.3.1.2.2. Benzyl acetate (No. 3). In the first 2-year
bioassay, F344/N rats and B6C3F1 mice received benzyl
acetate in corn oil by gavage daily, five days per week,
for a period of 103 weeks at doses of 0 (control), 250,
or 500 mg/kgbw and 0 (control), 500 or 1000 mg/kg bw,
respectively. The NTP concluded: ““Under conditions of
the gavage studies, benzyl acetate administration was
associated with increased incidence of acinar cell ade-
noma of the exocrine pancreas in male F344/N rats.
No evidence of carcinogenicity was found for female
F344/N rats. For male and female B6C3F1 mice there
was evidence of carcinogenicity, in that benzyl acetate
caused an increased incidence of hepatocellular neo-
plasms particularly adenoma, and squamous cell neo-
plasms of the forestomach.” (NTP, 1986).

In the subsequent benzyl acetate dietary study, F344/
N rats and B6C3F1 mice were maintained on diets con-
taining 0 (control), 3000, 6000, or 12,000 ppm and 0
(control), 330, 1000, or 3000 ppm, respectively, for 103
weeks. This corresponds to 0, 130, 260, or 510 mg/kgbw
and 0, 145, 290, or 575 mg/kgbw for male and female
rats, respectively, and 0, 35, 110 or 345 mg/kgbw and
0, 40, 130 or 375 mg/kgbw for male and female mice,
respectively. In this study NTP concluded: “under con-
ditions of these 2-year feed studies, there was no evi-
dence of carcinogenic activity of benzyl acetate in male
or female F344/N rats receiving 3000, 6000, or
12,000 ppm. There was no evidence of carcinogenic



T.B. Adams et al. | Food and Chemical Toxicology 43 (2005) 1207-1240 1227

activity of benzyl acetate in male or female B6C3F1
mice receiving 330, 1000, or 3000 ppm.” (NTP, 1993a).

Upon completion of the second study, the NTP con-
cluded that the increased incidence of pancreatic acinar
cell neoplasms specific to male rats reported in the ear-
lier study was probably due to the use of corn oil as a
vehicle in the gavage study. Administration of high
levels of fat to experimental animals has been shown
to enhance the development of spontaneous and chemi-
cal-induced neoplasms (NTP, 1994a,b). More specifi-
cally, administration of corn oil and other high-fat
vehicles by gavage daily at doses of 2.5, 5, or 10 ml/
kgbw for 2 years was associated with an increased inci-
dence of proliferative lesions of the exocrine pancreas
(NTP, 1994a).

The increased incidence of hepatocellular adenomas
observed in the gavage study was not observed in the
dietary study. The NTP proposed that the difference
was due to the different mode of administration and
the resulting higher plasma levels of benzyl acetate
metabolites (benzoic acid) in the gavage study (NTP,
1993a). In a comparative toxicokinetic study of gavage
and dietary mode of administration discussed earlier
(Yuan et al., 1995), peak plasma concentrations of ben-
zoic acid were higher in the gavage study than those in
the dietary study. Although daily dietary intake level
and gavage dose levels were similar, gavage administra-
tion saturated the benzoic acid elimination pathway.
Hippuric acid plasma concentrations were similar indi-
cating depletion of the glycine pool in the gavage study
with concomitant increases in free plasma benzoic acid.
The authors suggested that higher plasma levels of ben-
zyl acetate and free benzoic acid in the gavage study
may be, in part, associated with the different toxicolog-
ical outcomes of the gavage and dietary studies. The
conclusion that high levels of free benzoic acid is asso-
ciated with hepatocellular adenomas is highly unlikely,
given the fact that chronic administration of high die-
tary levels of benzoic acid (greater than 1% in the diet)
failed to induce hepatocellular neoplasms in lifetime
mice studies (Toth, 1984). However, there is evidence
that the incidence of hepatocellular adenomas in the
gavage study were the result of chronic exposure to
high levels of the corn oil vehicle (Haseman et al.,
1985).

Statistical analysis of liver adenomas is suspect be-
cause the vehicle control animals had an aberrantly
low incidence when compared to historical controls.
Control values for liver adenomas in NTP bioassays
vary from 20% to as high as 42%. In this study, the liver
adenoma rates were zero. If these historical controls are
adopted for comparison, the statistical significance of
the adenoma finding in the high dose animals disappears
or becomes marginal (p =0.038 for females, and
p =0.078 for males). Procedural concerns include the
fact that the diets were not tested for contaminants

and there are interpretive problems with corn oil gavage
and tumor occurrence (NTP, 1986; Bernard, 1983).

In conclusion, evidence of carcinogenicity in the ga-
vage benzaldehyde and benzyl acetate studies are associ-
ated with the repeated gavage administration of high
dose levels of test substance in a corn oil vehicle or a sta-
tistical anomaly. The above observations strongly sug-
gest that the tumors found in the gavage NTP studies
have no relevance to human carcinogenic risk.

4.4. Genotoxicity studies

Genotoxicity testing has been performed on 13 repre-
sentative compounds in this group. The vast majority of
standardized in vitro genotoxicity assays Ames (AMS),
Mouse Lymphoma (MLA), Sister Chromatid Exchange
(SCE), Chromosomal Aberration (ABS), and Unsched-
uled DNA Synthesis (UDS) show no evidence of geno-
toxicity. Equivocal results have been reported mainly
for aromatic aldehydes in the MLA and ABS assays.
None of the 13 in vivo assays produced any evidence
of genotoxicity for these benzyl derivatives. The results
of these tests are presented in Table 3 and are summa-
rized below.

4.4.1. In vitro

The benzyl derivatives were non-mutagenic in all
standard plate incorporation and/or pre-incubation
Ames assays using Salmonella typhimurium strains
TA92, TA94, TA97, TA98, TA100, TA102, TA104,
TA1535, TA1537, TA1538, and TA2637, when tested
at concentrations ranging up to the level of cytotoxicity
or at ICH/OECD-recommended maximum test concen-
trations, both in the absence and presence of metabolic
activation (89 fraction) (FDA, 1975; McCann et al.,
1975; Milvy and Garro, 1976; Cotruvo et al., 1977,
Anderson and Styles, 1978; Sasaki and Endo, 1978;
Rockwell and Raw, 1979; Florin et al., 1980; Rapson
et al., 1980; Kasamaki et al.,, 1982; Haworth et al.,
1983; Ball et al., 1984; Ishidate et al., 1984; Marnett
et al., 1985; Nohmi et al., 1985; Mortelmans et al., 1986;
Rogan et al., 1986; Schunk et al., 1986; Zeiger et al.,
1988; Aeschbacher et al., 1989; Heck et al., 1989;
NTP, 1989, 1990a,b; Vamvakas et al.,, 1989; Dillon
et al., 1992; Zeiger et al., 1992;). Additional Ames tests
on metabolites isolated from the urine of rats adminis-
tered benzaldehyde (No. 13), isopropylbenzyl alcohol
(No. 32), or cuminaldehyde (No. 36) by oral gavage
also were negative in S. typhimurium strains TA98
and TA100, both with and without metabolic activa-
tion (Rockwell and Raw, 1979). A mutation assay in
S. typhimurium strain TA1535/pSK1002, using wumu
gene expression as an endpoint, produced negative re-
sults with benzoic acid (No. 18) (Nakamura et al.,
1987). Mutation or DNA repair assays using Esche-
richia coli strains WP2 wwrd, PQ37, or Sd-4-73
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26 Assay measured induction of umu gene expression as indicator of genotoxicity.

27 Genotoxicity measured as ability to induce B-galactosidase.

20 Mutagenesis induced by 2-amino-3-methyl-imidazo[3,4-flquinoline (IQ), 2-amino-3, 4-dimethylimidazo{4,5-/]quinoline (MelQ), 2-amino-3, 8-dimethylimidazo{4,5-flquinoxaline HCl (MelQx),
28 Total incidence of cells with aberrations was 5.0-9.0%.

3-amino-4-dimethy-5 H-pyrido-[4,3-[plindole (Trp-P-1), 2-amino-1-methyl-6-phenyl-imidazo[4,5-b]pyridine HCI (PhIP).

21 Assay of urine samples from rats given benzaldehyde by oral gavage.
22 Assay was performed with metabolic activation.

2 Significant increases in mutant fraction were close to toxic doses.

24 Weak positive results were observed with metabolic activation.

25 Cytotoxicity was observed at the two maximum concentrations tested.
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with eight different benzyl derivatives (see Table 3)
(Szybalski, 1958; Kuroda et al., 1984b; Glosnicka and
Dziadziuszko, 1986; Yoo, 1986), and Saccharomyces
cerevisiae strains D3 or D4 with benzoic acid (FDA,
1975; Cotruvo et al., 1977) also showed no evidence
of genotoxicity. In a cytogenetics assay in E. coli strain
P3478, benzyl alcohol did not show any activity (Fluck
et al., 1976).

Equivocal results were obtained with the benzyl
derivatives in the Rec DNA repair assay using Bacillus
subtilis strains H17 and M45 (Oda et al., 1979; Sekizawa
and Shibamoto, 1982; Kuroda et al., 1984a; Yoo, 1986;
Matsui et al., 1989; Nonaka, 1989). Positive results only
were reported for benzyl formate, while negative results
were reported for benzyl propionate (No. 4) (Oda et al.,
1979; Yoo, 1986). Positive and negative results for Rec
assays using the same substance were apparently due
to laboratory-specific factors. Yoo (1986) reported only
positive findings and Oda et al. (1979) reported only
negative results for the same compounds.

In vitro assays in isolated mammalian cells produced
both negative and positive results. In addition to benzyl
acetate, benzaldehyde exhibited evidence of mutagenic-
ity in the forward mutation assay with L5178Y mouse
lymphoma cells (MLA), both with and without meta-
bolic activation (Rudd et al., 1983; Caspary et al,
1988; McGregor et al., 1988, 1991; Heck et al., 1989;
Myhr et al., 1990). Questionable results were reported
for benzyl alcohol in the MLA (McGregor et al.,
1988). Tolualdehydes (mixed) (No. 34) were negative
in the MLA (Heck et al., 1989).
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o « In cytogenetic tests, equivocal results were reported
& S ytog q P
S ) é for the benzyl derivatives in the ABS assay. In the
g <) 3 ABS assay, performed in Chinese hamster ovary and
s Z . o« Y, P y
s ZE s fibroblast cell lines, both positive and negative results
- %ﬁ}) E}é = were reported with benzyl alcohol and benzaldehyde,
—g g é z E with the positive result usually occurring at the higher
= z £ S culture concentration (Kasamaki et al., 1982; Ishidate
T8 gog Eg et al., 1984; Sofuni et al., 1985; Galloway et al., 1987;
E g %3 -"§ Anderson et al., 1990). Negative results in two separate
§.§ - E é’ ; - “~ABS assays were reported for benzyl acetate (Galloway
EEq=% 5% & et al., 1987; Matsouka et al., 1996). Weak positive re-
2 gu“ o= = . . [ P
=0 TEp = £ sults were reported for benzoic acid in the ABS assay
22357 % g 23 (Ishidate et al., 1984). The positive results in the ABS as-
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In the SCE assay, equivocal results were reported for
benzyl alcohol and benzaldehyde, in Chinese hamster
ovary cell lines and in human lymphocytes (Galloway
et al., 1987; Sasaki et al., 1989; Jansson et al., 1988;
NTP, 1989; Anderson et al., 1990). Negative results were
obtained in this assay for benzyl acetate, benzoic acid,
and cuminaldehyde (No. 36) (Galloway et al., 1987,
Sasaki et al., 1989; Jansson et al., 1988).

DNA damage was not observed in either rat or
human cells exposed to benzyl alcohol (Waters et al.,
1982; Storer et al., 1996). No unscheduled DNA synthe-
sis (UDS) was observed in rat hepatocytes exposed to
benzaldehyde, benzyl acetate, or mixed tolualdehydes
(Mirsalis et al., 1983; Heck et al., 1989).

The standardized in vitro genotoxicity assays {AMS,
MLA, SCE, ABS, and UDS} show no evidence of geno-
toxicity. Equivocal results have been reported for mainly
aromatic aldehydes in the MLA and ABS assays and
may be due artifacts under experimental conditions.

4.4.2. In vivo

None of the benzyl derivatives showed any evidence
of genotoxicity in well-recognized in vivo assays (mouse
micronucleus, sex-linked recessive lethal, and in vivo-
in vitro UDS assays). In mammals, compounds were
administered orally, by gavage, or by ip injection at
doses that were significant fractions of the reported
lethal dose levels. Benzyl acetate was the most frequently
tested compound, producing negative findings in SCE,
CA, micronuclei, and UDS in both rats and mice (Mir-
salis et al., 1983, 1989; NTP, 1993a,b; Shelby et al., 1993;
Steinmetz and Mirsalis, 1984). The micronucleus test
also was negative with benzyl alcohol (Hayashi et al,
1988). Positive results were reported for benzyl alcohol
in mice (dose not specified) in the Replicative DNA Syn-
thesis Assay (Yoshikawa, 1996).

In the (sub-mammalian) sex-linked recessive lethal
mutation assay in fruit flies (Drosophila melanogaster),
negative results were obtained with benzyl alcohol,
benzaldehyde, and benzyl acetate, either after feeding
or administration by injection (Woodruff et al., 1985;
NTP, 1993a; Foureman et al., 1994).

4.4.3. Conclusion

Based on the mainly negative results in the standard-
ized battery {i.e., AMS (-), UDS (-), SCE (), ABS
(¥), and MLA (%)} of in vitro genotoxicity assays and
the uniformly negative results in well-recognized in vivo
genotoxicity assays, it is concluded that the group of
benzyl derivatives is not genotoxic in vivo.

4.5 Other relevant studies
4.5.1. Reproduction

4.5.1.1. Benzyl alcohol (No. 1). Fifty female CD-1
mice were administered 550 mg/kgbw per day benzyl

alcohol by gavage on days 6-15 of gestation. A control
group of 50 mice received corn oil only. Body weight,
clinical observations, and mortality were recorded daily
throughout treatment and up to 3 days postpartum: All
parameters tested, including gestation index, average
number of live pups/litter, postnatal survival, and pup
body weight, were statistically similar for the treated
and control animals (York et al., 1986).

To examine the reproductive hazard of benzyl alco-
hol in CD-1 mice, 750 mg/kgbw per day of benzyl alco-
hol was administered by gavage to 50 mice on gestation
days 6-13. A control group of 50 animals were given dis-
tilled water only. Maternal body weight gain and mor-
tality, mating, gestation, numbers of live and dead
pups per litter, total litter weight on days 1 and 2 post-
partum, litter weight change between days 1 and 3 post-
partum, and pup survival on days 1 and 3 postpartum
were recorded. There was no significant difference in
maternal body weight measured on days 4 and 7 of ges-
tation between treated and control animals. However,
statistically significant decreases were observed in trea-
ted females on gestation day 18 and day 3 postpartum.
Maternal body weight gain during days 7-18 of gesta-
tion was also significantly lower than that of controls.
Significant differences were also observed in pup body
weight and weight gain, including mean pup weight
per litter, mean litter weight change, and mean pup
weight change (between day 1 and 3 postpartum). No
differences were observed in the mating or gestation
indices, the total number of resorptions, the number of
live pups per litter, or in pup survival. Eighteen deaths
were reported during the treatment period and they were
all attributed to the treatment. One more death was re-
ported the day after treatment was terminated (Hardin

et al., 1987). It_was reported in a review of this study

that clinical signs of maternal toxicity were observed,
including hunched posture, tremors, inactivity, prostra-
tion, hypothermia, ataxia, dyspnoea, swollen or cya-
notic abdomen, and piloerection (York et al., 1986).

4.5.2. Benzyl acetate (No. 3)

Sperm morphology and vaginal cytology examina-
tions (SMVCE) were developed by the National Toxi-
cology Program, and used as a screen for reproductive
toxicants. These examinations include evaluations of
motility, concentration and head morphology of sperm
from the caudia epididymis, and male reproductive
organ weight data. At the end of the benzyl acetate
13-week dietary study (NTP, 1993a), 10 male and female
mice from each dose group (0, 3, 130, 6250, 12,500,
25,000, and 50,000 ppm) were utilized for the SMVCE
study. There was no effect on sperm motility, density
or percent abnormality in any of the doses tested. There
was no statistically significant change in the weights of
the epididymis, the caudia epididymis, or the testis.
The estrous cycle of the high dose female group was sig-



T.B. Adams et al. | Food and Chemical Toxicology 43 (2005) 1207-1240 1235

nificantly increased relative to the control group. There
was also a significant decrease in body weight among
animals in this group (Morrissey et al., 1988).

Morrissey et al. (1988) performed similar examina-
tions on rats at the end of the benzyl acetate 13-week
study (0, 3, 130, 6250, 12,500, 25,000, and 50,000 ppm)
(NTP, 1993a). Benzyl acetate had no effect on any of
the parameters measured.

Benzaldehyde (No. 13). Benzaldehyde (approxi-
mately 5 mg/kgbw) was administered by gavage to 10
breeding age rats every other day for a period of 32
weeks. Ten control animals received only the vehicle
oil. Two pregnancies per rat were studied, one at 75 days
and one at 180 days. The parameters examined included
the number of pregnant females, number of off spring
born, pup body weights at days 7 and 21 postpartum,
and pup vitality. There was no statistically significant
difference between treatment and control groups. It
was reported that fewer females in the treated group be-
came pregnant, however, no data or statistical analyses
were performed, and the authors concluded that treat-
ment did not cause a significant change in any of the
parameters measured (Sporn et al., 1967).

4.6. Teratology

4.6.1. Benzyl acetate (No. 3)

Groups of 20 or more pregnant Wistar rats were
administered benzyl acetate by gastric intubation at
doses of 0 (control), 10, 100, 500, or 1,000 mg/kg bw
from day 6-15 of pregnancy. On day 20 of pregnancy
(term), they were terminated and the fetuses were exam-
ined for intrauterine death, and internal, external and
skeletal malformations. Maternal parameters were com-
parable for all groups. At the highest dose level, fetal
body weight was decreased. In addition, skeletal and
internal malformations were observed at 1000 mg/kg bw
per day. The authors reported that the skeletal malfor-
mations may be related to the significant decrease in
fetal body weight. No increase in intrauterine death or
external variations was noted at any dose level. No ad-
verse effects were seen at or below 500 mg/kgbw per
day. The results of this study show no evidence of tera-
togenic effects for benzyl acetate (Ishiguro et al., 1993).

4.6.2. Benzyl benzoate (No. 11)

Benzyl benzoate was fed to pregnant Wistar rats at
concentrations of 0.4 and 1.0% during gestation days
0-21. These dietary levels correspond to the average dai-
ly intake of 200 and 500 mg/kg bw (FDA, 1993). There
were no effects reported on the fetus relating to external,
skeletal, or visceral anomalies (Morita et al., 1980).

4.6.3. Benzoic acid (No. 18)
Sodium benzoate administered by oral intubation to
pregnant rats or rabbits during gestation days 6-15 or

6-18 at doses reaching 175 mg/kgbw per day or
250 mg/kgbw per day, respectively, produced no effects
on maternal or fetal rats (Morgareidge, 1972). In an-
other teratology study, sodium benzoate fed during ges-
tation only produced adverse effects on the fetus at
maternally toxic concentrations in the diet of 4%
(1600 mg/kg bw/d) or higher (Onodera et al., 1978).

5. Recognition of GRAST status

The group of benzyl derivatives discussed here was
determined to be generally recognized as safe (GRAS)
under conditions of intended use as flavor ingredients
by the FEMA Expert Panel in 1965. In 1978, the Panel
evaluated the available data and affirmed the GRAS sta-
tus of these flavor ingredients (GRASa). In 1993, the
Panel initiated a comprehensive program to reevaluate
the status of all FEMA GRAS flavor ingredients con-
current with a systematic revision of the FEMA Scien-
tific Literature Reviews (SLRs). The group of benzyl
derivatives was reaffirmed as GRAS (GRASr) based,
in part, on their self-limiting properties as flavoring sub-
stances in food; their rapid absorption, metabolic detox-
ication, and excretion in humans and other animals;
their low level of flavor use; the wide margins of safety
between the conservative estimates of intake and the
no-observed-adverse effect levels determined from sub-
chronic and chronic studies and the lack of significant
genotoxic and mutagenic potential. This evidence of
safety is supported by the fact that the intake of benzyl
derivatives as natural components of traditional foods is
greater than their intake as intentionally added flavoring
substances.
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