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GRAS Flavoring Substances 17 
The 17th publication by the Flavor and Extract Manufacturers' 

Association's Expert Panel on recent progress in the consideration of 
flavoring ingredients generally recognized as safe under the 

Food Additives Amendment 

R.L. Smith, P. Newberne, T.B. Adams, R.A. Ford, 
J.B. Hallagan, and the FEMA Expert Panel 

T
he Flavor and Extract Manufactur
ers' Association of the United States 
(FEMA) in 1960 established an inde

pendent Expert Panel of toxicologists, 
biochemists, and other scientists to re
view the safety of flavor ingredients un
der the authority of Section 201 (s) of the 
Federal Food, Drug, and Cosmetic Act 
(Oser and Hall, 1977; Oser and Ford, 
1991 ). This provision, commonly known 
as the generally recognized as safe (GRAS) 
provision (Hallagan and Hall, 1995a), 
exempts from the food additive provi
sions of the Act substances that can be 
"generally recognized, by experts quali
fied by scientific training and experience 
to evaluate its safety, as having been 
adequately shown through scientific pro
cedures . . .  to be safe under the condi
tions of intended use." 

This is the 17th publication by the 
FEMA Expert Panel. It includes the results 
of the Panel's review of 19 new flavor 
ingredients (Table 1 on p. 73, Table 2 on 
p. 78). It also includes the Panel's conclu
sion that additional average usuai ·and 
maximum use levels in imitation dairy 
products of 1.0 and 5.0 ppm, respective
ly, for sodium (±)2-(4-methoxyphen
oxy)propanoate (FEMA No. 3773) and 
0.0001 and 0.01 ppm, respectively, for 
4-methoxy-2 -methy 1-2 -buta neth io I 
(FEMA No. 3785) would not alter the 
GRAS status of these materials. As with 
previous reports, this publication also 
describes the results of other recent Ex
pert Panel activities. 

Recent Developments 
in the Flavor Industry 

The flavor industry is dynamic; chan
ges in technology and use patterns are 
common. The Expert Panel routinely re
views recent developments to determine 
the possible impact on the FEMA GRAS 
program. For example, a critical part of 
the GRAS provision is that safety is deter
mined "under the conditions of intended 
use." Thus, when new uses of a FEMA 
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GRAS flavor ingredient are developed, 
the substance must be reevaluated in 
light of those new uses. 

A significant recent development in the 
flavor industry is the production of flavor 
ingredients using biotechnology. An ap
proach for assessing the safety of flavor 
ingredients produced using genetically 
modified organisms and a mechanism for 
integrating this approach into the FEMA 
GRAS program was described by Halla
gan and Hall (1995b), who relied heavily 
on the approach developed by the Inter
national Food Biotechnology Council 
(IFBC, 1990). 

The FEMA Expert Panel uses a deci
sion-tree approach to assess the safety of 
flavor ingredients produced using genet
ically modified organisms (GMOs). This 
approach consists of several levels (Hal
lagan and Hall, 1995b): 

The first level consists of an evaluation 
of the identity of the substance, including 
an examination of its regulatory status; 
i.e., is it currently permitted for use in 
food? If so, what are the specifications for 

Author Smith, Chairman of the FEMA Expert Panel, 
is Professor, Biochemical Pharmacology, St. Mary's 
Hospital, U niversity of London, Paddington, Lon
don W2 1 PG, U.K. Author Newberne, Vice 
Chairman of the FEMA Expert Panel, is Professor, 
Dept. of Pathology, School of Medicine, Boston 
University, Boston, MA 01730. Authors Adams 
and Hal lagan are with the Flavor and Extract 
Manufacturers' Association, 1620 I Street, N.W., 
Suite 925, Washington, D.C. 20006. Author 
Ford, Liaison to the FEMA Expert Panel and a 
Professional Member of 1FT, is Vice President, 
Research Institute for Fragrance Materials, 2 Uni
versity Plaza, Suite 406, Hackensack, NJ 07061. 
Other members of the FEMA Expert Panel are John 
Doull, Professor Emeritus, University of Kansas 
Medical School, Kansas City, Kans.; Jay !. 
Goodman, Professor, Michigan State University, 
East Lansing, Mich.; ian C. Munro, Cantox Inc., 
Mississauga, Ontario, Canada; Phi l ip S. 
Portoghese, Professor, University of Minnesota, 
Minneapolis, Minn.; Bernard M. Wagner, Bernard 
Wagner Associates, Millburn, N.J.; Carrol S. Wei!, 
Carrol S. Weil, Inc., Pittsburgh, Pa.; and Lauren A. 
Woods, Professor Emeritus, Medical Col lege of 
Virginia, Richmond. Send reprint requests to 
author Hallagan. 

the substance, and are they met by the 
material produced through the use of a 
GMO? If the substance produced through 
a GMO is the same as the conventionally 
produced substance, the assessment is 
greatly simplified. In fact, if the substance 
is currently permitted for use in food by 
virtue of the existence of an appropriate 
prior safety assessment, the evaluation 
would essentially be complete. In addi
tion to determining the identity of the 
substance, the "first level consists of eval
uating the method of production employ
ing a GMO, specifications for the sub
stance produced using a GMO, and the 
safety of constituents produced using a 
GMO compared to conventional meth
ods of production. 

In the second level, the Panel evaluates 
specific issues associated with genetic 
modification, including whether the mi
crobe ends up in the flavor ingredient, 
whether there are antibiotic resistance 
concerns, and whether there are safety 
concerns _asso.ciated _with the vector- and 
DNA insert code. The Panel's evaluation 
is performed within the context of its 
usual inquiry into the method of produc
tion of a conventionally produced sub
stance, to ensure that no deleterious con
taminants are present in the final prod
uct. In general, the issues evaluated by 
the Panel are consistent with the issues 
identified by the Food and Drug Admin
istration in its approval of recombinant 
chymosin (21 CFR 184.1685; Flamm, 
1991 ). 

Once the Panel has resolved issues 
associated with the GMO used in the 
production of the flavor ingredient, it 
applies the criteria employed in a GRAS 
assessment (Woods and Doull, 1991; 
Hallagan and Hall, 1995a) if it is neces
sary to do so, such as when the flavor 
ingredient is not currently permitted for 
use in food. If the Panel determines that 
the flavor ingredient is GRAS, then the 
result of its evaluation is published, as in 
this article. 



In the Panel's view, the GRAS assess
ment of a flavor ingredient produced by 
modern biotechnology should be no dif
ferent from the safety assessment of a 
conventionally produced flavor ingredi
ent once issues associated with the GMO 
are resolved. The Panel's approach to 
flavor ingredients produced using GMOs 
is largely consistent with the "vertical" 
approach advocated by Miller and Guna
ry (1993). 

The Panel performed a GRAS assess
ment of Thaumatin 8-Recombinant 
(rThaumatin) produced through the use 
of a GMO and concluded that the sub
stance is GRAS (Table 1 ). Plant-derived 

thaumatin was previously determined to 
be GRAS (Oser et. al., 1984), and rThau
matin was determined to be a highly 
purified form of plant-derived thauma
tin. The Panel fully evaluated the produc
tion process for rThaumatin, including 
the development of the GMO. The appli
cant also provided toxicology data on 
rThaumatin which were consistent with 
those obtained previously for plant-de
rived thaumatin and did not lead to the 
identification of any safety concerns. 

tained a constant surveillance of scientif
ic data on flavor ingredients previously 
judged to b� _GRAS to assure that they 
continue to meet the criteria for GRAS 
status (Hall and Oser, 1970). To conduct 
comprehensive and systematic reviews 
of FEMA GRAS flavor ingredients, the 
Panel routinely consults new informa
tion on mechanisms of toxicity, pharma
cokinetics and metabolism, exposure, 
new methods of toxicology testing, and 
relevance of animal testing to humans. 

Review of New 
Toxicological Information 

As a part of the first such review, initi
ated in 1975 and referred to as GRAS 
affirmation (GRASa), FEMA, in coopera
tion with the National Academy of Sci-From its inception, the Panel has main-
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ences, undertook a comprehensive sur
vey of the usage of the existing FEMA 
GRAS substances. Concurrently, FEMA 
was contracted by FDA to prepare Scien
tific Literature Reviews (SLRs) on groups 
of structurally related substances con
taining data relevant to the safety evalu
ation of flavor ingredients. 

As the result of GRASa, approximately 
1,270 substances were affirmed as GRAS, 
and approximately 30 additional sub
stances required more data to support the 
GRAS decision. FEMA sponsored studies 
to obtain the necessary data on all but 
three of these 30 substances. There was a 
lack of interest in any future use of these 
three materials, and therefore the re
quested data were not acquired to com
plete their safety evaluation. These three 
su bstan ces-2 -methy 1-5 -vi ny I pyrazi ne 
(FEMA No. 3211), o-vinylanisole (FEMA 
No. 3248), and musk ambrette (FEMA 
No. 2758)-were removed from the GRAS 
list (Oser et al., 1984); the other 27 were 
affirmed as GRAS after the required stud
ies had been completed. 

In 1993, the Panel again undertook a 
comprehensive review of all of the flavor 
ingredients previously determined to be 
GRAS. As part of the GRAS reaffirmation 
(GRASr) process, the Panel initiated a 
program to revise the FEMA SLRs to in
corporate recent advances in science and 
technology. As part of the GRASr process, 
an Interpretive Summary is prepared for 
each individual flavor ingredient. This is 
an integration of relevant scientific infor
mation on metabolism, pharmacology, 
toxicology, and exposure that forms the 
basis for the Panel's conclusions of GRAS 
for a flavor ingredient. A comprehensive 
summary is also produced for each group 
of structurally related flavor ingredients. 

By 1994, the Panel completed the 
GRASr process for approximately 400 
aliphatic acyclic substances used as fla
vor ingredients. During 1995, an addi
tional 124 substances (119 aliphatic ali
cyclic substances and 5 fused-ring lac
tone derivatives) were reaffirmed as GRAS. 
The Panel plans to publish the results of 
the GRASr program in a series of publica
tions in the peer-reviewed literature (e.g., 
Adams et al., 1996). 

The following substances have had new 
toxicological findings published since 
their initial GRAS review. 

Menthone (FEMA No. 2667) 
Menthane is an alicyclic monoterpe

noid ketone. Two common stereoiso
mers which occur in nature are /-menth
ane and d-isomenthone. The /-isomer 
and the racemic mixture of menthane are 
used as a flavor ingredient in foods up to 
an average maximum level of 70 ppm. 
Based on a reported annual volume of 
13,300 kg (NAS, 1987), the estimated 
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daily per capita intake ("eaters only") of administered daily for 5 weeks to the 
menthane from use as a flavor ingredient same strain of rat (Mengs and Stotzem, 
is 42 jlg/kg. (The intake calcula_tion used 1989), have failed to confirm results of 
for menthane is as follows: Intake (!lg/kg) the three original 28-day studies and the 
= [(annual volume, kg) x (1 x 109 (j.Lg/kg)]/ followup 90-day study (Spindler and 
[(population x 0.6 x 365 days)/60 kg], Madsen, 1992). In addition, n.o evidence 
where the population (1 0%, "eaters only") of "cyst-like spaces" was observed in the 
= 24 x 1 06; 0.6 represents the assumption white matter of the cerebe!!um of dogs 
that only 60% of the flavor volume was administered peppermint oil in gelatin 
reported in the survey (NAS, 1987); the capsules daily at dose levels of 25 or 125 
average adult body weight in the U.S. is mg/kg for 5 weeks (Mengs and Stotzem, 
60 kg.) 1989). 

Menthane is a constituent of pepper- 3. A study with peppermint oil com-
mint oil (15-30%) and spearmint oil and pleted in 1992 using a brain perfusion 
occurs naturally in other foods such as method did not reveal any evidence of 
rum, nutmeg, and cocoa (CIVO-TNO, "cyst-like spaces" in the cerebellum of 
1994). Its intake from consumption of any of the rats (Olsen, 1994). Following 
peppermint oil is approximately eight reexamination of the slides and consider
times its intake from use as a flavor ation of all available data, the Expert 
ingredient (Stofberg and Kirschman, Panel concluded that the weight of evi-
1985). dence strongly suggests that the rat cere-

Three short-term studies, originating bellar "cyst-like spaces" originally re
from the same laboratory, on peppermint ported with peppermint oil, pulegone, 
oil or peppermint oil components (e.g., lfnd menthane were artifacts arising from 
menthane, pulegone, and menthol) have inadequate preparation and fixation of 
reported "cyst-like spaces" in the white the cerebellar tissue. 
matter of the cerebellum. Groups of male Menthane was reaffirmed as GRAS in 
and female rats were administered 0, 1995 based on recognized pathways of 
200, 400, or BOO mg/kglday menthane its metabolic detoxication and those of 
(Madsen et al., 19B6); 0, 10, 40, or 100 menthol (Williams 1940; Neubeuer, 
mg/kg/day peppermint oil (Thorup et al., 1901; Hamalainen, 1912; Yamaguchi et 
19B3a); 0, 20, 80, or 160 mg/kg/day al., 1994); its very low level of flavor use; 
pulegone (FEMA No. 2963; Thorup et al., evaluation of the reports of neurotoxicity, 
19B3b); or 0, 200, 400, and BOO mglkgl including the artifactual nature of results 
day menthol (FEMA No. 2665; Thorup et reported in short-term studies of pepper-
a!., 19B3b) by gavage daily for 2B days. mint oii and its constituents, including 
At the two highest dose levels in the menthane; the safety factor calculated 
peppermint oil (40 and 100 mglkg/day) from dose levels that produced no effects 
and puiegone (BO and 160 mglkg/day) in a 5-week or a 90-day study for pepper-
studies and at all dose levels in the men- mint oil which contains menthane or in a 
thone study, the authors reported "cyst- chronic dietary study for the structurally 
like spaces" in the white cerebellar mat- related alcohol d,/-menthol, which me
ter. This effect was not observed in the tabolizes to menthane (NCI, 197B); and 
menthol study, even though menthol is its very low acute oral toxicity (Leven-
metabolized to menthane. stein, 1973; lgimi and Ide, 1974). This 

The two pathologists on the FEMA Ex- evidence of safety is supported by the 
pert Panel reviewed the original rat brain occurrence of menthane as a natural 
histology slides from the three studies component of traditional foods. 
and additional data and made the follow-
ing observations: Allyl lsovalerate (FEMA No. 2045) 

1. The three reports of "cyst-like spa- Allylisnvalerate is an aliphatic acyclic 
ces" in the white matter of the cerebel- ester formed from allyl alcohol and iso-
lum were not accompanied by any evi- valerie acid (FEMA No. 31 02). Allyl iso-
dence of cellular reaction in tissue adja- valerate is used as a flavor ingredient in 
cent to the spaces. A subsequent 90-day foods up to an average maximum level of 
study with dose levels of 0, 10, 40, or 100 40 ppm. Based on a reported annual 
mg/kg/day peppermint oil in rats also volume of 0.9 kg (NAS, 19B7), the esti-
showed no evidence of cellular reaction mated daily per capita intake ("eaters 
in adjacent tissue. Despite the extended only") is 3 ng/kg (see section on men
dosing period, there was no significant thone for calculation of intake). 
difference in the appearance and the A bioassay on allyl isovalerate was 
extent of "cyst-like spaces" between the conducted by the Southern Research ln-
90-day and 2B-day studies (Spindler and stitute, Birmingham, Ala., under contract 
Madsen, 1992). to the National Toxicology Program (NTP) 

2. Attempts to reproduce the "cyst-like during January 1979 to january 19B1 
spaces" in rat white cerebellar tissue, (NTP, 19B3). In the standard NTP proto-
even when higher dose levels (150 and col, groups of 50 F344 rats and B6C3F1 
500 mglkg/day) of peppermint oil were mice of both sexes were administered 



· �"'! :�Hy{'isbvalerate via corn oil gavage at 
,,�''!""','oo���ef o, 31; or 62 mglkg/day for 5 days 
'1c�:, ,,;;:l;petwee� for .103 weeks. The NTP report 
.. 'iii'��� :;:r'(:onctuaed: "I:J nder the conditions of these 

hH: .• 2��earstudies, allyl isovalerate was car
,::·:·�t:inogenic for F344/N rats and B6C3F1 

' mice, <;ausing increased incidences of 
hematopoietic system neoplasms (mono
nuclear-cell leukemia in male rats and 
lymphoma in female mice)." 

There was a statistically significant 
(p<0.05) increase in the incidence of 
hematopoietic neoplasms in rats and 
mice. However, hematopoietic tumors 
occur at a high and variable rate in both 
sexes of F344 rats and B6C3F1 mice. 
Statistical analysis should apply a signif
icance level of 1% (p<O.Ol) to account 
for the high background incidence of 
these common tumors in both mice and 
rats. This is consistent with the proposed 
guidelines (Haseman et al., 1986), which 
consider a compound to exhibit carcino
genic potential if the highest dose is 
associated with an increased incidence 
of a common tumor that is significant at 
p<0.01, or an increased incidence in a 
rare tumor at p<0.05. 

Based on pair-wise comparisons of the 
incidence of hematopoietic tumors in 
the NTP study by a Fisher exact test 
(p<0.05), significance levels were > 1% 
(p>0.01; i.e., 0.030 for high-dose male 

. F344 rats and 0.093 for high-dose female 
B6C3F1 mice). Therefore, the incidence 
of commonly observed hematopoietic 
tumors is not statistically significant for 
either high-dose rats or mice at the 1% 

- level. Statistical analysis of data for the 
incidence of hematopoietic tumors in 
independent control groups of rats and 
mice (p=0.0255 for male F344 rats and 
0.0315 for female B6C3F1 mice) con
firms the need for the 1% significance 
level (Haseman et al., 1986). 

From a comparison with historical data, 
the slight but statistically significant (at 
the 5% level) increase in the incidence of 
specific types of hematopoietic tumors at 
the highest dose level in the allyl isoval
erate-treated rats (males: control, 2%; 62 
mglkg, 14%; females: controls, 8%; 62 
mg/kg, 18%) and mice (males: control, 
8%; 62 mglkg, 16%; females: controis, 
22%; 62 mg/kg, 36%) falls within the 
historical range of control groups admin
istered corn oil via gavage in other NTP 
studies of these two strains of rodents. 

For example, the incidence of mono
nuclear cell leukemia in historical con
trol male rats treated only with corn oil 
via gavage ranges from a low of 4% to a 
high of 24%, and leukemia incidence in 
female rats ranges from 4 to 28% (NTP, 
1983). In more recent studies (Furosemi
de), NTP has reported leukemia inci
dences of 46% and 16% in control male 
and female rats, respectively (NTP, 1989). 

The historical control incidence of lym
phoma ranges from a low of 8.3% to a 
high of 22% in male B6C3F1 mice, and 
14% to 31% in female mice (NTP, 1983 ) . 
Again, except for the high-dose female 
mice, the historical control incidence of 
lymphoma in B6C3F1 mice includes the 
range of incidences reported in the con
trol and treated groups in the NTP study 
on allyl isovalerate. Because the inci
dence of hematopoietic neoplasms in 
the F344 rat and the B6C3F1 mouse is a 
common phenomenon, study results 
which show statistical significance (only 
at p<0.05) for these types of neoplasms 
must be cautiously interpreted (Hase
man et al., 1986). 

To further explore the increased inci
dence of mononuclear cell leukemia in 
rats and malignant lymphoma in mice 
reported in the NTP study, and the pan
cytopenia described in isovaleric acid
emia (Cohn et al., 1978), NTP conducted 
a 14-day gavage study using allyl isoval
erate to determine if there would be toxic 
effects to the bone marrow in B6C3F1 
mice and F344 rats (Hong et al., 1988). 
B6C3F1 mice were provided 0, 31, 62, or 
125 mglkg/day, 5 days/wk for two weeks; 
F344 rats were dosed similarly providing 
0, 31, 62, 125, or 250 mg/kglday,5 days/ 
wk for two weeks. 

Allyl isovalerate had no effect on either 
total bone marrow cellularity or hema
tology in mice or rats. Significant de
creases in mice of pluripotent hemato
poietic stem cells (CFU-S) and granulo
cyte-macrophage progenitors (CFU-GM) 
in the bone marrow were reported. Host 
resistance following challenge with ei
ther Listeria monocytogenes or malaria 
(Plasmodium yoellt) did not demonstrate 
significant differences between treated 
and control mice, nor were there other 
effects on the immune system. The im
munologic studies described by Hong et 
al. (1988) have not been validated and 
have little value other than for experi
mental interest. The infectious disease 
challenges demonstrate a lack of effect 
by allyl isovalerate on host resistance in 
B6C3F1 mice or F344 rats. 

Allyl isovalerate was not mutagenic in 
the-NTP studies for Salmonella tester 
strains (TA98, TA100, TA1535, TA1537) 
with or without S-9 activation. The lack 
of genotoxic activity of allyl isovalerate 
and the lack of any carcinogenic re
sponse in sensitive target organs such as 
the liver, even in the highly sensitive 
B6C3F1 mouse, further suggest that the 
finding of increased hematopoietic sys
tem neoplasms in the NTP study was a 
chance occurrence resulting from the 
high, but variable, spontaneous incidence 
of these types of tumors. The lack of 
hematopoietic neoplasms in animals 
maintained on drinking water containing 

allyl alcohol (Lijinsky and Reuber, 1987) 
or acrolein (Lijinsky and Reuber, 1987; 
Parent et al., 1992) for two years also 
supports the conclusion that hemopoie
tic neoplasms occur spontaneously m 

F344 rats and B6C3F1 mice. 
In summary, the NTP bioassay of allyl 

isovalerate reported an increased inci
dence of mononuclear cell leukemia in 
rats and lymphomas in mice. However, 
based on (1) the available toxicology 
data on allyl isovalerate, (2) the observa
tion that the incidences of hematopoietic 
neoplasms reoorte_d in the NTP study 
were not statistically significant at the 
1% level (p <0.01; Haseman et al., 1986) 
and were within the range of incidence 
reported in historical controls, (3) the 
lack of genotoxic activity of allyl isoval
erate, and (4) the lack of carcinogenic 
activity of allyl isovalerate and other 
allyl esters used as flavor ingredients, it is 
concluded that the results of the NTP 
study do not provide evidence of a poten
tial carcinogenic effect in humans. It is 
notable that administration of allyl iso
valerate in the NTP study was associated 
with a statistically significant decrease in 
the incidence of tumors in liver, lung and 
thyroid in male mice and the pituitary in 
female mice. The nominal no observed 
adverse effect levels (NOAELs) of the 
toxicity studies are variable, but this may 
reflect an adaptive action by the animal. 

The relevance of the findings of the 
NTP study to the safety assessment of the 
use of allyl isovalerate as a flavor ingre
dient is particularly doubtful given that 
the dose levels of 31 mg/kglday and 62 
mg/kg/day of allyl isovalerate used in the 
rat and mouse 2-year bioassay are 
> 10,000,000 times the daily per capita 
intake ("eaters only") of 3 nglkg from use 
of allyl isovalerate as a flavor ingredient. 
This large margin of safety combined 
with the available toxicology data, in
cluding the results of the chronic NTP 
study, do not justify a modification of the 
current GRAS status of allyl isovalerate 
under conditions of intended use. 

Allyl isovalerate was reaffirmed as 
GRAS in 1995 based on its mode of 
hydrolysis (Anders, .. 1989; Heymann, 
1980; Butterworth et al., 1975), the me
tabolism of allyl alcohol and isovaleric 
acid (Racker, 1955; Serafini-Cessi, 1972; 
Patel et al. 1980; Voet and Voet, 1990), 
its very low level of flavor use, the safety 
factor calculated from results of sub
chronic and chronic studies (NTP, 1983), 
and its low acute oral toxicity (Moreno, 
1977; NTP, 1983). 

Dihydrocoumarin (FEMA No. 2381) 
Dihydrocoumarin (i.e., 3,4-dihydro

coumarin) is used as a flavor ingredient 
in foods up to an average maximum level 
of 164 ppm. Based on a reported annual 
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volume of 3,750 kg (NAS, 1987), the 
estimated daily per capita intake ("eaters 
only") of dihydrocoumarin is 12 !Jg/kg 
(see menthane section for calculation of 
intake). Dihydrocoumarin has not been 
reported to occur naturally in food (C!VO
TNO, 1994). 

NTP (1993) conducted a bioassay of 
dihydrocoumarin using the standard NTP 
protocol with F344 rats and B6C3F1 mice 
of both sexes. Rats and mice received 
dihydrocoumarin in corn oil by gavage 
five days per week for 1 03 weeks, provid
ing daily dose levels of 0, 150, 300, or 
600 mg/kg to rats and 0, 200, 400, or 800 
mglkg to mice. The NTP report conclud
ed: 

"Under the conditions of these 2-year 
gavage studies, there was some evidence 
of carcinogenicity of 3,4-dihydrocou
marin in male F344 rats based on the 
increased incidence of renal tubule ade
nomas and focal hyperplasia. The transi
tional cell carcinomas in two 600 mg!kg 
males may also have been chemical re
lated. There was no evidence of carcino
genic activity of 3,4-dihydrocoumarin in 
female F344 rats receiving 150, 300, or 
600 mg/kg. There was no evidence of 
carcinogenic activity of 3,4-dihydrocou
marin in male B6C3F1 mice receiving 
200, 400, or 800 mg/kg. There was some 
evidence of carcinogenic activity in fe
male B6C3F1 mice based on increased 
incidences of hepatocellular adenoma, 
and hepatocellular adenoma and carci
noma (combined)." 

In a dose-related manner, decreased 
survival rates were reported only in male 
rats at all dose levels, with the majority of 
deaths occurring after week 92. Only 2 of 
60 males rats survived to study termina
tion. The decreased survival was attribut
ed to a progressive degenerative neph
ropathy leading to renal failure. In a 
related stop-exposure, evaluation groups 
of male rats received 600 mg/kg dihydro
coumarin by gavage for 9 or 15 months 
(NTP, 1993), at which time half the ani
mals were necropsied while the remain
der (i.e., the stop-exposure group) re
ceived corn oil until death or the end of 
the study. Nephropathy was significantly 
greater for the stop-exposure group than 
for males sacrificed at 9 or 15 months. 
(Stop-exposure evaluations are intended 
to determine the progression or regres
sion of chemical-related lesions during 
the recovery period.) These findings indi
cate that this form of nephropathy is a 
progressive degenerative disease associ
ated with the aging process. Any chemi
cally related nephrotoxicity observed is 
probably irreversible, especially in the 
male sex of F344 rats. Female rats and 
mice of both sexes exhibited no signifi
cant change in survival rates, mean body 
weight changes, and no clinical findings 
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related to the administration of dihydro
coumarin. 

Microscopic examination of combined 
singie and step sections of the kidneys of 
male rats revealed a statistically signifi
cant (p<0.05) dose-related increase in 
renal tubule hyperplasia (control, 1 /50; 
150 mg/kg, 5/48; 300 mg/kg, 6/47; 600 
mg/kg, 8/50). The incidence of rena! tu
bule adenomas in the treated groups of 
male rats was not significantly different 
(p<0.05) than in the control group (con
trol, 1 /50; 150 mglkg, 1 /48; 300 mg/kg, 3/ 
47; 600 mg/kg, 6/50), but the total inci
dence of renal tubule adenomas in all 
groups of treated male rats (1 0/145) and 
in the high-dose group (6/50) exceeds the 
range in NTP historical controls (8/1,019). 
Renal transitional cell carcinomas were 
reported in two male rats that died early 
in the study (at days 444 and 528) at the 
600 mglkg dose level, but there was no 
evidence of transitional cell carcinomas 
in the majority (86%) of males surviving 
longer than 528 days. Step-sections 
showed no additional evidence of treat
ment-related response of the renal transi
tional cells. 

Although treated female rats also ex
hibited increased nephropathy at the two 
highest dose levels, they did not experi
ence a significant increase in either renal 
tubule hyperplasia or renal tubule neo
plasms. The incidence of renal tubule 
hyperplasia and neoplasms in male mice 
was not statistically significant and not 
dose-related (controls 0/50; 200 mg/kg, 
1/51; 400 mg/kg, 2/51; 800 mg/kg, 1/49). 
There was no incidence of renal tubule 
hyperplasia or renal tubule neoplasms in 
female mice. Additionally, no renal his
topathology was observed in dietary stud
ies providing similar dose levels of dihy
drocoumarin to rats or dogs for periods 
up to 2 years (Hagan et al., 1967; Trubeck 
Labs, 1957). Therefore, the renal hyper
plastic and neoplastic effects are sex and 
species specific. 

Chronic renal nephropathy and an in
creased incidence of focal hyperplasia 
and renal tubule neoplasms are well
recognized age-related phenomena in 
the male F344 rat. The male rat kidney 
has been shown to be a unique target 
organ for the carcinogenic effects of a 
variety of chemical substances (EPA, 
1991; Burdock et al., 1990). The Expert 
Panel concludes that the renal effects of 
dihydrocoumarin in the male rat are a 
species- and sex-specific phenomenon 
and reflect the sensitivity of the male rat 
kidney to chronic progressive nephropa
thy, focal hyperplasia, and specific tum
origenic responses. The occurrence of 
transitional cell carcinomas in two male 
rats cannot be assumed to be related to 
the daily administration of dihydrocou
marin, since there was no evidence of 

renal transitional cell changes in longer
lived animals at any dose level 

The high background incidence of hepa
tocellular adenomas and carcinomas

· 
in 

botli control and treated groups of male 
and female mice demonstrate the sensi
tivity of the B6C3F1 mouse liver to neo
plastic findings which is more pronounced 
for male B6C3F1 miGE}(Maron130t et a!., 
1986; Haseman et al., 1986). In the NTP 
study, the incidence of adenomas was 
greater in control or treated males (con
trol 29/50; 200 mg/kg, 23/51; 400 mg/kg, 
36/51; BOO mglkg, 31 /50) than in any 
group of control or treated females (con
trol 1 0/51; 200 mg/kg, 20/50; 400 mg/kg, 
22/50; 800 mglkg, 20/52); this demon
strates the increased sensitivity of the 
male mouse liver. The incidence of hepa
tocellular adenomas in all groups of treat
ed female mice was significantly greater 
than in the control group, but the inci
dence was not dose-related. 

1fl The incidence of hepatocellular carci
nomas was not significantly different 
between treated and control groups of 
male mice (control 11/50; 200 mg/kg, 
11/51; 400 mg!kg, 22/50; 800 mg/kg, 20/ 
52), but, again, the incidence of carcino
mas in control males was greater than in 
any group of treated females (control 3/ 
51; 200 mglkg, 2/50; 400 mg/kg, 4/50; 
800 mg/kg, 6/52). The incidence of hepa
tocellular carcinomas in groups of treat
ed female mice was not significantly 
different from that in the control group 
(control 3/51; 200 mglkg, 2/50; 400 mgl 
kg, 4/50; 800 mg/kg, 6/52). These neo
plastic findings are consistent with the 
historically high levels of background 
hepatocellular neoplasms in B6C3F1 mice 
(Maronpot and Boorman, 1982; Maron
pot et al., 1986; Haseman et al., 1986). 

The Expert Panel considers that the 
observations of hepatic neoplasms in the 
NTP mouse bioassay are not relevant to 
the safety of dihydrocoumarin when it is 
used as a flavor ingredient. This conclu
sion is consistent with that reached by 
others (Nutrition Foundation, 1983; FDA, 
1994) and is based on the high incidence 
of spontaneous hepatocellular neoplasms 
(adenomas and carcinomas) in the strain 
of mice studied, the absence of consis
tent dose-response data, the lack of hepa
tocellular neoplastic effects in rats, and 
the relatively high dose levels (800 mgl 
kg/day) administered, compared to in
take levels (0.012 mg/kglday) from use as 
a flavor ingredient. 

The Expert Panel also reviewed gena
toxicity data and concluded, on the basis 
of the weight of evidence, that dihydro
coumarin was not mutagenic (Prival et 
al., 1982; Haworth et al., 1983; Heck et 
al., 1989; NTP, 1993) and that the isolat
ed positive results from an SCE-CHO 
assay (NTP, 1993) performed at high 



solution concentrations of dihydrocou
marin were not evidence of a genotoxic 
potential. The negative response in the 
Salmonella mutagenicity assay (Ashby 
and Tenant, 1991) supports the Panel's 
conclusion that dihydrocoumarin exhib
its little potential for interaction with 
DNA. 

Dihydrocoumarin was reaffirmed as 
GRAS in 1995 based on its presumed 
mode of lactone ring hydrolysis and sub
sequent oxidative metabolism to carbox
ylic acids; its low level of flavor use; the 
safety factor calculated from results of 
subchronic (Lake et al., 1994) and chron
ic studies (Hagan et al., 1967); its lack of 
tumorigenic, genotoxic, and mutagenic 
potential (Prival et al., 1982; Haworth et 
al., 1983; Heck et al., 1989; NTP, 1993) 
and its very low acute oral toxicity 
(Moreno, 1972; Jenner et al., 1964; Lev
enstein, 1953). 
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Table 2-GRAS Flavoring Ingredients and 
that the substances are rronorrr/lv rornrrni7orl 

3797 

Substance 

4-Acetoxy-2.5-dimethyl-3 
(2H)furanone 

3798 2.4-Dihydroxybenzolc acid 

3799 1 .2-Dimethoxybenzene 

---
3800 4-Ethyloctanoic acid 

3801 Ethyl vanillin 
13-D-glucopyranoside 

3802 5-Hydroxy-2-dodecenoic 
acid lactone 

-Tab/19 2 continued on p. 80 

Baked 
goods 

5/10 

0.3/3.0 

15/150 

0.5/5.0 

Levels (usual ppm/average maximum ppm). FEMA average maximum levels on which the Expert Panel based its judgments 
safe for their Intended uses 
Frozen Meat Soft 
dairy products candy puddings Soups foods beveraaes beveraaes Other uses 

2/5 2/5 2/5 

450/450 100/100 500/500 500/500 

0.5/5.0 0.3/3.0 

1.0/10 

0.1/5.0 0.1/5.0 3.0/10 0.1/10 

1/ 2 2/5 

250/250 500/500 

0.1/1.0 0.1/1.0 

3.0/20 

0.1/5.0 1.0/15 

500/500 

0.1/1.0 

1.0/5.0 

1\ 

500/500 

0.2/2.0 

2.0/5.0 

hard candy 2/5 
confection frosting 2/5 
Imitation dairy 2/5 

breakfast cereals 500/500 
fats oils 500/500 
milk products 1 00/1 00 
cheese 500/500 
fruit ices 500/500 
poultry 500/500 
egg products 500/500 
fish products 500/500 
processed vegetables 1 00/1 00 
condiment relish 500/500 
jam jelly 500/500 
sweet sauce 500/500 
nut products 500/500 
reconstituted vegetable 500/500 
gravies 500/500 
imitation dairy 500/500 
chewing gum 3333/3333 
sugar substitutes 12500/125,000 
instant coffee tea 125/125 
seasonings flavors 25000/25000 

milk products 0.1/1.0 
hard candy 0.5/5.0 
chewing gum 15/30 

milk products 0.1/1.0 
cheese 1.0/1 0 
gravies 0.2/2.0 

hard candy 5.0/25 
instant coffee tea 5.0/50 

breakfast cereals 1.0/5.0 
other grains 1.0/5.0 
fat oils 5.0/15 
milk products 0.5/5.0 
cheese 0.5/5.0 
fruit juice 0. 1/5.0 
fruit ices 0.1/5.0 
poultry 0.1/5.0 
egg products 0.1/5.0 
fish products 0. 1/5.0 
processed vegetables 0. 1/5.0 
condiment relish 0.1/5.0 
confection frosting 3.0/25 
jam jelly 0. 1/5.0 
sweet sauce 0.1/5.0 
nut products 0.1/5.0 
reconstituted vegetable 0.1/5.0 
gravies 2.D/25 
imitation dairy 2.0/25 
hard candy 1.0!10 
chewing gum,2.0/15 
granulated sugar 0.1/5.0 
sugar substitutes 0.1/5.0 
instant coffee tea 2.0/15 
seasonings flavors 0.1/5.0 



! Table 2-GRAS Flavoring Ingredients and Usage Levels (usual ppm/average maximum ppm), continued 
FEMA Baked Frozen Meat Soft Gelatin a Snack Nonalcoholic Alcoholic 

� 
No. Substance goods dairy products candy puddings Soups foods beverages beverages Other uses 

c 3803 4-Hydroxy-3-methyl- - - - - - - - 0.5/3.0 1.0/5.0 hard candy l .0/5.0 

iii octanoic acid lactone chewing gum 2.0/l 0 

n 3804 2-lsopropyi-N.2.3-trimethyl- - - - - - - - - 3.0/8.0 confection frosting 50/150 :1: 
z butyramide hard candy 50!50 0 chewing gum 750/3000 

! 
3805 /-Menthol ethylene glycol - - - - 1500/2000 - - - - confection frosting 500/2000 

carbonate hard candy 500/2000 
chewing gum 5000/20.000 

() 
-1 3806 /-Menthol l-and 2-propylene - - - - - - - - - hard candy l 000/3000 0 OJ glycol carbonate chewing gum 5000/10.000 
m 
Jl 3807 /-Menthone 1.2- 50/80 - - 50/80 - - - lP/1·? - chewing gum 500/800 
co glycerol ketal "' 
a> 

3808 d,/-Menthone 1.2- 50/80 - - 50/80 - - - 10/15 - soft candy 50/80 
glycerol ketal chewing gum 500/800 

3809 cis- and trans-Menthone- l.0/10 0.2/10 - l.0/10 0.5/5.0 - - 0.1/0.3 0.2/5.0 breakfast cereals 0.5/5.0 
8-thioacetate fats oils 3.0/40 

milk products 0.2/10 
cheese 0.5/5.0 
fruit juice 0.2/l 0 
fruit ices 0.2/l 0 
processed vegetables 0.1/2.0 
confection frosting l.0/10 
jam jelly 0.5/10 
sweet sauce 0.2/5.0 
reconstituted vegetable 0.1/2.0 
imitation dairy 0.2/10 
hard candy l.O/l 0 
chewing gum 5.0/20 

3810 Mono-menthyl 300/900 70/210 - 200/600 150/450 - - 40/120 40/120 milk products 60/180 
succinate fruit ices 70/21 0 

confection frosting 200/600 
jam jelly 150/450 
hard candy 200/600 
chewing gum 1250/3750 

3811 Neohesperidin - 2.0/3.0 - 2.0/3.0 2.0/3.0 1.0/2.0 - 2.0/3.0 -- fats oils 4.0/4.0 
dlhydrochalcone milk products 2.0/3.0 

fruit juice 2.0/3.0 
fruit ices 1.0/2.0 
processed vegetables 2.0/3.0 
condiment relish 2.0/3.0 
jam jelly 2.0/3.0 
sweet sauce 2.0/3.0 
Imitation dairy 3.0/4.0 
hard candy 2.0/4.0 
chewing gum 4.0/5.0 

3812 Sodium 3-methoxy-4- 100/]00 - - - 100/100 - - 400/400 -- sweet sauce 300/300 
hydroxycinnamate sugar substitutes 2000/2000 

3813 Taurine 250/250 - 585/585 - - 500/500 2100/2100 30/30 -- breakfast cereals 1 000/ 1 000 
fats oils 565/565 
cheese 630/630 
poultry 550/550 
egg products 190/190 
fish products 190/190 

r "-��·� 



0 
._ 0 
If) 

0 
._ 0 
If) 

0 
N ._ 
q 

0 
If) ._ 0 
N 

0 
N ._ 
q 

0 
If) ._ 0 
N 

0 
N ._ 0 
N 

._ 
q 

c 
0 
c 

c :C  :.= E  
0 0  
E O  ::::d!? 
0 '  
.c. <Xl 
,_ 

'<t 
a; 
"' 

._ 0 
If) 

0 

'"' 
::::: 0 
If) 

Ci3 
.c. +-
(J) 
>. 
£ 
(J) 

� 
·c: 
0 

> 

'"' 
a; 
"' 

(Continued from page 77) 

Oser, B.L and Ford, R.A. 1 99 1 . FEMA Expert 
Panel: 30 years of safety evaluation for the flavor 
industry. Food Techno!. 45(1 1 ): 84-97. 

Oser, B .L and Hall, R.L 1 972. Recent progress in 
the consideration of flavoring ingredients under 
the Food Additives Amendment. 5. GRAS sub
stances. Food Techno!. 26(5): 35-42. 

Oser, B.L and Hall, R.L 1 977. Criteria employed 
by the expert panel of FEMA for the G RAS 
evaluation of flavoring substances. Food Techno!. 
1 5 : 457-466. 

Oser, B .L, Ford, R.A., and Bernard, B . K. 1 984. 
Recent progress in consideration of flavoring 
i ngredients under the Food Additives Amend
ment. 1 3 .  GRAS substances. Food Techno!. 
38(1 0): 66-89 . 

Oser, B.L, Weil, C.L,Woods, LA. and Bernard, 
B.K.  1 985. Recent progress in the consideration 
of flavoring ingredients under the Food Addi
tives Amendment. 1 4. GRAS substances. Food 
Techno!. 39(1 1 ): 1 08-1 1 7. 

Parent, H.A., Caravello, H.E., and Long, ). E. 
1 992 . Two-year toxicity and carcinogenicity 
study of acrolein in rats. ) .  Appl ied Toxicol. 1 2 : 
1 3 1 -1 39. 

Patel, ).M., Wood, )., and Leibman, K.C. 1 980. 
"Q!e B iotransformation of allyl alcohol and ac
rolein in rat liver and lung preparations. Drug 
Metabolism Disposition. 8: 305. 

Prival, M.)., Sheldon, A.T. )r.,  and Popkin, D.  
1 982. Evaluation, using Salmonella 
typhimurium, of the mutagenicity of seven 
chemicals found in cosmetics. Food Chemical 
Toxicol. 20: 42 7-43 2 .  

Racker, F. 1 955. " Methods in Enzymology," Vol. 
1, pp. 502. Academic Press, Inc., New York, pp. 
502. Cited in M. Legator and D. Racusen. ) .  
Bacterial. 77:  1 20 (1 959). 

Serafin i-Cessi, F. 1 972 . Conversion of allyl alco
hol from acrolein by rat l iver. Biochem. ) .  1 28: 
1 1 03 .  

Smith, R.L. and Ford, R.A. 1 993. Recent progress 
i n  the consideration of flavoring i ngredients 
under the Food Additives Amendment. 1 6. GRAS 
Substances. Food Techno!. 47(6) : 1 04-1 1 7. 

Spindler, P. and Madsen, C. 1 992 . Subchronic 
toxicity study of peppermint oi l  i n  rats. Toxicol. 
Letters. 62: 2 1 5-220. 

Stolberg, ). and Kirschman, ).C. 1 985. The con
sumption ratio of flavoring materials: A mecha
nism for setting priorities for safety evaluation. 
Food Chem. Toxicol. 23: 857-860. 

Thorup, 1., Wuertzen, )., Carstensen, )., and Olsen, 
P. 1 983a. Short-term toxicity study in  rats dosed 
with peppermint oil .  Toxicol. Letters 1 9: 2 1 1 -
2 1 5 . 

Thorup, 1., Wuertzen, )., Carstensen, )., and Olsen, 
P. 1 983b. Short-term toxicity study in rats dosed 
with pulegone and menthol. Toxicol. Letters 1 9: 
207-2 1 0. 

Trubeck Labs. 1 95 7. Unpublished report. Toxico
logical screening of components of food flavors. 
Dihydrocoumarin (benzodihydropyrone). 

Voet, D. and Voet, ) .G. 1 990. "Biochemistry," 
john Wiley and Sons, New York. 

Will iams, R.T. 1 940. Studies in detoxication. 7. 
The biological reduction of /-menthane to d
neomenthol and of d-isomenthone to d
isomenthol in  the rabbit. The conjugation of d
neomenthol with glucuronic acid. Biochem. ). 
34: 690-697 . 

Woods, L and Doull, ). 1 991 . GRAS evaluation of 
flavoring substances by the Expert Panel of 
FEMA. Regulatory Toxicol. Pharmacal. 1 4: 48. 

Y-amaguc-hi, - T;; - -Ca-fdvvelt--t.,-- and- farmer; P.B.  
1 994. Metabolic fate of (3H)-/-menthol i n  the 
rat. Drug Metabolism Disposition 22:  61 6-624. 

Photos on p. 71 courtesy Dragoco, Inc.; Haarmann 
& Reimer GmbH; and Technology Flavors & Fra
grances, Inc. 
-Edited by Neil H. Mermelstein, Senior Associate 
Editor 

OCTOBER 1996-FOOD TECHNOLOGY 81 


