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GRAS Flavoring

Substances

s the FEMA Expert Panel enters its

fifth decade, it continues to con-
duct a comprehensive program of safety
evaluation of flavoring substances under the
authority of Section 201(s) of the Federal
Food, Drug, and Cosmetic Act, a provision
commonly known as the GRAS (“generally
recognized as safe”) provision.

Expert Panel activities primarily involve the
evaluation of new flavoring substances and, at
regular intervals, the reevaluation of all existing
GRAS flavoring substances. The first compre-
hensive reassessment of GRAS flavoring sub-
stances (the GRAS affirmation program, GRA-
Sa) was completed in 1985. A second reassess-
ment of the safety of all existing GRAS sub-
stances began in 1994 and is scheduled for
completion during 2005.

The Panel recognizes that advances in flavor
technology will influence the types of substanc-
es submitted for GRAS evaluation. The Panel is
committed to the comprehensive GRAS evalua-

tions of contemporary products emerging
from these new technologies. Flavors are typi-
cally mixtures of substances, most of which im-
part flavor (e.g., menthol and cinnamalde-
hyde), while others perform non-flavor func-
tions such as preservatives (BHA), solvents
(ethyl alcohol), modifiers (neohespiridin dihy-
drochalcone), and emulsifiers (Table 1). Sub-
stances that do not impart flavor may serve
several functions and have significant uses in
the food supply. In these instances, the Panel
evaluates the substance for GRAS status based
only on its intended use as a component of a
food flavor. This criterion is entirely consistent
with Section 201(s), which states that for a sub-
stance to be considered GRAS it must be “safe
under conditions of intended use.” It is also
consistent with past Panel decisions in which
substances having non-flavor functions (sol-
vents, modifiers, antioxidants, etc.) have been
recognized as GRAS for their intended use in a
compounded flavor (Table 1).
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Historically, the vast majority of fla-
voring substances either occur naturally
in food or are chemically close structur-
al relatives of naturally occurring sub-
stances. Of the remaining xenobiotic
substances, a few either possess struc-
tural features that suggest significant
toxicity or are expected to be metabo-
lized to substances of significant toxici-
ty. Over the past few years, GRAS appli-
cations have been made for a number
of chemically designed flavoring sub-
stances that contain such structural
alerts. Inevitably, extensive and costly
studies are required to complete the
safety evaluations for these substances.
The Panel emphasizes that the manu-
facturer should seriously consider those
factors that may affect the safety assess-
ment during the early stages of design
and development of a flavoring sub-
stance. Those concerned with the design
of novel chemical flavors are urged to
avoid, as far as possible, structural fea-
tures that are associated with potential
toxicity. The fact that flavors themselves
provide no direct health benefit requires
that there be clear evidence of the safety
of flavoring substances under condi-
tions of use.

In this, the 19th GRAS publication,
58 new GRAS flavoring substances are
identified together with new use levels
and food categories for two existing
GRAS substances. These are shown in
the tables on pages 76-84.

Consistent with other GRAS publi-
cations (Oser et al., 1985; Burdock et al.,
1990; Smith and Ford, 1993, 1996, 1997;
Newberne et al., 1998), GRAS 19 con-
tains the safety evaluation of flavoring
substances for which significant rele-
vant scientific data have become avail-
able (process flavors and cinnamyl an-
thranilate). It also clarifies the official
name of one FEMA GRAS flavoring
substance (FEMA No. 2804).

Recent Developments in
the Flavor Industry

In the decade of the 1990s, the fla-
vor industry became increasingly glo-
bal. It has committed to an internation-
al program in which all flavoring sub-
stances in the global marketplace will be
recognized as safe for their intended use
in food. The globalization of the flavor
industry has had a significant impact
on the activities of the FEMA Expert
Panel and international committees re-
sponsible for the safety evaluation of
flavoring substances (e.g., the Joint Ex-
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pert Committee on Food Additives, the
Food and Agriculture Organization,
and the Scientific Committee for
Foods). In response, the Expert Panel
has engaged in an extensive review of all
scientific data relevant to the safety eval-
uation of existing FEMA GRAS sub-
stances. Since 1994, the Expert Panel has
reevaluated and reaffirmed the GRAS
status (GRASr) of almost 1,000 flavor-
ing substances (Fig. 1). When necessary,
the Panel has requested that additional
studies be performed to complete the
GRAST process.

The Panel recognizes that the
GRASr program must be transparent
worldwide. Therefore, it has initiated a
program to publish in the peer-reviewed
literature, scientific reviews of the data
that, in part, provide the scientific basis
for the Panel’s GRAS decisions (Adams
etal., 1996, 1997, 1998; Newberne et al.,
1999).

In the past three years, the Panel has
also experienced a dramatic increase in
the number of GRAS applications for
new flavoring substances. The majori-
ty of the new GRAS substances have

IELICNE Selected FEMA GRAS Substances with multiple functions

Substance FEMA No. Non-flavor function
Acetone 3326 Solvent
Butylated hydroxytoluene 2184 Preservative
Carmine 2242 Color
Carrageenan 2596 Stabilizer/emulsifier
Diacetyl 2370 Adjuvant
Disodium 5-guanylate 3668 Enhancer
Ethanol 2419 Solvent
Ethylene oxide 2433 Fumigant
Glutamic acid 3285 Nutrient
Glycine 3287 Nutrient/masking agent
Guar gum 2537 Emulsifier
Lactisole 3773 Modifier
Methyl paraben 2710 Preservative
Propyl gallate 2047 Antioxidant
Thaumatin 3732 Modifier
Triacetin 2007 Solvent/humectant/adjuvant
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Fig. 1—Cumulative number of flavoring substances evaluated in the FEMA GRAS,

FEMA GRASr, and JECFA programs
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been in use worldwide, but have not
been recognized as GRAS for use in
the United States. By comparison, the
number of substances recognized as
GRAS between 1997 and 1999 exceed-
ed the total number of substances rec-
ognized as GRAS in the prior two de-
cades.

International programs on flavor
safety evaluation have also felt the im-
pact of globalization. Since 1996, FAO/
WHO's Joint Expert Committee on
Food Additives has evaluated the safety
of more than 600 flavoring substances
(JECFA, 1996, 1998, 1999), as shown in
Fig. 1. Globalization of the flavor indus-
try has created a multifaceted interna-
tional program of safety evaluation of
flavoring substances that will eventually
provide a global list of flavoring sub-
stances recognized as safe for their in-
tended use in food (Munro et al., 1998).

Process Flavors

Process flavors (PFs) are formed
from the thermal reactions of low-
molecular-weight substances (e.g., ami-
no acids, peptides, monosaccharides,
and fatty acids) that are components of
proteins, carbohydrates, and fats. As a
result of cooking, low levels of PFs are
produced that enhance the taste and
aroma of food. For decades, manufac-
tured PFs have been added to food to
mimic the chemical reactions that result
from cooking.

These reactions often involve the
formation of two types of amines—
monocyclic heteroaromatic amines
(MHAs) and polycyclic heteroaromatic
amines (PHASs). Low levels (parts per
million, ppm) of MHAs (e.g., pyrazines
and thiazoles) are mainly responsible
for the desirable flavor and aroma of
cooked food. Lower levels (parts per
billion, ppb) of PHAs (e.g., imidazo-
quinolines and imidazoquinoxalines),
which form upon prolonged cooking at
elevated temperatures, do not signifi-
cantly contribute to the flavor and may
be considered side-products. However,
high levels of PHAs have been shown to
be mutagenic in standardized test as-
says and carcinogenic in rodent studies
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(Munro et al., 1993). Therefore, the for-
mation of PHAs may potentially affect
the safety of PFs.

At the request of the Expert Panel,
FEMA sponsored a comprehensive
study to identify and quantitate PHAs
present in a wide variety of PFs and to
determine the intake of PHAs that are
added to or formed naturally in cooked
food. In the study completed in 1999,
102 PFs were analyzed for the presence
of 5 PHAs:

2-amino-3-methylimidazo[4,5-f]-
quinoline (IQ)

2-amino-3,4-dimethyl-3H-imida-
zo[4,5-flquinoline (MelQ)

2-amino-3,8-dimethylimidazo[4,5-f]-
quinoxaline (MelQx)

2-amino-2,4,8(or 3,7,8)-trimethyl-
imidazo[4,5-flquinoxaline (diMelQx)

2-amino-N-methyl-5-phenylimida-
zo pyridine (PhIP)

With a detection limit of 50 ppb
(Gross, 1990; Knize and Salmon, 1998),
10 of 90 samples contained one or two
PHAs at levels <50 ppb, while 2 samples
contained PHAs barely above the 50-
ppb limit (67 ppb 1Q and 59 ppb
MelQx). There were no detectible levels
of PHAs in 78 samples.

Using the 67 ppb 1Q and 59 ppb
MelQx as a “worst-case scenario” for
exposure to PHAs through PF con-
sumption, the total daily per capita in-
take of 1Q and MelQx from consump-
tion of PFs added to food was estimat-
ed to be 1.62 x 10 and 1.43 x10-° ng/
day, respectively. Based on levels of 1Q
and MelQx that form naturally in
cooked meats (Skog, 1993; Jackson et
al., 1994), it was concluded that the in-
take of PFs added to food is negligible
compared to the intake from cooked
foods. In addition, the intake levels of
PHAs that resulted in toxicity in animal
studies are at least 100,000 times the to-
tal intake of PHAs from consumption
of cooked meats and that added to
food. On the basis of these observa-
tions, the Panel judged that process fla-
vors do not present a safety concern
under current conditions of use.

Safety Evaluation of
Cinnamyl Anthranilate
Cinnamyl anthranilate (CA)—
FEMA No. 2295—was reported to be
used as a flavoring substance beginning
in the 1940s (Opdyke, 1975). In 1980,
the results of a two-year National Toxi-
cology Program (NTP) bioassay study
were released (NCI, 1980), concluding

that CA was carcinogenic for male and
female B6C3F1 mice and male F344/N
rats. Under pressure from public inter-
est groups, the Food and Drug Admin-
istration evaluated these results and, in
1985, concluded that CA should be pro-
hibited from use in food. In compliance
with FDA'’s decision, flavor industry
members voluntarily agreed not to use
CA as a flavoring substance.

In national surveys (NAS, 1972,
1975) prior to 1982, the use of CA was
less than 300 kg/year. The estimated
daily per capita intake (“eaters only™)
was <1 pg/person/day from use of CA
as a flavoring substance. The intake cal-
culation used was:

(annual volume, kg)(1 x 10° wg/kg)
(population x 0.6 x 365 days)

where population = 215 x 10° for the
U.S. in 1975 and 0.6 represents the as-
sumption that only 60% of the flavor
volume was reported in the surveys. In
three surveys after 1982 (NAS, 1982,
1987; FEMA, 1999), there was no re-
ported usage of CA as a flavoring sub-
stance.

Additional scientific studies on CA
and significant advancements in inter-
pretation of the results of rodent bioas-
says have provided the basis for reeval-
uation of the safety of CA for use as a
flavoring substance. Following is the
Expert Panel’s reevaluation of the safety
of CA for use as a flavoring substance.

Metabolism. A two-year bioassay
(NCI, 1980) was performed with CA
(see Toxicological Studies section be-
low). Results of the bioassay stimulated
numerous metabolic studies which are
described here.

At low dose levels in rodents, CA is
hydrolyzed to cinnamyl alcohol and an-
thranilic acid. However, at high oral
dose levels (>750 mg/kg body weight/
day) in mice, ester hydrolysis is incom-
plete, resulting in the in-vivo presence of
the intact ester (Keyhanfar and Cald-
well, 1996). Saturation of the hydrolysis
pathway has been observed only at high
dose levels in mice (Keyhanfar and
Caldwell, 1996; Caldwell and Viswalin-
gam, 1989).

Keyhanfar and Caldwell (1996)
conducted three studies:

1. A single dose of 250 mg/kg was
administered by intraperitoneal (i.p.)
injection to both F344/N rats and CD-1
mice, and urine was collected for 24 hr.

Continued on page 70
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In the rat, 95% of the dose was recov-
ered as hippuric acid and 4% as benzoic
acid; no unchanged CA was recovered.
In mice, 77% of the dose was recovered
as hippuric acid, 19% as benzoic acid,
and 2% unchanged.

2. In a multiple dose study, male
CD-1 mice received i.p. injections of 5,
10, 20, 50, 100, or 250 mg/kg bw. Over
all dose levels, the relative amounts of
hippuric acid and benzoic acid present
in the urine as metabolites were essen-
tially unchanged. However, at dose lev-
els =10 mg/kg bw, unhydrolyzed CA
was detected in the urine. The relative
amount of CA increased with increasing
dose levels of >10 mg/kg bw.

3. The third study (Keyhanfar and
Caldwell, 1996) investigated the effects
of dietary concentrations of 0, 100,
1,000, 5,000, 15,000, or 30,000 ppm of
CA administered in feed to male and fe-
male B6C3F1 mice for 21 days. These
levels are calculated to provide an aver-
age daily intake of ca. 0, 15, 150, 750,
2,250, or 4,500 mg/kg, respectively
(FDA, 1993). The two highest concen-
trations correspond to the same dose
levels used in the two-year NTP bioas-
say (NCI, 1980). In both the male and
female mice, unchanged CA was detect-
ed in the urine at dietary levels of
=5,000 ppm (ca. 750 mg/kg bw/day).
There was no evidence of unhydrolyzed
ester in the urine of humans adminis-
tered a single oral dose of 250 mg CA.

Large doses of CA administered to
mice, resulting in saturation of the hy-
drolysis pathway, have also been associ-
ated with hepatic enzyme induction
(Caldwell, 1992). The enzymatic basis
for the species differences in metabo-
lism has been studied in hepatic mi-
crosomes of rats, mice, and humans.
The results show that while CA is hy-
drolyzed relatively slowly by hepatic mi-
crosomes of rats and humans, the ester
is essentially unreactive in mice liver mi-
crosomes, with <10% hydrolysis occur-
ring over a 24-hr period (Caldwell,
1992). In mice, CA was shown to cause
a pattern of enzyme induction that is
characteristic of peroxisome prolifera-
tion, including increases in cytochrome
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P450, lauric acid omega-hydroxylation,
and peroxisomal fatty-acid oxidation
(Viswalingam et al., 1988). Peroxisome
proliferation would not be expected in
humans (Keyhanfar and Caldwell,
1996).

Toxicological Studies. Groups of 50
F344/N rats or 50 B6C3F1 mice of each
sex were fed in diets containing 0,
15,000 or 30,000 ppm for 103 weeks and
then observed for an additional 2-3
weeks. The dietary levels of 15,000 and
30,000 ppm are calculated to provide an
average daily intake of 2,250 and 4,500
mg/kg bw/day, respectively (FDA, 1993).
Control groups consisted of 50 untreat-
ed rats and 50 untreated mice of each
sex. All surviving animals were termi-
nated and necropsied at 105-107 weeks.
Dose-related reductions in mean body
weight gain occurred in all groups of
dosed male and female rats and mice.
Mean body weight gains for high-dose
groups of both sexes of mice were as
much as 30% lower than those for re-
spective control groups (NCI, 1980).

The pathological findings were as
follows:

1. Renal Non-Neoplastic and Neo-
plastic Lesions. Chronic renal inflam-
mation was observed in control (35/
48), low-dose (47/50), and high-dose
(44/49) groups of male rats, but was
less in female rats (controls, 9/48; low-
dose 9/50; high-dose, 16/50). An in-
creased incidence of renal mineraliza-
tion in the low-dose (17/50) and high-
dose groups (30/49) was observed in
male rats compared to controls (0/48),
but no significant increase (controls, 2/
48; low-dose 0/50; high-dose, 3/50) was
observed in treated female rats com-
pared to controls. The lower incidence
of chronic inflammation and lack of re-
nal mineralization in all groups of fe-
male rats suggest that renal toxicity is
less pronounced in the female rat than
in the male rat. No increased incidences
of renal toxicity or renal neoplasms
were reported for dosed groups of male
or female mice.

Tubule adenomas (2/50) and adeno-
carcinomas (2/50) of the renal cortex
were reported in the high-dose group of
male rats, but their incidences were not
statistically significantly increased com-
pared to controls (0/48). No renal tu-
mors were observed in control or low-
dose groups of male rats or in any
group of female rats or mice. Based on
the historical incidence among male
controls at the laboratory (0/634) and

the incidence in all laboratories in the
NTP Testing Program (8/1,538, 0.37%),
the NTP report concluded that “Under
the conditions of these 2-year dietary
studies, there was evidence of carcinoge-
nicity of cinnamyl anthranilate in male
F344/N rats based on the increased inci-
dence of renal tubule adenomas and
adenocarcinomas” (NCI, 1980).

Chronic renal nephropathy (i.e., in-
flammation and mineralization) and
renal tubule neoplasms were reported
when CA was administered to male rats
in the diet for two years. The increase in
the incidence of renal neoplasms in
male rats was not statistically significant
compared to controls. Although treated
female rats also exhibited a slight in-
crease in the incidence of renal inflam-
mation, they did not show any renal tu-
bule neoplasms. Also, no renal neo-
plasms were reported in control or
treated B6C3F1 mice. The data clearly
indicate that renal toxicity and subse-
guent neoplasms are sex and species-
specific effects and occur only at chronic
high levels of intake (>2,000 mg/kg bw/
day). Also, at these high dose levels, un-
hydrolyzed intact ester was present in
vivo.

The sensitivity of the male rat to
these types of kidney changes is related
to spontaneous nephropathy during
aging, which may be exacerbated by ad-
ministration of high dose levels of test
material (Boorman et al., 1990). Similar
findings have been observed at high in-
take levels of other substances (NTP,
1992, 19934, b). In addition, dosed male
rats showed significantly lower growth
rates (30% lower). It would appear that
the renal neoplasms were unrelated to
the administration of CA in the diet. It
is evident that the renal effects in the
male rat are species- and sex-specific
phenomena that reflect the sensitivity of
the male rat kidney to chronic progres-
sive nephropathy, focal hyperplasia,
and specific tumorigenic responses (Ad-
ams et al., 1996, 1998; Boorman et al.,
1990).

2. Pancreatic Acinar-Cell Neoplasms
in Male Rats. The incidence of pancreat-
ic acinar-cell adenomas (2/45) and car-
cinomas (1/45) was increased in the
high-dose males (3/45; 7%) compared
to controls (0/42). No pancreatic neo-
plasms were observed in low- and high-
dose female rats. Although the in-
creased incidence of pancreatic neo-
plasms was not statistically significant
compared to control rats in the study,
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according to NTP the historical inci-
dence of this type of neoplasm in aging
F344/N control rats is extremely low—
the historical incidence for controls in
participating NTP laboratories is 6/
1,538 (0.28%). Therefore, NTP consid-
ered occurrence of these neoplasms to
be related to administration of the test
material.

Since completion of the two-year
bioassay with CA, results of other carci-
nogenicity studies have identified two
factors which are strongly associated
with the appearance of pancreatic aci-
nar-cell neoplasms in the male F344/N
rat. The incidence of these lesions in the
male F344/N rat is clearly related to the
use of corn oil as a gavage vehicle (NTP,
1994). Groups of male rats were given
0, 2.5, 5.0, or 10 mL/kg corn oil by gav-
age daily, 5 days a week, for two years.
A statistically significant and dose-relat-
ed increase in the incidence of pancreatic
acinar-cell hyperplasia (controls, 8/50;
2.5 mL/kg, 28/47: 5.0 mL/kg, 28/50; 10
mL/kg, 35/50) and adenomas (controls,
0/50; 2.5 mL/kg, 8/47: 5.0 mL/kg, 10/50;
10 mL/kg, 23/50) was observed. One
carcinoma was reported in one male rat
at the 5 mL/kg level. NTP concluded
that “use of corn oil as a gavage vehicle
may have a compounding effect on the
interpretation of chemically-induced
proliferative lesions of the exocrine pan-
creas in male F344/N rats” (NTP, 1994).

The appearance of these neoplasms
of the exocrine pancreas has also been
related to hepatic peroxisome prolifera-
tion in male F344/N rats. The sex-spe-
cific phenomenon also has been ob-
served when F344/N male rats were ex-
posed to high dose levels of other per-
oxisome proliferators (e.g., butyl benzyl
phthalate and hypolipidemic drugs,
clofibrate and nafenopin) (Malley et al.,
1995; NTP, 1997a; Reddy and Qureshi,
1979; Svoboda and Azarnoff, 1979).
The appearance of tumors in male rats
is consistent with studies showing that
testosterone stimulates, and estrogen
inhibits, the growth of pancreatic aci-
nar-cell neoplasms in rats (Lhoste et al.
1987 a, b; Sumi et al. 1989; Longnecker
and Sumi et al., 1990).
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The impact of diet on the occur-
rence of these neoplasms in male rats
has been recently studied (NTP, 1997Db).
The incidence of pancreatic acinar-cell
neoplasms was 10/50 and 0/50, respec-
tively, for male rats fed either ad libitum
or placed on a restricted feed protocol
containing 12,000 ppm butyl benzyl
phthalate for two years. Therefore, the
appearance of these neoplasms is sex-,
species-, dose-, and diet-dependent
among rodents. Several human studies
of hypolipidemic drugs which are rec-
ognized peroxisome proliferators in ro-
dents have failed to show any signifi-
cant difference in cancer deaths between
treated patients and a placebo-treated
group (IARC, 1996).

Given these more recent data on
corn oil gavage and the lack of any cor-
respondence between bioassay results
and human studies with peroxisome
proliferators, it is concluded that the in-
creased incidence of acinar-cell neo-
plasms in the F344/N male rat is associ-
ated with hepatic peroxisomal prolifer-
ation induced by CA administered in
corn oil (5 mL/kg). The direct relation-
ship of the use of corn oil as a gavage
vehicle to the incidence of pancreatic
acinar-cell neoplasms in the NTP study
clearly compounds any interpretation
of the relevance of these results to a hu-
man health assessment. In any event,
the association of hepatic peroxisome
proliferation and the incidence of pan-
creatic acinar-cell neoplasms is specific
to the male F344/N rat and therefore is
not relevant to the human health risk
assessment of CA.

3. Hepatocellular Neoplasms in Mice.
Neoplastic and non-neoplastic lesions
associated with administration of CA to
mice developed principally in the liver

(Table 2). Treated groups of male and
female mice showed evidence of lipoi-
dosis, hemosiderosis, and hyperplasia
of hepatocytes. There was a statistically
significant increase in the incidence of
combined hepatocellular adenomas and
carcinomas [control, 14/48; 15,000 ppm
or 2,250 mg/kg, 30/50 (P = 0.003);
30,000 ppm or 4,500 mg/kg, 37/47 (P <
0.001)] in male mice compared to that
of the control group (Table 2). Howev-
er, the increase in the incidence of hepa-
tocellular carcinomas (control, 6/48;
15,000 ppm or 2,250 mg/kg, 7/50;
30,000 ppm or 4,500 mg/kg, 12/47) was
not statistically significant. There was a
statistically significant increase in the in-
cidence of hepatocellular carcinomas
[control, 1/50; 15,000 ppm or 2,250 mg/
kg, 8/49 (P = 0.014); 30,000 ppm or
4,500 mg/kg, 14/49 (P < 0.001)] and
combined adenomas and carcinomas
[control, 3/50; 15,000 ppm or 2,250 mg/
kg, 20/49 (P < 0.001); 30,000 ppm or
4,500 mg/kg, 33/49 (P < 0.001)] in
dosed groups of female mice. Four
high-dose and two low-dose females
were diagnosed as having both ade-
nomas and carcinomas.

The NTP report concluded that
“Based on increased incidences of hepa-
tocellular adenomas, and hepatocellular
adenomas and carcinomas, cinnamyl
anthranilate was considered carcino-
genic for male and female B6C3F1 mice
receiving 15,000 or 30,000 ppm in the
diet” (NCI, 1980).

Since performance of the original
bioassay (NCI, 1980), additional stud-
ies on more than 70 substances have es-
tablished a direct correlation between
the increased incidence of hepatocarci-
nogenicity and the induction of peroxi-
some proliferation in rodent livers

IELI WA Incidences of hepatocellular neoplasms associated with
administration of cinnamyl anthranilate to mice in the diet for two years

Control
Male Mice
Hepatocellular adenoma 8/48
Hepatocellular carcinoma 6/48
Combined rates® 14/48 (29%)
Female Mice
Hepatocellular adenoma 2/50
Hepatocellular carcinoma 1/50
Combined rates® 3/50 (6%)

15,000 ppm 30,000 ppm
23/50 25/47
7/50 12/47

30/50 (60%) 37/47 (79%)

12/49 19/49
8/49 14/49
20/49 (41%) 33/49 (67%)

*Historical incidence for two-year dietary studies with control groups (mean std. dev.): 112/257 (47%)

®Historical incidence: 37/273 (14%)
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(Ashby et al., 1994). Studies performed
by the European Centre for Ecotoxicity
and Toxicology of Chemicals (ECE-
TOC, 1992) show that peroxisome pro-
liferators form a discrete category of
rodent liver carcinogens, the carcinoge-
nicity of which does not involve direct
genotoxic mechanisms.

Histological evidence of peroxisome
proliferation in rodents is reflected by
an increased peroxisome/mitochondrial
ratio which is correlated with increases
in target organ weights, total cyto-
chrome P-450 content, and activities in
microsomal lauric acid omega-hydrox-
ylation, carnitine acetyl transferase, and
cyanide (CN-) insensitive palmitoyl-
CoA (Reddy et al., 1980, 1986; Reddy
and Lalwai, 1983; Barber et al., 1987).
Peroxisome proliferation is a transcrip-
tion-mediated process involving the
peroxisome proliferator—activated re-
ceptor (PPAR) in the hepatocyte nu-
cleus. The role of PPAR« in the induc-
tion of hepatocarcinogenicity in the
mouse has been clearly established (Pe-
ters et al., 1997). Carcinogenicity studies
with mice genetically modified to re-

move PPAR«a show no evidence of ei-
ther peroxisome proliferation or carci-
nogenicity. Given that levels of expres-
sion of PPAR« in humans is 1-10% of
levels found in the rat or mouse (Palm-
er et al., 1994, 1998), humans are refrac-
tory to peroxisome proliferation fol-
lowing chronic exposure to potent ro-
dent peroxisome proliferators. No sig-
nificant evidence of peroxisome prolif-
eration has been observed in human
studies with several potent hypolipi-
demic drugs that are peroxisome prolif-
erators (reviewed in Doull et al., 1999
and Ashby et al., 1994). Based on these
observations, it is concluded that the
hepatocarcinogenic response in rodents
is not relevant to the human health as-
sessment of CA.

Conclusion

When the above information is
combined with recent data on metabo-
lism and enzyme induction, it may be
concluded that hepatic peroxisome pro-
liferation is both a rodent-specific and a
dose-dependent phenomenon induced
by the intact ester CA (Viswalingam et

al., 1988; Keyhanfar and Caldwell, 1996;
Caldwell, 1992). Specifically, repeated-
dose metabolism studies have shown
that above a threshold dose of 500 mg/
kg bw/day, intact CA given i.p. or in the
diet to mice shows a dose-dependent
increase in liver weight, total cyto-
chrome P-450, microsomal lauric acid
omega-hydroxylation and cyanide-in-
sensitive palmitoyl-CoA activity, and
peroxisome/mitochondria ratio in he-
patic cells (Caldwell, 1992; Viswalingam
et al., 1988). These markers for peroxi-
some proliferation correspond to dose
levels at which saturation of the hydrol-
ysis pathway leads to the presence of
the intact ester in vivo. Therefore, per-
oxisome proliferation caused by CA is a
dose-dependent effect that is specific
only to F344/N rats.

The FEMA Expert Panel considers
that the report of pancreatic neoplasms
in the male F344/N rat is related to use
of corn oil as a gavage vehicle and is a
secondary response to peroxisome pro-
liferation. Likewise, hepatic neoplasms
in the B6C3F1 mouse in the NTP bioas-
say are secondary responses to peroxi-
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some proliferation. Since peroxisome
proliferation is a dose-dependent effect
specific to rodents, the results of the
bioassay are not relevant to the safety
of CA in humans at low levels of intake
from its use as a flavoring substance.
This conclusion is supported by the fact
that CA is not genotoxic.

Finally, the continuum of chronic
progressive nephropathy, focal hyper-
plasia, and renal neoplasms reported in
the male F344/N rat are concluded to be
a species-, strain-, and sex-specific phe-
nomenon and is not relevant to the
safety evaluation of cinnamyl anthra-
nilate from its past use as a flavoring
substance.

Correction

The Expert Panel’s conclusion that
3-hydroxymethyl-2-heptanone (FEMA
No. 2804) is considered GRAS for use
as a flavoring substance was published
in GRAS 3 (Hall and Oser, 1965) with
the name 3-octenone-1-ol. This name is
incorrect. The new name for FEMA No.
2804 should be 3-hydroxymethyl-2-
heptanone.

Expert Panel
Membership Changes

The FEMA Expert Panel would like
to express their condolences at the pass-
ing of Carrol S. Weil. He served as an
expert panel member from 1981 to
1998. He also served on numerous Na-
tional Academy of Sciences committees,
editorial boards of technical journals,
and Society of Toxicology committees.
He will be sadly missed.

In January 1999, Victor J. Feron,
consultant to TNO Nutrition and Food
Research Institute, Professor Emeritus,
Utrecht University, The Netherlands,
and William J. Waddell, Professor and
Chair, Emeritus, Dept. of Pharmacolo-
gy and Toxicology, University of Louis-
ville School of Medicine, Louisville, Ky.,
joined the Expert Panel.
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Primary names (in boldfaced capital letters, listed alphabetically) and synonyms (in lower case)

FEMA No.

Substance primary name and synonyms

FEMA No.

Substance primary name and synonyms

3906

3907

3908

3909

3910

3911

3912
3913

3914
3915

3916

3017

3918

3919

2'-AMINOACETOPHENONE
Acetophenone, 2'-amino-
1-Acetyl-2-aminobenzene
o-Acetylaniline
2-Acetylanaline
2-Acetylphenylamine
o-Aminoacetophenone
o-Aminoacetylbenzene
2-Aminophenyl methyl ketone
o-Aminophenyl methyl ketone
Methyl 2-aminophenyl ketone

BORNYL BUTYRATE

Bornyl butanoate

Butanoic acid,1,7,7-trimethylbicycl1o[2.2.1]hept-2-yl
ester, endo

Butyric acid, 2-bornyl ester

(E)-2-BUTENOIC ACID
trans-2-Butenoic acid
Crotonic acid

CYCLOHEXANONE

Anon

Cycloyhexyl ketone
Hexanon

Hytrol O
Ketohexamethylene
Nadone

Pimelic ketone

Sextone
CYCLOPENTANONE
Adipic ketone

Dumasin
Ketocyclopentane
Ketopentamethylene
(E,E)-2,4-DECADIEN-1-0L
trans, trans-2,4-Decadienol

9-DECENAL

(E)-2-DECENOIC ACID
trans-2-Decenoic acid

4-DECENOIC ACID

2,5-DIETHYL-3-METHYLPYRAZINE

Pyrazine, 2,5-diethyl-3-methyl-
3,5-DIETHYL-2-METHYLPYRAZINE

Pyrazine, 3,5-diethyl-2-methyl-
6,7-DIHYDRO-2,3-DIMETHYL-5H-CYCLOPENTAPYRAZINE
5H-Cyclopentapyrazine, 6,7-dihydro-2,3-dimethyl
4-(1,1-DIMETHYL)ETHYL PHENOL

Phenol, 4-(1,1-dimethylethyl)-

Phenol, p-tert-butyl

4-tert-Butylphenol
2-ETHYL-6-METHYLPYRAZINE

Pyrazine, 2-ethyl-6-methy!
2-Methyl-6-ethylpyrazine
6-Methyl-2-ethylpyrazine
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3920

3921

3922

3923
3924

3925

3926

3927

3928

3929

3930

3931

3932

3933

(E)-2-HEPTENOIC ACID
trans-2-heptenoic acid

(E,E)-2,4-HEXADIENOIC ACID
Panosorb

(E,E)-1,3-Pentadiene-1-carboxylic acid

Sorbic acid
Sorbistat

2,4-HEXADIEN-1-0OL
1-Hydroxy-2,4-hexadiene
Sorbic alcohol

Sorbyl alcohol

3-HEXENAL

(2)-2-HEXEN-1-0L
(2)-2-Hexenol
cis-2-Hexen-1-ol

(2)-3-HEXENYL ANTHRANILATE
3-Hexenyl 2-aminobenzoate
(2)-Hex-3-enyl anthranilate
cis-3-Hexenyl anthranilate

(E)-2-HEXENYL BUTYRATE
Butanoic acid, 2-hexenyl ester
trans-2-Hexenyl butanoate
trans-2-Hexenyl butyrate

(E)-2-HEXENYL FORMATE
Hexen-1-ol, formate, (E)-
(E)-Hex-2-enyl formate
trans-2-Hexenyl formate

(2)-3-HEXENYL (E)-2-HEXENOATE

2-Hexenoic acid, 3-hexenyl ester, (E,Z)
2-Hexenoic acid, (E), 3-hexenyl ester, (Z)

cis-3-Hexenyl trans-2-hexenoate
(2)-3-HEXENYL ISOBUTYRATE
(2)-Hex-3-enyl isobutyrate
3-Hexenyl 2-methylpropionate
cis-3-Hexenyl isobutyrate
(E)-2-HEXENYL ISOVALERATE

Butanoic acid, 3-methyl-, 2-hexenyl ester, (E)

(E)-Hex-2-enyl isovalerate
trans-2-Hexenyl isovalerate

(2)-3-HEXENYL (E)-2-METHYL 2-BUTENOATE

(2)-3-Hexenyl 2- methylcrotonate

cis-3-Hexenyl alpha-methylcrotonate

cis-3-Hexenyl tiglate

cis-3-Hexenyl trans-2-methyl-2-butenoate

(E)-2-HEXENYL PROPIONATE
2-Hexen-1-ol, propanoate, (E)
(E)-Hex-2-enyl propionate
trans-2-Hexenyl propionate

(2)-3-HEXENYL PROPIONATE

2-Hexen-1-ol, propanoate, (E) (E)-Hex-2-enyl propionate

trans-2-Hexenyl propionate
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FEMA No.

Primary names and synonyms, continued

Substance primary name and synonyms

FEMA No.

Substance primary name and synonyms

3934

3935

3936

3937

3938

3939

3940

3041

3942

3943

3944

3945

(2)-3-HEXENYL PYRUVATE
cis-3-Hexenyl pyruvate
Propanoic acid, 3-0xo-, 3-hexenyl ester, (2)

(E)-2-HEXENYL VALERATE
trans-2-Hexenyl pentanoate
(E)-Hex-2-enyl valerate
trans-2-Hexenyl valerate

Pentanoic acid, 2-hexenyl ester, (E)

(2)-3-HEXENYL VALERATE
cis-3-Hexenyl pentanoate
cis-3-Hexenyl valerate
(2)-Hex-3-enyl valerate

Valeric acid, 3-hexenyl ester, (Z)

4-HYDROXY-4-METHYL-7-CIS-DECENOIC ACID
GAMMALACTONE

2(3H)-Furanone, 5-(3-Hexenyl)dihydro-5-methyl-, (2)

(2)-5-Hex-3-enyldihydro-5-methylfuran-2(3H)-one

5-(cis-3-Hexenyl)dihydro-5-methyl-2(3H)furanone

Lactone of ¢is Jasmone

4-Methyl-cis-7-decene g-lactone

10-HYDROXYMETHYLENE-2-PINENE

Homomyrtenol

Bicyclo[3.1.1]hept-2-ene-2-ethanol, 6,6-dimethyl-
2-Hydroxyethyl-6,6-dimethyl-bicyclo[3,1,1]-hept-2-ene
Nopol

2-Norpinene-2-ethanol,6,6-dimethyl-

4-1SOPROPYL-2-CYCLOHEXENONE
Crypton

Cryptone

2-Cyclohexenone, 4-(1-methylethyl)-
4-Isopropylcyclohex-2-enone
DL-Kryptone

2-1ISOPROPYLPYRAZINE

Pyrazine, isopropyl-

Pyrazine, (1-methylethyl)-

MALTOL PROPIONATE

4H-Pyran-4-one, 2-methyl-3-(1-0xopropoxy)-
Veltol propionate

MESQUITE WOOD EXTRACT
Prosopis spicigera, extract

2-METHOXYBENZOIC ACID
Benzoic acid, 2-methoxy
o-Anisic acid
o-Methoxybenzoic acid
Salicylic acid methyl ether

3-METHOXYBENZOIC ACID
3-Anisic acid

m-Anisic acid

Benzoic acid, 3-methoxy-

4-METHOXYBENZOIC ACID
4-Anisic acid

Benzoic acid, 4-methoxy-
Draconic acid
p-Methoxybenzoic acid
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3946

3947

3948

3949

3950

3951
3952

3953

3954

3955
3956

3957

3958

3959

3960

3961

3962

3963

2-METHYLCYCLOHEXANONE
Methyl anone

3-METHYLCYCLOHEXANONE
Cyclohexanone, 3-methyl-

4-METHYLCYCLOHEXANONE
Cyclohexanone, 4-methyl-

2-METHYL-3~(METHYLTHIO)FURAN
Dimethylthiofurane

Furan, 2-methyl-3-(methylthio)-
MICHELIA ALBA OIL

Michelia alba, extract

2,4-NONADIEN-1-0

(E,2)-2,6-NONADIEN-1-OL ACETATE
trans-2-cis-6-Nonadien-1-yl acetate

(E,2)-3,6-NONADIEN-1-OL ACETATE
trans-3-cis-6-Nonadien-1-yl acetate

(E)-2-NONENOIC ACID
trans-2-Nonenoic acid

3-NONEN-2-ONE

(E,E)-2,4-OCTADIEN-1-0L
trans-2,4-Octadienol

(E)-2-OCTENOIC ACID
trans-2-octenoic acid

PHENYL ACETATE
(Acetyloxy) benzene
Phenol acetate|
Acetoxybenzene

Acetic acid, phenyl ester

2-PHENYLPHENOL
Anthrapole 73

2-Biphenylol
[1,1'-Biphenyl]-2-ol

Dowicide 1
2-Hydroxy-1,1'-biphenyl
o-Hydroxybiphenyl
o-Phenylphenol

Torsite

Xenol

PHENYL SALICYLATE

Phenyl 2-hydroxybenzoate
2-PROPYLPYRAZINE
Pyrazine, 2-propyl
3,3,5-TRIMETHYLCYCLOHEXANOL
Cyclohexanol, 3,3,5-trimethyl-
Cyclonol

Homomenthol
2,3,6-TRIMETHYLPHENOL

3-Hydroxypseudocumene
Phenol, 2,3,6-trimethyl-
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Use levels for new FEMA GRAS flavoring substances, continued

Average usual ppm/Average maximum ppm

2'- (E)-2-
Aminoaceto-

Baked goods

Beverages
(nonalcoholic)

Beverages
(alcohalic)

Breakfast
cereal

Cheese
Chewing gum

Condiments/
relishes

Confectionery
frostings

Egg products
Fats/oils

Fish products
Frozen dairy
Fruitices

Gelatins/
puddings

Gravies
Hard candy
Imitation dairy

Instant
coffee/tea

Jams/jellies
Meat products
Milk products
Nut products
Other grains
Poultry
Processed
fruits
Processed
vegetables

Reconstituted
vegetables

Seasonings/
flavors

Snack foods
Soft candy
Soups

Sugar
substitutes

Sweet sauces

phenone
FEMA No. 3906
0.05/95

0.05/0.5

0.05/0.5

0.05/0.5

0.05/0.5

0.05/0.5

0.05/0.5

0.1/1
0.05/0.5

0.05/0.5
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5 6 7 10
(E,E)-2,4- (B)-2- 4- 2,5-Diethyl-
Bornyl Butenoic  Cyclo- Cyclo- Decadien- Decenoic  Decenoic ~ 3-methyl-
butyrate acid hexanone  pentanone  1-ol 9-Decenal  acid acid pyrazine
3912
2/5 51 6/12 213 3/15 5/10 3/5 12
0.5/1 2/5 2.5/5 12 12 15 15 0.5/1
0.1/0.5 12 0.1/0.5
12 12
0.1/0.1 100/200
0.1/0.2 13 0.001/0.01 12
0.2/0.5 1/15
0.001/0.01
2/4 5/7 2/5 2.5/5 2/5 12 0.5/1
2.5/5 57 12 2/4 2/4 0.5/1
12 0.002/0.02
57 2/4
2/4 12
4/5 0.003/0.03 0.5/1
0.001/0.01
0.001/0.01
0.002/0.02
0.003/0.03
0.003/0.03
2/4 5/7 12/25 45/9 23 12 12
12 0.01/01  0.001/0.01 0.1/0.5
12
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Use levels for new FEMA GRAS flavoring substances, continued

Average usual ppm/Average maximum ppm

(2)-3-Hexenyl
anthranilate

Baked goods

Beverages
(nonalcoholic)

Beverages
(alcohalic)

Breakfast
cereal

Cheese
Chewing gum

Condiments/
relishes

Confectionery
frostings

Egg products
Fats/oils

Fish products
Frozen dairy
Fruitices

Gelatins/
puddings

Gravies
Hard candy
Imitation dairy

Instant
coffee/tea

Jams/jellies
Meat products
Milk products
Nut products
Other grains
Poultry
Processed
fruits
Processed
vegetables

Reconstituted
vegetables

Seasonings/
flavors

Snack foods
Soft candy
Soups

Sugar
substitutes

Sweet sauces

6,7-Dihydro- 4-(1,1-
3,5- 2,3-dimethyl-5H-  Dimethyl) 2-Ethyl-  (E)-2- (EE)-24- 24-
Diethyl-2- cyclopenta- ethyl 6-methyl- Heptenoic Hexadienoic Hexadien- (2)-2-
methylpyrazine  pyrazine phenol pyrazine  acid acid 1-ol 3-Hexenal Hexen-1-ol
FEMANo. 3916 3917 3918 3919 3920 3921 3922 3923 3924
172 12 0.1/1 3/6 172 10114 an 22/27
0.5/1 0.1/1 05/05 13 115 213 1/6 13 7/10
0.1/0.5 0.1/1 3/5 0.5/1 0.2/1
172
12
2/4
0.5/1 0.3/1 213 12 3/6 2/4 13 8.5/12.5
0.5/1 001/01 13 0.5/1 2/4 0.7/2 213 22/24
0.07/0.07
0.1/2 12 2/4
172
0.5/1 0.5/1 1/5 0.01/0.1
0.5/1
0.1/0.5
0.4/0.4
172 12 2/5 172 35 172 35/5 20/24
0.1/0.5 0.1/0.1
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3925
16/30

4/8

0.1/0.1

7/15

4/8

0.2/0.2

>
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Use levels for new FEMA GRAS flavoring substances, continued

Average usual ppm/Average maximum ppm

(E)-2- (E)-2-  (2)-3-Hexenyl (2)-3-Hexenyl  (E)-2- (2)-3- (2-3- (B)-2-

Hexenyl Hexenyl  (E)-2- (2)-3-Hexenyl (E)-2-Hexenyl  (E)-2-methyl  Hexenyl Hexenyl Hexenyl Hexenyl

butyrate formate hexenoate isobutyrate isovalerate 2-butenoate  propionate  propionate  pyruvate valerate

FEMANo.3926 3927 3928 3929 3931 3932 3933 3934 3935
Baked goods 711 711 20/80 16/30 711 16/30 711 16/30 16/30 711

Beverages 2.5/4 2.5/4 4/80 2.5/4 2/4 2.5/4 2.5/4
(nonalcoholic)

Beverages 20/150 4/8 4/8 4/8 4/8
(alcoholic)

Breakfast 4/40
cereal

Cheese
Chewing gum 0.5/1 80/300 0.1/0.1 0.1/0.1 0.1/0.1 0.1/0.1

Condiments/
relishes

Confectionery 12 10/80
frostings

Egg products

Fats/oils

Fish products

Frozen dairy 47 47 20/150 7115 47 7115 47 7115 7115 47
Fruitices 10/100

Gelatins/ 57 57 10/80 48 57 4/8 57 4/8 4/8 57
puddings

CGravies
Hard candy 8/9 8/9 20/150 0.2/0.2 8/9 0.2/0.2 8/9 0.2/0.2 0.2/0.2 89
Imitation dairy

Instant 8/150
coffee/tea

Jams/jellies 0.5/1 0.5/1 20/150 2/4
Meat products

Milk products 4/80

Nut products

Other grains

Poultry

Processed

fruits

Processed

vegetables

Reconstituted
vegetables

Seasonings/
flavors

Snack foods 20/150
Soft candy 6/9 6/9 20/150 6/9 2/3 6/9 6/9
Soups

Sugar
substitutes

Sweet sauces 0.5/1
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Use levels for new FEMA GRAS flavoring substances, continued

Baked goods

Beverages
(nonalcoholic)

Beverages
(alcohalic)

Breakfast
cereal

Cheese
Chewing gum

Condiments/
relishes

Confectionery
frostings

Egg products
Fats/oils

Fish products
Frozen dairy
Fruitices

Gelatins/
puddings

Gravies
Hard candy
Imitation dairy

Instant
coffee/tea

Jams/jellies

Meat products

Milk products
Nut products
Other grains
Poultry
Processed
fruits
Processed
vegetables

Reconstituted
vegetables

Seasonings/
flavors

Snack foods
Soft candy
Soups

Sugar
substitutes

Sweet sauces

(2)-3-
Hexenyl
valerate

FEMA No. 3936
16/30

4/8

0.1/0.1

7/15

4/8

0.2/0.2

VOL. 54, NO. 6 = JUNE 2000

4-Hydroxy-
4-methyl-7-cis-
decenoic acid
gamma lactone

3937
10/16
3/6

416

5/10

V11

21/175

0.1/0.1

1017

Average usual ppm/Average maximum ppm

10-Hydroxy-  4-Isopropyl-

methylene-  2-cyclo-

2-pinene hexenone
3939

213 0.15/0.3
0.05/0.1

213

172 0.05/0.1

2/4 0.05/0.1

4/5

15/3 0.1/0.2

2-Isopropyl-
pyrazine

3940
172
0.5/1

0.5/1

1/2

0.5/1

0.5/1

05/1

2- 3- 4-

Mesquite Methoxy- Methoxy- Methoxy-
Maltol wood benzoic  benzoic  benzoic
propionate  extract  acid acid acid
3941 3942 3943 3944 3945
107/320 75/90 2/5 1/3 2.5/5
78/182 5/10 12 12 0.5/1
971 40/50 0.5/1 0.5/1
53/192
0.4/18
120.5/287  50/90 0.8/15 051 13
112/244 0.5/1 2/4
6/8
0.1/0.1
114/267 50/90 2.5/5 2/4 3/6
0.3/0.4

>
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Use levels for new FEMA GRAS flavoring substances, continued

Average usual ppm/Average maximum ppm

a
2_

Methylcyclo-
hexanone

FEMA No. 3946

) 43 4 45

3 4- 2-Methyl-3-
Methylcyclo-  Methylcyclo-  (methylthio)
hexanone hexanone furan oil

Michelia alba

4 a7
24- (E,2)-2,6-

Nonadien- Nonadien-1-

1-ol ol acetate

48

(E,2)-3,6-

(B)-2-

50

Nonadien-1- Nonenoic 3-Nonen-

ol acetate

acid

2-one

Baked goods 10/25 10/25 0.02/0.2 0.3/0.6 0.3/0.6 2/4
Beverages 5/10 5/10 5/10 714 12 0.2/0.5 0.2/0.5 13 171
(nonalcoholic)

Beverages 0.4/0.8 0.5/5 0.2/0.5 0.2/0.5 11
(alcoholic)

Breakfast 0.1/1

cereal

Cheese 0.005/0.05 0.2/2

Chewing gum 50/100 50/100 50/100 5/10 10/10
Condiments/ 0.001/0.01  40/80 13

relishes

Confectionery 5/5
frostings

Egg products

Fats/oils 1/5 0.01/0.05  0.1/0.1

Fish products 0.03/0.3

Frozen dairy 5/10 5/10 5/10 10/19 25/5 0.4/0.9 0.4/0.9 12 11
Fruitices 0.5/2

Gelatins/ 10/19.5 1/2.5 0.2/0.5 0.2/0.5 212 11
puddings

Gravies 0.03/0.3 1/5 0.001/0.01  0.01/0.01

Hard candy 15

Imitation dairy 0.005/0.05

Instant 0.2/2

coffee/tea

Jams/jellies 15

Meat products 0.05/0.5 46/90 4/5 12

Milk products 0.005/0.05 0.1/1 7
Nut products

Other grains

Poultry 0.05/0.5

Processed

fruits

Processed 0.003/0.03 0.02/0.03  0.02/0.03

vegetables

Reconstituted 0.003/0.03

vegetables

Seasonings/ 0.05/0.5 1/10

flavors

Snack foods 0.03/0.3 15 0.02/0.03  0.02/0.03

Soft candy 25/50 25/50 25/50 10/21 45/9 0.4/1 0.4/1 12

Soups 0.03/0.3 0.1/1

Sugar

substitutes

Sweet sauces
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Use levels for new FEMA GRAS flavoring substances, continued

Baked goods

Beverages
(nonalcoholic)

Beverages
(alcoholic)

Breakfast
cereal

Cheese
Chewing gum

Condiments/
relishes

Confectionery
frostings

Egg products
Fats/oils

Fish products
Frozen dairy
Fruitices

Gelatins/
puddings

Gravies
Hard candy
Imitation dairy

Instant
coffee/tea

Jams/jellies
Meat products
Milk products
Nut products
Other grains
Poultry
Processed
fruits
Processed
vegetables

Reconstituted
vegetables

Seasonings/
flavors

Snack foods
Soft candy
Soups

Sugar
substitutes

Sweet sauces

Average usual ppm/Average maximum ppm
51 52 53 5 55 56

(E,E)-2,4- (E)-2- Phenyl 2-Phenyl Phenyl
Octadien-1-ol Octenoicacid  acetate phenol salicylate

FEMA No. 3956

2-Propyl
pyrazine

3/145
12 1/4 40/100 0.5/1
0.1/0.5 40/100 0.5/1
40/100 172
400/1,200
13
40/100
1/15
25/5 24 0.5/1
12 13 1/5 0.5/1
172
5/7 40/100
4/5 172
40/100
13
35
45/9 213 40/100 0.5/1
0.01/0.1

VOL. 54, NO. 6 = JUNE 2000

57 58

3,3,5-Trimethyl 2,3,6-Trimethyl
cyclohexanol phenol

0.4/1 0.02/0.2

0.1/0.5

0.02/0.1

0.04/0.4

0.5/1

0.1/0.5
0.1/0.5

12 0.1/0.5

0.5/1

0.1/0.5
0.2/1

0.1/0.5
0.02/0.2

0.1/0.5

0.2/1

0.02/0.2
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Updated Use Levels for Flavoring Sub-

stances Previously Recognized as FEMA GRAS on
which the FEMA Expert Panel based its judgments

that the substances are generally recognized as
safe (GRAS). Superscript a represents a new use
level

Baked goods 5/20
Beverages 253507 5410
(nonalcoholic)

Beverages (alcoholic) 253507 5410
Breakfast cereal 5/20
Cheese 23107
Chewing gum 20/100 200°/500?
Condiments/relishes 10/30 5/20°
Confectionery 23207
frostings

Egg products 5/10
Fats/oils

Fish products 10/30 25107
Frozen dairy

Fruitices

Fruit juices

Gelatins/

puddings

Gravies 5/10
Hard candy 20°/50%
Ice cream/ices

Imitation dairy 23107
Instant coffee/tea

Jamsljellies 25107
Meat products 2/10
Milk products

Nut products 10%/50°
Other grains 5/20
Poultry

Processed fruits

Processed 5/20 5/20
vegetables

Reconstituted 5/20 5/10
vegetables

Seasonings/ 20/100

flavors

Snack foods 5/20 10°/65
Soft candy 2/207
Soups 5/10 5/20°
Sugar substitutes

Sweet sauces 10/30 25107
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