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4)

information exists in the published literature, however citations have been included
that support the composition of free fatty acids, gums and resins in marigold extract
as reported in Table 2 (See Section 11.C).

Specifications for the marigold extract oleoresin provided by suppliers.
(Specifications consist of tests, acceptance criteria and validated analytical
methods.) Specification information including the tests performed, acceptance
criteria, and methodology used have been included in the Section I1.B. Furthermore,
a description of the supplier quality plan for the development of marigold oleoresin
(extract) has been included. All quality plans, specifications, and methods described
in this GRAS notification are company confidential.

Validated methods for the determination of lutein in the marigold extract
oleoresin, the pet food ingredient containing the oleoresin, and pet food.
Section II.E was added which details the validated methodology used to measure
xanthophyll and lutein concentration in marigold extract/oleoresin (the pet food
ingredient) and to measure lutein concentration in the pet food.

Information on the stability of the marigold extract oleoresin, the pet food
ingredient containing the oleoresin, and pet food containing the oleoresin. For,
example, stability information for the pet food ingredient should support the 12
month shelf life. Section II.D was added which demonstrates the stability of lutein in
marigold extract (the pet food ingredient) and in pet food for the 12 month (dry) and
the 24 month (wet) shelf life. This section details stability studies that were performed
on marigold extract oleoresin and on the lutein from marigold extract in the finished
product (dog and cat food). Together, these data show both, that xanthophyl! content
(including lutein) in marigold extract (Cuatroxan) is stable for at least 6 months from
the day of production, and that lutein is stable for the entire shelf life (and even well
past the intended shelf life) of wet and dry cat and dog foods.

Food grade specifications for each component of the pet food ingredient. A
statement has been added in section 11.B.2 stating ‘The ingredients, including
marigold extract, used during manufacturing are all feed grade not food grade as per
GMP requirements’.

An indication that the use of rosemary extract in the pet food ingredient is
consistent with that of a flavor. Details were added to Sections 11.B.1 and 1i.C.9
which illustrate that the inclusion amount of rosemary extract in the dog and cat food
is consistent with its approved use as a flavorant. As stated in Section I1.B.1, at
inclusion rates of 1300 ppm (Cuatroxan) and 2300 ppm (Nutri-Gold Yellow) in pet
food (see Section IV), the amount of rosemary extract in the pet food would be no
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GRAS Exemption Claim for Marigold Extract Derived from

Tagetes erecta for Use in Diets and Treats for Dogs and Cats

I. GRAS EXEMPTION CLAIM

Marigold extract, which contains a significant amount of the yellow pigment lutein, has been
approved for and commonly used as a colorant or flavorant in pet food. In addition to its
pigmentation qualities, lutein is a potent antioxidant. Studies have shown that dietary lutein has
a powerful nutritional benefit to dogs and cats, including promoting healthy immune response
and protecting cells from oxidative damage. For this reason at the request of Royal Canin U.S.,
Inc. (Royal Canin), a panel of independent scientists, qualified by their experience and scientific
training to evaluate the safety of ingredients used in animal feed, including pet food (Expert
Panel), was convened to evaluate the pertinent data and information and to determine whether
marigold extract (7agetes erecta) would be Generally Recognized as Safe (GRAS) for use in dog
and cat food. Under the conditions of intended use marigold extract would be added to levels of
approximately 2300 ppm or enough marigold extract to ensure lutein is present in diets and treats
for dogs and cats at levels of up to 5 mg per 1000 kcal metabolizable energy.

The Expert Panel consisted of the below-signed qualified scientific experts: David A. Dzanis,
DVM, PhD, DACVN, CEO of Regulatory Discretion, Inc.; David J. Maggs, BVSc, DACVO,
Professor of Comparative Ophthalmology at the University of California-Davis; and Helen
Clegg, PhD, Safety Scientist Toxicologist, Mars Petcare, Inc. Curricula vitae reflecting the Panel
members’ qualifications for evaluating the safety of food ingredients are provided in Appendix
A. Following independent and collective critical evaluation of the data and information, the
Expert Panel concluded that under the conditions of intended use as a nutrnitional source of the
antioxidant lutein in diets and treats for dogs and cats at levels sufficient to supply no more than
5 mg lutein per 1000 kcal metabolizable energy (1300 ppm for Cuatroxan and 2300 ppm for
Nutri-Gold Yellow), marigold extract (7Tagetes erecta) is GRAS, based on scientific procedures.
A summary of the basis for the Expert Panel’s conclusion is provided below.

I.A Common Name of the Substance

The common name of the notified substance is marigold extract.

1.B Conditions of Intended Use in Pet Food

1.B.1 Intended Use of Marigold Extract in Pet Food and Level of Use

Marigold, like many plants, contains high levels of the carotenoids, particularly the yellow
pigment lutein (Section II1.C). For this reason marigold extract has historically been used as a
color additive in chicken feed and a natural flavor for human food and animal feed. In the
United States, preparation of marigold as an oil from 7. patula L., T. erecta L., or T. minuta L.
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11.C.2 Other Carotenoids (i.e., Zeaxanthin)

Lutein and zeaxanthin have identical chemical formulas and are isomers. The only difference
between them is the location of the double bond in one of the end rings. This difference gives
lutein three chiral centers whereas zeaxanthin has two. Other than lutein, zeaxanthin is the only
other carotenoid present in a notable concentration in marigold extract. Other carotenoids,
including cis- and trans- lycopene, Alpha, beta cryptoxanthin, alpha carotene and cis- and trans-
B-Carotene, were not detected by HPLC analysis of marigold oleoresin. Detailed descriptions of
zeaxanthin are provided below in Table 5.

Table 5. Zeaxanthin Description

4-[18-(4-hydroxy-2,6,6-trimethyl-1-cyclohexenyl)-3,7,12,16-
Chemical Names tetramethyl-octadeca-1,3,5,7,9,11,13,15,17-nonaenyl]-3,5,5-trimethyl-
cyclohex-3-en-1-o0l; B,B -carotene-3,3'-diol; zeaxanthin
Chemical Formula C4oHsc05
Molecular Weight 568.88
CAS No. 144-68-3
CH
Chemical Structure N O T T L T T T T
HO

I.C.3 C21-C31 Alkanes

Chemical analysis of the marigold extract identified a number of long chain alkanes that are
typically associated with plant waxes produced by all terrestrial plants. These waxes are
hydrophobic and contribute to the plants barrier against the external environment protecting the
plant from things such as water loss via evaporation.

11.C.4 Free Fatty Acids

Chemical characterization of the marigold extract identified a number of free fatty acids, which
have not been further characterized for this GRAS application. However, within the scientific
literature a number of authors have identified the particular fatty acids found in marigold
flowers. Gong et al., (2011) reported the dominant fatty acids of marigold flower after super
critical CO» extraction to be linoleic, palmitic, and olenic acids. Lutein within marigold flowers
may also be esterified to fatty acids, the predominant fatty acid is reported as palmitate which
corresponds to the work conducted by Gong et al., (2011). Other fatty acids that have been found
esterified to lutein were myristate, dimyristate, stearate and distearate (Sujith et al., 2010). As
these fatty acids have been found in both unextracted and extracted marigold flowers, it is
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta

and significantly enhanced Con A- and pokeweed mitogen (PWM)-stimulated PBMC
proliferation was reported.

Conclusions

The antioxidant lutein, when consumed in the diet, supports cell-mediated and humoral immune
responses in domestic cats.

V.D.3 Kim et al., Dietary lutein stimulates immune response in the canine (Kim et
al., 2000b)

Objective

To investigate the effects of dietary lutein on the immune response in dogs.

Methods

Fifty-six dogs received basal diets supplemented with 0, 5, 10, or 20 mg lutein day for 12 weeks
corresponding to 0.44, 0.88, or 1.75 mg lutein/kgbw/day and 0.03, 0.06, or 0.12 mg
zeaxanthin/kg.bw/day. Throughout the study, body weights were recorded and blood samples
were collected for analysis of lymphocyte proliferative response to phytohemagglutinin (PHA),
concanavalin A (Con A), and pokeweed mitogen (PWM), changes in peripheral blood
mononuclear cell (PBMC) populations, IL-2 production, and 1gG and 1gM production.

Results

Lutein, when added to the diet of dogs, resulted in dose-dependent increases in plasma lutein
concentration. Lutein supplementation significantly increased the DTH response to vaccine and
phytohemagglutinin (PHA) and significantly increased mitogen- (PHA, Con A, and PWM)
stimulated PBMC proliferation. The percentages of cells expressing CD5, CD4, CD8 and major
histocompatibility complex class Il molecules were significantly increased, and the production of
IgG in lutein-supplemented animals significantly increased after the second antigenic challenge.
There were no differences in IL-2 production, plasma IgM, or expression of the CD2I
lymphocyte marker throughout the experimental period.

Conclusions

The antioxidant lutein, when consumed in the diet, supported cell-mediated and humoral immune
responses.
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V.D.4 Baskin et al., Effects of dietary antioxidant supplementation on oxidative

damage and resistance to oxidative damage during prolonged exercise in sled
dogs (Baskin et al., 2000)

Objective

To investigate the effects of antioxidant supplementation, including lutein, on indices of exercise-
induced oxidative damage in Alaskan sled dogs.

Methods

Sixty-two dogs were assigned to one of three treatment groups: 1) sedentary and
nonsupplemented (group C); 2) exercised and supplemented (group S) and; 3) exercised and
nonsupplemented (group N). All groups were fed the same basal diet and the supplemented
group received 400 units of alpha-tocopherol acetate, 3 mg of beta carotene, and 20 mg of lutein
orally for 30 days. Groups S and N were then subjected to three days of exercise. Blood
samples were collected from all groups before the start of exercise and after Days | and 3 of the
exercise program. Plasma antioxidant concentrations were measured in all groups. Oxidative
damage to DNA was monitored via plasma 7,8 dihydro-8-oxo-2'deoxyguanosine (8-oxodG)
concentration and plasma hydroperoxide concentration, as well as resistance of plasma
lipoproteins to oxidation.

Results

Supplementation increased plasma tocopherol levels by 72% compared to the control and
unsupplemented groups. Beta-carotene concentrations averaged 0.003 micromol/L in the
supplemented group but were not detectable in the groups not receiving beta-carotene
supplementation. Lutein supplementation increased plasma concentrations by 91%. In group S,
plasma concentration of 8-0xodG decreased significantly during and after exercise. Conversely,
group N exhibited significant increases in 8-oxodG during and after exercise. Exercise resulted
in an increase in the lag time of lipoprotein oxidation in group S but no increase in group N.
There was no change in lipoprotein oxidation lag time in Group C. Supplementation or exercise
had no effect on plasma concentration of hydroperoxides. A decrease in plasma lutein and an
increase in plasma tocopherols during exercise were observed in the supplemented group. Group
N exhibited a decrease in plasma tocopherols after day one of exercise and no change in plasma
lutein.

Conclusions

Dietary supplementation with antioxidants including lutein decreased DNA damage and
increased the resistance of lipoproteins to oxidation during exercise in dogs.

V.D.5 Discussion and Conclusions

These studies provide evidence that dietary lutein has a powerful nutritional benefit to dogs and
cats. They have demonstrated that dietary lutein is absorbed into the plasma and that increased

37



GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta

concentration of plasma lutein protects cells from oxidative damage, which further supports the
immune response in dogs and cats.

In each of these studies lutein was provided in the diet with other carotenoids or antioxidants.
For instance, in the studies investigating the effects of lutein on immune response in dogs in cats,
the diets were supplemented with lutein and zeaxanthin (Kim et al., 2000b, a). The lutein used
was derived from marigold flower petals, and therefore was similar to marigold extract (the
subject of this GRAS notification) in that it contained both lutein and zeaxanthin (see Section
I1.C). In the study investigating the effects of antioxidant supplementation on oxidative damage
in sled dogs, lutein, a-tocopherol acetate, and -carotene were supplemented in the diets (Baskin
et al., 2000). Although these three antioxidants were used, the authors conclude that lutein may
be preferentially utilized to prevent oxidative stress because plasma concentration of lutein
decreased after the exercise period and throughout the rest period.

Overall these studies demonstrate that dietary lutein derived from marigold is absorbed into the
plasma where it confers nutritive antioxidant benefits to dogs and cats.

VI. DOCUMENTATION TO SUPPORT THE SAFETY OF THE
SUBSTANCE: Marigold Extract

Marigold extract is derived from the flowers of Tagetes erecta. Although not commonly
consumed in North American, Marigold petals have a long history of safe use in human diets. In
1917 “the Herbalist™ indicated that Marigold petals were a source of vitamin C and phosphorus
(Smith, 1973). Because of their color and nutritive benefits, marigold petals have been used in a
variety of culinary applications including in salads and with eggs (Smith, 1973). The petals are
often substituted in place of saffron and tarragon in casseroles, vegetable dishes, and in venison
and seafood recipes (Smith, 1973). In South America, marigold petals are made into a paste and
are a main component of a potato dish called ocopa. Additionally because of their nutritional
value, the petals have been routinely fed to farm animals, such as pigs and chickens. Marigold
petals from which marigold extract is derived have a long history of safe use in both human and
animal diets.

Marigold extract contains a significant amount of the antioxidant lutein (See Section II.C).
Dietary lutein has a number of nutritive benefits for cats and dogs (See Section IV), and it is for
this reason that it is the subject of this GRAS notification.

VI.A Natural Occurrence of Lutein in the Diet

VI.A.1 Occurrence of Lutein in Human Food Items

Lutein and zeaxanthin are among the most prevalent carotenoids in the North American diet
(IOM, 2000). Both carotenoids are found in high concentrations in green leafy vegetables, such
as spinach and kale (Khachik et al., 1995; Omaye et al., 1997), and in chicken egg yolks (292
and 213pg/egg yolk of lutein and zeaxanthin, respectively) (Handelman et al., 1999). Lutein is
also abundant in broccoli, Brussel sprouts, cabbage, and green beans (Khachik et al., 1995). In
contrast, zeaxanthin is only present at modest concentrations in corn (Khachik et al., 1995) but at
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta

much higher concentrations in corn gluten (Bodwell and Nelson, 1990; Moros et al., 2002).
Luteins and other carotenoids are also found as dietary supplements. The average American
consumes between 1 and 2 milligrams of lutein per day although a safe level of 4-8 milligrams
has been established by the USDA (USDA, 2015). Table 13 shows naturally occurring levels of
lutein and zeaxanthin in various vegetables.

Table 13: Lutein and Zeaxanthin Concentration in Fraits and Vegetables (Torrey,
AMDF)

Nutritio ‘ Lutcin and zeaxanthin content
nal Food g

~ database ! Per 100g . Per serving

Scerving size

11233 Kale, raw 39,550 22,148 1

11234 Kale, drained .
Cooked, boiled 15,798 16,903.86 V2

11569 Turnip Greens, .
drained, cooked 8,440 9,030.8 %

11162 Collards,drained 8,091 8,657.37 v,
cooked

11461 Spinach, drained 7,043 7,536.01 v,
cooked

11457 Spinach, raw 11,938 6,685.28 1

11091 Broccoli,drained 2,226 1,736.28 v,
cooked,

11168 Corn, drained
sweet, yellow, 1,800 1,476 Ya
cooked,

11251 | Lettuce, raw 2,635 1,475.6 1
Peas, drained

11308 solids green, 1,350 1,147.5 Ya
canned

11099 Brussels
Sprouts, 1,290 1,006.2 Va
drained, cooked

11172 Corn, drained
sweet, yellow, 884 724.88 %

| canned, whole

kernel

VI.A.2 Occurrence of Lutein in Pet Foods

The most common sources of lutein in pet food diets are corn products and dried egg. Due to
their intrinsically high lutein content, dried spinach and corn gluten meal also have been used
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specifically to fortify dietary lutein levels. Analysis conducted by Kemin Industries on
samples submitted by a pet food manufacturer found the following lutein levels in dried
vegetables offered for pet food applications (Table 14).

Table 14: Lutein Content of Common Pet Food

Ingredients

Sample Lutcinlevel(ppm)

Dried Tomato 7.9

Dried Carrot 6.4
Dried Broccoli 52.9
Dried Spinach 3223
Corn 6.0
Corn Gluten 154.0
Dry Batch 35.0
Dry Extruded Kibble 30.8

Research conducted at the University of Guelph (Leeson and Caston, 2004) assessed
increased lutein levels in egg yolks as an enriched dietary nutrient source. In these
experiments, chicken corn/soy diets were directly supplemented with up to 1000 ppm
lutein. A significant increase in yolk lutein from a basal level of 0.3 to 1.5mg/60g egg
was observed.

However, supplementation levels > 375ppm resulted in no significant increase in yolk
lutein above 1.5 mg/60 g (P > 0.05). Adding comn gluten and alfalfa to the chicken's diet
increased yolk lutein to 2.2mg/60g egg with that content leveling off at 500 ppm dietary
lutein. Based on the basal corn/soy diet, a fresh egg typically contains 0.3 mg/60g or
Smg/kg (5 ppm). Converted from a 37.7% whole egg moisture content to a dried basis
(10% moisture) and assuming no loss through spray drying, the typical lutein content of
dried egg is 7.2 ppm (Table 15). Enrichment through added lutein or comn gluten/alfalfa
increased yolk lutein to a maximum of 7X the basal (or 53 ppm) lutein for dried egg.

Table 15: Lutein Content of Whole & Dried Egg Produced by Chickens
Fed Basal & Lutein-Enriched Diets

Max. Lutcin Max. Lutein
Chicken Dict Level L.evel
( Whole Egg) (Dried Lvg)

=

Egg Moisture 37.7% 10%
Basal Corn/Soy 0.3ma/60g egg 7.22 ppm
Corn/Soy + Lutein 1.5ma/60g egg 36.12 ppm

Corn/Soy + Corn Gluten &

Alfalfa 2.2mg/60g egg 53.00 ppm

ata frrom Leeson, 2004
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Results of additional studies reported after the publication of these evaluations are also included
below.

Acute Toxicity
Based on reported LDsys in rats of greater than 2000 mg/kg.bw, lutein is of low acute oral
toxicity (reported in JECFA, 2006).

Irritation and Sensitization

Crystalline lutein is not considered irritating to rabbit skin after a skin irritation study in New
Zealand White Rabbits. Crystalline lutein was also not considered irritating to the eye in the
same species (reported in JECFA, 2006).

Repeat Dose

A number of studies are reported by JECFA and EFSA in which no adverse effects were
attributable from treatment with lutein. The pivotal study identified by both JECFA and EFSA
was a 13-week study in rats. In this study conducted according to OECD Test Guideline 408,
Han Wistar rats (10/sex/dose) were administered a lutein extract from marigold flowers (lutein
content: 79%) in their diets at doses of 0, 2.6, 26, or 260 mg/kg.bw/day (reported to be 0, 2, 20 or
200 mg/kg.bw/day, respectively, when accounting for the lutein content of 79%). At the end of
the study period, all animals were sacrificed and necropsied except for 5 animals from the
control group and 5 from the highest dose group which were allowed a recovery period of 4
weeks before necropsy. The authors reported no adverse clinical signs and all animals except one
survived the duration of the study; the animal death was attributed to blood sampling and not
treatment related. There were no changes in hematology or clinical chemistry values, and
histopathology did not reveal any changes attributable to the treatment. JECFA and EFSA
identified a No Observed Effect Level (NOEL) based on the highest dose of the study of 260
mg/kg.bw/day, which when lutein content in the extract (79%) was accounted for, was calculated
to be 200 mg/kg.bw/day (JECFA, 2006; EFSA, 2010b).

Carcinogenicity
No lifetime or carcinogenicity studies are reported in the literature.

Genotoxicity

Lutein has been evaluated in a number of in vitro and in vivo assays including bacterial reverse
mutation assay, chromosomal aberration assay, in vivo micronucleus assay and comet assay
(EFSA, 2010b). All results were negative leading EFSA and JECFA to conclude that lutein is not
considered genotoxic (JECFA, 2006; EFSA, 2010b).

Reproductive and Developmental Studies

No multi-generation studies are reported for lutein. In a developmental study in Sprague Dawley
rats, females were administered in their diet beadlets containing 10% lutein (from marigold
extract: 79% lutein, 5% zeaxanthin) on days 6 to 20 of gestation. Diets were formulated to
contain 250, 500 or 1000 mg/kg.bw/day (based on actual intake, this was estimated to be 252,
535 or 1118 mg/kg.bw/day). There was no evidence of adverse effects to the dams; although
food intake was decreased at the lower doses, this was attributed to reduced palatability of the
placebo beadlets (without lutein). Decreased food intake resulted in lower maternal and fetal
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta

dose-related and therefore the authors considered these to be normal variation and not treatment-
related. At the highest dose of rosemary extract (supercritical CO, extraction), animals displayed
decreased body weight and food consumption. Because no other adverse effect was observed, the
authors attributed this to palatability issues rather than a toxicity-related change. The authors
identified a NOAEL of 2400 mg/kg diet (reported as 180 mg/kg.bw/day) for the acetone
rosemary extract and a NOAEL of 3800 mg/kg diet (reported as 190 mg/kg.bw/day) for the
supercritical CO, rosemary extract (reported in EFSA, 2008a).

Genotoxicity
Overall, there is limited evidence of genotoxicity.

Supercritical CO, Reverse mutation assay

in Salmonella typhimurium EFSA
(strains TA98, TA100, +/- Negative 2008 ’
TA102, TA1535 and
TA1537)
Ethanol extract Reverse mutation assay
in 8. typhimurium (strains . | EFSA,
+/-
TA98, TA100, TA 1535, l- | Negative [ 5008
TA1537, TA1538)
Ethanol extract Chromosomal
. . . EFSA,
aberration assay in human +/- Negative
2008
lymphocytes
Not defined Reverse mutation assay Zeoura et
in S. typhimurium (strain +/- Negative al gz 011
TA98) "
Not defined Comet Assay (HepG2) Negative Zegura et
al., 2011
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta

Secondary analyses of the effects of lutein/zeaxanthin on age-related macular
degeneration progression: AREDS2 report No. 3. JAMA Ophthalmol 132, 142-149,

Dilsiz, N., Sahaboglu, A., Yildiz, M.Z., and Reichenbach, A. (2006). Protective effects of
various antioxidants during ischemia-reperfusion in the rat retina. Graefes Arch Clin Exp
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