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COVINGTON 

Dr. David Edward-; 
June 30, 2016 
Page 2 

If you need any additional information, please do not hc~itate to contact me. Your 
assistance is sincerely appreciated. 

Attachments 

By 
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•••••• •••• ~ 
ROYAL C~NIN, 

Center for Veterinary Medicine 
Food and Drug Administration 
7519 Standish Place, HFV-1 
Rockville, MD 20855 
240-402-7002 

Dear Dr. Louis Carlacci, 

June 23, 2016 

By way of this correspondence, we wish to address the changes/corrections requested to 
the GRAS notification entitled 'GRAS Exemption Claim for Marigold Extract Derived from 
Tagetes erecta for Use in Diets and Treats for Dogs and Cats' included in the Memorandum 
of February 1, 2016 Teleconference (attached). 

In the Chemistry, Manufacturing and Controls section the following changes have been 
made (Bold text are FDA comments from February 1, 2016 Teleconference (see attached)): 

1) For the recommended use level of marigold extract oleoresin (the subject of 
the GRAS notice). Information concerning the recommended use level of marigold 
extract (also termed marigold oleoresin) has been added to Section l.B.2, Section 
IV.A, and Table 11. For instance, the following paragraph has been added to Section 
1.8.2, and similar language and information has been included in Section IV.A and 
Table 11. 

(b) (4) 

2) For the composition of the oleoresin, which includes among other things the 
levels of total carotenoids and lutein. Published studies supporting the 
oleoresin composition. We have performed an extensive literature search to 
identify published studies that detail the composition of marigold oleoresin. Very little 
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more than (bH
4

) respectively, which is within the 
acceptable level to impart a flavor. 

8) CVM asked the firm to provide information on pesticide residue levels in the 
oleoresin. The information submitted in the notice contains limited information 
on the type and concentration of commonly used pesticides. Information 
concerning the pesticides residue levels in the oleoresin has been added in Section 
11.B). Please see the tables in this section. 

In the Utility section the following changes have been made: 

9) In the GRAS exemption claim, stating only that marigold extract is a source of 
lute in is not acceptable. This is only sufficient for essential nutrients. The 
exemption claim should include a demonstrated food use. The GRAS exemption 
cla im (see Section I) was modified to include information on the demonstrated pet 
food use of marigold extract as a source of antioxidant activity. 

10)Stating that marigold extract replaces lutein from other ingredients no longer 
used in pet food does not support utility. It was not the intent to imply that the 
presence of lutein from other ingredients in pet food supported utility. Rather, that 
lutein has been a common component of foods for dogs and cats for many years 
without observed ill-effect. We believe that this speaks to the safety of lutein for dogs 
and cats, and that the recommended use of lutein from marigold extract described in 
this GRAS notification does not exceed the levels previously provided by once
common ingredients such as corn gluten meal. The utility section (See Section V) has 
been re-written to provide focus on the antioxidant properties that marigold extract 
and lutein derived from marigold extract possess. In addition, the nutritive effect of 
these antioxidant properties for dogs and cats is detailed. 

11 )The antioxidant properties need to be demonstrated to support a nutritive 
effect. The cited immune challenge studies do not appear to demonstrate a 
nutritive effect. Reviewing the canthaxanthin GRAS notice may be helpful in 
determining how to demonstrate a nutritive effect; the intended use in both 
notices is similar. After reviewing the canthaxanthin GRAS, the utility section (See 
Section V) has been re-written to provide focus on the antioxidant properties that 
marigold extract and lutein derived from marigold extract possess including 
supporting cellular health. We outline studies that demonstrate that lutein derived 
from marigold extract supports immune system health. The nutritive effect of these 
antioxidant properties for dogs and cats is highlighted in Section V. In addition to the 
utility section, a number of sections and formatting was updated to be consistent with 
the canthaxanthin GRAS notice. 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

(T g/andulifera Schrank) is approved for safe use in human food either as a natural flavoring 
substance or as a substance used in conjunction with flavoring substances under 21 C.F.R. § 
172.510. These substances are also permitted for use in animal feed, including dog and cat food, 
as a "natural flavor" under 21 C.F.R. § 501.22(a)(3). 

Royal Canin intends to use marigold extract as a nutritional source of the antioxidant lutein in 
diets and treats for dogs and cats at a level sufficient to provide no more than 5 mg lutein per 
1000 kcal metabolizable energy (ME). The marigold extracts of primary commercial interest to 
Royal Canin are produced by Kemin Industries, Inc. under the trade name Cuatroxan®, and 
Nutri-AD International NV, under the trade name Nutri-Gold Yellow, although Royal Canin may 
also use marigold extract manufactured by other suppliers in its products (See Appendix 8). The 
recommended use of marigold extract in pet food is dependent on the concentration of Jutein in 
the marigold extract, the type of diet (i.e. maintenance or high energy), and the amount of 
r Cb) <4>J Using_Jhe average amount of lutein in Cuatroxan and Nutri-Gold 
Y cllow and (b) <4> the recommended use of marigold extract is 1300 ppm for a 
high energy diet and 2300 ppm for a maintenance diet (See Section IV). Regardless of the 
commercial source of the marigold extract, the extract will be derived from T erecta and the use 
level will be determined in order to ensure that the amount of lutein in the pet food does not 
exceed 5 mg per I 000 kcal ME. 

Marigold meal and extract from T erecta (also known as Aztec Marigold) is approved as a color 
additive for use in chicken feed under 21 C.F.R. § 73.295 ["Tagetes (Aztec marigold) meal and 
extract'} The color additive regulation is not applicable to Royal Canin · s intended use both 
because the re&,111lation is only applicable to chicken feed and because Royal Canin is using 
marigold extract for nutritive purposes, rather than as a color additive. Royal Canin submitted its 
intention to use marigold extract as a nutritional source of lutein in dog and cat food to the US 
Food and Drug Administration (FDA) Center for Food Safety and Applied Nutrition's (CFS AN) 
Office of Food Additive Safety, Division of Petition Review to ask whether Royal Canin would 
need to seek a color additive approval to cover that use. CFSAN confirmed that Royal Canin did 
not need to obtain a color additive approval to use marigold extract as a nutritional source of 
lutein in pet foods. (See Appendix C) 

Preparation of marigold as an oil from T patula L., T erecta L., or T minuta L. (T glandulifera 
Schrank) is also approved for safe use in human food either as a natural flavoring substance or as 
a substance used in conjunction with flavoring substances under 21 C.F.R. § 172.510. The 
substances listed in this part, including marigold oil as described above, are also pennitted for 
use in animal feed, including dog and cat food, as a "natural flavor" under 21 C.F.R. § 
501.22(a)(3). 

Moreover, marigold extract has been the subject of several GRAS Notifications for use in human 
food and CFSAN has had no questions with respect to any of these notifications. See, e.g., the 
June 14, 2004 CFSAN letter regarding the Kemin Foods, LC. GRAS Notice 140 for a lutein 
preparation (crystalline lutein) from Tagetes erecta marigold flowers at levels varying from 0.3 
to 3.0 mg per reference amount customarily consumed (RACC), depending on the particular 
food. The FDA had no questions regarding GRN 110 by Cognis Corporation for a marigold 
extract use level to provide lutein esters up to 6.0 mg per serving, depending on the type of food. 
GRAS Notice 291, filed on behalf oflndustrial Organica S.A. de C.V., notified CFSAN that the 
company had detennined marigold-derived crystalline lutein to be GRAS at levels from 0.3 to 
3.0 mg/RACC, depending on the type of food. OmniActive Health Technologies Ltd. filed 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

GRAS Notice 385 for a lutein preparation from Tagetes erecta marigold flowers, also at levels 
from 0.3 to 3.0 mg/RA CC, depending on the type of food. For infant formula, Abbott Nutrition 
filed GRAS Notification 390 for marigold-derived suspended lutein at 210 micrograms lutein per 
liter of fonnula. Finally, Industrial Organica S.A. de CV notified FDA of its determinations that 
marigold-derived lutein, lutein diacetate, and lutein esters are GRAS at levels of 0.3 to 3.0 
mg/RACC (See GRAS Notifications 432, 542 and 543). These are discussed in greater detail 
later in this document, however in all cases, FDA had no questions with respect to these GRAS 
determinations. 

Royal Canin's proposed use of marigold extract is as a nutritional source of lutein. Many pet 
food ingredients contain inherent levels of lutein. Egg yolks contain up to 0.3 mg lutein per yolk. 
Vegetables, including spinach, kale, broccoli, Brussel sprouts, cabbage and green beans can 
provide lutein. However, the most common source of lutein in pet foods is from com gluten 
meal. 

Marigold extract also contains a significant amount of lutein and because of the lutein derived
yellow pigmentation it has been commonly used a food and feed colorant. In addition to lutein · s 
pigmentation qualities, researchers have begun to focus on its antioxidant properties. Lutein is a 
natural, fat soluble antioxidant and has been identified as a potent scavenger of free radicals 
(Sindhu et al. , 2010). Several studies have recently shown that dietary lutein has nutritive 
benefits in cats and dogs, namely promoting healthy immune response and protecting health cells 
from oxidative damage. It is for this reason that the subject of this GRAS notification is for use 
of marigold extract as a nutritional source of the antioxidant lutein in diets and treats for dogs 
and cats. 

1.8.2 Level of Dietary Exposure Resulting from Royal Canin's Intended Use 

The safety of marigold extract was evaluated by calculating the maximum dietary exposure to 
marigold extract that will result from Royal Canin's use on a milligram per kilogram body 
weight per day (mg/kg.bw/day) basis. 

(b) (4) 

The presumed safe intake of lutein as determined by the National Research Council of the 
National Academies (NRC) is 1.8 mg/kg.bw/day for dogs and 7.2 mg/kg.bw/day for cats. At the 
levels of inclusion in these above examples, dogs at maintenance eating the lower energy food in 
the example above will consume between 0.22 and 0.60 mg lutein/kg.bw/day, whereas adult 
dogs with greater energy needs (e.g., working dogs) eating the higher energy food above will 
consume between 0.47 and l.27 mg Jutein/kg.bw/day. 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

and season (Hethely et al., 1986; Bosma et al., 2002). These factors could have an impact on the 
composition of the extract, but based on our research, we are confident that we can consider the 
Cuatroxan profile to be representative of the marigold extract produced by other suppliers. 

11.B Method of Manufacturing 

11.B.1. Marigold O/eoresin (Extract) 

The manufacturing process for marigold oleoresin (also called marigold extract), is exemplified 
by the flow process of Kemin (Table I). The process is not materially different for other sources 
of marigold extract. Briefly, hybridized marigold flowers from various geographical locations 
are sourced and utilized in the process. The extract is produced by hexane extraction of the dried 
marigold leaves and the resulting material is termed .. oleoresin··, which is a concentrate of 
carotenoids, namely, xanthophylls including lutein. The tyPical fat content of the oleoresin is 
approximate! 98%. (b) (4) 

of the extract. For example, in distillation (versus extraction), we would expect to have a higher 
ratio of volatile to non-volatile substances than the ratio in a hexane extract. 

IO 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

Tahlc I. Flo" Process for :\lari~old Okorcsin - Feed Grnck 

\1arigold (fresh flO\\ers from field) 

~ 
Transported to dehydration factOQ 

~ 
Silaging process \\ith bacterial culture 

t 
Silaged flo\\ ers 

Screw pressing to reduce some quantity of \\Sier a~ juice 

Shredding to break lump~ 

t 
Drying (b) (4). 

Grinding the dried flO\\l~ rs 

t 
Marigold ground meal 

Pelleti£ation 

Marigold pellets 

t 
Extraction with hexane sohent (ambfenc lemperature) 

Extracted miscella 

Evaporation (b) (4) 

t 
Concentra1e stripping operation to reduce sol\ enc residues 

Crude oleoresin 

t 
Blending process & filling (b) (4) 

t 
l\larigold oleoresin feed grade (Final product) 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

Prior to its use in the manufacturing process, it is critically important to confirm the marigold 
oleoresin supplier specification and certificate of analysis. An example of supplier 
documentation (confidential), including the specifications used to establish acceptable levels of 
lutein, ethoxyquin, BHA/BHT, and dioxins and PCBs is shown below. 

G. PHODLJCT CHARACTERISTICS 
(b) (4) 

In addition to supplier testing, Kemin has also established a quality testing plan to ensure the 
quality of Cuatroxan. The quality plan is confidential, however it may include (among other 
things) testing of numerous heavy metals, pesticides, dioxin, impurities, and bacteria (see 
below). 

12 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

Hazard Method Alert Level 
Heavy Victals AOACor 30 ppm Arsenic 

equivalent 10 ppm Lead 

0.2 ppm Mercury 
I 0 ppm Cadmium 

Pesticides QuEChERS No known regulatory 
limits 

Dioxin EPA 1613 200 ppt 
Impurities USP <467> 290 ppm 

Residual Hexane 
Sulvl.:nl:s 

Bacteria TPC 2x 10"6 CFU/g 

Salmonella neg/25g 

(b) (4) 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

11.B.2. Method of Addition to the Pet Food Diet 

(b) (4) 

11.C Composition of Marigold Extract 

Compositional analysis of Cuatroxan by the supplier identified the constituents as per Table 2. 
The supplier also confirmed that the typical lutein content was approximately 70% of the total 
carotenoids in the Cuatroxan formula. 

This GRAS specifically addresses marigold extract however the additional ingredients that are 
added during the manufacturing process as carriers, processing aids or stabilizers are also 
considered (Table 3). The extraction procedure for marigold remains similar and therefore the 
relative composition of the chemicals within the marigold extract compared to the lutein fraction 
arc not expected to differ significantly. 

14 
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- - - - - -

I .ihk :'. · ( "0111pu-.,1t1P 11111 i\'1.11 1~Pld Okn1~"·.i11 (I· \lr,1_-1 I 
(b) (4) 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

11.C.1 Lutein 

Lutein is a xanthophyll and one of 600 known naturally-occurring carotenoids. Lutein is 
synthesized by plants, microalgae and some photosynthetic microorganisms. It occurs naturally 
with high levels in green leafy plants such as kale, dandelion leaves, nasturtium (watercress), 
turnip greens, spinach, Swiss chard, peas, lettuce, and many others, including the marigold 
flower, Tagetes erecta (full discussion in section VI.A. I). Lutein is present in plants as fatty-acid 
esters, with one or two fatty acids bound to the two hydroxyl-groups. Lutein is an oxycarotenoid 
that contains 2 cyclic end groups (one P- and one £-ionone ring) and the skeletal C40 isoprenoid 
structure, which is common to all carotenoids. The principal natural stereoisomer of lutein is 
(3R, 3'R, 6'R) - ~- i>-carotene-3,3'-diol. Lutein, which is lipophilic, is insoluble in water but 
soluble in fats , and has a melting point of 190 °C. Detailed descriptions of lutein are provided in 
Table 4. 

Chemical 
Names: 

Chemical 
Formula: 

Molecular 
Wei ht: 

CAS No.: 

Chemical 
Structure: 

Tahir ..i. Lukin Description 

4-( 18-( 4-Hydroxy-2,6,6-trimethyl-1-cyclohexenyl)-3, 7,12,16-
tetrarnethyloctadeca- I ,3,5, 7 ,9, l l , 13, 15,17-nonaenyl)-3,5,5-trirnethyl
cyclohex-2-en-1-ol; Xanthophyll; Bo-Xan; 

~,t-carotene-3,3 '-diol; Vegetable lutein; Vegetable luteol; 
all-trans-(+)-xanthophyll; all-trans-lutein; Luteine 

C40Hs60 2 

568.88 

127-40-2 

~ ~ ~ ~ ~ ~ 

HO 

OH 

As a food additive, lutein has the identifier E number E 161 b (INS number 161 b) and is extracted 
from marigold petals (Tagetes erecta). It is approved for use in the EU, Australia, and New 
Zealand (See Australia New Zealand Food Standards Code, 2015). 

(b) (4) 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

considered appropriate to presume that they will also be present in the marigold extract currently 
under review. For this reason, the toxicological risk assessment in section Yl.B addresses the 
food safety of these fatty acids. 

11.C.5 Gums & Resinous Matter from Dried Marigold 

Marigold extract contains a complex mixture of resinous and gum-like substances. A number of 
chemical analyses of the gums and resins found in marigold extracts are reported in the public 
literature. and are considered below. 

11.C.Sa Gums 

Marigold flower extract is known to contain a large proportion of gum (Figueira et al., 1994). 
Plant &rums arc complex polysaccharides (other than starch) typically bound to protein, and are 
either cell wall components or provide a reserve energy store for the growth and development of 
the plant. Gums like pectin and gum acacia are widely used as additives in foods for their 
gelling and emulsifying properties. The gum extracted from marigold petals contains arabinose, 
galactose and glucose in the ratio 15:3:7 (Medina and BeMiller, 1993). 

11.C.Sb Resins 

Resins, in the context of marigold flowers, are the high-molecular weight. hydrocarbon-rich 
portions of the hexane extracts. These hydrocarbons are primarily based on terpenes. Terpenes 
are derived biosynthetically from isoprene units (C5H~) which are linked together to form a vast 
variety of different molecules. Several authors have reported within the public domain on the 
constituents of marigold essential oils. The following essential oils were determined to be present 
using GC and GC/MS analysis: limonene (6.9%), tcrpinolcnc (4.7%). (z)-myroxide (7.9%). 
piperitone (28.5%), and caryophyllene (7.0%) (Krishna ct al., 2004). Similarly, using GC and 
GC/MS. Amas et al. (2012) identified high levels ofpiperitone (35.9%) and terpinolene (22.2%) 
in the oil. The yield of essential oils from plants is low; steam distillation extracted only 0.02-
0.09% of essential oils from flowering marigold plants (Hethely et al., 1986). The essential oils 
that have been identified in marigold essential oil arc commonly found in a variety of other 
botanical ingredients such as herbs. Given their low presence in marigold flowers, the 
concentration of the total or individual essential oils is expected to be low in the marigold 
extract. 

11.C.6 Silicon dioxide (including sodium sulfate) 
(b) (4) 

18 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

(b)(4) 

II. C. 7 Vegetable oil 
(b) (4) 

11.C.8 Water 

Water is present as a component of the silicon dioxide and the marigold plant. 

11.C.9 Rosemary (in light of carnosic acid, phenolic diterpenes, flavonoids) 
(b) (4) 

11.C.10 Antioxidants 
(b) (4) 

II. C. 11 Solvents 

Solvent extraction is a process of diffusion of a solvent into oil-bearing cells of the raw material 
resulting in a solution of the oil in the solvent. The extraction process consists of treating the raw 
material with hexane and recovering the oil by distillation of the resulting solution of oil in 
hexane called miscella. Evaporation and condensation from the distillation of miscella recovers 
the hexane absorbed in the material. The extraction process of the dried marigold leaves in 
Cuatroxan is no different than described above and similar for almost all oil-bearing seeds or 

19 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

leaves. The manufacturer uses a quality plan, raw material risk assessment, risk justification and 
product specification to minimize any potential negative attributes for ingredient selection and 
finished goods manufacture. 

(b) (4) 

II.CJ ::>te11Jilit'}' 

11.D.1 Stability of Xe1nthophyl/ including Lutein in Marigold Extrnct 
(b) (4) 

20 
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Table(). Total xanthophyll content of Cuatro'\an from original 
packaging at time 0 (si'\ \\eeks post production) compared to C of 
:\. Lot:: O()Os I o:n>o 

Source ID >:anthoph~ I I Content 
g kg 

21 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

I .ihk 7 \.111t'1Ppll\ II (\>11tu1t 111 Cu.1111>\.Jll 111 D1lk1c11t l' ,1-. h; .1.'-'.;11!..'. I \JK' " 

\ 11.:;JJ) \,111thPph~ II ( (ll]l\..'ilt ( :,'. ' !,;:,'.) 

o :-. 111<11111 " I 1111>1111t, 2 .1:,i11l l h ..J 1111111111, 1, 11i.i111 l i--

(b) (4) 

(b) (4) 

Taken together, these data indicate that xanthophyll content (including lutein) in marigold extract 
(Cuatroxan) is stable for at least 6 months from the day of production. 

11.D.2 Stability of Lutein in Pet Food 
(b) (4) 
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(b) (4) 

(b) (4) 
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(b) (4) 

11.D.3 Homogeneity of Lutein in Pet Food 

The homogeneity of marigold extract in pet food was assessed by measuring lutein from samples 
collected during the production runs of four different pet food recipes (Table I 0). For each 
recipe, samples were collected every 15 minutes during the production run (total of 8 samples\ 
diet). The lutein concentration in each sample was measured and the coefficient of variance 
(CV) was calculated (Table 10). 

The CV was below 15% for three of the recipes indicating that lutein is uniformly distributed 
throughout the pet food during the production run. Jn Dog Recipe B the CV was above 15% 
suggesting that Jutein was not uniformly distributed. However, one of the values (sample 1) was 
confirmed using a Grubbs' test to be statistical outlier. When that value was removed, the CV 
for Dog Recipe B was below 15% indicating that lutein was uniformly distributed throughout the 
diet. 

Taken together, these data demonstrate that lutein from marigold extract can be uniformly 
distributed in pet food. 
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sam les 
4.4 12. l 11.9 24.4 

11.E Analytical Methods 

11.E.1 Method of Analysis for Xanthophyl/ and Lutein in Marigold Extract 

(b) (4) 
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(b) (4) 

11.E.2 Method of Analysis for Lutein in Pet Food 

(b) (4) 
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Ill. HISTORICAL AND CURRENT REGULA TED USE OF THE 

SUBSTANCE: Marigold Extract and Derivatives of Marigold Extract 

Ill.A FDA Approved Uses 

Marigold meal and extract from T erecta (also known as Aztec Marigold) is approved as a color 
additive for use in chicken feed under 21 C.F.R. § 73.295 ["Tagetes (Aztec marigold) meal and 
extracC].2 That regulation permits the use of marigold extract at levels consistent with good 
manufacturing practice (GMP) (i.e., the minimum quantity required to produce its intended 
physical or technical effect, in this case coloring of the skin and eggs of chickens). The 
recommended application rate of marigold extract to achieve this effe.ct varies by manufacturer. 
Cuatroxan (Kemin) is not intended for use in poultry feeds, but rather another marigold extract 
(Oro Glo 20, Sec Appendix F for product specification sheet) is used for this purpose. Kemin 
guarantees a xanthophyll activity content in Oro Glo 20 of not less than 20 g/kg (20,000 ppm, or 
2%). Application rates vary with consideration of xanthophyll content fi-om natural sources 
(com, com gluten meal, alfalfa meal, etc.) and/or any added red mixed oxycarotenoids in the 
ration. Therefore, while the amount added can be higher or lower, on a practical basis, typical 
use of the product is in the range of 0.5 to 1.0 pound per ton (500 ppm). The manufacturer of 
Nutri-Glo Yellow (Nutri-AD International) also guarantees a xanthophyll content of 20 g/kg, but 
recommends an application rate of up to four pounds per ton (2000 ppm), depending on content 
of carotenoids in the feed and required color (See Appendix B for product specification sheet). 
Based on analysis of Nutri-Glo Yellow by Royal Canin flt did not analyze the Oro Glo 20 
product), the average lutein content is (b) <4j (See Appendix D). Therefore, the 
final amount of added lutein to the chicken feed when Nutri-Gold Yellow is applied at the 
maximum rate recommended is 31 .2 ppm. 

The color additive regulation is not applicable to Royal Canin 's intended use because the 
regulation is applicable only to chicken feed and because Royal Canin is using marigold extract 
for nutritive (antioxidant) purposes, rather than as a color additive. Royal Canin submitted its 
intention to use marigold extract as a nutritional source of lutein in pet food to the FDA Center 
for Food Safety and Applied Nutrition's (CFSAN) Office of Food Additive Safety, Division of 
Petition Review to ask whether Royal Canin would need to seek a color additive approval to 
cover that use. CFSAN confirmed that Royal Canin did not need to obtain a color additive 
approval to use marigold extract as a nutritional source oflutein in pet food (See Appendix C). 

Preparations of marigold as an oil from T patula L., T erect a L., or T minuta L. ( T glandulifera 
Schrank) is also approved for safe use in human food either as a natural flavoring substance or as 

2 Tagetes meal is defined as ·'the dried. ground flower petals of the Aztec marigold (Tagetes 
erecta L.) mixed with not more than 0.3 percent ethoxyquin," and the extract is defined as a 
"hexane extract of the flower petals of the Aztec marigold (Tagetes erecta L.)[,] ... mixed with an 
edible vegetable oil, or with an edible vegetable oil and a hydrogenated edible vegetable oil, and 
not more than 0.3 percent ethoxyquin [that] ... may also be mixed with soy flour or com meal as 
a carrier.'· Ethoxyquin is used as an antioxidant/preservative to retard oxidation of the 
carotenoids. 
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levels of 0.3 to 3 milligram per serving (GRN 432, 2012; GRN 542, 2015; GRN 543, 2015). 
Overall, the FDA has determined lutein to be GRAS for use as an ingredient in human food, 
including use as an ingredient in infant formula. 

Ill. C Other Organizations 

The NRC of the National Academies was commissioned by the FDA to convene a committee of 
experts to report on factors affecting the safe use of dietary supplements in various domestic 
animal species. The report, entitled Safety of Dietary Supplements in Horses. Dogs and Cats, 
was published in 2009. As part of the report, the committee included a complete assessment of 
lutein in these species. Based on studies showing no apparent adverse effects at levels used, the 
report offers a presumed safe intake of 1.8 mg/kg.bw/day for dogs and 7.2 mg/kg.bw/day for cats 
(National Research Council, 2009). 

Lutein from Tagetes erecta was evaluated by the Joint Expert Committee on Food Additives 
(JECF A) in 2004 (JECFA, 2004). The level at which acute toxicity was seen in rats was 
detennined to be greater than 2000 mgfkg.bw/day. Based on several sub-chronic studies, 
including developmental toxicity, no adverse effects were documented in laboratory animals 
(i.e., mice, rats, monkeys) or clinical trials in humans. Further, in a number of studies reviewed 
by JECF A, no evidence of genotoxicity was found. Based on these data, and considering that 
Jutein was not genotoxic, had no structural alerts for carcinogenicity, is a natural component of 
the diet, and also is normally found in many sites within the body, especially the eye, JECF A did 
not consider a chronic study necessary. 

Lutein is registered as an additive for human in food in the EU at concentrations up to a 
maximum of 100 mg/kg in a number of processed foods (European Commission, 2008). 

In Europe, lutein is registered under feed regulations as an authorized food additive (colorant) for 
poultry at a maximum concentration of 80 mg/kg of complete feeding stuffs (European 
Commission, 2003). Lutein is not listed as a material whose placing on the market or use for 
animal nutritional purposes is restricted or prohibited as regulated by Regulation (EC) No 
767 /2009 (European Commission, 2009), nor is it considered an undesirable substance as 
regulated by Directive 2002/32/EC (European Commission, 2002). 

IV. INTENDED USE OF THE SUBSTANCE: Marigold Extract 

IV.A Proposed Use of Marigold Extract in Dog and Cat Foods 

Marigold extract contains a high level of the nutritional antioxidant lutein (See Section II.C). 
The lutein in marigold extract has a number of benefits for cats and dogs when consumed in their 
diet (See Section V). For these reasons, Royal Canin proposes to add marigold extract to dog 
and cat foods in sufficient amounts to supply no more than 5 mg lutein per 1000 kcal ME (Table 
11 ). The exact amount of marigold extract used will depend on the energy density of the product 
and the concentration of lutein in the commercial extract. A diet intended for dogs with high 
energy needs (e.g., working dogs) or for cats may require use of an extract with a higher 
concentration of Jutein which can be added in lower amounts. (b) <4) 
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(b) (4) 

IV.B Estimated Dietary Intake (EDI) Resulting from Proposed Use 

IV.B.1 Adult Dogs 

At the inclusion rates for the two examples of dog food reported above, dogs at maintenance 
(kcal per day = 130 X kg.bw0

·
75

) or at twice-maintenance ("'High energy") requirements as 
needed for work (kcal per day = 260 X kg.bw0

·
75

) will consume between 0.23 and 1.27 mg 
lutein/kg.bw/day (Table 12). 
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Encr~~ 
rct1 u ire llll'll Is 

__ . _ 11~l·aJt~-'-'~ I 

\laintl'nancc -

IV.B.2 Puppies 

Feed in I a l,l. 

l;!ida~ I 

!\laintcnam:c ~I ainh:nanl'l' 

Puppies will consume more lutein per kilogram body weight than will adult dogs at maintenance. 
According to NRC (National Research Council, 2006), a 16-week-old, 17-kg Labrador puppy 
with an anticipated adult size of 35 kg requires 1934 kcal ME per day. A younger, I .5-kg smal1-
breed puppy with an anticipated adult size of 5.0 kg requires 308 kcal ME per day. At a 
maximum inclusion rate of 5 mg lutein per I 000 kcal ME, the larger puppy would consume 9.67 
mg lutein (0.57 mg/kg.bw) per day, while the smaller puppy would consume I .89 mg lutein 
( 1.26 rng/kg.bw) per day. 

IV.B.3 Cats and Kittens 

K.jttens will consume more food per kilogram body weight than will adult cats. According to 
NRC (National Research Council, 2006), a 0.8-kg kitten with an anticipated adult weight of 4 kg 
requires 175 kcal ME per day. Therefore, at a maximum inclusion rate of 5 mg lutein per I 000 
kcal ME, it would consume 0.875 mg lutein (1.09 mg/kg.bw) per day. 
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(b) (4) 
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(b) (4) 

Addition of marigold extract at Royal Canin's proposed use levels of no more than 5 mg per 
l 000 kcal ME will add approximately 15 to 25 ppm lutein to the diet. When added to a food that 
is inherently low in lutein content, it can raise the lutein content to levels comparable to those 
formulated with corn gluten meal or other high-lutein ingredients. 

VI.A. 3 Estimated Daily tltake of Lutein in Dogs and Cats from Commercial Pet 

Foods 

The daily caloric requirements of dogs can vary greatly depending on breed and body type. 
The energy requirements for the average laboratory kennel dogs and active pet dogs at 
maintenance can be estimated by the formula; kcal ME per day = 130 X kg.bw0 75 (National 
Research Council, 2006). Based upon the range of lutein contents in commercial pet foods as 
discussed above, and using an average energy content of pet foods ( 4000 kcal ME/kg dry 
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matter), the estimated intake of lutein in a small (5 kg) adult cbg ranges from 0.06 mg/kg. bw/day 
for a diet low in lutein (3 ppm DM) to 1.09 mg/kg.bw/day for a diet high in lutein (50 ppm 
DM). Thus, the estimated intake of lutein in a large (50 kg) adult dog ranges from 0.04 to 
0.61 mg/kg.bw/day for the low and high-lutein diets, respectively. 

Cats do not exhibit as large of a range in caloric requirement as dogs. The energy 
requirements for an adult cat at maintenance in lean body condition can be estimated by the 
formula kcal ME per day = l 00 X kg.bw0

·
67 (National Research Council, 2006). A 4.5 kg 

adult, non-reproducing cat eating a food containing 4000 kcal ME/ kg dry matter 
would consume 0.05 mg/kg.bw/ day when fed a diet containing 3 ppm lutein DM, 
or 0.76 mg/ kg.bw/day when fed a diet containing 50 ppm lutein DM. 

Vl.B. Toxicological Risk Assessment in Dogs and Cats 

As stated previously, this GRAS specifically addresses marigold extract and not the additional 
ingredients. However the extraction procedure for marigold remains similar and therefore the 
relative composition of the chemicals within the marigold extract compared to the Iutein fraction 
are not expected to change significantly. 

As Royal Canin intends to add lutein at no more than 5 mg/1 OOOkcal ME and assumin2 a 
(b) (4) 

Given the relative 
contributions of the other components within the marigold extract to lutein, the dietary exposure 
has been worked out for puppies, again as a worst case scenario. In the interests of transparency 
this has also been conducted for the wider ingredients within the Cuatroxan product. It should be 
noted that if other formulations of marigold extract are used, these toxicological risk assessments 
for the other components would not be necessary. 

A risk assessment follows for each identified fraction within the Cuatroxan. 

V/.B. 1 Lutein and Zeaxanthin 

There arc insufficient toxicological studies available to base a risk assessment on the marigold 
extract as characterized by the flow diagram in Table 1. Therefore the toxicity of marigold has 
been considered in light of the natural botanicals present in the material as identified in Table 2. 

Lutein and zeaxanthin are isomers with similar structural , physiological and toxicological 
properties. In light of these similarities, for the purposes of this toxicological risk assessment 
they have been grouped together in line with the JECF A evaluation (JECF A, 2006). 

Lutein has been evaluated separately by a number of international and regulatory bodies 
including JECFA, EFSA, and the NRC on behalf of the FDA. Zeaxanthin has also been 
evaluated separately by EFSA and JECF A. The below section summarizes the infonnation from 
these reviews, with only specific studies considered pivotal to the risk assessment mentioned. 
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The NRC defined the HSI to be the estimated intake of lutein in the target species from cat and 
dog food that was naturally present due to its occurrence in a number of commodities such as 
com and com gluten. The NRC reported the intake in dogs and cats to range up to 0.45 and 0.85 
mg/kg.bw/day, respectively. 

The PSI for dogs was based on a 12-week study investigating the effects of lutein on immune 
function in dogs. In the study, beagles (14/females/dose) were fed diets supplemented with lutein 
at either 5, 10 or 20 mg diet (reported to be equivalent to 0.45, 0.9 or 1.9 mg/kg.bw/day, 
respectively) for 12 weeks. It is not clear from the NRC report why the value of 1.9 was reduced 
to 1.8 mg/kg.bw/day. 

The PST in cats was based on a 12 week immunology study in cats (14/females/dose) fed diets 
supplemented with lutein at doses of 1, 5, or IO mg/kg diet (reported to be equivalent to 0.71 , 3.6 
or 7.2 mg/kg.bw/day, respectively). 

European Food Safety Authority (EFSA) 
Lutein was re-evaluated as a food additive by the European Food Safety Authority (EFSA) in 
2010. EFSA derived an ADI of 1 mg/kg.bw/day using a NOAEL of 200 mg/kg.bw/day (the 
highest dose in the study) from a 90-day study in rodents and applying a safety factor of 200. 
The study used was the same pivotal study as identified by JECF A, however EFSA used an 
additional safety factor as no multi-generation or chronic/carcinogenicity studies were available 
(EFSA, 201 Ob). 

In 2008, the EFSA evaluated the safety, bioavailability, and suitability of lutein in infant and 
follow-on formulae. At the levels proposed for inclusion (250 and 500 mgll in infant and follow
on formulae, respectively), EFSA concluded that there was no safety concern. The estimated 
actual intake based on this inclusion in mg/kg.bw/day was not reported (EFSA, 2008b). 

EFSA have also evaluated a number of health claims related to lutein supplementation in the 
diet. These are not reported here as they do specifically address the safety of lutein. 

In 2009 lutein was evaluated by EFSA for its use as a coloring agent for poultry at up to 80 
mg/kg complete feed. EFSA concluded that" ... given the widespread natural occurrence of the 
compound, and considering the molecular structure of the carotenoid, the FEEDAP Panel does 
not see reasons for concern .. , (EFSA, 2009). 

In 2012, zeaxanthin was evaluated by EFSA on its safety as an ingredient in food supplements. 
EFSA used a NOAEL of 150 mg/kg.bw/day identified from a two-generation reproduction study 
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in rats, and applied an uncertainty factor of 200 ( 100 for inter- and intra-species variation and 2 
for incomplete dataset) to derive an ADI of 0.75 mglkg.bw/day (EFSA, 2012c). 

In 2009, zeaxanthin was evaluated by EFSA for its use as a coloring agent for poultry with levels 
estimated to be up 12 mg zeaxanthin/kg. EFSA concluded that " ... given the widespread natural 
occurrence of the compound, and considering the molecular structure of the carotenoid, the 
FEEDAP Panel does not see reasons for concern." (EFSA, 2009). 

Summa1y Risk Assessment 
Lutein and zeaxanthin are isomers of each other and reported to have a similar toxicological 
profile, therefore a group PSI of these chemicals is recommended. Lutein is reported to have a 
low acute oral toxicity in rodents with no evidence of skin or eye irritation in rabbits. Acute and 
sub-acute studies with lutein in multiple laboratory species have not highlighted any 
toxicological concern at the doses administered. There was no evidence of genotoxicity; however 
no carcinogenicity studies were available. There was no evidence of developmental toxicity from 
lutein; however, in a 2-generational study with zeaxanthin there was some evidence of reduced 
fertility at high doses (500 mg/kg.bw/day). In line with the NRC evaluation of lutein, a group 
PSI for lutein and zeaxanthin of 1.8 and 7.20 mg/kg.bw/day is recommended for dogs and cats, 
respectively. 

Based on a 1.5 kg puppy requiring 378 kcal/day, the intake of lutein 
(b) (4) 

was calculated to be 1.26 mglkg.bw/day, total intake including that trom zeaxanthm was l .8 
mglkg.bw/day, this is the calculated PSI. Based on this, adverse effects are not anticipated and 
lutein and zeaxanthin are not expected to cause adverse effects. 

Vl.B.2 Cn-C31 Alkanes 

There are no standard toxicity tests that address solely the n-alkane plant waxes present in 
marigold. However there are extensive reports of consumption of n-alkanes from other materials, 
none of which have shown any negative responses; these should be considered when evaluating 
the toxicity of n-alkanes from marigold. 

lutein extracts 
Lutein extracted from Tagetes erecta may have remaining plant waxes present. The JECFA 
specification for lutein describes a minimum total carotenoid concentration of not less than 80%. 
The purity of the lutein extract also reports the presence of not more than 14% plant waxes; these 
are later described in the "Tests" section as n-alkanes C25-35 (JECF A, 2004). 

In assays addressing the toxicity or phanna-coactive properties of Jutein, lutein extracts from 
Tagetes erecta have been used (Chew et al., 1996; Gradelet et al., I 996; Kim et al., 2000b, a). 
From the concentration of lutein present in these extracts, it is apparent that other botanical 
ingredients from lutein were also present. Although these studies were not standard toxicity 
tests, no adverse effects were reported. 

Other plant materials 
Plant waxes including those identified in II.C.3 are endogenous to nearly all terrestrial plants. 
The exact n-alkane profile of the plant waxes may be dependent upon a range of factors 
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Vl.8 .5 Silicon dioxide 

As stated in section HA, silicon dioxide is not intrinsic to marigold extract. but has wide spread 
use across the feed industry as an anticaking agent. It has been evaluated by a number of 
authoritative bodies including JECF A and EFSA where is it considered to be a low food safety 
concern. and has GRAS in the USA for a variety of uses. Silicon dioxide may be safely used in 
animal feed as an anticaking agent under 21 CFR 573.940. AAFCO Feed Ingredient Definition 
#87 .3 also provides for its use UQ to 50% in vitamin E supplements. The intended use of silicon 
dioxide in Cuatroxan is (b) (4) 

That appears 
well within the specification of 21 CFR 573.940(c), which limits the inclusion of silicon dioxide 
to not more than 2% of the finished food. 

Due to the low food safety risk from silicon dioxide it has not been considered further for 
toxicological risk assessment. As a component of the silicon dioxide, sodium sulfate is expected 
to break into its respective ions, both of which are commonly found in feeds. Therefore, it is not 
necessary to consider this further in tenns of toxicological risk assessment. 

Vl.8 .6 Vegetable Oil 

Vegetable oil has widespread use in the food and feed industry. it is not necessary to consider 
this further in tenns of toxicological risk assessment 

Vl.8 .7 Water 

It is not necessary to consider water in tenns of toxicological risk assessment. 

V/.8 .8 Rosemary extract 

Rosemary (Rosmarinus Ojficinalis) extract may contain multiple chemical constituents, that may 
vary dependent upon the extraction process as well as the part, growing conditions and origins of 
the plant (Viuda-Martos ct al., 2007; Gcncna ct al., 2008). The rosemary extract added to the 
marigold extract described in section 11.C.9 is extracted by organic solvents including acetone 
and methanol. The extraction method produces an extract that typically contains 30% 
carnosol/camosic acid (US Patent, 2002) which is considered the active ingredient in rosemary. 
For this ri sk assessment, toxicity data for rosemary or rosemary extract rather than individual 
materials are used. Where the authors have reported composition of the extract or extraction 
procedure, this is also reported to allow comparison between rosemary extracts used. 

Acute Toxici(\' 

Rosemary extract (ethanol extraction, 7 - 10% camosol!carnosic acid) is oflow acute oral toxicity 
with LD50s greater than 8.5 or 10 g/kg.bw in male or female mice respectively (EFSA. 2008a). 

Irritation and Sensiti=ation 
Rosemary leaf oil applied at full strength was moderately irritating to rabbit skin after application 
for 24 hours to intact and abraded skin under occlusion (Opdyke, 1974). 
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GRAS EXEMPTION CLAIM FOR MARIGOLD EXTRACT DERIVED FROM Tagetes erecta 

Tahk 20: /11 J fro \ssa~ s 

Roscmar~ C\.tract .\ssn~ Result Rdc1·cncc 
Rosemary oil Comet assay 

Positive Maistro et al., 2010 
(Swiss mice) 

Rosemary oil Micronucleus 
Positive Maistro et al., 2010 

assay (Wistar rats) 
Water: alcohol Micronucleus 

Negative Gaiani et al., 2006 
assay (Wistar rats) 

Absolute ethanol Micronucleus 
assay (Swiss albino Negative Fahim et al., 1999 
mice) 

Rosemary oil Micronucleus 
Negative Furtado et al., 2008 

assay (Swiss mice) 
Rosemary oil Chromosomal 

aberration assay Positive Maistro et al., 2010 
(Wistar rats) 

Water: alcohol Chromosomal 
aberration assay Negative Gaiani et al., 2006 
(Wistar rats) 

Hexane: ethanol Micronucleus 
Negative EFSA, 2008 

extract assay (OFl mice) 

Carcinogenicity 
No studies were located. 

Reproductive and De,·elopmental Toxicity 
In a developmental study, Wistar rats (12 -14 fcmalcs1dose) were fed via gavagc 26 mg of 30% 
aqueous extract of rosemary extract (reported to be equivalent to 39 mg/kg.bw/day of rosemary). 
Animals were fed for Days 1 to 6 or 6 to 15 of gestation and sacrificed on Day 21 of gestation. 
There was no increased incidence of abnormalities or delayed development in treated fetuses 
compared to controls. The authors reported a higher incidence of post-implantation losses in the 
dams treated from Days I to 6 of gestation; however, this was not statistically significant. The 
authors did not report a NOAEL but concluded that rosemary extracts may have an anti
implantation effect. However. as the effect was not statistically significant and therefore may be 
due to natural \'ariation, it is not considered appropriate to attribute this affect to rosemary, and a 
NOEL of 39 mg/kg.bw/day can be identified based on the highest dose in the study (Lemonica et 
al. , 1996). 

In a fertility study, male Wistar rats (30 males/dose) were administered Rosmarinus Officinalis 
extract (no further details reported) via gavage at doses of 50 or 100 mg/kg.bw/day for 60 days. 
Spermatological parameters (including sperm dynamics, and histometric parameters of the 
sperm). serum testosterone levels and testicular weight were analyzed at the end of the treatment 
period. Animals from both treatment groups displayed statistically significantly decreased serum 
testosterone levels and increased spennatocytes. At the highest dose there was also an increase in 
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