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749 46t Square
Vero Beach, FL. 32968, USA

Soni & Asgociates Ine.  Telephone: 772-200-0746

Facsimile: 772-299-5381
E-mail: msoni@soniassociates.net

June 7, 2011 E @ E U W E

Office of Food Additive Safety (HFS-255)

Center for Food Safety and Applied Nutrition JN TS 20“
Food and Drug Administration —
5100 Paint Branch Parkway Division of

llege Park, MD 2 -38 Biotechnology and
College Park, 07403835 GRAS Notice Review

Subject: GRAS Notification for lutein and zeaxanthin preparation (Lutemax 2020™)

Dear Sir/Madam:

Pursuant to proposed 21 CFR 170.36 (62 FR 18960; April 17, 1997), OmniActive
Health Technologies Ltd., through Soni & Associates Inc. as its agent, hereby provides
notice of a claim that the food ingredient lutein and zeaxanthin preparation (Lutemax
2020™) described in the enclosed notification document is exempt from the premarket
approval requirement of the Federal Food, Drug, and Cosmetic Act because it has been
determined to be Generally Recognized As Safe (GRAS), based on scientific procedures.

Given the compositional differences (particularly isomers of zeaxanthin) and
manufacturing process, we believe that Lutemax 2020™ is somewhat different compared
to the lutein products that have already been reviewed by FDA under other GRAS
notices.

As required, please find enclosed three copies of the notification. If you have any
questions or require additional information, please feel free to contact me by phone at
772-299-0746 or by email at msoni@soniassociates.net.

Sincerely M

(b) (6)

Madhu G. Soni, Ph.D.

wWww.soniassociates.net
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749 46t Square
, , Vero Beach, FL. 32968, USA
Soni X Associates Pne.  Teephone: 722000746
Facsimile: 772-299-5381
E-mail: msoni@soniassociates.net

GRAS NOTIFICATION

I. Claim of GRAS Status

A. Claim of Exemption from the Requirement for Premarket Approval Requirements
Pursuant to Proposed 21 CFR § 170.36(c)(1)

OmniActive Health Technologies Ltd. (the notifier) has determined that lutein and
zeaxanthin preparation (Lutemax 2020™) derived from Marigold flowers (Tagetes erecta L)
is Generally Recognized As Safe, consistent with Section 201(s) of the Federal Food, Drug,
and Cosmetic Act. This determination is based on scientific procedures as described in the
following sections, under the conditions of its intended use as a food ingredient. Therefore,
the use of lutein and zeaxanthin preparation (Lutemax 2020™) is exempt from the
requirement of premarket approval.

Signed

(b) (6)

Date \(ﬂf(ﬂ@ 8,257”

A\
Madhu G. Soni, Ph.D., FACN

Agent for:

OmniActive Health Technologies Ltd.
Cybertech House, Ground Floor,

J B Sawant Marg, Wagle Industrial Estate,
Thane (West) 400 604,

India
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. Name and Address of Notifier:

Abhijit Bhattacharya

OmniActive Health Technologies Ltd
Cybertech House, Ground Floor

J B Sawant Marg, Wagle Industrial Estate,
Thane (West) 400 604

India

Tel: +91-22-25830446/7

Fax: +91-22-25833771
Email: a.bhattacharya@omniactives.com

. Common or Usual Name of the Notified Substance:

The common name of the substance of this notification is lutein and zeaxanthin preparation.
The ingredient is a mixture of carotenoid xanthophylls, including lute in and zeaxanthin.
Generally, the term lutein is used as the name of the principal component of the mixture of
carotenoids xanthophylls and often denotes a mixture of the carotenoids lutein and
zeaxanthin. The trade name of the substance is Lutemax 2020,

. Conditions of Intended Use in Food

Lutemax 2020™, a lutein (> 67%) and zeaxanthin (>13.5%) preparation, is intended for use
as a food ingredient in the following food categories: baked goods and baking mixes,
beverages and beverage bases, breakfast cereals, chewing gum, dairy product analogs, egg
products, fats and oils, frozen dairy desserts and mixes, gravies and sauces, hard candy,
infant and toddler foods (other than infant formula), milk products, processed fruits and fruit
juices, soft candy, and soups and soup mixes at use levels of 0.3 to 3 mg lutein/serving
(reference amounts customarily consumed, 21CFR 101.12). A summary of use levels and
food categories for lutein is presented in Table I-D. Lutemax 2020™ will not be added to
food categories that come under USDA jurisdiction. The intended use of lutein and
zeaxanthin preparation is in the same food products and at levels proportional to those
mentioned in the GRN 000140 (FDA, 2004), GRN 000110 (FDA, 2003) and GRN 000291
(FDA, 2009). The intended uses of lutein and zeaxanthin in the above mentioned food
categories will result in the mean and 90™ percentile intake of 7.3 and 13.4 mg/person/day,
respectively. Lutemax 2020™ contains 13.5% zeaxanthin and the resulting 90" percentile
zeaxanthin intake will be approximately 2.4 mg/person/day. As zeaxanthin in Lutemax
2020™ exists as 3R,3'R- and 3R,3'S-isomer at a 50:50 ratio, the 90" percentile consumption
of each isomer will be 1.2 mg/person/day. These isomers are called RR-zeaxanthin and
meso-zeaxanthin, respectively. In this document, unless otherwise specified, Lutemax
2020™ represents the concentrated form with >67% lutein and >13.5% zeaxanthin.
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Table I-D. Food Categories and Intended Use Levels of Lutein and Corresponding Use Levels of
Lutemax 2020™ in the US.

Use levels
Food Category Proposed Food Lutein Lutemax 2020™
mg/RACC! mg/RACC
Baked Goods and Cereal and Energy Bars 2.0 2.40
Baking Mixes Crackers and Crisp-breads 2.0 2.40
Bottled Water 0.5 0.60
Beverages and Carbonated Beverages 2.0 240
Beverage Bases Meal Replacements 2.0 2.40
Tea, Ready-to-Drink 0.6 0.72
Breakfast Cereals Instant and Regular Hot Cereals 2.0 2.40
Ready-to-Eat Cereals 2.0 2.40
Chewing Gum Chewing Gum 1.0 1.20
. Imitation Milks 2.0 2.40
Dairy Product Analogs Soy Milks s o4
Egg Products Liquid, Frozen or Dried Egg Substitutes 2.0 2.40
Fats and Oils Margarine-l?ke Spreads 1.5 1.80
Salad Dressings 1.5 1.80
z;zzf/ﬁzzlry Desserts Frozen Yogurt 1.0 1.20
Gravies and Sauces Tomato Based Sauces 0.3 0.36
Hard Candy Hard Candy 1.0 1.20
Infant and Toddler Junior, Strained and Toddler-Type Baby 1.0 1.20
Foods* foods ) ’

Dry Milk 3.0 3.60
Fermented Milk Beverages 0.6 0.72
Milk Products Flavored Milk and Milk Drinks 3.0 3.60
Milk-Based Meal Replacements 3.0 3.60
Yogurt 3.0 3.60
Energy, Sport and Isotonic Drinks 2.0 2.40
. Fruit-Flavored Drinks 2.0 2.40
g:ﬁ;e;:ffe:r“‘ts and I Fruit Juice 2.0 240
Nectars 2.0 2.40
Vegetable Juice 2.0 2.40
Soft Candy Che'wy and Nougat Candy 1.0 1.20
Fruit Snacks 1.0 1.20
Soups and Soup Mixes | Canned Soups 0.6 0.72

'RACC Reference amounts customarily consumed per eating occasion (21 CFR §101.12). When a range of
use-levels (%) is reported for a proposed food use, particular foods within that food-use may differ with
respect to their RACC. Uses listed and level same as in GRN 000140. *Does not include infant formula.
Adapted from GRN 000140 and GRN 000291.
As Lutemax 2020™ represents the concentrated form with >67% lutein and >13.5% zeaxanthin, this table
represents the quantity of Lutemax 2020 when used as such, or the quantity present in a standardized
diluted form using food grade/GRAS ingredients.
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E. Basis for GRAS Determination:

In accordance with 21 CFR 170.30, the intended use of lutein and zeaxanthin preparation
(Lutemax 2020™) has been determined to be Generally Recognized As Safe (GRAS) based
on scientific procedures. The determination is supported by the opinion of the Expert Panel.
A comprehensive search of the scientific literature was also utilized for this determination.
There exists sufficient qualitative and quantitative scientific evidence, including human and
animal data to determine safety-in-use for lutein and zeaxanthin (Lutemax 2020™). Lutein
has been the subject of four separate GRAS notifications. For these GRAS notifications
(GRN 000140- 2004; GRN 000110- 2003; GRN 000221- 2007; and GRN 000291- 2009),
FDA responded that the agency had no questions regarding the conclusions that the use of
lutein is GRAS under the conditions described in the notices. The safety determination of
Lutemax 2020™ is further supported by toxicological studies in rats and mutagenicity study
conducted according to Ames assay. The safety of Lutemax 2020™ is corroborated by
multiple animal and human studies that have been performed with similar sources of lutein,
lutein-rich foods, lutein supplements, and meso-zeaxanthin. Additionally, the safety of lutein
is well established in the literature based on the dietary consumption of foods such as fruits
and vegetables, and eggs that are known to contain this carotenoid.

Both isomers of zeaxanthin in Lutemax 2020™ are found naturally in food that has long been
consumed. Recently, in a scientific opinion on the substantiation of health claims related to
meso-zeaxanthin, European Food Safety Authority (EFSA) Panel clearly stated, “Meso-
zeaxanthin is a dietary carotenoid and is measurable in foods by established methods.”’
Meso-zeaxanthin is found in food sources such as shrimp carapace, fish skin, and turtle fat.”
While these portions of marine animals are not eaten often, the carotenoids in these portions
are fat-soluble and may dissolve in fat during cooking and thus be consumed along with the
shrimp, fish, or turtle meat. Additionally, meso-zeaxanthin (as part of a natural lutein and
zeaxanthin mixture) is used in Mexico in chicken feed for the purpose of affecting the color
of chicken flesh and egg yolks.” Meso-Zeaxanthin is then found in significant quantities in
the resultant poultry products, which are used for human food. RR-Zeaxanthin is present in a
range of fruits and vegetables. Furthermore, traces of meso-zeaxanthin are known to be

' EFSA Panel on Dietetic Products, Nutrition and Allergies (NDA); Scientific Opinion on the substantiation of
health claims related to meso-zeaxanthin and maintenance of vision (ID 2096) pursuant to Article 13(1) of
Regulation (EC) No 1924/2006. EFSA Journal 2010; 8(2):1483. [11 pp.]. doi:10.2903/j.efsa.2010.1483. Available
online: www.efsa.europa.eu.

2 Maoka, T., Arai, A., Sinuzu, M., Matsuno, T., 1986. The first isolation of entiomeric and meso-zeaxanthin in
nature. Comparative Biochemistry and Physiology B, 83:121-123. Meso-Zeaxanthin was found in the skin of
commonly consumed fish such as tilapia, catfish, halibut, and Alaska pollock. Id. See also Connolly, E.E., Beatty,
S., Thurnham, D 1., Loughman, J., Howard, A.N., Stack, J., Nolan, J.M., 2010. Augmentation of macular pigment
following supplementation with all three macular carotenoids: an exploratory study, Curr Eye Res. 35(4):335-51.

? Thurman, D.I., 2007. Macular zeaxanthins and lutein — a review of dietary sources and bioavailability and some
relationships with macular pigment optical density and age-related macular disease. Nutrition Research Reviews
20:163-179; Bone R.A., Landrum, J.T., et al. 2007. Macular pigment response to a supplement containing meso-
zeaxanthin, lutein and zeaxanthin. Nutrition & Metabolism 4:12 doi:10.1186/1743-7075-4-12. Related marigold
meal and extracts are authorized for this use in the United States; see 21 C.F.R. § 73.295.
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formed when lutein esters are commercially saponified at standard elevated temperatures to
form free lutein, and these traces are clearly seen in a number of market samples of lutein
containing products evaluated by OmniActive Health Technologies Ltd.

Additionally, constituents of Lutemax 2020™, lutein and both principal isomers of
zeaxanthin, are found in the macular region of the retina in the eye. The importance of meso-
zeaxanthin has been discovered relatively recently.” At least two recently published studies
have documented that supplementation with all three carotenoids may help support eye
health, and that meso-zeaxanthin may play a particularly special role.’

On the basis of scientific procedures®, OmniActive considers the consumption of lutein and
zeaxanthin preparation (Lutemax 2020™), as a food ingredient to be safe at levels up to 13.4
mg lutein/person/day and 2.4 mg zeaxanthin/person/day.

Availability of Information:

The data and information that forms the basis for this GRAS determination will be provided
to Food and Drug Administration upon request or will be available for FDA review and
copying at reasonable times at the above mentioned offices of the notifier (Section I, B) or at
the offices of:

Madhu G. Soni, PhD, FACN
Soni & Associates Inc

749 46" Square

Vero Beach, FL 32068

Telephone: +1- 772-299-0746; Email: msoni@soniassociates.net
Detailed Information About the Identity of the Notified Substance:

Lutemax 2020™ is a lutein and zeaxanthin standardized product obtained from Marigold
flowers (Tagetes erecta L). It is a reddish-orange color crystalline powder that will be
marketed either as a standardized powder (water dispersible), as an oil suspension with
commonly used dietary (food-grade) oils (such as corn oil, sunflower oil, safflower oil or
soybean oil), or as beadlets standardized with food-grade carbohydrates. Lutemax 2020™
contains a minimum of 67% lutein and 13.5% zeaxanthin isomers. As regards the zeaxanthin
isomer distribution, the product contains about 50:50 of (3R,3'R)-B, p-carotene-3,3'-diol and
(3R,3'S)-B, B-carotene-3,3'-diol.

* Notably, some of this research has been done by a researcher with the USDA Human Nutrition Research Center on
Aging at Tufts University has studied these carotenoids, and the USDA reports that her “research has led to new
findings about the source of an important form of zeaxanthin, called meso zeaxanthin” which, in the macula, “may
be better than lutein at reducing damage from light entering the eye.” USDA/ARS, “Scientists Link Nutrition & Eye
Health,” available at http.//www.ars.usda.gov/is/AR/archive/aug03/eye0803.htm?pf=1.

3 See Bone, R.A., Landrum JT, et al., supra note 3; Connoly EE, Beatty S, et al., supra note 2.

21 CFR §170.3 Definitions. (h) Scientific procedures include those human, animal, analytical, and other scientific
studies, whether published or unpublished, appropriate to establish the safety of a substance.
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. Chemical name

Lutein: B, e-carotene- 3,3'-diol; Zeaxanthin: B, f -carotene-3,3'-diol

. Trade Name:

The subject of this notification will be marketed as Lutemax 2020™

. Chemical Abstract Registry Number:

Lutein: 127-40-2; Zeaxanthin: 144-68-3

. Chemical Formula:

The empirical formula of lutein and zeaxanthin is C40Hs60>

. Structure:

The structural formulae of lutein and zeaxanthin isomers are presented in Figure II-E.

OH

AV e Ve VN 20 26 S

HO

3R,3'R)-Zeaxanthin ; 3,3'-dihyd -B,B- t
{ )-Zeaxanthin ihydroxy-$,-carotene Zeaxanthin

_OH

\\\\\\\

HO

(3R,3'S;meso)-Zeaxanthin;3,3'-dihydroxy-f,3-carotene

.. OH

Lutein ;3,3'-dihydroxy-3 ,c-carotene

Figure II-E. Chemical Structure of Lutein and Zeaxanthin

. Molecular Weight

The molecular weight of lutein as well zeaxanthin is 568.88

. Physical Characteristics

Lutemax 2020™ is a reddish-orange color crystalline powder with a characteristic odor of
Marigold flowers.

. Typical Composition and Specifications

Typical food grade specifications of lutein are presented in Tables I1I-H.1. Analytical data
from five manufacturing lots is presented in Appendix I-A.
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Table II-H.1. Specifications of Lutemax 2020™ (Lutein & zeaxanthin preparation)

Parameters Specifications Methods
Appearance Reddish orange colored crystal Sensory observation
Odor Characteristic of Marigold flowers Sensory observation
The retention time for the major peaks in
. chromatogra ution
Identity corres;:mgds 1t:; ?lf;‘:l ientfljtta i(l)llromatogram ANA/TM-001
of the standard solution
Moisture Max 1% USP
Total Carotenoids Min 80% AOAC 17thEd
Lutein Min 67% AOAC 17thEd
Zeaxanthin Min 13.5% AOAC 17thEd
Heavy metals
Lead < 1.0 ppm AOAC 17thEd
Arsenic < 1.0 ppm AOAC 17thEd
Mercury < 1.0 ppm AOAC 17thEd
Cadmium < 1.0 ppm AOAC 17thEd
Microbiological
Total plate count <1000 cfu/g US FDA (BAM)
Yeast and molds <100 cfu/g US FDA (BAM)
E. coli and Salmonella Negative US FDA (BAM)
Salmonella Negative US FDA (BAM)
Pseudomonas aeruginosa Negative US FDA (BAM)
Staphylococcus Negative US FDA (BAM)

Typical compositional analysis of lutein is compared with other FDA reviewed GRAS
notices in Table II-H.2. As mentioned earlier, the zeaxanthin isomers in Lutemax 2020™ are
present as 3R, 3’R-zeaxanthin and 3R, 3°S-zeaxanthin at a ratio of 50:50.

Table II-H-2. Typical Compositional Analysis of Lutein and Comparison with

other GRAS Notices
Constituent Lutemax 2020™ Kemin I0SA
(OmniActive) (GRN 140) (GRN 291)
Total carotenoid > 80% > 80% > 90%
Lutein >67% > 74% > 74%
Zeaxanthin ~13.5% >2-5%% <8%
Waxes 14 to 16% <14% <7%
Moisture <1% <1% <1%
Ash <1% <1% < 1%
Page 7 of 11
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I. Manufacturing process

OmniActive’s Lutemax 2020™ manufacturing process starts with the collection of fresh
Marigold flowers (Figure II-I). The fresh flowers are dried to prepare meal that is extracted
with solvent (hexane) to obtain oleoresin. The oleoresin is then subjected to saponification’
to obtain lutein crystals of defined quality. The process consist of admixing marigold
oleoresin with excess alcoholic alkali (potassium hydroxide and 1-propanol) under controlled
heating and stirring at a specific range of temperature and period, diluting with water and
extracting the oily layer with ethyl acetate to get lutein extract, purified by washing with
polar and non-polar solvents resulting in purified free lutein and zeaxanthin crystals. During
the production process, pesticide residues, chemical contaminants and residual solvent levels
are checked at different stages to make sure the product meets the specifications. The lutein
and zeaxanthin preparations thus obtained are formulated with a food grade antioxidant and
carrier to prepare lutein oil suspension or lutein beadlets. Processing aids, such as solvents
(which are removed by vacuum evaporation) and buffer salts used in the manufacturing
process are all of food-grade quality as specified in the 5™ Edition of Food Chemicals Codex.
The residual solvent levels for hexane in the final product from multiple batches were below
50 ppm. Ethyl acetate and ethanol were detected at levels below 25 ppm (Appendix I1). The
marigold oleoresin, source for the preparation of Lutemax 2020™ was also checked for
pesticide and related potential contaminants and none were detected at detection limits of <
0.01 mg/kg (Appendix III).

7 Saponification of the esterified xanthophyll is a standard step commonly employed in the manufacturing of non-
esterified and free forms of xanthophylls such as lutein.

Page 8 of 11

060010



J. Manufacturing process diagram
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K. Intended Technical Effects

Lutein and zeaxanthin preparation is intended for addition to selected foods as a nutritional
ingredient to provide consumers with a supplementary source of lutein and zeaxanthin in
their diets. The use of lutein and zeaxanthin preparation is intended for the general
population at the levels identified in this document for addition to the following food
categories: Baked Goods and Baking Mixes; Beverages and Beverage Bases; Breakfast
Cereals; Chewing Gum; Dairy Product Analogs; Egg Products; Fats and Oils; Frozen Dairy
Desserts and Mixes; Gravies and Sauces; Hard Candy; Infant and Toddler Foods; Milk
Products; Processed Fruits and Fruit Juices; Soft Candy; Soups and Soup Mixes. It is
recognized that there are Standard of Identity requirements for some of these foods, and as
such, OmniActive does not intend to refer them by the commonly recognized names such as
milk, or yogurt.

Use of lutein and zeaxanthin preparation in the above described food categories may also
incidentally contribute its own color to the product. Its intended nutritional use would thus
fall outside the definition of “color additive,” in accordance with 21 CFR 70.3(f), “Food
ingredients ...which contribute their own natural color when mixed with other foods are not
regarded as color additives....”

The above exemption from the color additive definition will cover the intended uses of lutein
and zeaxanthin preparation under the GRAS notification.

HI.Summary of the Basis for the Notifier’s Determination that Lutein and zeaxanthin is
GRAS

The determination that Lutemax 2020™ is GRAS is based on scientific procedures. A
comprehensive search of the scientific literature for safety and toxicity information on lutein
and zeaxanthin in its free and ester form was conducted through April 2011® and was also
utilized for this assessment. Based on a critical evaluation of the pertinent data and
information summarized here and employing scientific procedures, it is determined that the
addition of lutein and zeaxanthin preparation to the selected foods described in this notice
and at use levels of 0.3 to 3 mg/serving (in accordance with established reference amounts
customarily consumed, 21 CFR 101.12) meeting the specification cited above and
manufactured according to current Good Manufacturing Practice, is GRAS under the
conditions of intended use as specified herein.

In coming to this decision that lutein and zeaxanthin preparation is GRAS, OmniActive
relied upon the conclusions that neither lutein nor zeaxanthin nor any of their degradation
products pose any toxicological hazards or safety concerns at the intended use levels, as well
as on published toxicology studies and other articles relating to the safety of the product.
Other qualified and competent scientists, reviewing the same publicly available toxicological
and safety information, would reach the same conclusion.

¥ The updated database searches performed subsequent to the Expert Panel review of the Lutemax 2020™ GRAS
assessment in October 2010 did not reveal any significant findings that will affect the panel conclusion.
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IV.Basis for a Conclusion that Lutein and Zeaxanthin is GRAS for its Intended Use.

An independent panel of recognized experts, qualified by their scientific training and relevant
national and international experience to evaluate the safety of food and food ingredients, was
convened to determine the safety of Lutemax 2020™ used as a food ingredient to provide
consumers with a supplementary source of lutein and zeaxanthin in their diets. Based on a
critical evaluation of the pertinent data and information summarized herein, the Expert Panel
members have individually and collectively determined by scientific procedures that the
addition of lutein and zeaxanthin preparation (Lutemax 2020™) in baked goods and baking
mixes, beverages and beverage bases, breakfast cereals, chewing gum, dairy product analogs,
egg products, fats and oils, frozen dairy desserts and mixes, gravies and sauces, hard candy,
infant and toddler foods (other than infant formula), milk products, processed fruits and fruit
Juices, soft candy, and soups and soup mixes at levels of 0.3 to 3 mg/serving (reference
amounts customarily consumed, 21 CFR 101.12) when not otherwise precluded by a
Standard of Identity as described here and resulting in the 90™ percentile all-user estimated
intake of 13.4 mg lutein/person/day and 2.4 mg zeaxanthin/person/day is GRAS. It is also
their opinion that other qualified and competent scientists, reviewing the same publicly
available toxicological and safety information, would reach the same conclusion (see
attached Expert Panel Statement).
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EXPERT PANEL STATEMENT

DETERMINATION OF THE GENERALLY RECOGNIZED AS SAFE
(GRAS) STATUS OF LUTEIN (LUTEMAX 2020™) AS A FOOD
INGREDIENT

Prepared for:
OmniActive Health Technologies Ltd.,
Cybertech House, Ground Floor,
J B Sawant Marg, Wagle Industrial Estate,
Thane (West) 400 604,
India

Prepared by:

Soni & Associates Inc.
749 46" Square
Vero Beach, FL 32968,
USA

Panel Members

John A. Thomas, Ph.D., F. A.T.S., D.A.T.S.
Stanley T. Omaye, Ph.D., D.A.T.S.
Madhusudan G. Soni, Ph.D., F.A.C.N.

October 15, 2010
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EXPERT PANEL STATEMENT

DETERMINATION OF THE GENERALLY RECOGNIZED AS SAFE
(GRAS) STATUS OF LUTEIN (LUTEMAX 2020™) AS A FOOD

INGREDIENT
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DETERMINATION OF THE GENERALLY RECOGNIZED AS SAFE
(GRAS) STATUS OF LUTEIN (LUTEMAX 2020™) AS A FOOD
INGREDIENT

1. INTRODUCTION

The undersigned, an independent panel of recognized experts (hereinafter referred to as
the Expert Panel)', qualified by their scientific training and relevant national and international
experience to evaluate the safety of food and food ingredients, was convened by Soni &
Associates, Inc., at the request of OmniActive Health Technologies Ltd. (OmniActive), to
determine the Generally Recognized As Safe (GRAS) status of lutein (Lutemax 2020™) as a
nutrient [21CFR 170.3(0)(20)]2 in selected food products [baked goods and baking mixes,
beverages and beverage bases, breakfast cereals, chewing gum, dairy product analogs, fats and
oils, frozen dairy desserts and mixes, gravies and sauces, hard candy, infant and toddler foods
(other than infant formula), milk products, processed fruits and fruit juices, and soft candy] at use
levels of 0.3 to 3 mg/serving (reference amounts customarily consumed, 21CFR 101.12). A
comprehensive search of the scientific literature for safety and toxicity information on lutein was
conducted through September 2010 and made available to the Expert Panel members. The Expert
Panel members independently and critically evaluated materials submitted by OmniActive and
other information deemed appropriate or necessary. OmniActive assures that all unpublished
information in its possession and relevant to the subject of this determination has been provided
to Soni & Associates Inc. and has been summarized in this GRAS monograph. Following an
independent, critical evaluation, the Expert Panel conferred and unanimously agreed to the
decision described herein.

1.1. Background

More than 600 naturally occurring carotenoids have been identified. Some of these
carotenoids are known to play an important role in human nutrition and health. These
carotenoids are used as dietary supplements, as colorants in cosmetics and foods, as animal feed
additives, and in pharmaceuticals. Among the carotenoids, lutein and zeaxanthin are two of the
most abundant carotenoids found in the diet (IOM, 2000). These two carotenoids are found in
high amounts in green leafy vegetables such as spinach and kale (Khachik ef al., 1995; Omaye et
al., 1997), and in chicken egg yolk (Handelman et al., 1999). The macula of the eye is a
repository for the carotenoids, lutein and zeaxanthin. A higher dietary intake of lutein and
zeaxanthin has been shown to reduce the risk of cataracts and age-related macular degeneration,
two eye conditions for which there is minimal options for effective prevention (Moeller et al.,
2000). Because of the unique nutritional characteristics of lutein and zeaxanthin, OmniActive
intends to use lutein (Lutemax 2020™) in a limited number of conventional foods as a dietary
ingredient.

1.2. Chemistry

Lutein and zeaxanthin are naturally occurring xanthophylls and oxycarotenoids.
Carotenoids are primarily synthesized by photosynthetic plants and microorganisms and lutein is

'"Modeled after that described in section 201(s) of the Federal Food, Drug, and Cosmetic Act, As Amended. See also
attachments (curriculum vitae) documenting the expertise of the Panel members.
? “Nutrient supplements”: Substances which are necessary for the body's nutritional and metabolic processes.
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one of the most abundant carotenoids. Lutein occurs with the isomeric xanthophyll, and
zeaxanthin in many foods, particularly vegetables and fruits. The structural formulas of lutein
and zeaxanthin isomers are presented in Figure 1. Chemically, lutein and zeaxanthin contain two
cyclic end groups (a B- and an a-ionone ring) and the basic C40 isoprenoid structure common to
all carotenoids. The polyene chain double bonds present in lutein could exist in a cis or trans
configuration and thus can be in a large number of possible mono-cis and poly-cis isomers.
However, the majority of carotenoids are in the all-trans configurations (Rice-Evans ef al., 1997;
IOM, 2000). Structurally, lutein and zeaxanthin have identical chemical formulas and are
isomers, but they are not stereoisomers. The main difference between them is in the location of a
double bond in one of the end rings.

While lutein is present as a single stereoisomer [(3R,3'R,6'R)-B, e-carotene-3,3'-diol],
zeaxanthin occurs primarily as a mixture of (3R,3'R)-f, B-carotene-3,3'-diol and (3R,3'S)-B, p-
carotene-3,3'-diol, with a minor amount of (3S,3'S)-p, B-carotene-3,3'-diol (Sajilata ez al., 2008).
The first two predominant zeaxanthin isomers are referred to as zeaxanthin and meso-zeaxanthin,
respectively (Bone ef al., 2007). The hydroxyl groups located on the 3 and 3' carbon atoms of the
carotenoid end-groups is identical in the lutein and meso-zeaxanthin molecules. However, in the
conversion of lutein into meso-zeaxanthin a shift of one carbon-carbon double bond in the &-ring
of lutein, and change in optical activity will occur thereby resulting in achirality also increasing
the conjugation (Figure 1). Alternatively, meso-zeaxanthin may be formed from the metabolite,
dehydrolutein via an enzymatic reduction pathway (Bone et al., 2007). Available evidence
indicates that the keto-carotenoid canthaxanthin does undergo reduction in the human and
primate retina lending credence to this possibility. However, in the plasma, dehydrolutein is
formed from both lutein (Thurmann ez al., 2005) and zeaxanthin (Heartmann et al., 2004). In
order to be consistent with the observation that the proportion of meso-zeaxanthin within the
retina is dependent upon the location, an enzymatic reaction is the most likely way. Unlike p-
carotene, a-carotene and B-cryptoxanthin, lutein and zeaxanthin are not considered as provitamin
A compounds, as in the human body they are not converted into retinol, an active form of
vitamin A.

HO Meso-Zeaxanthin,
3,3"-dihydroxy-8,3-carotene

HO Lutein, 3,3'-dihydroxy-B.c-carotene

Figure 1. Chemical structure of lutein, zeaxanthin and meso-zeaxanthin

Zeaxanthin, 3,3’-dihydroxy-p,p-carotene is synonymously referred to as 3R,3’R Zeaxanthin, while
meso-Zeaxanthin, 3,3’-dihydroxy- pB,B-carotene is referred as 3R,3’S meso-Zeaxanthin
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1.3. Description

Lutemax 2020™ is a lutein and zeaxanthin enriched standardized product obtained from
Marigold flowers (Tagetes erecta L). The lutein and zeaxanthin concentrate is standardized and
diluted into forms useful for food and beverage applications as dry delivery forms or oil
suspension forms. Lutemax 2020™ is a reddish-orange color crystalline powder with a
characteristic odor of Marigold flowers. Lutemax 2020™ for food uses will be marketed either
as a standardized powder (water dispersible), as an oil suspension with commonly used dietary
oils (corn oil, sunflower oil, or safflower oil), or as beadlets standardized with food grade
carbohydrates. The product contains a minimum of 67% lutein and 13.5% zeaxanthin isomers.
The subject of this GRAS determination, lutein (Lutemax 2020™) is substantially equivalent to
lutein that was the subject of GRAS notified substances reviewed by the FDA without any
questions [lutein ester- GRN 000110 (FDA, 2003); crystalline lutein- GRN 000140 (FDA, 2004);
suspended lutein- GRN 000221 (FDA, 2007); crystalline lutein- GRN 000291 (FDA, 2009)].
General descriptive parameters and properties of lutein and zeaxanthin are described in Table 1.

Table 1. General descriptive characteristics of lutein and zeaxanthin

free forms
Property/Parameter Lutein Zeaxanthin
CAS Registry No. 127-40-2 144-68-3
Chemical names zﬁg};ﬁgy’ 131,’ ?&i‘; 8, B -carotene-3,3'-diol
Empirical formula C40H5602 C40H5602
Molecular weight 568.88 568.88
Physical state Crystalline Crystalline
Melting point 177-178°C 207-215.5°C
Bulk density 0.35-0.40 g/mL 0.38-0.41 g/mL
Solubility- water at 5°C Insoluble Insoluble
Stability 1 year at room 1 year at room
temperature temperature

1.4. Specifications and Identity

Typical food grade specifications of lutein (Lutemax 2020™) have been established by
OmniActive and are presented in Table 2. Analytical results from five non-consecutive lots
(Appendix I) demonstrate that lutein (Lutemax 2020™) is consistently manufactured to meet
these specifications. Typical compositional analysis of Lutemax 2020™ is summarized in Table
3. In addition to the carotenoids, the product contains waxes that range from 14 to 16%. The final
product is prepared from the concentrate along with food grade antioxidant and carrier. The
product contains 13.5% zeaxanthin with about a 50:50 distribution as a mixture of (3R,3'R)-p, B-
carotene-3,3'-diol and (3R,3'S)-B, B-carotene-3,3'-diol, commonly referred to as zeaxanthin and
meso-zeaxanthin, respectively. The analytical results from multiple lots suggest that the ratio of
these two isomers varies between 40 and 60%.
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Table 2. Specifications of Lutemax 2020 / Lutein & zeaxanthin concentrate

Parameters Specifications Methods
Appearance Reddish orange colored crystal Sensory observation
Odor Characteristic of Marigold flowers Sensory observation
The retention time for the major peaks in
ity chomangn o1 ST | ANATMOO
of the standard solution
Moisture Max 1% USP
Total Carotenoids Min 80% AOAC 17thEd
Lutein Min 67% AOAC 17th Ed
Zeaxanthin Min 13.5% AOAC 17thEd
Heavy metals
Lead < 1.0 ppm AOAC 17th Ed
Arsenic < 1.0 ppm AOAC 17thEd
Mercury < 1.0 ppm AOAC 17thEd
Cadmium < 1.0 ppm AOAC 17thEd
Microbiological
Total plate count <1000 cfu/g US FDA (BAM)
Yeast and molds <100 cfu/g US FDA (BAM)
E. coli and Salmonella Negative US FDA (BAM)
Salmonella Negative US FDA (BAM)
Pseudomonas aeruginosa Negative US FDA (BAM)
Staphylococcus Negative US FDA (BAM)

Table 3. Typical compositional analysis of Lutemax 2020 /
Lutein and zeaxanthin concentrate (OmniActive, 2009)

Parameter Percent
Lutein > 67
Zeaxanthin >13.5
Waxes 14 -16
Moisture Max 1
Ash Max 1

1.5. Manufacturing Process

Lutein (Lutemax 2020™) is manufactured according to current good manufacturing
practices (cGMP), as outlined in Figure 3, at OmniActive’s facilities located in India at Pune and
Cochin. The manufacturing process starts with the collection of fresh Marigold (Tagetes erecta)
flowers. The oleoresin material is obtained by solvent extraction of dried Marigold flowers. The
solvents used in manufacturing include hexane, ethanol, ethyl acetate, and acetone. The flowers
are subjected to silaging and drying to obtain marigold meal. The oleoresin is obtained by hexane
solvent extraction. The oleoresin is then subjected to saponification with potassium hydroxide
and 1-propanol. Following saponification, the contents are washed with ethyl acetate, extracted
with hexane and then filtered. The wet cake obtained is washed with ethanol, filtered and is dried
under vacuum. The dried concentrate consisting of lutein and zeaxanthin (Lutemax 2020™™) is
then converted into an oil suspension or vegetarian beadlets by using food grade materials. Small
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‘i quantities of food grade antioxidant (tocopherols) are added to the product in accordance with
good manufacturing practices. Processing aids, such as potassium hydroxide and solvents used in
the manufacturing process are all of food-grade quality as specified in the Food Chemicals
Codex (5™ Edition). The residual solvent levels from multiple lots are presented in Appendix II.
The product was also checked for pesticide and related potential contaminants and none were
detected at detection limits of < 0.01 mg/kg for oleoresin from which Lutemax 2020™ is
prepared (Appendix III).

FRESH FLOWERS
DRY MEAL W
Hexane Extraction / Desolventization
Check point for agrochemical residue \

OLEORESIN Xanthophylls > 10 %, Hexane < 1000 ppm J

/ Potassium hydroxide in

1-propanol
|

SAPONIFICATION [

. ., v
éi Sequential Purification with
' Y y Ethyl Acetate
| WASTE | SAPONIFIED Hexane
OLEORESIN Ethanol
|
Purification
With Ethanol&

Desolventization :: \

Check point- »| CRYSTALS BY-PRODUCT DISPOSAL

Chemical contaminants \

PRODUCT (FINAL) FOR FORMULATION [——» BEADLETS

\ Antioxidant

Figure 3. Manufacturing process flow chart for free lutein (OmniActive, 2009)

A\ 4

OIL SUSPENSION
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1.6. Natural Occurrence

Of the over 600 naturally occurring carotenoids identified (Moeller et al., 2000; Rice-
Evans et al., 1997), less than 20 have been found in the human body (Roberts et al., 2009).
Carotenoids are fat soluble pigments found in some plants, algae, and photosynthetic bacteria.
Lutein in free as well as the esterified form is found primarily in green leafy vegetables, yellow-
orange fruits, yellow-orange vegetables, and egg yolks (Sies and Stahl, 2003). Lutein and
zeaxanthin are present in the free form in green leafy vegetables like spinach, kale, and broccoli
and as esters (fatty acid esters) in mango, orange, papaya, red paprika, algae, and yellow corn
(van het Hof er al., 1999). The levels of lutein in some fruits and vegetables are presented in
Table 4. Additionally, in a review article, Calvo (2005) summarized the lutein content of over 70
vegetables and fruits fresh or submitted to different treatments. In humans, lutein is exclusively
provided by the diet and may be considered as a marker of vegetable intake (Thurnham et al.,
1997). Both lutein and zeaxanthin are found in the macula (the innermost part of the eye) of the
retina as well as in the crystalline lens (Hendler and Rorvik, 2001). The two isomeric forms of
zeaxanthin predominate in the macula while lutein is found principally in the more peripheral
areas of the retina. The presence of lutein, primarily in the free form has been reported in human
breast milk (~3 to 232 pg/L) (Canfield et al., 2003). Human beings are unable to synthesize
lutein and hence depend entirely on dietary sources such as vegetables, eggs, or dietary
supplement in the form of lutein pills.

Dietary sources of zeaxanthin include yellow corn, red pepper, orange juice, honeydew,
mango, and chicken egg yolk (Sajilata et al., 2008). Zeaxanthin has also been identified in
extracts from apricots, peaches, cantaloupe, and a variety of pink grapefruit (Ruby seedless). The
presence of meso-zeaxanthin has also been reported in shrimp carapace, fish skin, and turtle fat,
where all three isomers of zeaxanthin were found (Maoka er al., 1986). Although meso-
zeaxanthin is considered a rare isomer, it is present in significant quantities in commercially
produced chickens and eggs in Mexico where it is commonly added to the feed to achieve
desirable coloration in these products (Bone et al., 2007).

Table 4. Lutein and lutein ester content of some commonly
consumed fruits and vegetables

Fruit/vegetable Lutein* Lutein ester**
(mg/100 g) (mg/100 g)

Broccoli 1.770

Cabbage 0.280

Spinach 14.400

Brussels sprouts 1.340

Kale 34.200

Blood orange 0.902
Mango 1.012
Papaya 2436
Peach 1.489
Pepper (vellow) 2.067
Potato 0.087
Pumpkin 0.738
Tangerine (Spain ) 1.454

Adapted from- *Khachik et al., 1986; **Breithaupt and Bamedi, 2001
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1.7. Current Uses

In recent years, lutein and zeaxanthin in free (non-esterified) and esterified (with fatty
acids) forms are found in numerous dietary supplements appearing on the international market.
Compared to lutein, the amount of zeaxanthin in these products is considerably low. In recent
years, supplements containing meso-zeaxanthin have been marketed. Nutritional supplements
containing lutein are reported to deliver from 250 pug to 20 mg daily dosage of this nutrient
(Hendler and Rorvik, 2001). Commonly marketed multivitamins such as Natural Brand™ from
the retailer General Nutrition Centers, Inc. (GNC) contains a recommended daily dose of 12 mg
lutein ester. Another dietary supplement, Centrum® (American Home Products, Madison, NJ)
contains a recommended daily dose of 250 pg unesterified lutein (~500 pg lutein ester
equivalents). ConsumerLabs (2007) analyzed over 15 products for its contents of
lutein/zeaxanthin and reported its findings. These products were reported to contain up to 20 mg
lutein and up to 2 mg zeaxanthin in a daily serving. Based on the available information and the
levels recommended in labeling for the use of lutein as a dietary supplement, theoretical lutein
ester consumption from dietary supplements may range from 500 pg to 20 mg/day.

In addition to its use as a dietary supplement, lutein is also used as a food ingredient in
some selected foods. In response to four separate GRAS notices on lutein [lutein ester- GRN
000110 (FDA, 2003); crystalline lutein- GRN 000140 (FDA, 2004); suspended lutein- GRN
000221 (FDA, 2007); crystalline lutein- GRN 000291 (FDA, 2009)], the FDA responded that
they had no questions regarding the conclusions that the use of lutein is GRAS under the
conditions described in these notices. The use of lutein in specified food categories in these
notices was estimated to result in levels of up to 13.4 mg/day and was considered as safe. The
Joint FAO/WHO Expert Committee on Food Additives (JECFA) has reviewed lutein as a food
additive and allocated a group acceptable daily intake (ADI) of 0 to 2 mg/kg body weight/day for
lutein from 7. erecta and zeaxanthin (JECFA, 2004). The JECFA reported uses of lutein as a
food coloring agent and nutrient supplement (food additive) include baked goods and baking
mixes, beverages and beverage bases, breakfast cereals, chewing gum, dairy product analogs,
egg products, fats and oils, frozen dairy desserts and mixes, gravies and sauces, soft and hard
candy, infant and toddler foods, milk products, processed fruits and fruit juices, soups and soup
mixes at levels ranging from 2 to 330 ppm. Additionally, the European Food Safety Authority
panel (EFSA) also reviewed the use of lutein by infants and young children and concluded that
there is no concern of safety for recommended use of lutein at the use level of 250 pg lutein/L of
infant formula (EFSA, 2008).

1.8. Technological Effects

Lutein (Lutemax 2020™) is intended for addition to selected foods as a nutrient to
provide consumers of all ages with a supplementary source of lutein in their diets. The use of
lutein is intended for the general population at the levels identified in this document for addition
to the following food categories: Baked Goods and Baking Mixes; Beverages and Beverage
Bases; Breakfast Cereals; Chewing Gum; Dairy Product Analogs; Fats and Oils; Frozen Dairy
Desserts and Mixes; Gravies and Sauces; Hard Candy; Infant and Toddler Foods; Milk Products;
Processed Fruits and Fruit Juices; Soft Candy. It is recognized that there are Standard of Identity
requirements for some of these foods, and as such, OmniActive does not intend to refer to them
by the commonly recognized names such as milk or yogurt. The use of lutein in the above
described food categories may also impart a color to the product, the intended use would fall
outside the definition of “color additive™ for the following reasons: (1) The “non-apparent color”
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Exemption [21 CFR 70.3(f)] - The intended use levels are low enough that it dose not impart a
significant color to the food products. Although lutein has a natural reddish-orange or light-
orange color, in many cases it will be added to food at levels so low that it will not affect the
color of the food. Hence, for such types of uses, lutein may not be regulated as “color additive.”
(2) “Unimportant color” Exemption [21 CFR 70.3(g)] - For some of the intended uses, when
added solely to provide nutritive value, lutein would contribute a color in a manner that would
conform to this exemption. (3) “Food Ingredient” Exemption [21 CFR 70.3(f)] - It is a food use
and does not relate to any use of the ingredient as a color additive. The intended use of lutein in
certain specified foods is to provide consumers with a supplementary source of lutein in their
diet and does not relate to any use of the ingredient as a color additive [21 CFR 70.3(f)].

1.9. Intended Uses

Lutein (Lutemax 2020™) is intended for use in the same foods and at levels proportional
to those mentioned in the GRN 000140 (FDA, 2004) and GRN 000110 (FDA, 2003). As both
notices were reviewed by the FDA and GRN 000140 appeared subsequent to GRN 000110, it is
likely that the FDA considered cumulative intake from both notices. There are no new food uses
proposed for Lutemax 2020™. Unlike GRN 000140, egg products and soup and soup mixes are
not food categories for the present GRAS determination. The substance mentioned in GRN
000140 has been reported to contain > 74% trans-lutein and > 2 and < 9% zeaxanthin, while the
subject of present GRAS determination (lutein) contains > 67.5% lutein and > 13.5% zeaxanthin.
On the basis of lutein content, lutein can be added at a level of 110% (1.1-fold) that of the
substance mentioned in the GRN 000140. Thus, in order to deliver equivalent levels of lutein to
that mentioned in GRN 000140, the addition of lutein will be approximately 1.1 times the overall
bulk food addition compared to that of GRN 000140.

The intended uses are as a food ingredient in foods such as baked goods and baking
mixes, beverages and beverage bases, breakfast cereals, chewing gum, dairy product analogs,
fats and oils, frozen dairy desserts and mixes, gravies and sauces, hard candy, infant and toddler
foods (other than infant formula), milk products, processed fruits and fruit juices, and soft candy.
The intended food uses and use levels are summarized in Table 5. The application of lutein to the
same foods and at the same levels as those in GRN 000140 (FDA, 2004) is not expected to
notably affect the intake of lutein in the diet of the public from introduction into the market by
another supplier who will have to compete in essentially the same market and foods.

In the GRN 000140 (FDA, 2004) that received “No Question Asked” letter from the FDA
on June 14, 2004, the intake of lutein and zeaxanthin from all sources described in the
notification for mean and 90™ percentile all-users was estimated as 9.6 mg/person/day (0.18
mg/kg body weight/day) and 17.6 mg/person/day (0.37 mg/kg body weight/day), respectively.
These estimates were based on the analysis using United States Department of Agriculture's
(USDA) 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII 1994-1996) and
the 1998 Supplemental Children's Survey (CSFII 1998) (USDA, 2000). The compositional
analysis of the notified substance was reported to contain 76% lutein and 7% zeaxanthin. Based
on this information, the corresponding mean all-user intakes of lutein and zeaxanthin from the
consumption of proposed food-uses were 7.3 mg/person/day (0.14 mg/kg body weight/day) and
0.7 mg/person/day (0.01 mg/kg body weight/day), respectively. The 90" percentile all-user
intakes of lutein and zeaxanthin were 13.4 mg/person/day (0.28 mg/kg body weight/day) and 1.2
mg/ person/day (0.03 mg/kg body weight/day), respectively.
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As the intended use of lutein (Lutemax 2020™) is in the same food products, the mean
and 90" percentile lutein intake from its uses will be similar (7.3 and 13.4 mg lutein/person/day,
respectively). As lutein (Lutemax 2020™) contains a relatively higher concentration of
zeaxanthin compared to that in GRN 000140, the resulting 90™ percentile zeaxanthin intake will
be about 2.4 mg/person/day. As the two isomers of zeaxanthin are present at a ratio of 50:50, the
intake of each isomer of zeaxanthin will be 1.2 mg/person/day. In other words, the intake of
meso-zeaxanthin will be 1.2 mg/person/day. Given that the equivalent amounts of the product on
the basis of lutein is intended for use in the same foods at levels of addition as notified in GRN
000140, the estimates of intake for lutein are considered to be the same and would not be
additive. A summary of use levels and food categories for lutein is presented in Table 5.
Although the list includes egg products, and soups and soup mixes, these products are excluded
from the intended uses of Lutemax 2020™,

Table 5. Summary of the individual propoesed food uses for lutein in the US

Use levels
Food Category Proposed Food mg/RACC! me/kg
50
Baked Goods and Baking Mixes Cereal and Ener.gy Bars 2.0
Crackers and Crisp-breads 2.0 67
Bottled Water 0.5 2.1
83
Beverages and Beverage Bases Carbonated Beverages 2.0
Meal Replacements 2.0 8.3
Tea, Ready-to-Drink 0.6 2.6
83
Breakfast Cereals Instant and Regular Hot Cereals 2.0
Ready-to-Eat Cereals 2.0 36-130
Chewing Gum Chewing Gum 1.0 330
itati i 83
Dairy Product Analogs Imltatl?n Milks 20
Soy Milks 1.5 6.3
Egg Products** Liquid, Frozen or Dried Egg Substitutes 2.0 40
ine-li 36-130
Fats and Oils Margarine lfke Spreads 1.5
Salad Dressings 1.5 330
Frozen Dairy Desserts and 83
Mixes Frozen Yogurt 1.0
Gravies and Sauces Tomato Based Sauces 0.3 6.3
Hard Candy Hard Candy 1.0 40
i i _ 36-130
Infant and Toddler Foods* Junior, Strained and Toddler-Type Baby 1.0
foods
Dry Milk 3.0 36-130
Fermented Milk Beverages 0.6 330
Milk Products Flavored Milk and Milk Drinks 3.0 8.3
Milk-Based Meal Replacements 3.0 6.3
Yogurt 3.0 40
Energy, Sport and Isotonic Drinks 2.0 36-130
Fruit-Flavored Drinks 2.0 8.3
Processed Fruits and Fruit Juices | Fruit Juice 2.0 8.3
Nectars 2.0 8.3
Vegetable Juice 2.0 8.3
Soft Candy Chewy and Nougat Candy 1.0 25
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Use levels
Food Category Proposed Food mg/RACC! me/kg
Fruit Snacks 1.0 25
Soups and Soup Mixes** Canned Soups 0.6 2.6

RACC Reference amounts customarily consumed per eating occasion (21 CFR §101.12). When a range
of use-levels (%) is reported for a proposed food use, particular foods within that food-use may differ with
respect to their RACC. Uses listed and level same as in GRN 000140. *Does not include infant formula.
Adapted from GRN 000140 and GRN 000291. **Unlike GRN 000140, egg products and soup and soup
mixes are not food categories for the present GRAS determination.

2. BIOLOGICAL DATA

In recent years lutein has become the subject of intense investigations for its potential
health benefits. There has been a significant effort by researchers to elucidate the biological role
and safety of lutein. The literature is full of information on lutein. Additionally, the national and
international regulatory agencies such as the FDA and JECFA have extensively reviewed the
safety of lutein. Since 2003, the FDA has received four separate GRAS notifications on lutein
[lutein ester- GRN 000110 (FDA, 2003); crystalline lutein- GRN 000140 (FDA, 2004);
suspended lutein- GRN 000221 (FDA, 2007); GRN 000291 (FDA, 2009)]. In these submissions
to the FDA, extensive data from published literature on lutein esters was presented by the notifier.
The FDA did not object the acceptability and suitability of the available evidence to support the
use of lutein ester, crystalline lutein, and suspended lutein. As the subject of this GRAS
determination is substantially equivalent to the products of the FDA notification, studies
described in these notifications can be utilized for the present GRAS determination of lutein.
Additionally, JECFA has also extensively reviewed the biological data on lutein. The findings
from the FDA and JECFA reviews and recent publications on this subject as described below
were utilized for the present safety assessment.

2.1. Regulatory Agency Reviews

In the four GRAS notices to the FDA, biological data on the natural occurrence,
metabolism, and safety of lutein has been extensively presented and discussed. The recent review
and response from the FDA was during 2009. Given the substantial equivalence of lutein
products between FDA notices and the present, it is instructive to review the FDA’s responses to
these notices and the information presented in these on lutein before considering the recent
publications on this subject. The discussion presented below suggests that the agency is
comfortable with the GRAS determination of lutein at its proposed use levels in selected foods.
In addition to the FDA, JECFA also reviewed published and other information on lutein to
determine acceptable daily intake (ADI). These regulatory agency reviews are fully applicable to
the present assessment of OmniActive’s lutein. Based on the review of GRAS notices that are
available on the FDA website and as described below, the consumption of lutein or its ester as an
ingredient from conventional foods resulting in daily intake of up to 40 mg/person/day of lutein
ester (or lutein ester equivalent; 20 mg free lutein) is safe. Additionally, JECFA evaluation of
lutein further supports the safety of lutein and its esters. A summary of the findings from the
FDA GRAS notices and JECFA evaluation is briefly presented below. A comparison between
regulatory agencies finding with current GRAS assessment is presented in Table 6.

GRN 000110- Lutein esters: This notice (FDA, 2003) discusses published and unpublished
studies conducted in humans and various animal species regarding the absorption, distribution,
metabolism, excretion, bioavailability, and toxicity of lutein esters. The notifier concluded that
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the results of these studies show no toxic or adverse effects from the consumption of lutein esters
and that long-term consumption of lutein esters is well tolerated. In one study, carotenodermia
was noted in subjects consuming supplements containing 30 mg/person/day of a mixed lutein
esters product for 112 days. In contrast, in a study conducted by the notifier, carotenodermia was
not noted in subjects consuming supplements containing up to 40 mg/person/day of lutein esters
product for more than 90 days. In this notice, the acceptable daily intake (ADI) for lutein esters
(or lutein ester equivalents) was determined as 40 mg/person/day; a dose that has been
administered without evidence of carotenodermia.

GRN 000140- Crystalline lutein: In this notice (FDA, 2004), the notifier discussed published
studies conducted in humans and various animal species regarding the metabolism,
bioavailability, toxicity, and mutagenicity of crystalline lutein and zeaxanthin. The notifier
concluded that results from animal, human, and mutagenicity studies did not reveal any toxic or
adverse effects (including ocular endpoints) from the consumption of crystalline lutein or lutein
and zeaxanthin from other sources. Carotenodermia was reported in a study in which healthy
subjects consumed 15 mg/person/day of lutein (from mixed ester forms extracted from Marigold
flowers) for 4 months. However, carotenodermia is considered a harmless and reversible
biological effect of high carotenoid intake, and that no signs of its occurrence have been reported
in other populations (e.g., patients with cataracts or patients with age-related macular
degeneration) following exposure of approximately 25 mg/person/day of lutein (3 times/week)
for 13 months. The mean and 90" percentile daily intake of crystalline lutein in this notice from
its proposed uses was estimated to be approximately 10 and 18 mg/person/day, respectively.
Based on the carotenoid composition of crystalline lutein, it was estimated that the intake of
lutein and zeaxanthin would be approximately 7 mg/person/day (lutein) and 0.7 mg/person/day
(zeaxanthin) at the mean and approximately 13 mg/person/day (lutein) and 1.2 mg/person/day
(zeaxanthin) at the 90th percentile, respectively. The average dietary intake of lutein and
zeaxanthin from plant sources was estimated to range from 2 to 4 mg/person/day.

GRN 000221- Suspended lutein: In this notice (FDA, 2007), the use of suspended lutein in
infant formula is described. The notifier estimates that the mean and 90" percentile intake of
dietary carotenoids for children ages 2 through 6 months to be 0.2 and 0.82 mg/day, respectively,
and for children between 7 to 11 months of age to be 0.46 and 1.10 mg/day, respectively. The
source of lutein described in this notice was the subject of a previous notice (GRN 000140). This
notice discusses published and unpublished studies described in GRN 000140, as well as several
additional published animal studies that became available after the agency review of GRN
000140, and two unpublished growth studies conducted in healthy term infants. The notice
described that the safety of lutein has been established in toxicological studies in rats,
mutagenicity studies from Salmonella typhimurium, and is further supported by intervention
studies conducted with healthy subjects designed to measure metabolic endpoints. The safety of
lutein for use in infant formulas was further supported by a 13-week toxicity study in Wistar rats
at doses up to 260 mg lutein/kg body weight/day (corresponding to 210 mg lutein+zeaxanthin/kg
body weight/day) and a developmental toxicity study conducted in Sprague-Dawley rats at doses
up to 1100 mg lutein/kg body weight/day. Additionally, the results of an infant growth and safety
study conducted with lutein at a targeted concentration of 0.2 mg lutein/L in infant formula, for a
period of 16 weeks further supports the safety of lutein.

GRN 000291- Crystalline lutein: The subject of this notice is a mixture of carotenoids, lutein,
and zeaxanthin referred to by the notifier as crystalline lutein (FDA, 2009). As part of its notice,

Lutemax 2020™ GRAS Page 13 of 46

600026



P

the notifier included the report of two panels of individuals (GRAS panel 2006 and GRAS panel
2008) who evaluated the data and information that formed the basis for GRAS determination of
crystalline lutein. For the estimated daily intake (EDI), this notice used the calculation from
GRN 000140. In the GRN 000140 an estimate of the current intake of crystalline lutein from the
diet and the intended intake of crystalline lutein from the foods was provided. The notifier
concluded that, due to the substantial equivalency in composition with the crystalline lutein from
GRN 000140 and the fact that the intended use would be substitutional and not an additive, the
EDI calculations would be considered the same for the uses of crystalline lutein in both GRN
000140 and its notice. The intake of lutein and zeaxanthin from specified foods was estimated to
be 7.3 and 0.7 mg/person/day, respectively, at the mean, and 13.4 and 1.2 mg/person/day,
respectively, at the 90" percentile. The notice discussed published and unpublished studies that
were described in GRN 000140, as well as several published animal and human studies that
became available after the agency review of GRN 000140. Based upon the totality of the safety
studies, the notifier concluded that crystalline lutein in the diet at the estimated levels is not
considered to pose any safety concerns.

JECFA Assessment: In addition to the FDA review of GRAS notices, JECFA (2006) also
reviewed the scientific literature on lutein and evaluated its safety as a food additive. The
committee noted that there were no adverse effects documented in any of the toxicity studies in
animals, including mice, rats, monkeys, or in humans. JECFA assigned a group ADI of 0 to 2 mg
lutein and zeaxanthin/kg body weight. The ADI determination was based on no observed adverse
effect level (NOAEL) of 200 mg lutein/kg body weight/day (the highest dose tested) reported in
a 90-day rat study (Pfannkuch ez al., 2000; 2001; Kruger et al., 2002), to which a safety factor of
100 was applied. Given the lack of adverse effects reported at much higher doses than 200 mg/kg
body weight/day (up to 1,000 mg/kg body weight/day in a study of developmental toxicity), the
safety factor was considered appropriate by JECFA. The JECFA determined ADI of 2 mg/kg/day
will be equivalent to a dose of 120 mg/person/day for an individual weighing 60 kg.

Given the differences in metabolism of carotenoids in humans and animals, the JECFA
determination of ADI of 0 to 2 mg/kg body weight/day (120 mg/person for an individual
weighing 60 kg) based on animal studies may be high. Available evidence indicates that at low
levels of exposure (physiological levels) rats do not transport carotenoids (B-carotene) intact but
rather metabolizes it to vitamin A in the intestinal cells. In order to raise blood carotenoid levels,
rats need to be exposed to very high doses (> 0.02% of the diet) of B-carotene (White et al., 1993,
Lee et al., 1999; Wolf, 2002). Although lutein does not serve as a vitamin A precursor, there is
limited comparative data on lutein between rodents and humans. Rats and mice may not be the
most appropriate models for studying carotenoid absorption and bioavailability (Krinsky et al.,
1990; Lee et al., 1999). Generally, high levels of dietary carotenoid are fed in these studies to
achieve adequate tissue levels.
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Table 6. Summary of assessments of lutein reported in GRAS notices, JECFA and current GRAS

determination
Parameters GRN 110 GRN 140 | GRN 221 GRN 291 JECFA Current
. . Crystalline . Crystalline . Lutein and
Subject Lutein ester lutein Suspended lutein lufein Lutein lutein ester
0.20-0.82 and
Estimated 22 (90 13 (90" 0.46-1.10 (for 3- | 13 g Not 13 (90"
daily intake ercentile) ercentile) 6and 7-11 ercentile) reported ercentile)
(mg/day) P P month old child, | P P P
respectively)
Acceptable
daily intake 40 (lutein ester | Not Up to 120
(mg/person/d | equivalent) reported. Not reported. Not reported mg/day* Not reported
ay)
Totality of . Totality of .
Safety evidence thallty of evidence Based on To_tahty of
N Based on ADI evidence evidence
determination supports supports safe supports ADI supports safety
Safety PP ty Safety pp

*For an individual weighing 60 kg

2.2. Bioavailability

The National Health and Nutrition Examination Survey IlI, conducted in the US during
1988 to 1994, suggest that the daily median intake of lutein and zeaxanthin from dietary sources
ranges from 1.35 to 1.97 mg resulting in serum lutein concentrations of ~ 0.4 umol/L (CDC,
1998). An oral single dose administration of lutein to human subjects showed peak
concentrations in the plasma at 16 hours (Kostic et al., 1995). In another study, Khachick et al.
(1995) reported that daily administration of 10 mg lutein to humans for 18 days resulted in an
increase in plasma lutein concentrations over time. Steady state serum lutein levels of (.26 to
1.76 umol/L were achieved in humans consuming supplements containing 16 to 62 mg lutein
esters/day (equivalents to 8 to 31 mg free lutein/day). Following intestinal hydrolysis of lutein
esters, lutein appears to be absorbed intact. Khachik et al. (1995) identified at least six lutein
metabolites, four of which resulted from oxidation and two from non-enzymatic dehydration.

Oral ingestions of lutein and zeaxanthin are likely to follow the same digestion and
intestinal absorption pathways as dietary fat. Upon absorption, both lutein and zeaxanthin are
incorporated into chylomicrons, and are approximately evenly distributed between high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) in circulation (Olson, 1996; Furr and Clark,
1997; Goulinet and Chapman, 1997). Lutein appears to be distributed to tissue following the
interaction of lipoprotein particles with receptors, and degradation of lipoproteins by extra-
hepatic enzymes such as lipoprotein lipase (Boileau et al., 1999). A specific xanthophyll-binding
protein from human macula that mediates the uptake of lutein and zeaxanthin from the
bloodstream has been isolated (Yemelyanov et al., 2001). Leo et al. (1995) suggested that lutein
is likely to be excreted primarily through the bile into the feces. Part of lutein may be excreted by
subcutaneous glands and sweat but not urine (Bendich, 1988). In the FDA GRAS notifications
and JECFA evaluation, these and other studies on the metabolism of lutein and lutein esters are
described in detail.

Thurnham et al. (2008) measured the blood uptake of meso-zeaxanthin. In this study
human volunteers (ten men and nine women) received one capsule containing 20 mg of lutein

Lutemax 2020™ GRAS Page 15 of 46

000028



(10.8 mg), (3R,3’R)-zeaxanthin (1.2 mg) and meso-zeaxanthin (8.0 mg) daily for 21 days.
Plasma lutein and total zeaxanthin concentrations were quantified at baseline, day 10, and day
22. Plasma concentrations per mg dose at day 22 suggested that (3R,3’R)-zeaxanthin (0-088
mmol/L per mg) was about 50% more actively retained by the body than lutein (0-056 mmol/L
per mg) (although the difference was not significant in women) and 2.5 to 3.0 times more than
meso-zeaxanthin (0:026 mmol/L per mg). Concentrations of meso-zeaxanthin at day 22 were 2.5
times higher in women than men. The results of this study also indicate that the plasma responses
from lutein and (3R,3’R)-zeaxanthin were lower than those of the pure substances from the same
laboratory. The uptake of these carotenoids appeared to be slightly depressed by the presence of
meso-zeaxanthin. Plasma concentrations of B-carotene were depressed by about 50% at day 10
and about 35% at day 22. The investigators concluded that the lower plasma response to meso-
zeaxanthin compared with (3R,3’R)-zeaxanthin probably indicates that meso-zeaxanthin is less
well absorbed than (3R,3’R)-zeaxanthin. However, to confirm that the lower plasma response
was not due to the large amount of lutein, studies with pure meso-zeaxanthin will be required.

Given its rare presence in human diet, meso-zeaxanthin has not been found to naturally
occur in human blood. The available evidence suggests that the presence of high levels of meso-
zeaxanthin in the eye despite being a minor component of the diet is likely to be its formation
from lutein. Initially this view was proposed on the basis of chemical reactions, however recent
studies in monkeys support this hypothesis (Johnson et al., 2005). Monkeys raised on a
carotenoid-free diet, and then supplemented with lutein, subsequently exhibited both lutein and
meso-zeaxanthin in the macular pigment. Those supplemented with zeaxanthin only, exhibited
no presence of meso-zeaxanthin in the macular pigment. These observations support the
hypothesis of conversion of lutein to meso-zeaxanthin. The exact mechanism of the conversion
remains to be elucidated.

In summary, pharmacokinetic studies of lutein indicate that orally administered lutein or
lutein ester is bioavailable. Following oral administration, lutein esters are hydrolyzed in the gut
to the free form of lutein and it is the free form that enters circulation. Upon absorption, lutein is
incorporated into chylomicrons, and distributed in HDL and LDL in circulation. Extra-hepatic
tissue uptake of lutein appears to be a receptor medicated enzyme (lipase) reaction. Lutein is
likely to be excreted primarily through the bile into the feces. Available metabolism-related
information suggests that the results from studies that used lutein (free form or ester form) are
equally valid for the safety assessment. Given the structural similarity, zeaxanthin is also
expected to follow similar metabolic pathway. Available studies suggest that meso-zeaxanthin is
absorbed from the gastrointestinal track.

2.3. Toxicological Studies

As indicated earlier, the safety of lutein has been extensively described in the FDA
GRAS notifications and JECFA evaluation. Since these assessments, several additional articles
have appeared in the publicly available databases on lutein. Relevant findings from these recent
publications are summarized in the following sections.

2.3.1. Review Articles

In an extensive and critical review, Shao and Hathcock (2006) described the safety-
related information on lutein and assessed the risk. For the risk assessment, “Observed Safe
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Level” (OSL) methodology was utilized. Based on the review of safety data, these investigators
identified the OSL for lutein as 20 mg/day. This method provided strong evidence supporting the
safety of lutein intake at levels up to 20 mg/day. The authors stated that lutein has been tested at
much higher levels without adverse effects, the data for intakes above 20 mg/day are not
sufficient for a confident conclusion of long-term safety. In this assessment, of the 30 peer-
reviewed human clinical trials, 11 of the most relevant studies related to the safety of lutein were
considered. As described in the article, human clinical trials involved lutein doses of 8§, 10, 12,
15, 20, 20.5, 30, or 40 mg/day. In the trial with the highest dose, subjects with retinitis
pigmentosa were treated with lutein (40 mg/day) for nine weeks followed by an additional 17
weeks with 20 mg/day. The longest duration trial was for 12 months and in this trial, patients
with age-related macular degeneration AMD received lutein at a dose of 10 mg/day. No adverse
effects were observed in any of the clinical trials. The absence of any pattern of adverse effects
in these clinical trials provides support for a high level of confidence for the safety of lutein.
Because of the complete absence of adverse effects in human trials using lutein doses above, at,
and below the 20 mg level and other considerations, 20 mg/day was designated as the OSL.
Additionally, these investigators also considered animal data to determine the NOAEL. A dose
of 639 mg/kg/day in rats for four weeks had no adverse effects, and this dose was considered as
the NOAEL. The application of a 1000-fold uncertainty factor would result in an acceptable
daily intake of 38 mg/kg/day, which is higher than that, determined on the basis of human studies,
and supports the safety of lutein at 20 mg/day for human consumption.

2.3.2. Animal Studies

In a long-term study in monkeys, Khachik et al. (2006b) investigated the effects of lutein,
zeaxanthin, or a combination of the two, on changes in plasma levels of these carotenoids as well
as ocular (fundus photography and retina histopathology) and renal (biomarkers) toxicity. In this
study, eighteen female rhesus macaques were divided into control (n = 3), lutein-treated (n = 5,
9.34 mg lutein/kg body weight and 0.66 mg zeaxanthin/kg), zeaxanthin-treated (n = 5, 10 mg
zeaxanthin/kg), and lutein/zeaxanthin-treated groups (n = 5, lutein and zeaxanthin, each 0.5
mg/kg). The animals were supplemented with these levels daily for a period of 12 months.
Plasma and ocular tissue concentrations of lutein or zeaxanthin and their metabolites determined
at baseline and at the end of 6 and 12 months revealed a significant increase in the supplemented
groups. Lutein and zeaxanthin supplementation did not cause ocular toxicity and had no effect on
biomarkers and indicators of renal toxicity such as urinary creatinine and protein. The results of
this study demonstrate that administration of either lutein or zeaxanthin to monkeys for one year
at a dose of approximately 10 mg/kg body weight/day did not cause ocular or renal toxicity. For
a 60 kg human, this dose is equivalent to 600 mg/day. The investigators suggested that future
long-term human supplementation studies with these carotenoids at a much lower dose (e.g., 0.5
mg/kg body weight or lower), should not present any problems associated with toxicity.

In a subchronic toxicity study, Kumar et al. (2009) evaluated dose-related effects of
lutein diacetate L20% (ester form of lutein with acetic acid) in rats. In this study, Sprague-
Dawley rats (10/sex/group) were orally administered once daily with 0 (control), 2.1, 22.5, and
210 mg lutein acetate/kg body weight for 90 days. Two additional control and high dose
recovery groups were also included. No treatment-related clinical signs were noted in any of the

* This methodology is defined as "the highest intake with convincing evidence of safety, even if there are no
established adverse effects at any level."
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groups, except stained (light brown colored) feces in the high dose group. The feces coloration
appears to be due to the direct contact of the test substance with the contents of the
gastrointestinal tract. No changes in ophthalmologic or neurological examinations were noted.
Similarly lutein diacetate administration did not affect mean body weight, net body weight gains,
food intake, organ weights, and relative (to body weight) organ weights. Compared to control
rats, no changes in hematology or clinical chemistry parameters were noted in any of the
treatment groups. Histological examinations did not reveal any treatment-related microscopic
findings. Incidental changes noted in some of the parameters were not considered as treatment-
related. Based on the results of this study, the investigators determined the no-observed-adverse-
effect level (NOAEL) for lutein diacetate as 210 mg/kg body weight/day, the highest dose
tested.

In a series of studies, Harikumar et al. (2008) investigated acute, short-term, and
subchronic toxicity of lutein and lutein esters. For these studies, lutein (0.05, 0.5, and 5%
prepared in sunflower oil) and lutein ester (0.05, 0.5, and 5% of molar equivalent of lutein
prepared in sunflower oil) were provided by OmniActive. In the acute toxicity study, oral
administration of lutein or lutein ester (molar equivalent of lutein) at doses up to 4 g/kg did not
produce any mortality. The results of this study suggest that the LDs, of lutein or lutein ester is
greater than 4 g/kg body weight. In the short-term study, lutein or lutein ester (molar equivalent
of lutein) was administered at a dose level of 4, 40, or 400 mg/kg body weight/day to Wistar rats
for four weeks. Compared to the control rats, the administration of lutein or lutein ester did not
affect body weight or feed consumption. Necropsy did not reveal any unusual findings and no
changes in organ weights were noted compared to the control group. Hematological parameters,
such as RBC, platelet, hemoglobin, WBC, and lymphocytes did not reveal any treatment-related
changes. No treatment related effects of lutein or lutein ester on serum activities of alanine
aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALT),
albumin/globulin ratio, creatinine, cholesterol, triglyceride, HDL cholesterol, LDL cholesterol,
VLDL cholesterol, or blood urea nitrogen (BUN) were noted. A slight increase in serum total
bilirubin was noted in animals treated with 400 mg/kg lutein or lutein ester. However, the
increase was within the limits of normal range (historical control data). Histological evaluation
of brain, spleen, kidney, liver, and eyes did not reveal any treatment-related pathological lesions.
The results of this study suggest that oral administration of lutein or lutein esters at levels up to
400 mg/kg body weight/day to rats did not produce any toxic effects (Harikumar et al., 2008).

In the subchronic toxicity study by Harikumar et al. (2008), 70 Wistar rats were divided
in seven groups (5/sex/group) and were treated (gavage) daily with vehicle (control), lutein (4,
40, or 400 mg/kg body weight/day) or lutein ester (4, 40, or 400 mg/kg body weight/day) for 13
weeks. Animals were monitored for mortality, clinical signs, behavioral symptoms, and any
adverse effects. Feed consumption and body weights were recorded every fifth day. At the end of
13 weeks, the animals were euthanized and a necropsy was performed. Blood was collected for
hematology (hemoglobin, RBC, platelet, WBC, lymphocytes) and clinical chemistry (ALT, AST,
ALP, bilirubin, protein, BUN, creatinine, sodium, potassium, chloride, bicarbonate, cholesterol,
triglycerides, HDL cholesterol, LDL cholesterol and VLDL) parameters. Selected organs such as
the liver, lung, thymus, spleen, kidney, brain, and eyes were collected and processed for
histological observations. The administration of lutein or its ester did not result in any mortality,
or changes in body weight gain, feed consumption, and organ weight compared to controls.
Administration of lutein or lutein ester did not alter the hepatic and renal function as evaluated
by serum chemistry parameters, and did not produce any treatment-related alterations in the
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hematological parameters and lipid profile. A slight decrease in AST was noted in male and
female rats treated with 400 mg/kg lutein ester and in female rats receiving 40 mg/kg lutein ester.
An increase in ALT levels is a known marker of liver injury. In the present study, lutein esters
resulted in a slight decrease in ALT but this decrease was not considered an adverse effect.
Histological examinations of the organs (brain, spleen, kidney, liver, and eyes) did not reveal any
treatment-related pathological lesions. The results of this study suggest that the NOAEL of lutein
(free or in ester form) was 400 mg/kg body weight/day, the highest dose tested.

2.3.3. Genotoxicity/Carcinogenicity Studies

Wang ef al. (2006) investigated the mutagenic and clastogenic potential of lutein in Ames
test and chromosome aberration. Mutagenicity was studied at concentrations of 334, 668, and
1335 pg lutein/plate using the standard Ames assay (S. typhimurium strains TA97, TA98, TA100,
and TA102) in the presence and absence of S9 fraction. Lutein was not mutagenic at any of the
tested concentrations. In anti-mutagenic investigations, the effects of lutein in S. typhimurium
strains TA98 and TA100 following the addition of the known mutagens (2-aminofluorene for the
strain TA98 and cyclophosphamide and sodium azide for TA100) were studied. In these assays,
a dose-related anti-mutagenic effect of lutein was noted. In a standard chromosome aberration
test using Chinese hamster ovary (CHO) cells, lutein (66.8, 133.5, and 267.0 mg/L) did not cause
clastogenicity, but did show anti-clastogenic effects. The results of these investigations suggest
that lutein is neither mutagenic nor clastogenic.

In an unpublished report, Kuttan and Sabu (2004) investigated the mutagenic and anti-
mutagenic potential of free lutein using the standard Ames assay (S. typhimurium strains TA9S,
TA100, and TA1535) in the presence and absence of rat liver microsomal S9 fraction. For the
anti-mutagenic activity of lutein, direct acting mutagens (4-nitro-o-phenylenediamine- NPD;
methylnitronitrosoguanidine- MNNG) and  mutagens requiring  activation  (2-
acetylaminofluorene- AAF) were used. The results of this study revealed that lutein does not
possess any mutagenic property. Additionally the results of anti-mutagenic investigation suggest
that lutein possesses significant anti-mutagenic activity.

In an in vivo rat model of hepatocarcinogenesis, Moreno et al. (2007) reported that
administration of lutein during the promotion phase of carcinogenesis inhibited the size of
hepatic macroscopic nodules and DNA damage. These investigators studied the effects of lutein
on hepatic preneoplastic lesions and DNA strand breakage induced in Wistar rats. In this model
(initiation with diethylnitrosamine and promotion with 2-acetylaminofluorene coupled with
partial hepatectomy), the effects of lutein (70 mg/kg; alternate day) administration via gavage
were investigated specifically during the initiation or promotion phase, for 2 and 6 weeks,
respectively. Lutein administration during the initiation phase neither inhibited nor induced
hepatic preneoplastic lesions and DNA damage. However, lutein administration during the
promotion phase inhibited the size of hepatic macroscopic nodules and DNA damage. These
observations suggest that lutein acts as an inhibitor during promotion of hepatocarcinogenesis.

2.3.4. Safety Studies with Lutemax 2020™

In a series of studies, OmniActive Health Technologies investigated acute and subchronic
toxicity, and mutagenicity of Lutemax 2020™ (the subject of present GRAS determination). The
results of these studies are in the process of publication. The reports of these studies and the draft
manuscript for publication were provided for this GRAS assessment.
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2.3.4.1. Acute (LDsp) Study

For the acute toxicity study, two groups (Step I and Step II), each with three female
HanRec:WIST rats were treated with Lutemax 2020™ (using sunflower oil as vehicle) by oral
gavage administration at a dosage of 2000 mg/kg bw (Ilamurugan ef al., 2010a). Following the
treatments, the rats were monitored for 14 days for mortality and clinical signs. At the end of the
study all animals were necropsied and examined macroscopically. All animals appeared normal
during the study period. The administration of Lutemax 2020™ at doses up to 2 g/kg did not
produce any mortality. At terminal euthanasia one animal from the Step I experiment showed
hyperemia of the small intestine. No abnormalities were observed in any of the remaining
animals from Step I and Step II. The results of this study suggest that LDs of Lutemax 2020™ is
greater than 2 g/kg bw.

2.3.4.2. Subchronic (90-day) Study

In a toxicity study, conducted according to OECD and Redbook 2000 guidelines for such
studies, the potential effects of lutein (Lutemax 2020™) were investigated (Ilamurugan et al.,
2010b). In this study, lutein dissolved in sunflower oil was administered (gavage) once daily at
dose levels of 0, 4, 40 and 400 mg/kg bw/day (control, low, mid, and high dose group,
respectively) for at least 90 days to Wistar rats (10/sex/group). Additional, ten males and ten
females were allocated to control and high dose recovery groups. Clinical signs (daily), body
weights, and feed consumption (once weekly) were recorded during the course of study, while
organ weights, hematology, clinical biochemistry, and urine analysis were recorded at the end of
treatment (after 13 weeks) and recovery (after 17 weeks) was performed. At the end of the
treatment period, macroscopic and microscopic observations were performed. Histopathology of
the preserved tissues of all the animals in the control and high dose groups as well as any gross
lesions observed in other group animals were performed.

No mortality or clinical signs were observed during the dosing period of 90 days and
recovery period of 28 days. An eye examination was performed for all the animals before the
start of treatment. In the 13™ week, an eye examination was performed for the control and high
dose groups. Ophthalmologic examination did not reveal any abnormalities. The quantity of feed
consumed by the animals across different dose groups was found to be comparable with that of
the control animals. A significant decrease in feed consumption was noted in males during week
8 and 10 in all treatment groups during the treatment phase. In females, a significant decrease in
feed consumption was noted during week 8 in all treatment groups and during weeks 9 and 10 in
mid and high dose groups as compared to the control. Also a significant decrease in feed
consumption was noted in the high dose treated recovery group male rats during weeks 9, 10, 11,
and 12 as compared to that of the control group. In the high dose treated recovery group females,
a significant decrease was noted during weeks 9 and 10 as compared to that of the control
females. All these variations were observed to be within the normal biological and laboratory
limits and the effect was not dose-dependent (Ilamurugan et al., 2010b).

The body weight of males and females of all the treatment group rats were comparable
with the control group. No significant changes were noted during the dosing period of 90 days
and the recovery period of 28 days. Body weight gain (%) was significantly increased on day 8
in all three treatment group male animals as compared to the control group animals. However, at
later time in the experimental period of 90 day and up to the end of the recovery period (28 days)
no significant changes in the treatment group were noted compared to the control. These changes
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were within the normal range with respect to age and sex of the animals (Ilamurugan et al.,
2010b).

No toxicologically relevant findings were noted in hematology or clinical biochemistry
parameters at the end of the treatment and recovery period. Hematology parameters such as red
blood cell counts (RBC), hemoglobin, hematocrit, mean corpuscular volume, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration, platelet (thrombocyte) count, white
blood cell count (WBC), and differential leukocyte count did not show any toxicologically
relevant findings in both sexes. However, there was a significant decrease in clotting time in
males in all treatment groups as compared to the control group, whereas RBC counts and
hemoglobin were significantly decreased in females in the low dose and high dose group when
compared with that of the control group. However, these changes observed were not considered
to be treatment related as these values were within the normal biological variation (Ilamurugan et
al., 2010b).

Clinical biochemistry parameters such as glucose, urea, creatinine, cholesterol, total
triglycerides, aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP), bilirubin, sodium, potassium, chloride, total protein, albumin, globulin, and
A/G ratio did not show any toxicologically relevant findings in both the sexes in treatment and
recovery groups with the exception of a decrease in sodium levels in males in the high dose
recovery group when compared with that of control recovery. However, the changes observed
were not considered to be treatment related as these values were within the normal biological
variation. Urine analysis parameters (volume, specific gravity, color, clarity, pH, RBC, WBC,
urobillinogen, bilirubin, ketone bodies, proteins and glucose) did not reveal any treatment-
related changes in both sexes during the dosing period of 90 days and recovery period of 28
days, with the exception of an increase in the number of erythrocytes in the high dose group
treated males compared with the control group. This variation was not considered treatment

related since all the values were within the normal biological variation (Ilamurugan et al.,
2010b).

There were no significant differences in absolute and relative organ weights between
control and treated groups in both males and females. However, there was a significant decrease
in relative organ weight of brain in males in the low and mid dose group as compared with that
of the control group. There was also a significant decrease in relative organ weight of the liver in
males in the high dose recovery group as compared to that of control recovery group. However,
these statistically significant variations observed were not considered to be treatment related as
these variations were within the normal biological limits. Histological examinations of the tissue
samples (brain, spleen, kidney, liver, and eyes) from the high dose group did not reveal any
treatment-related pathological lesions as compared with the control group. The results of this
study suggest that the NOAEL of lutein (Lutemax 2020™) was 400 mg/kg bw/day, the highest
dose tested (Ilamurugan et al., 2010a).

2.3.4.3. Mutagenicity Studies

Rusia et al. (2010) investigated the mutagenic potential of lutein (Lutemax 2020T™)
according to the plate incorporation test (Trial I) and the pre-incubation test (Trial II) using the
Salmonella typhimurium strains TA 1535, TA 1537, TA 98, TA 100, and TA 102 in the presence
and absence of rat liver microsomal S9 fraction. The study was performed in compliance with
OECD principles of GLP. Lutein was tested at the following concentrations: 0.031, 0.063, 0.125,
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0.25 and 0.5 mg/plate. At a lutein concentration of 5 mg/plate, precipitation was noted. No
substantial increase in revertant colony numbers of any of the tester strains were observed
following treatment with lutein (Lutemax 2020™) at any selected dose level in both the
confirmatory trials, neither in the presence nor in the absence of metabolic activation (S9 mix).
There was also no tendency of higher mutation rates with increasing concentrations in the range
below the generally acknowledged border of biological relevance. The results of this study
revealed that lutein at a selected dose level did not induce gene mutations by base pair changes
or frameshifts in the genome of the strains used.

2.3.5. Safety Studies of Meso-Zeaxanthin

As mentioned earlier, meso-zeaxanthin is also a minor component of Lutemax 2020™
and its intended use in specified food categories will result in estimated daily intake of total
zeaxanthin of 2.4 and that of meso-zeaxathin of 1.2 mg/person/day. Although the safety of meso-
zeaxanthin as a component of Lutemax 2020™ has been supported by the above described
specific studies on this ingredient, in a series of unpublished studies publicly available at the
Howard Foundation website, the safety of meso-zeaxanthin has been investigated. These studies
are described below.

Based on a final complete study report, Chang (2006) investigated the potential toxicity
of meso-zeaxanthin in a subchronic toxicity study. In this study, meso-zeaxanthin was
administered (gavage) once daily at dose levels of 0, 2, 20 or 200 mg/kg bw/day (control, low,
mid, and high dose group, respectively) for at least 90 days to Han Wistar rats (10/sex/group). In
addition, five males and five females were allocated to control and high dose recovery groups.
The parameters evaluated included mortality, clinical observations, body weights,
ophthalmology, clinical pathology, organ weights, gross pathology, and histopathology. No
compound-related mortality, clinical signs of toxicity, changes in body weights, ophthalmology,
clinical pathology, gross pathology, or histopathology were noted. The results of this study
suggest the NOAEL of meso-zeaxanthin in rats was >200 mg/kg bw/day when administered
orally for 13 consecutive weeks.

Mecchi (2006) evaluated the ability of meso-zeaxanthin to induce reverse mutations
either in the presence or absence of mammalian microsomal enzymes in S. typhimurium (strains
TA98, TA100, TA1535, and TA1537) and Escherichia coli (strain WP2uvrA). The tester strains
used were S. typhimurium tester and Escherichia coli tester. The doses tested in the mutagenicity
assay with all tester strains in both the presence and absence of S9 mix were 10.0, 33.3, 100, 333,
1000, and 5000 pg per plate. The results of the initial mutagenicity assay were confirmed in an
independent experiment. The results of the these assays indicate that under the conditions of this
study, meso-zeaxanthin, did not cause a positive increase in the mean number of revertants per
plate with any of the tester strains either in the presence or absence of microsomal enzymes
prepared from Aroclor™-induced rat liver (S9).

2.3.6. Human Safety Data

In a prospective, randomized, controlled, and double-blind trial with parallel groups,
Capeding et al. (2010) fed healthy term infants either control formula or experimental formula
(fortified with lutein at 200 ug/L) for 16 weeks. In this study, 232 infants <14 days postnatal age
were randomized and 220 (94.8%) completed the study. At 4, 8, 12, and 16 weeks, weight, head
circumference, and length were measured. The primary endpoint of the study was weight gain
from baseline to week 16. Safety was assessed through monitoring of study events throughout
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the study and evaluation of selected blood chemistry tests performed at week 16. At 4 and 12
weeks, the lutein fortified formula intake was 964 and 1237 mL/day, respectively, corresponding
to daily lutein intake of 193 and 247 pg/day, respectively. Infants in both groups demonstrated
appropriate growth. No differences between treatment groups were found in any of the measures
of growth at any of the measurement time points. Both formulas were well tolerated. The mean
values of all measured blood chemistry parameters fell within the modified normal ranges for
infants, and the values for both groups for any measured parameter were similar. The
investigators concluded that lutein fortification of infant formula at 200 pg/L is safe.

Rosenthal et al. (2006) examined the dose-response relationship between oral lutein
supplementation and serum lutein concentrations in subjects aged 60 years and older (n=45),
with or without age-related macular degeneration (AMD). In this randomized trial, 45 subjects
with no AMD, large drusen, or advanced AMD, received 2.5, 5, or 10 mg lutein daily for six
months. Adverse events and additional safety-related parameters such as visual acuity,
comprehensive ophthalmic examination, fundus photography, liver function tests, visual field
tests, and the “Age-Related Eye Disease Study” (AREDS) side-effect questionnaire were
assessed. Lutein ingestion resulted in a dose-related increase in serum levels of lutein. Lutein
supplementation did not reveal any toxicity. Similarly no adverse effects were recorded on the
AREDS side-effects questionnaire or in visual function. The liver function test results remained
unchanged and normal. The results of this study suggest that supplementation of lutein at doses
up to 10 mg/day was safe.

In a Letter to Editor, Gaynes (2007) reported that the conclusion drawn by Rosenthal et al.
(2006) in the above described study is a result of oversimplification of essential concepts in
clinical drug testing as related to study power (statistical) and detectable event rate. Gaynes
(2007) also suggested that animal studies have identified three target organs for lutein
bioaccumulation following intravenous administration, and suggested that lutein may be
metabolized resulting in liver toxicity. Furthermore, the author mentioned that a close chemical
correlate of lutein, P-carotene, is metabolized to vitamin A, which is known to cause liver
toxicity. In responding to Gaynes (2007), one of the coauthors of the Rosenthal study, Chew et al.
(2007) agreed that the Rosenthal et al. (2006) study design has low statistical power to detect
adverse side effects. However, Chew et al. (2007) claimed that the totality of evidence based on
other studies suggests that the dose of lutein of 10 mg/day is safe. In regards to the argument for
liver toxicity, Chew et al. (2007) suggested that oral lutein supplementation may result in
different metabolic patterns than if administered via an intravenous route. In another report from
the same group but in an animal study (Khachik et al., 2006b; described at length in Section
2.3.2.), oral supplementation of lutein to female monkeys increased concentrations of lutein in
both plasma and tissue (liver, lung, colon, kidney, breast, ovaries, spleen, cervix, and other
ocular tissue) without detectable toxicity. The doses of lutein and zeaxanthin used in the monkey
study were equivalent to human doses of about 600 mg/day for an individual weighing 60 kg.
Although lutein is a member of the carotenoid family, it is not considered to be provitamin A or
B-carotene type compounds. Lutein does not share the metabolic pathways of B-carotene because
it is not a substrate for the 15,15'-monooxygenase enzyme that cleaves B-carotene into vitamin A.
Lutein, therefore, does not possess provitamin A activity and is unlikely to cause liver toxicity.
The totality of evidence from available animal and clinical studies suggest that lutein
supplementation at dose level of 10 mg/day is safe.
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In a randomized, double-blind clinical trial, Khachik et al. (2006a) investigated the effect
of lutein (with 6% zeaxanthin) on serum carotenoids. In this study, 45 elderly subjects (> 60
years of age), with and without AMD were supplemented with lutein at doses of 2.5, 5.0, or 10
mg/day for six months. Lutein supplementation (10 mg/day) resulted in a significant increase in
serum levels of lutein and its metabolites. The increase in the serum levels of lutein/zeaxanthin
correlated with increases in the serum levels of their metabolites. The investigators also reported
that based on the results of the liver function tests and visual-function examinations, no toxicity
or adverse effects were associated with lutein supplementation at dose levels up to 10 mg/day.
Based on the results of this study, the investigators concluded that consumption of lutein at doses
up to 10 mg/day for six months by elderly subjects with and without AMD is safe.

Vu et al. (2006) and Robman et al. (2007) reported complex interactions between
lutein/zeaxanthin and -3 fatty acids intake with the progression of AMD. Vu et al. (2006)
reported a marked increase in the risk of both early and late AMD among people who consumed
greater than the median intake of linoleic acid and higher dietary intakes of lutein/zeaxanthin.
These investigators recommended against the supplementation of lutein/zeaxanthin. This report
used cross-sectional data based on photographic macular assessments of 71.9% of their sample
of 2448 persons, who attended follow-up examinations. Robman et al. (2007) re-examined 254
subjects identified with early AMD to determine the progression of AMD over a seven year
period. Lutein/zeaxanthin and fatty acid intakes were estimated using food frequency
questionnaires. Energy-adjusted lutein/zeaxanthin as well as -3 fatty acid intakes was found to
be associated with AMD progression. It is possible that multiple factors (described below) may
have affected the outcome of these reports. The available evidence does not present a clear
picture of the association of lutein/zeaxanthin and lipid intake with AMD.

In contrast to the above described findings (Vu et al., 2006; Robman et al., 2007), Flood
et al. (2006) did not find any association with energy adjusted lutein/zeaxanthin intake (n = 986)
and the incidence of early, late, or any AMD, whether or not this was stratified by linoleic acid
intake. In this study, the median linoleic acid was less than the median used by Vu ef al. (2006)
(6.6 g versus 7.2 g). Stratification of the data by the highest tertile of linoleic acid intakes (cut-
point 8.5 g) also did not reveal any association between lutein/zeaxanthin and incidence of AMD.
These investigators suggested that even though the examination of cross-sectional data can be
used to investigate associations with this disease, conclusions drawn from such data need to be
made with care, in light of other known literature.

In the first study, in which 2448 subjects were followed, 212 persons who did not have
photographic macular assessment (10.8% of those with dietary assessments) were included and
this may have affected the outcome (Vu et al., 2006). The dietary assessment method (food
frequency questionnaire, FFQ) may have affected the outcome as it was not conducted at
baseline, which only allows measurements of association from the follow-up examination (Flood
et al., 2006). As the study was cross-sectional, it is plausible that participants with known signs
of early macular degeneration or associated visual changes may have increased their dietary
antioxidant intakes (indication bias). This may have occurred in particular amongst those
consuming higher linoleic acid diets, as higher intakes of linoleic acid have been suggested to
increase the risk of AMD.

In a cross-over, double-blind, placebo-controlled trial, Bahrami ef al. (2006) randomized
34 adult patients with retinitis pigmentosa into two groups. One group (n = 16), received lutein
supplementation (10 mg/day for 12 weeks followed by 30 mg/day) for the first 24 weeks and

Lutemax 2020™ GRAS Page 24 of 46

000037



fes

then placebo for the following 24 weeks, while the other group (n = 18) received placebo
treatment (24 weeks) prior to lutein (received placebo during the first half and lutein in the
second half of the study). Lutein supplementation did not result in any significant adverse effects.
One subject on lutein, and two on placebo had impaired liver function tests at 1 of their 6 week
visits. However, in these three subjects the serum liver enzyme levels returned to within normal
range when tests were repeated. The investigators concluded that lutein supplementation at 10-30
mg/day for up to six months is safe.

The VITamins And Lifestyle (VITAL) cohort study examined the association of
supplemental B-carotene, retinol, vitamin A, lutein, and lycopene with lung cancer risk among
participants, aged 50-76 years (Satia et al., 2009). Eligible individuals (n = 77,126) completed a
baseline questionnaire, including details of supplement (multivitamins and individual
supplements/mixtures) use (duration, frequency, dose) during the previous 10 years. The
incidence of lung cancers (n = 521) was identified by linkage to the Surveillance, Epidemiology,
and End Results cancer registry. Longer duration of use of individual B-carotene, retinol, and
lutein supplements (but not total 10-year average dose) was associated with statistically
significantly elevated risk of total lung cancer and histologic cell types. The investigators
concluded that long-term use of individual B-carotene, retinol, and lutein supplements should not
be recommended for lung cancer prevention, particularly among smokers. Similarly, earlier in
the a-Tocopherol, B-Carotene Cancer Prevention (ATBC) trial, it was also noted that a sub-
population (alcohol users) seemed to be more associated with the risk of cancers (Mayne et al.,
1996; Omaye et al., 1997). It is difficult to interpret the results of epidemiological studies,
however, the available evidence indicate that the intake of lutein is safe for healthy individuals.

3. SUMMARY AND DISCUSSION

OmniActive Health Technologies Ltd. intends to use lutein (Lutemax 2020™) obtained
from Marigold flowers (7. erecta L) as a food ingredient. Lutemax 2020™ is a reddish-orange
crystalline powder with a characteristic odor of Marigold flower. The compositional analysis of
Lutemax 2020™ demonstrated that it primarily contains lutein with a small amount of
zeaxanthin. The product contains either corn oil, or sunflower oil or carbohydrate as carrier.
OmniActive intends to use lutein at concentrations up to 0.3 to 3 mg/serving (reference amounts
customarily consumed, 21CFR 101.12) in baked goods and baking mixes, beverages and
beverage bases, breakfast cereals, chewing gum, dairy product analogs, fats and oils, frozen dairy
desserts and mixes, gravies and sauces, hard candy, infant and toddler foods (other than infant
formula), milk products, processed fruits and fruit juices, and soft candy. The intended use of
Lutemax 2020™ in the above mentioned food categories will result in a mean and 90" percentile
estimated daily lutein intake of 7.3 and 13.4 mg lutein/person/day and zeaxanthin intake of 1.4
and 2.4 mg/person/day, respectively. The 90" percentile meso-zeaxanthin intake is estimated as
1.2 mg/person/day.

The active constituents of Lutemax 2020, trans-lutein, and zeaxanthin (except meso-
zeaxanthin) are commonly found in the human diet and there is a safe history of consumption of
these components. Lutein and its esters are found in a variety of commonly consumed green
leafy vegetables, yellow-orange fruits, yellow-orange vegetables, and egg yolks. Lutein esters
are commonly marketed as dietary supplements and its recommended doses range from 0.5 to 20
mg/day. Additional scientific evidence from animal and human studies also supports the safety
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of lutein. Lutein and its ester has been the subject of four GRAS notices to the FDA. Thus, there
is sufficient qualitative and quantitative scientific as well as history of use evidence to determine
the safety-in-use of Lutemax2020™ and its constituents in the above mentioned food
applications.

Lutein esters are hydrolyzed in the gastrointestinal tract to free or unesterified lutein and
the free form of lutein is absorbed and enters circulation. Studies conducted in animals and
humans suggest that oral administration of lutein ester or its free form results in lutein being
bioavailable. Given the metabolism of lutein or its ester form, studies that used lutein in its free
or esterified forms are equally important and applicable to the safety assessment of lutein.

The FDA has reviewed four separate GRAS notifications on lutein (lutein ester- GRN
000110; crystalline lutein- GRN 000140; suspended lutein- GRN 000221; crystalline lutein-
GRN 000291) and in response to these notices the agency did not question the safety of lutein
ester, crystalline lutein, and suspended lutein for their intended food applications. The subjects of
the present GRAS determination, lutein in free (non-esterified) and esterified (with fatty acids)
forms are substantially equivalent to the subjects of FDA GRAS notified substances (GRN
000110; GRN 000140; GNR 000221). The FDA responses to the GRAS notifications on lutein
and its esters indicate that the FDA is comfortable with the safety of the lutein, as long as
consumption is below 20 mg/person/day. In addition to the FDA, JECFA also evaluated safety-
in-use of lutein and assigned a group ADI of 0 to 2 mg lutein and zeaxanthin/kg body weight.
Studies that appeared subsequent to the FDA and JECFA reviews also supports the safety-in-use
of lutein (free or ester form). In a recent study, supplementation of lutein (10 mg/kg/day) to
rhesus monkeys for one year did not reveal ocular toxicity and had no effect on biomarkers of
kidney toxicity. In a genotoxicity study, lutein did not cause mutagenic or clastogenic effects.
The available evidence suggests that lutein is unlikely to be mutagenic or cause DNA damage.

In two human (cross-sectional) studies (Vu et al., 2006; Robman et al., 2007), a positive
association between the intake of lutein/zeaxanthin and ®-3 fatty acids with progression of age-
related macular degeneration (AMD) was noted. However, no such association was noted in
another study. The cross-sectional studies using dietary survey data may have some limitations
because it measures the current diet in a group of people with a disease or other condition which
may well be altered by the presence of the disease. Another limitation may be related to errors in
recall of the exposure and possibly outcome. Furthermore, other clinical studies did not reveal
any toxic effects of lutein. In a review article (Shao and Hathcock, 2006), the use of “observed
safe level” methodology for risk assessment revealed a strong evidence for the safety of lutein
intake at levels up to 20 mg/day for humans. The authors of this study suggested that lutein at
levels up to 40 mg/day may be safe, but the data for intakes above 20 mg/day are not sufficient
for a confident conclusion.

In acute and subchronic studies, the safety of lutein (Lutemax 2020™) was tested.
In the acute study, the LDsy of lutein was greater than 2 g/kg body weight. In the
subchronic study, lutein was administered (gavage) daily to rats at doses of 0, 4, 40, or 400
mg/kg body weight/day for 90 days, respectively. No treatment-related adverse effects on any of
the series of parameters investigated were noted. Based on the results of this study, the NOAEL
for lutein (Lutemax 2020™) is determined as 400 mg/kg body weight/day, the highest dose
tested. The estimated daily intake of Lutemax 2020™ from its intended food use is about 2000
fold lower compared to the NOAEL determined from the subchronic toxicity study. Similarly,
the estimated daily intake of lutein from the intended uses of Lutemax 2020™ is approximately
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1000 fold lower compared to the NOAEL of 200 mg/kg body weight/day from the rat study used
to establish the JECFA ADI. The safety determination of lutein is based on the totality of
available evidence such as human observations, animal studies, in vitro studies, and clinical trials.
Furthermore specific toxicity studies conducted with Lutemax 2020™ support its safety.
Additionally, the safety of meso-zeaxanthin, one of the components of Lutemax 2020™ is
also supported by the available evidence related to the safety studies of this isomer. The intended
uses of Lutemax 2020™ will result in daily meso-zeaxanthin intake of 1.2 mg/person/day and
this level is over 1000-fold lower than the NOAEL of 200 mg/kg/day for meso-zeaxanthin in a
rat study.

In summary, on the basis of scientific procedures®, history of exposure and use, the
consumption of Lutemax 2020™ derived from Marigold flowers (Tagetes erecta L) as a nutrient
at use levels of 0.3 to 3 mg/serving in certain specified foods resulting in a 90™ percentile intake
of 13.4 mg lutein/person/day and 0.6 mg zeaxanthin/person/day is considered safe. The intended
uses are compatible with current regulations, i.e., Lutemax 2020™ is used as a nutrient [21 CFR
170.3(0)(20)] in baked goods and baking mixes, beverages and beverage bases, breakfast cereals,
chewing gum, dairy product analogs, fats and oils, frozen dairy desserts and mixes, gravies and
sauces, hard candy, infant and toddler foods (other than infant formula), milk products,
processed fruits and fruit juices, and soft candy, when not otherwise precluded by a Standard of
Identity, and is produced according to current good manufacturing practices (cGMP).

21 CFR §170.3 Definitions. (h) Scientific procedures include those human, animal, analytical, and other scientific
studies, whether published or unpublished, appropriate to establish the safety of a substance.

Lutemax 2020™ GRAS Page 27 of 46

000040



4. CONCLUSION

Based on a critical review of the publicly available data summarized herein, the Expert
Panel members whose signatures appear below, have individually and collectively concluded
that consumption of lutein (Lutemax 2020™) as a nutrient [21 CFR 170.3(0)(20)] in selected
food products [baked goods and baking mixes, beverages and beverage bases, breakfast cereals,
chewing gum, dairy product analogs, fats and oils, frozen dairy desserts and mixes, gravies and
sauces, hard candy, infant and toddler foods (other than infant formula), milk products,
processed fruits and fruit juices, and soft candy] at levels of 0.3 to 3 mg/serving (reference
amounts customarily consumed, 21CFR 101.12) when not otherwise precluded by a Standard of
Identity as described in this monograph and resulting in the 90" percentile all-user estimated
intake of 13.4 mg lutein/person/day is Generally Recognized As Safe (GRAS).

It is also our opinion that other qualified and competent scientists reviewing the same
publicly available toxicological and safety information would reach the same conclusion.
Therefore, we have also concluded that lutein (Lutemax 2020™), when used as described, is
GRAS based on scientific procedures.

Signatures
(b) (6)
John A Thomas, PRD.FACT. DDATS. Lt
‘(b) (6)
Stanley T. Omaye, Ph.D. DA TS Date
(b) (6) o
Madhusudan G. Soni, Ph.D., FA.CN. Date
Lutemax 2020™ GRAS Page 28 of 46

000041



o

S. REFERENCES

Bahrami, H., Melia, M., Dagnelie, G., 2006. Lutein supplementation in retinitis pigmentosa: PC-
based vision assessment in a randomized double-masked placebo-controlled clinical trial
[NCT00029289]. BMC Ophthalmology 6:23.

Breithaupt, D.E., Bamedi, A., 2001. Carotenoid esters in vegetables and fruits: a screening with
emphasis on beta-cryptoxanthin esters. Journal of Agricultural and Food Chemistry 49:2064-
2070.

Bendich, A., 1988. The safety of B-carotene. Nutrition and Cancer 11:207-214.

Boileau, T.W.M., Moore, A.C., Erdman, J.W., 1999. Carotenoids and vitamin A. In Papas, A.M.
(Ed.). Antioxidant Status, Diet, Nutrition, and Health. CRC Press; Boca Raton, pp. 133-151.

Bone, R,A,, Landrum, J.T., Hime, G.W., Cains, A., Zamor, J., 1993. Stereochemistry of the
human macular carotenoids. Invest. Ophthal. Vis. Sci. 34:2033—-40.

Calvo, M-M,, 2005. Lutein: a valuable ingredient of fruit and vegetables. Critical Reviews in
Food Science and Nutrition 45:671-696.

Canfield, L.M., Clandinin, M.T., Davies, D.P., Fernandez, M.C., Jackson, J., Hawkes, J.,
Goldman, W.J., Pramuk, K., Reyes, H., Sablan, B., Sonobe, T., Bo, X., 2003. Multinational

study of major breast milk carotenoids of healthy mothers. European Journal of Nutrition
42:133-141.

Capeding, R., Gepanayao, C.P., Calimon, N., Lebumfacil, J., Davis, A.M., Stouffer, N., Harris,
B.J., 2010. Lutein-fortified infant formula fed to healthy term infants: evaluation of growth
effects and safety. Nutrition Journal 9:22.

CDC, 1998. National Health and Nutrition Examination Survey III: 1988-94 (NHANES III). US
Centers for Disease Control and Prevention, Division of Health Examination Statistics,
National Center for Health Statistics (NCHS). Hyattsville, MD. (Cited in IOM, 2000).

Chang, C.J.G., 2006. Thirteen-week oral (gavage) toxicity of mesozeaxanthin in Han Wistar rats
with a 4-week recovery. Gene Logic Study Number: 1567-04370, 1-344. 2006. Gaithersburg,
MD, Gene Logic Laboratories Inc. Report available at: http:/www.howard-
foundation.com/fullreport.pdf (website visited on September 14, 2010).

Chew, E., de Monasterio, F., Schleicher, R.L., Khachik, F., Kim, J., Rosenthal, J., 2007. Author
Response: Safety Assessment of Nutritional Supplements for Prevention and Treatment of
Ophthalmic Disease. British Journal of Ophthalmology 90:927-928.

ConsumerLabs (2007). Product Review: Lutein & Zeaxanthin. Printed version of
www.consumerlab.com/review/Lutein_Zeaxanthin/Lutein/. pp. 1-7.

EFSA, 2008. Safety, bioavailability and suitability of lutein for the particular nutritional use by
infants and young children. Scientific Opinion of the Panel on Dietetic Products, Nutrition
and Allergies. European Food Safety Authority. EFSA Journal 823:1-24.

FDA, 2003. GRAS Notice Inventory. GRN 000110. Lutein esters. FDA response and complete
GRAS notice available at website:
http://www.accessdata.fda.gov/scripts/fcn/fecnDetailNavigation.cfm?rpt=grasListing &id=179
(website visited on: July 8, 2009).

Lutemax 2020™ GRAS Page 29 of 46

000042



FDA, 2004. GRAS Notice Inventory. GRN 000140. Crystalline lutein. FDA response and
complete GRAS notice available at website:
http://www.accessdata.fda.gov/scripts/fen/fenDetailNavigation.cfm ?rpt=grasListing&id=149
(website visited on: July 8, 2009).

FDA, 2007. GRAS Notice Inventory. GRN 000221. Suspended lutein. FDA response and
complete GRAS notice available at website:
http://www.accessdata.fda.gov/scripts/fen/fenDetailNavigation.cfm2rpt=grasListing&id=68
(website visited on: July 8, 2009).

FDA, 2009. GRAS Notice Inventory. GRN 000291. Crystalline lutein. Pending GRAS notice
mentioned at website:
http://www.accessdata.fda.gov/scripts/fen/fenDetailNavigation.cfm ?rpt=grasListing&id=2
(website visited on: September 2, 2010)

Flood, V., Rochtchina, E., Wang, J.J., Mitchell, P., Smith, W., 2006. Lutein and zeaxanthin
dietary intake and age related macular degeneration. British Journal of Opthamology 90:927-
928.

Furr, H.C., Clark, RM., 1997. Intestinal absorption and tissue distribution of carotenoids.
Journal of Nutritional Biochemistry 8:364-377.

Gaynes, B.1., 2007. Safety Assessment of Nutritional Supplements for Prevention and Treatment
of Ophthalmic Disease. British Journal of Opthamology 90:927-928. (Letters to editor)

Goulinet, S., Chapman, M.J., 1997. Plasma LDL and HDL subspecies are heterogeneous in
particle content of tocopherols and oxygenated and hydrocarbon carotenoids. Relevance to
oxidative resistance and atherogenesis. Arteriosclerosis, Thrombosis, and Vascular biology
17:786-796.

Handelman, G.J., Nightingale, Z.D., Lichtenstein, A.H., Schaefer, E.J., Blumberg, J.B., 1999.
Lutein and zeaxanthin concentrations in plasma after dietary supplementation with egg yolk.
American Journal of Clinical Nutrition 70:247-251.

Harikumar, K.B., Nimita, C.V., Preethi, K.C., Kuttan, R., Shankaranarayana, M.L., Deshpande,
1., 2008. Toxicity profile of lutein and lutein ester isolated from marigold flowers (Zagetes
erecta). International Journal of Toxicology. 27:1-9.

Hartmann, D., Thiirmann, P.A., Spitzer, V., Schalch, W., Manner, B., Cohn, W., 2004. Plasma
kinetics of zeaxanthin and 3'-dehydro-lutein after multiple oral doses of synthetic zeaxanthin.
American Journal of Clinical Nutrition 79:410-417.

Hendler, S.S., Rorvik, D., 2001. Lutein and Zeaxanthin. In: PDR for Nutritional Supplements.
Medical Economics™ Thomson Healthcare, Montvale, NJ, pp. 281-284.

[lamurugan, I., Kandula, S.R., Mandala, S., Raman, K.K., 2010a. Acute oral toxicity in rats with
Lutein concentrate (Marigold Extract) Trade Name: Lutemax 2020™ Concentrate. Sponsor
OmniActive Health Technologies Ltd.; Test facility: RCC Laboratories India Private Limited.
RCC Study Number 1506. pp. 1-23.

Ilamurugan, I., Kandula, S.R., Sivakumar, R.D., Mandala, S., Kumar, P.K., Raghul, J., Raman,
K.K., 2010b. Repeated daily dose 90-day oral toxicity study in Wistar rats with Lutein
concentrate (Marigold Extract) Trade Name: Lutemax 2020'™ Concentrate. Sponsor

Lutemax 2020™ GRAS Page 30 of 46

000043



OmniActive Health Technologies Ltd.; Test facility: RCC Laboratories India Private Limited.
RCC Study Number 1506. pp. 1-251.

10M, 2000. B-carotene and other carotenoids. In: IOM. Dietary Reference Intakes for Vitamin C,
Vitamin E, Selenium, and Carotenoids. Panel on Dietary Antioxidants and Related
Compounds, Subcommittees on Upper Reference Levels of Nutrients and Interpretation and
Uses of DRIs, Standing Committee on the Scientific Evaluation of Dietary Reference
Intakes, Food and Nutrition Board, Institute of Medicine (IOM). National Academy Press
(NAP); Washington, DC, pp. 325-382.

JECFA, 2006. Lutein from Tagetes erecta L. In: Safety Evaluation of Certain Food Additives:
Sixty-third Meeting of the Joint FAO/WHO Expert Committee on Food Additives, June 8-
17, 2004, Geneva. Food and Agriculture Organization of the United Nations (FAO) / World
Health Organization (WHO); Geneva, WHO Food Additives Series, No. 54, pp. 49-86 &
637-638. Available at website: http://whqlibdoc.who.int/trss WHO_TRS_928.pdf (website
visited on: July 8, 2009).

JECFA, 2004. Lutein from Tagetes erecta. Summary of Evaluations Performed by the Joint
FAO/WHO Expert Committee on Food Additives (JECFA). Joint FAO/WHO Expert
Committee on Food Additives.
http://www.inchem.org/documents/jecfa/jeceval/jec_1289.htm (website visited on August 3,
2009).

Johnson, E.J., Neuringer, M., Russell, R.M., Schalch, W., Snodderly, D.M., 2005. Nutritional
manipulation of primate retinas, III: effects of lutein or zeaxanthin supplementation on

adipose tissue and retina of xanthophyll-free monkeys. Investigative Ophthalmology and
Visual Science 46:692-702.

Khachik, F., Beecher, G.R., Smith, C.JJ., 1995. Lutein, lycopene, and, their oxidative
metabolites in chemoprevention of cancer. Journal of Cellular Biochemistry Supplement
22:236-246.

Khachik, F., Beecher, G.R., Whittaker, N.F., 1986. Separation, identification, and quantification
of the major carotenoid and chlorophyll constituents in the extracts of several green
vegetables by liquid chromatography. Journal of Agricultural and Food Chemistry 34:603-
616.

Khachik, F., de Moura, F.F., Chew, E.Y., Douglass, L.W., Ferris, F.L. 3rd, Kim, J., Thompson,
D.J., 2006a. The effect of lutein and zeaxanthin supplementation on metabolites of these

carotenoids in the serum of persons aged 60 or older. Investigative Ophthalmology and
Visual Science 47:5234-5242.

Khachik, F., London, E., de Moura, F.F., Johnson, M., Steidl, S., Detolla, L., Shipley, S.,
Sanchez, R., Chen, X.Q., Flaws, J., Lutty, G., McLeod, S., Fowler, B., 2006b. Chronic
ingestion of (3R,3'R,6'R)-lutein and (3R,3'R)-zeaxanthin in the female rhesus macaque.
Investigative Ophthalmology and Visual Science 47:5476-5486.

Kostic, D., White, W.S., Olson, J.A., 1995. Intestinal absorption, serum clearance, and
interactions between lutein and p-carotene when administered to human adults in separate or
combined oral doses. American Journal of Clinical Nutrition 62:604-610.

Lutemax 2020™ GRAS Page 31 of 46

000044



.

Krinsky, N. 1., Mathews-Roth, M. W., Welankiwar, S., Sehgal, K., Lausen, N. C. G., Russett, M.,
1990. The metabolism of '*C-beta-carotene and the presence of other carotenoids in rats and
monkeys. Journal of Nutrition 120:81-87.

Kruger, C.L., Murphy, M., DeFreitas, Z., Pfannkuch, F., Heimbach, J., 2002. An innovative
approach to the determination of safety for a dietary ingredient derived from a new source:
case study using a crystalline lutein product. Food and Chemical Toxicology 40:1535-1549.

Kumar, D.P., Ravikumar, C., Eswarappa, R., Krishnappa, H., Rao, K.S., Quiroga, J.T,,
Raviyadava, 2009. Sub-chronic (90 day) oral toxicity study in rats with lutein diacetate.
Toxicol. Int. 16:55-62,

Kuttan, R., Sabu, M.C., 2004. Antimutagenicity studies of free lutein forms manufactured by
Kancor. Study conducted at Amala Cancer Research Center, Thrissur (India). Study sponsor:
Kancor Flavors and Extracts Ltd., Angamally, India. pp. 1-9. (Unpublished report provided
by OmniActive)

Lee, C. M., Boileau, A. C., Boileau, T. W. M., Williams, A. W., Swanson, K. S., Heintz, K. A.,
Erdman, J. W. Jr., 1999. Review of animal models in carotenoid research. Journal of
Nutrition 129:2271-2277.

Leo, M.A., Ahmed, S., Aleynik, S.I., Siegel, J.H., Kasmin, F., Lieber, C.S., 1995. Carotenoids
and tocopherols in various hepatobiliary conditions. Journal of Hepatology 23:550-556.

Maoka, T., Arai, A., Sinuzu, M., Matsuno, T., 1986. The first isolation of entiomeric and meso-
zeaxanthin in nature. Comparative Biochemistry and Physiology B 83:121-124.,

Mayne, S.T., Handelman, G.J., Beecher, G., 1996. B-Carotene and lung cancer promotion in
heavy smokers—a plausible relationship? J. Natl. Cancer Inst. 88:1513—-1515.

Mecchi, M.S., 2006. Salmonella-Escherichia coli/Mammalian-microsome reverse mutation
assay with a confirmatory assay with mesozeaxanthin. Report no. 7609-100; Genetic
Toxicology Assay No. 26471-0-4090ECD, pp. 1-27. 2008. Vienna, Virginia, Covance
Laboratories Inc.

Moeller, S.M., Jacques, P.F., Blumberg, J.B., 2000. The potential role of dietary xanthophylls in
cataract and age-related macular degeneration. J. Am. Coll. Nutr. 19:5228-5273.

Moreno, F.S., Toledo, L.P., de Conti, A., Heidor, R., Jordao, A. Jr, Vannucchi, H., Cardozo,
M.T., Ong, T.P.,, 2007. Lutein presents suppressing but not blocking chemopreventive
activity during diethylnitrosamine-induced hepatocarcinogenesis and this involves inhibition
of DNA damage. Chem. Biol. Interact. 168:221-228.

Olson, J.A., 1996. Vitamin A. In: Zeigler, E.E.; Filer, L.J. (Jr.) (Eds.). Present Knowledge in
Nutrition (7th Ed). International Life Sciences Institute; Washington, D.C., pp 109-119.

Omaye, S. T., Krinsky, N. 1., Kagan, V.E., Mayne, S.T., Liebler, D.C., Bidlack, W., R., 1997. B-
Carotene: friend or foe? Fundamental and Applied Toxicology 40:163-173.

OmniActive Health Technologies Ltd., 2009. Information on general description, specifications,
composition and manufacturing of lutein (free and ester form).

Pfannkuch, F., Wolz, E., Aebischer, C.P., Schierle, J., Green, C., 2000. Ro 15-3971/000 (10%):
13-Week Oral Toxicity (Dietary Administration) Toxicity Study in the Rat With a 4 Week

Lutemax 2020™ GRAS Page 32 of 46

000045



Treatment-Free Period. Roche Project 952V99 performed at Covance Laboratories Ltd.;
Harrogate U.K. (Project 161/354). (Cited in JECFA, 2006)

Pfannkuch, F., Wolz, E., Green, C., 2001. Ro 15-3971 (10% Lutein): Pathological Evaluation of
the Liver and Kidney Following a 13-Week Dietary Toxicity Study in the Rat. Roche Project
performed at Covance- Laboratories Ltd.; Harrogate U.K.-(Report Number: 1005032). (Cited
in JECFA, 2006)

Rice-Evans, C.A., Sampson, J., Bramley, P.M., Holloway, D.E., 1997. Why do we expect
carotenoids to be antioxidants in vivo? Free Radical Research 26:381-398.

Roberts, R.L., Green, J., Lewis, B., 2009. Lutein and zeaxanthin in eye and skin health. Clinics
in Dermatology 27:195-201.

Robman L, Vu H, Hodge A, Tikellis G, Dimitrov P, McCarty C, Guymer R, 2007. Dietary lutein,
zeaxanthin, and fats and the progression of age-related macular degeneration. Canadian
Journal of Ophthalmology 42:720-726.

Rosenthal, .M., Kim, J., de Monasterio, F., Thompson, D.J.S., Bone, R.A., Landrum, J.T., de
Moura, F.F., Khachik, F., Chen, H., Schleicher, R.L., Ferris, F.L., Chew, E.Y., 2006. Dose-
ranging study of lutein supplementation in persons aged 60 years or older. Investigative
Ophthalmology and Visual Science 47:5227-5233.

Rusia, S., Pandey, A.K., Ravikrishnan, R., Raman, K.K., 2010. Bacterial reverse mutation assay
with Lutein concentrate (Marigold Extract) Trade Name: Lutemax 2020™ Concentrate.
Sponsor OmniActive Health Technologies Ltd.; Test facility: RCC Laboratories India Private
Limited. RCC Study Number 1507. pp. 1-31.

Sagilata, M.G., Singhal, R.S., Kamat, M.Y., 2008. The carotenoid pigment zeaxanthin- A review.
Comprehensive Reviews in Food Science and Food Safety 7:29-50

Santocono, M., Zurria, M., Berrettini, M., Fedeli, D., Falcioni, G., 2006. Influence of astaxanthin,
zeaxanthin and lutein on DNA damage and repair in UVA-irradiated cells. Journal of
Photochemistry and Photobiology B 85:205-215.

Satia, J.A., Litttman, A., Slatore, C. G., Galanko, J. A., White, E., 2009. Long-term use of beta-
carotene, retinol, lycopene, and lutein supplements and lung cancer risk results from the
VITamins And Lifestyle (VITAL) study. American Journal of Epidemiology169:815-828.

Shao, A., Hathcock, J.N., 2006. Risk assessment for the carotenoids lutein and lycopene.
Regulatory Toxicology and Pharmacology 45:289-298.

Sies, H., Stahl, W., 2003. Non-nutritive bioactive constituents of plants: lycopene, lutein and
zeaxanthin. International Journal for Vitamin and Nutrition Research 73:95-100.

Thiirmann, P.A., Schalch, W., Aebischer, J.C., Tenter, U., Cohn, W., 2005. Plasma kinetics of
lutein, zeaxanthin, and 3-dehydro-lutein after multiple oral doses of a lutein supplement.
American Journal of Clinical Nutrition 82:88-97.

Thurnham, D.I., Northrop-Clewes, C.A., Paracha, P.I., McLoone, U.J., 1997. The possible
significance of parallel changes in plasma lutein and retinol in Pakistani infants during the
summer season. British Journal of Nutrition 78:775-784.

Lutemax 2020™ GRAS Page 33 of 46

600046



Thurnham, D.I., Tremel, A., Howard, A.N., 2008. A supplementation study in humans with a
combination of meso-zeaxanthin, (3R,3'R)-zeaxanthin and (3R.3'R, 6")-lutein. British Journal
of Nutrition 100:1307-1314.

USDA. 2000. 1994- 1996, 1998 Continuing Survey of Food Intakes by Individuals (CSFII) and
Diet and Health Knowledge Survey (DHKS) (On CD-ROM). U.S. Department of Agriculture
(USDA); Riverdale, Maryland. [PB2000-500027 Supercedes PB98-500457]

van het Hof, K.H., Brouwer, [.A., West, C.E., Haddeman, E., Steegers-Theunissen, R.P., van
Dusseldorp, M., Westrate, J.A., Eskes, T.K., Hautvast, J.G., 1999. Bioavailability of lutein
from vegetables is 5 times higher than that of beta-carotene. American Journal of Clinical
Nutrition 70:261-268.

Vu, H.T., Robman, L., McCarty, C.A., Taylor, H.R., Hodge, A., 2006. Does dietary lutein and
zeaxanthin increase the risk of age related macular degeneration? The Melbourne Visual
Impairment Project. British Journal of Ophthalmology 90:389-390.

Wang, M., Tsao, R., Zhang, S., Dong, Z., Yang, R., Gong, J., Pei, Y., 2006. Antioxidant activity,
mutagenicity/anti-mutagenicity, and clastogenicity/anti-clastogenicity of lutein from
marigold flowers. Food and Chemical Toxicology 44:1522-1529.

White, W. S., Peck, K. M., Ulman, E. A., Erdman, J. W., Jr., 1993. The ferret as a model for
evaluation of the bioavailabilities of all-trans beta-carotene and its isomers. Journal of
Nutrition 123:1129-1139,

Wolf, G., 2002. The effects of low and high doses of beta-carotene and exposure to cigarette
smoke on the lungs of ferrets. Nutrition Reviews 3:88-90.

Yemelyanov, A.Y., Katz, N.B., Bernstein, P.S., 2001. Ligand-binding characterization of
xanthophylls carotenoids to solubilized membrane proteins derived from human retina.
Experimental Eye Research 72:381-392.

Lutemax 2020™ GRAS Page 34 of 46

000047



xS

6. APPENDIX 1
Batch Specifications
Analytical data from five manufacturing lots
(Lutemax 2020 / Lutein and Zeaxanthin Concentrate)
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Analytical data from five manufacturing lots (Lutemax 2020 / Lutein and Zeaxanthin Concentrate)

Parameters Specifications HPMCZ- HPMCZ - HPMCZ- HPMCZ- HPMCZ-
pectiicatio 0406872 0406873 0406874 0406875 0406876
A Reddish orange Reddish orange | Reddish orange | Reddish orange Reddish Reddish
ppearance orange colored | orange colored
colored crystals colored crystals | colored crystals | colored crystals
crystals crystals
Characteristic of Characteristic of | Characteristic of | Characteristic of | Characteristic Characteristic
Odor: . Marigold Marigold Marigold of Marigold of Marigold
Marigold flowers
flowers flowers flowers flowers flowers
Identity HPLC Complies Complies Complies Complies Complies
Moisture Max 1% 0.25% 0.18% 0.27% 0.20% 0.21%
Carotenoids composition
Total Min 80% 80.00% 81.28% 82.21% 81.21% 81.17%
Carotenoids
Lutein Min 67% 67.20% 67.50% 68.20% 67.45% 67.30%
Zeaxanthin Min 13.5% 13.80% 13.78% 13.91% 13.76% 13.87%
3R, 3’S / meso 25 to 75% of 712 % 6.80 % 6.86 % 6.28 % 7.02 %
Zeaxanthin total zeaxanthin
3R, 3R 25 to 75% of 6.68 % 6.98 % 7.05 % 7.48 % 6.85 %
Zeaxanthin total zeaxanthin
Heavy metals (ppm)
Lead <1 Passes Passes Passes Passes Passes
Arsenic <1 Passes Passes Passes Passes Passes
Mercury <1 Passes Passes Passes Passes Passes
Cadmium <1 Passes Passes Passes Passes Passes
Microbiology assay
Total plate
count (cfu/g) <1000 Passes Passes Passes Passes Passes
Yeast and
molds (cfu/g) <100 Passes Passes Passes Passes Passes
Salcxﬁ an:;i Negative Passes Passes Passes Passes Passes
Salmonella Negative Passes Passes Passes Passes Passes
Pseyc{omonas Negative Passes Passes Passes Passes Passes
euriginosa
it)aphylococcus Negative Passes Passes Passes Passes Passes
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7. Appendix II

Residual solvents of five manufacturing lots (Lutemax 2020 / Lutein & Zeaxanthin Concentrate)

Specifications

Parameters HPMCZ- HPMCZ- HPMCZ- HPMCZ- HPMCZ-
0406872 0406873 0406874 0406875 0406876

Total Residual
solvent (ppm) <100 52 45 38 55 58
Hexane (ppm) | <50 31 20 21 25 41
Ethyl acetate

<25 10 8 5 9 5
(ppm)
Ethanol (ppm) | <25 11 17 12 21 12
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8. Appendix III

Pesticide residue data from three lots of lutein oleoresin
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Report No. : CH:GL:9110012744 DATE : 01/04/2008 l
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TEST REPORT

Report No.

: CH:GL:9110012740

DATE : 01/04/2009 |

JOE No. : 911103594

Repart Control NG 911501 1065
SAMPLE NOT DRAWN BY LABORATORY

SAMPLE SUBMITTED AND {DENTIFIED BY CUSTOMER AS : MARIGOLD OLEORESIN

CUSTOMER NAME
ADDRESS

CiTYy

COUNTRY
SAMPLING METHOD

SAMPLE DESCRIPTION

SAMPLE QTY.

BATCH NO.
SAMPLE RECD ON
TEST START DATE
TEST ENO DATE

OMNIACTIVE HEALTH TECHNOLOGIES LIMITED

PLOT NO.38/39,RANV GANDH! INTERNATIOMAL BIO-TECH
PARK PHASE-I|, HINJEWADI,

PUNE-411057

AJC SGS INDIA - THANE

INDIA

N.A.

MARIGOLD OLEORESIN

25GM

MRL/104/01
24-03-2009
24/03/2009
01/04/2009

TESTS

PROTOCOL RESULT

Pesticides

Alpha-BHC
Beta-BHC
Gamma-BHC
Detta-BHT
3P-DDY

B RLOOT
Endrin
Dieigiriey
ErndoSuifan
Heptachior

azinon
Fendrotiuon
Aldrin
Untorfenvinfos
Chiorothajoni

Parattsan Methy!

AOAC 18th ECN 2008

GCMSLL MBMS
ND{OL0.01 mgikg]
NDIDE 0,01 mg/kyg]
ND[DL:C 0t myikg]
NOIDL:G.0% mgikg]
NO[DL:0.01 mo/kg)
NDIDL:0.01 mapkal
NO{DL:0.01 mgikg]
ND[OL:0.01 mgikg]
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ND[DL:0.01 mgika]
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NDIDL:0.01 mgikg)
NO[DL:0.01 mglkg
ND{DL:0.01 mgikg]
NOFDL:0.01 mgikg)
NOIDL:0.01 mgikg)
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TESTREPORT

| Report No. : CH:GL:9110012740 DATE : 01/04/2009 |
JOE No. : 911103594 Report Control No.:0115011965
TESTS PROTOCOL RESULY

Mevinphos NIDUTOT mgrkal
Phosalone NCHDL 0 .01 mgikg]
Heptachior Epoxide ND[DL:0.01 mgikg]
Chiordane NOIDL:0.01 myskg]
OP-DDE NDIDL:0.01 mylkg)
PR.DDE NOIDL:0.01 myikg]
OP-DDD ND[DL:0.01 maskg])
PP-DDD NDIOL:0.01 mg/kg}

Piritniphos methy!
Chiorpyrifos methyt
tethoxy Chior

NDIOLD.07 mgikg]
NDDL:0.01 mygrkg)
NDIDLI0.01 mglkyg)

Chiorpyrifos ND[DL:0.01 mg/kgl
Aznophos methyl ND[DL:0.01 mgikg]
Dicotol NDJDLI0.01 mgfkg)
£thion NDJDL:0.01 mgikg]
Parathion NDIDL:0.01 mgfkg]
tAaiathion ND[DL:0.01 mgrkg)

NOTE: ND - Not Detected, DL - Detection Limil.
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JEST REPORY

Report No. : CH:GL:9110012743 DATE : 01/04/2008

JOE No. : 911103584 fReport Control No.:8115011868

SAMPLE NOT DRAWN BY LABORATORY
SAMPLE SUBMITTED AND IDENTIFIED BY CUSTOMER AS : MARIGOLD OLEORESIN

CUSTOMER NAME OMNIAGTIVE HEALTH TECHNOLOGIES LIMITED
ADDRESS PLOT NQ.38/39,RAJIV GANDHI INTERNATIONAL BIO-TECH
PARK,PHASE-ILHINJEWADI,
city PUNE-411057
A/C SGS INDIA « THANE

COUNTRY INDIA

SAMPLING METHOD N.A.

SAMPLE DESCRIPTION MARIGOLD OLEORESIN

SAMPLE QTY. 25GM

BATCH NO. MRLA07/01

SAMPLE RECD ON 24-03-2009

TEST START DATE 24/03/2009

TEST END DATE 01/04/2009

TESTS PROTOCOL RESULY
Pesticides ACALC 18th EDN 2008
GOMSAC MS-MS

Aipha-BHC NOIDL:0.01 mgikg]
Beta-BHC NO{OL:0.01 mg/kg]
Bamma-BHC NDIDL:0.01 mglkg]
Dela-BHC NOIDLD.01 mgrkg)
02007 NO{DL:0.01 maikgl
P.P-DOT MNO[DL :0.97 myiky)
Endrin NDIDL:0.01 mgikg]
Chetdrin ND{DL:0.01 mgikgl
EndoSuitan NO{DL:0.01 mgikg)
Heptachlor ND{DL:0.01 mgikg)
Parathion Methyl ND[DL:0.01 mgikgl
Diazinon ND{DL:0.01 mgikg]
Fenitrothion ND{DL:0.01 mglkg)
Aldriny ND[DL:0.01 mgikg]
Chiorfenvinfos NODLG.01 mgikg)
Criprothaloni NDIDL:0.01 mglkgl
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JEST REPORT

Report No. : CH:GL:9110012743 DATE : 01/04/2009 [
JOE Na. : 911103584 Report Control No,:9115011968

TESTS PROTOCOL RESULY
fevinphos NIOUE 0T mplkg]
Phosalone NO[LI..0.01 mygrkg]
Feptachior Epoxide NIDIDL:0.01 mgika)
Chiordane ND[DL:0.01 mgikg]
OP-DOE NDIDL:0.0T mgikg]
PP.ODE NDIDL:0.01 mgikgl
OP-DOG NDIDL:0.0t mgfhg]
PR-DOD NDIDL:0.01 mgfkg)
Pismiphos methyl NODL:0.01 mgikg)
Chilarpyrifos methyl NDIDL10.0% mgrka)
Methoxy Chior NIHDLO.0% mygikg)
Chlorpyrifos NOIDL:0.01 mgikg)
Azinophos mathy! NODLI0.01 mglkg)
Dicofot NOJDL:0.01 mglky)
Eiion NDIDL:0.01 mgikgl
Parathion NDDL:0.0 mgfkg)
#alathion NDIDL:0 .01 mgfkg)
NOTE: ND - Not Detected, DL - Detection Limit.
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JESTREPORT

Report No. : CH:GL:9110012742 DATE : 01/04/2009 |

JOF No. : 911103594 Report Control No. 8115011967

SAMPLE NOT DRAWN BY LABORATORY
SAMPLE SUBMITTED AND IDENTIFIED BY CUSTOMER AS : MARIGOLD OLEORESIN
CUSTOMER NAME OMNIACTIVE HEALTH TECHNOLOQGIES LIMITED
ADDRESS PLOT NO.38/39,RAJIV GANDH! INTERNATIONAL BIO-TECH

PARK, PHASE-IL HINJEWAD!,

oY PUNE-411067
AIC SGS INDIA - THANE

COUNTRY INDIEA

SAMPLING METHOD N.A.

SAMPLE DESCRIPTION MARIGOLD OLEORESIN

SAMPLE QTY. 25GM

BATCH NO. MRLAM0B/01

SAMPLE RECD ON 24-03-2009

TEST STARY DATE 24/03/2009

TEST END DATE 01/04/2009

TESTS PROTOCOL RESULT
Pesticides AQAC 18th EON 2006
GOMSAC MS-MS
Alphia-BHC NOJDL:0.01 mgfkg]
Beta-BHC ND{DL:O.01 mgikg)
Gamma-BHC NO[OL:0.01 mg/kg)
Delta-BHT NOIOL:0.6F mgikg)
0.P-0DT NDIDL:0.0t mgfkg]
REDDT NOIOL:0.01 mgikg)
Endrin ND{OL:0.01 mglkg]
Dheldrin NO[OL:0.01 mgikg]
EndoSulfan NOIDL:0.01 mgikgl
Heptachior NDIDL:0.01 mgikg]
Parathion Methyl NOYDL:0.0F mgikg]
Diazinon NO{DL:0.01 mgikg)
Fenitrothion ND{OL:0.01 mgikg)]
Aidnn ND[DL:0.01 mgikg)]
Chiorfenvinfos NO[DL:0.01 mgikg]
Chlorothalonit ND{OL:0.01 mgikg)
Page 1 of 2
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SGS

1 RY
Report No. : CH:GL:9110012742 DATE : 01/04/2009 |
JGE No, ; 011103564 Report Controt No..01 15011967
TESTS PROTOCOL RESULT
Mevinphos NIGLUTHT molkag)]
Phosalone NDJDL:0.01 mgikg]
Haptachior Epoxide NO[RL:0.01 mgikg]
Chiordane ND[BLDBY mgikg]
OP-DDE ND{DL:0.01 mglkg]
PP-DDE ND[DL:0.01 mgkg)
OP-DDD NDIEL:0.01 mgikg]
PP-DDD NODL0.0Y my/kg]
Pirimiphos methyl NDIDL:0.0t mgrtkgl
Chlorpyrifos methy! NO{DL:0.01 mglkg]
Methoxy Chior NODLO.DT merky)
Chiorpyrifos NO[DL0.01 maikg]
Azinophos meathyf ND{DL:0.01 mgikg}
Dicolol NDIDL:0.01 mgikg)
Ethion NDIDLQ.01 myrkg]
Parathion NBIOL.0.01 mgfkg]
Malathion ND[DL:0.01 mgikg]
NOTE: ND - Not Detected, DL - Detection Limit.
TEERE o Report » o
per pro SGS India Private Ltd.
(b) (6)
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Mosley, levester
£ ram Madhu Soni <sonim@bellsouth.net>
% Sent: Friday, July 29, 2011 4:16 PM
To: Mosley, Sylvester
Subject: RE: Questions Regarding GRNO0O0385 (Lutein)

Tt.ank you, Dr. Mosley for your email and the query related to GRN 385. I am writing to acknowledge the
receipt and we will provide our responses to the queries in two weeks.

Best regards. Have a nice weekend.

Madhu
Mudhu Soni, PhD, FACN

Scni & Associates Inc.

749 46™ Square, Vero Beach, FL 32968
Phane: 772-299-0746

Cei: 772-538-0104

www.soniassociates.net

s,

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]
Sent: Friday, July 29, 2011 1:10 PM

Ta: 'msoni@soniassociates.net’

Subject: Questions Regarding GRN000385 (Lutein)

Good morning Dr. Soni,
After initial review of your client's GRAS Notice (GRN000385, Lutein), our reviewers have the following questions to ask:

1) Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters have been identified as the principal
coloring component of Marigold flowers?

2) On page 7 of 11, the notifier states that fresh Marigold flowers (not just the petals), were used as their starting
material. The composition of the product accounts for 94-96%. What is the composition of the rest of the material?

3) On page 2 of 11, section D, lines 12-13, it is stated, “The intended uses of lutein and zeaxanthin....result in the
mean and 90™ percentile intake of 7.3 and 13.4 mg/person/day, respectively.” But these are the intake values of
lutein. Please clarify.

4) On page 27 of 46, summary paragraph, the notifier states a 90" percentile intake of 0.6 mg
zeaxanthin/person/day. However, all throughout the document it is stated as 2.4 mg zeaxanthin/person/day.
Please clarify.

5) On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same references from the “British Journal of
Ophthalmology”. Please provide the correct references and would appreciate the articles as well.

We request this information be provided within a two week timeframe. If you feel this can not be accomplished please let
us know.

Sincerely,
Sylvester

Sylvester L. Mosley, Ph.D.
Consumer Safety Officer

000147



Division of Biotechnology and GRAS Notice Review
Of‘ice of Food Additive Safety-CFSAN
U.5. Food and Drug Administration
.. 5100 Paint Branch Parkway (HFS-255)
© ¢ lege Park, MD 20740-3835
““Ptone: 240-402-1333
Fax: 301-436-2965

Erail: Sylvester.Mosley@fda.hhs.gov
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Mylvester
L NN MR
‘rom: Madhu Soni <sonim@bellsouth.net>
“Sent: Thursday, August 11, 2011 12:33 PM
To: Mosley, Sylvester
Subject: RE: Questions Regarding GRN000385 (Lutein)
At:achments: Lutein GRN 385 FDA Query- Dr Mosley- Response.pdf; Gaynes 2007.pdf; Flood et al
2006.pdf

Dc¢ar Dr. Mosley,

Pl:ase find attached an electronic (PDF) file providing a point-by-point response to your queries. I hope the
intormation and clarifications, along with some discussion in the response addresses your queries. If you have
anv questions or need additional explanation, please let me know. Thank you for the opportunity to provide this
explanation.

Be st regards
Mdhu

M:zdhu G. Soni, PAD, FACN

So-i & Associates Inc

74% 46" Square

Ve-o Beach, FL 32968, USA

Phane: +1-772-299-0746 ; Cell: +1-772-538-0104
wy/w.soniassociates.net

From: Mosley, Sylvester [mailto: Sylvester.Mosley@fda.hhs.gov]
Sent: Friday, July 29, 2011 1:10 PM

To: 'msoni@soniassociates.net’

Subject: Questions Regarding GRN000385 (Lutein)

Good morning Dr. Soni,
Af2r initial review of your client's GRAS Notice (GRN000385, Lutein), our reviewers have the following questions to ask:

1) Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters have been identified as the principal
coloring component of Marigold flowers?

2) On page 7 of 11, the notifier states that fresh Marigold flowers (not just the petals), were used as their starting
material. The composition of the product accounts for 94-96%. What is the composition of the rest of the material?

3) On page 2 of 11, section D, lines 12-13, it is stated, “The intended uses of lutein and zeaxanthin....result in the
mean and 90™ percentile intake of 7.3 and 13.4 mg/person/day, respectively.” But these are the intake values of
lutein. Please clarify.

4) On page 27 of 46, summary paragraph, the notifier states a oo™ percentile intake of 0.6 mg
zeaxanthin/person/day. However, all throughout the document it is stated as 2.4 mg zeaxanthin/person/day.
Please clarify.

5) On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same references from the “British Journal of
Ophthalmology”. Please provide the correct references and would appreciate the articles as well.

W2 request this information be provided within a two week timeframe. If you feel this can not be accomplished please let
us know.
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Sincerely,
Sylvester

«.,/y'vester L. Mosley, Ph.D.
Coisumer Safety Officer
Division of Biotechnology and GRAS Notice Review
Oftice of Food Additive Safety-CFSAN
U.t. Food and Drug Administration
5110 Paint Branch Parkway (HFS-255)
College Park, MD 20740-3835
Phone: 240-402-1333
Fa:: 301-436-2965
Email: Sylvester Mosley@fda.hhs.gov
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Dear Dr. Mosley,
RE: Lutein GRAS Notice (GRN 385)

This responds to your email of July 29, 2011 regarding additional information and
clarifications required for our Lutein GRAS notice (GRN 000385). We are providing a point-by-
point response to your queries along with some relevant discussion.

FDA Query 1: Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters
have been identified as the principal coloring component of Marigold flowers?

Response: During the manufacturing of Lutemax 2020, the lutein esters are completely
hydrolyzed in the saponification process resulting in the liberation of free lutein. The
formation of free lutein is confirmed from the results of HPLC analysis of Lutemax 2020.

FDA Query 2: On page 7 of 11, the notifier states that fresh Marigold flowers (not just the
petals), were used as their starting material. The composition of the product accounts for 94-
96%. What is the composition of the rest of the material?

Response: In the industrial practice for the manufacturing of lutein, generally the fresh
flowers are the starting material and not the petals. The use of flower is related to the
difficulty of separation of petals from the large quantity of flowers as it involves
considerable manual labor. Based on our understanding, there is no suitable equipment
which can meet the requirements for separation of petals from flowers on a commercial
scale.

As regards the composition of the product, batch analysis data reveals that total
carotenoids ranges from 80 to 82%. The wax content is generally in the range of 14 to
16%. Additionally, the product also contains small amount of fatty acids (up to 1%), ash
(up to 1%) and moisture (up to 1%). Considering all these parameters, the composition is
fully (100%) characterized.

FDA Query 3: On page 2 of 11, section D, lines 12-13, it is stated, “The intended uses of
lutein and zeaxanthin....result in the mean and 90™ percentile intake of 7.3 and 13.4
mg/person/day, respectively.” But these are the intake values of lutein. Please clarify.

Response: We apologize for the inclusion of zeaxanthin in the above mentioned
sentence. The correct sentence is: The intended uses of lutein in the above mentioned
food categories will result in the mean and 90" percentile intake of 7.3 and 13.4
mg/person/day, respectively.

FDA Query 4: On page 27 of 46, summary paragraph, the notifier states a 90™ percentile
intake of 0.6 mg zeaxanthin/person/day. However, all throughout the document it is stated as
2.4 mg zeaxanthin/person/day. Please clarify.

Response: Thank you for bringing this to our attention. By oversight we included the
incorrect value. As indicated in your query the correct value should be 2.4 mg
zeaxanthin/person/day.

Page 1 of 2
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FDA Query 5: On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same
references from the “British Journal of Ophthalmology”. Please provide the correct
references and would appreciate the articles as well.

Response: We are sorry for the incorrect Journal details for the Gaynes, 2007
publication. The correct citation should be: Gaynes, B.I., 2007. Safety assessment of
nutritional supplements for prevention and treatment of ophthalmic disease. Invest.
Ophthalmol. Vis. Sci. published September 21, 2007 as eLetters (Available at:
http://www.iovs.org/content/47/12/5227/reply#iovs_el 3127). The Flood et al. (2006)
citation is correct. As per your email, please find attached both these articles.

We hope the above information and clarification addresses your queries. If you have any
questions or need additional explanation, please let me know.

Thank you for the opportunity to provide this explanation.

Best regards

Madhu Soni, PhD

Page 2 of 2
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Pages 000153-000157 have been removed in accordance with copyright
laws. Theremoved referenceis:

Gaynes, B.1., 2007. Safety assessment of nutritional supplements for prevention and
treatment of ophthalmic disease. Invest. Ophthalmol. Vis. Sci. published September 21,
2007 as eletters (Available at:
http://www.iovs.org/content/47/12/5227/reply#iovs_el_3127)



AN TR R0

Mosley, Sylvester

_ R
rom: Madhu Soni <sonim@bellsouth.net>
"~ Serit: Thursday, August 18, 2011 10:52 AM
To: Mosley, Sylvester
Subject: RE: Questions Regarding GRN0O00385 (Lutein)

Dear Dr. Mosley,

I a n writing to make sure that you received my previous email of August 11, 2011 (please see below) along with the
attachments. If you have any questions, please let me know.

Be st regards

M.:dhu
M:dhu G. Soni, PhD, FACN

Soni & Associates Inc

749 46" Square

Vero Beach, FL 32968, USA

Phene: +1-772-299-0746 ; Cell: +1-772-538-0104
www,.soniassociates.net

From: Madhu Soni [mailto:sonim@bellsouth.net]
Sent: Thursday, August 11, 2011 12:33 PM

To: 'Mosley, Sylvester'

- Subject: RE: Questions Regarding GRN0O00385 (Lutein)

Dear Dr. Mosley,

Please find attached an electronic (PDF) file providing a point-by-point response to your queries. [ hope the
information and clarifications, along with some discussion in the response addresses your queries. If you have
any questions or need additional explanation, please let me know. Thank you for the opportunity to provide this
explanation.

Best regards
Madhu

Madhu G. Soni, PhD, FACN

Soni & Associates Inc

749 46"' Square

V:ro Beach, FL 32968, USA

Phone: +1-772-299-0746 ; Cell: +1-772-538-0104
Wwww.soniassociates.net

From: Mosley, Sylvester [mailto: Sylvester.Mosley@fda.hhs.gov]
Sent: Friday, July 29, 2011 1:10 PM

To: 'msoni@soniassociates.net’

Subject: Questions Regarding GRN0O00385 (Lutein)

Good morning Dr. Soni,

Ater initial review of your client's GRAS Notice (GRN000385, Lutein), our reviewers have the following questions to ask:
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1)

2)

3)

4)

5)

Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters have been identified as the principal
coloring component of Marigold flowers?

On page 7 of 11, the notifier states that fresh Marigold flowers (not just the petals), were used as their starting
material. The composition of the product accounts for 94-96%. What is the composition of the rest of the material?

On page 2 of 11, section D, lines 12-13, it is stated, “The intended uses of lutein and zeaxanthin....result in the
mean and 90" percentile intake of 7.3 and 13.4 mg/person/day, respectively.” But these are the intake values of
lutein. Please clarify.

On page 27 of 46, summary paragraph, the notifier states a 90™ percentile intake of 0.6 mg
zeaxanthin/person/day. However, all throughout the document it is stated as 2.4 mg zeaxanthin/person/day.
Please clarify.

On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same references from the “British Journal of
Ophthalmology”. Please provide the correct references and would appreciate the articles as well.

We request this information be provided within a two week timeframe. If you feel this can not be accomplished please let
Us <Now.

Sin:erely,
Sylvester

Sylvester L. Mosley, Ph.D.

Cor sumer Safety Officer

Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety-CFSAN

U.&. Food and Drug Administration

5100 Paint Branch Parkway (HFS-255)

~"ollege Park, MD 20740-3835

~hone: 240-402-1333
Fax: 301-436-2965
Email: Sylvester.Mosley@fda.hhs.qov
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Mausley, Sylvester

# Trome Madhu Soni <sonim@bellsouth.net>
- sent: Tuesday, August 30, 2011 11:51 AM
To Mosley, Sylvester
Subject: GRNO000385 (Lutein)- Clarifications

De :r Dr. Mosley,

Th s has reference to our telephone discussion regarding some of the information mentioned as confidential in the GRAS
not ification (GRN 000385, lutein) submitted on behalf of OmniActive Health Technologies Limited. 1n this regard, 1
would like to bring to your kind attention that any information described on page 1 of 46 as well as on page 35 of 46
should not be considered as confidential. nadvertently, the word confidential was included on these two pages. Hope
thi; addresses your query.

If you have any questions, please let me know.
Best regards

Madhu

Madhu G. Soni, PAD, FACN
Soni & Associates Inc
749 46" Square
Vero Beach, FL 32968, USA
Phcne: +1-772-299-0746 ; Cell: +1-772-538-0104
" vww.soniassociates.net

From: Madhu Soni [mailto:sonim@bellsouth.net]

Sent: Thursday, August 18, 2011 10:52 AM

To: 'Mosley, Sylvester'

Subject: RE: Questions Regarding GRN000385 (Lutein)

Dear Dr. Mosley,

I am writing to make sure that you received my previous email of August 11, 2011 (please see below) along with the
attachments. If you have any questions, please let me know.

Best regards

Miadhu

Mz dhu G. Soni, PAD, FACN

Sor'i & Associates Inc

74 46™ Square

Ve-o Beach, FL 32968, USA

Phaone: 41-772-299-0746 ; Cell: +1-772-538-0104

From: Madhu Soni [mailto:sonim@bellsouth.net]

+ Sent: Thursday, August 11, 2011 12:33 PM

«..-T0! 'Mosley, Sylvester'

Subject: RE: Questions Regarding GRN0O00385 (Lutein)
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Dear Dr. Mosley,

Please find attached an electronic (PDF) file providing a point-by-point response to your queries. I hope the
information and clarifications, along with some discussion in the response addresses your queries. If you have
‘0. questions or need additional explanation, please let me know. Thank you for the opportunity to provide this
explanation.

Best regards
M:udhu

Ma‘lhu G. Soni, PAD, FACN

Sor:i & Associates Inc

744 46" Square

Vei» Beach, FL 32968, USA

Phaone: 41-772-299-0746 ; Cell: +1-772-538-0104
Ww w.soniassociates.net

sy

Fram: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]
Sent: Friday, July 29, 2011 1:10 PM

To: 'msoni@soniassociates.net’

Subject: Questions Regarding GRN000385 (Lutein)

Good morning Dr. Soni,
After initial review of your client's GRAS Notice (GRN000385, Lutein), our reviewers have the following questions to ask:

1) Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters have been identified as the principal
coloring component of Marigold flowers?

2) Onpage 7 of 11, the notifier states that fresh Marigold flowers (not just the petals), were used as their starting
material. The composition of the product accounts for 94-96%. What is the composition of the rest of the material?

3) Onpage2 of 11 section D, lines 12-13, it is stated, “The intended uses of lutein and zeaxanthin....result in the
mean and 90" percentile intake of 7.3 and 13.4 mg/person/day, respectively.” But these are the intake values of
lutein. Please clarify.

4) On page 27 of 46, summary paragraph, the notifier states a 90" percentile intake of 0.6 mg
zeaxanthin/person/day. However, all throughout the document it is stated as 2.4 mg zeaxanthin/person/day.
Please clarify.

5) On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same references from the “British Journal of
Ophthalmology”. Please provide the correct references and would appreciate the articles as well.

We request this information be provided within a two week timeframe. If you feel this can not be accomplished please let
us <now.

Sinzerely,
Sylvester

Sylvester L. Mosley, Ph.D.
Cor sumer Safety Officer
Division of Biotechnology and GRAS Notice Review
Off e of Food Additive Safety-CFSAN
U.¢. Food and Drug Administration
#" "1(:0 Paint Branch Parkway (HFS-255)
“:.college Park, MD 20740-3835
Phane: 240-402-1333
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Fa:: 301-436-2965
Em ail: Sylvester.Mosley@fda.hhs.gov
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““To: 'Madhu Soni

Mosley, Sylvester

At N

-Sert: Friday, December 16, 2011 1:00 PM
To: Mosley, Sylvester
Subject: GRNO000385 {Lutein)
Dear Sylvester,

‘rom: Madhu Soni <sonim®bellsouth.net>

I am writing regarding our GRAS notice 385 on lutein. It is almost 6 months since the submission and as I
recall, FDA generally sends a fax in response to a notice. Our fax is not working, hence I am writing to request

fo: a scanned copy of response, if possible. Thank you for your attention.

Be st regards.

Soi & Associates Inc

749 46" Square

Vero Beach, FL 32068, USA

Phane: +1-772-299-0746 ; Cell: +1-772-538-0104
wysw.soniassociates.net

P

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]

Sent: Thursday, August 18, 2011 11:38 AM
Subject: RE: Questions Regarding GRN000385 (Lutein)

Midhu,

| zbologize. | did receive it. Our reviewers were satisfied with your responses.

Thanks,
Sylvester

Sylvester L. Mosley, Ph.D.

Ccnsumer Safety Officer

Division of Biotechnology and GRAS Notice Review
O<ice of Food Additive Safety-CFSAN

U.5. Food and Drug Administration

500 Paint Branch Parkway (HFS-255)

Culiege Park, MD 20740-3835

Phone: 240-402-1333

Fax: 301-436-2965

Email: Sylvester.Mosley@fda.hhs.gov

From: Madhu Soni [mailto:sonim@bellsouth.net]
Sent: Thursday, August 18, 2011 10:52 AM
Tex: Mosley, Sylvester

_ Subject: RE: Questions Regarding GRN000385 (Lutein)

Daar Dr. Mosley,
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I am writing to make sure that you received my previous email of August 11, 2011 (please see below) along with the
attachments. If you have any questions, please let me know.

~Jeitregards

M: dhu
Ma:lhu G. Soni, PhD, FACN

Soni & Associates Inc

744 46" Square

Vei > Beach, FL 32968, USA

Phc ne: +1-772-299-0746 ; Cell: +1-772-538-0104

Fraom: Madhu Soni [mailto:sonim@bellsouth.net]

Sent: Thursday, August 11, 2011 12:33 PM

To: 'Mosley, Sylvester'

Subject: RE: Questions Regarding GRN000385 (Lutein)

De¢ar Dr. Mosley,

Plcase find attached an electronic (PDF) file providing a point-by-point response to your queries. I hope the
information and clarifications, along with some discussion in the response addresses your queries. If you have
any questions or need additional explanation, please let me know. Thank you for the opportunity to provide this
explanation.

Best regards
Madhu

Madhu G. Soni, PAD, FACN

Sori & Associates Inc

747 46" Square

Vero Beach, FL 32968, USA

Phone: +1-772-299-0746 ; Cell: 11-772-538-0104
wy/w.soniassociates.net

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]
Sent: Friday, July 29, 2011 1:10 PM

Tc: 'msoni@soniassociates.net'

Subject: Questions Regarding GRN000385 (Lutein)

Good morning Dr. Soni,
Af:er initial review of your client's GRAS Notice (GRN000385, Lutein), our reviewers have the following questions to ask:

1) Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters have been identified as the principal
coloring component of Marigold flowers?

2) On page 7 of 11, the notifier states that fresh Marigold flowers (not just the petals), were used as their starting
material. The composition of the product accounts for 94-96%. What is the composition of the rest of the material?

3) On page 2 of 11, section D, lines 12-13, it is stated, “The intended uses of lutein and zeaxanthin....result in the

mean and 90™ percentile intake of 7.3 and 13.4 mg/person/day, respectively.” But these are the intake values of
lutein. Please clarify.
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4) On page 27 of 46, summary paragraph, the notifier states a 90™ percentile intake of 0.6 mg
zeaxanthin/person/day. However, all throughout the document it is stated as 2.4 mg zeaxanthin/person/day.
Please clarify.

5) On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same references from the “British Journal of
Ophthalmology”. Please provide the correct references and would appreciate the articles as well.

We: request this information be provided within a two week timeframe. If you feel this can not be accomplished please let
us know.

Sir zerely,
Sy vester

Sylvester L. Mosley, Ph.D.

Censumer Safety Officer

Division of Biotechnology and GRAS Notice Review
Of ce of Food Additive Safety-CFSAN

U.'5. Food and Drug Administration

5110 Paint Branch Parkway (HFS-255)

Ccllege Park, MD 20740-3835

Phone: 240-402-1333

Fai: 301-436-2965

En-ail: Sylvester.Mosley@fda.hhs.gov
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Mosley, Sylvester

R IR
7 Trom; Madhu Soni <sonim@bellsouth.net>
~-Sent: Monday, December 19, 2011 8:31 AM
Ta: Mosley, Sylvester
Subject: RE: GRNO00385 (Lutein)

Good morning Sylvester,

Tt.ank you very much for the email and the response to our GRAS notice. I very much appreciate your
ef orts/time to provide us a scanned copy of the response. We are happy to note that the agency has no question
to our conclusion that lutein is GRAS.

Be st regards. Happy Holidays!

M:zdhu G. Soni, PAD, FACN

Sori & Associates Inc

749 46™ Square

Vero Beach, FL 32968, USA

Phone: +1-772-299-0746 ; Cell: +1-772-538-0104
Wwww.soniassociates.net

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]
yent: Monday, December 19, 2011 7:40 AM

“"To ! 'Madhu Soni'; 'msoni@soniassociates.net’

Subject: RE: GRN0O00385 (Lutein)

Dear Dr. Soni,

F['A has completed its review of your client’'s, OmniActive Health Technologies Ltd., GRAS notice (GRN000385). Our
response is attached. Please confirm receipt of this email and attachment. Hardcopy will follow by U.S. mail.

Sincerely,
Sylvester

Sylvester L. Mosley, Ph.D.

Ccnsumer Safety Officer

Diuision of Biotechnology and GRAS Notice Review
Oftice of Food Additive Safety-CFSAN

U. 5. Food and Drug Administration

5100 Paint Branch Parkway (HFS-255)

Ccllege Park, MD 20740-3835

Ptone: 240-402-1333

Fex: 301-436-2965

Er-ail: Sylvester.Mosley@fda.hhs.gov

From: Madhu Soni [mailto:sonim@belisouth.net]
Sent: Friday, December 16, 2011 1:00 PM

«.. o1 Mosley, Sylvester

Suibject: GRN000385 (Lutein)
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Dear Sylvester,

I am writing regarding our GRAS notice 385 on lutein. It is almost 6 months since the submission and as I
 ecall, FDA generally sends a fax in response to a notice. Our fax is not working, hence I am writing to request
“for a scanned copy of response, if possible. Thank you for your attention.

Be st regards.

M.dhu
Mzdhu G. Soni, PhD, FACN

Soi'i & Associates Inc

74 46" Square

Ve o Beach, FL 32968, USA

Phane: +1-772-299-0746 ; Cell: +1-772-538-0104
wv'w.soniassociates.net

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]
Sent: Thursday, August 18, 2011 11:38 AM

To: 'Madhu Soni'

Subject: RE: Questions Regarding GRN0O00385 (Lutein)

Madhu,

| apologize. | did receive it. Our reviewers were satisfied with your responses.

Thanks,
Sylvester

= -Qylvester L. Mosley, Ph.D.
Consumer Safety Officer
Division of Biotechnology and GRAS Notice Review
Office of Food Additive Safety-CFSAN
U.S. Food and Drug Administration
5100 Paint Branch Parkway (HFS-255)
College Park, MD 20740-3835
Phone: 240-402-1333
Fax; 301-436-2965
Email: Sylvester.Mosley@fda.hhs.gov

From: Madhu Soni [mailto:sonim@belisouth.net]

Sent: Thursday, August 18, 2011 10:52 AM

Ta: Mosley, Sylvester

Subject: RE: Questions Regarding GRN000385 (Lutein)

D:ar Dr. Mosley,

| im writing to make sure that you received my previous email of August 11, 2011 (please see below) along with the
atzachments. If you have any questions, please let me know.

B::st regards

.. Madhu

Madhu G. Soni, PhD, FACN
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Soni & Associates Inc

749 46"' Square

Vero Beach, FL 32968, USA

Phene: +1-772-299-0746 ; Cell: +1-772-538-0104
v\ N soniassociates.net

e

From: Madhu Soni [mailto:sonim@bellsouth.net]

Sent: Thursday, August 11, 2011 12:33 PM

To: 'Mosley, Sylvester'

Subject: RE: Questions Regarding GRN0O00385 (Lutein)

Dear Dr. Mosley,

Please find attached an electronic (PDF) file providing a point-by-point response to your queries. I hope the
information and clarifications, along with some discussion in the response addresses your queries. If you have
an;’ questions or need additional explanation, please let me know. Thank you for the opportunity to provide this
exlanation.

Best regards
Midhu

Madhu G. Soni, PAD, FACN

Soni & Associates Inc

749 46" Square

Vero Beach, FL 32968, USA

Phone: +1-772-299-0746 ; Cell: +1-772-538-0104
www,soniassociates.net

J—
«...-rom: Mosley, Sylvester [mailto:Sylvester.Mosley@fda.hhs.gov]
Sent: Friday, July 29, 2011 1:10 PM
To: 'msoni@soniassociates.net’
Subject: Questions Regarding GRN000385 (Lutein)

Good morning Dr. Soni,
After initial review of your client's GRAS Notice (GRN000385, Lutein), our reviewers have the following questions to ask:

1) Does Lutemax 2020 contain Lutein esters or Lutein because Lutein esters have been identified as the principal
coloring component of Marigold flowers?

2) Onpage 7 of 11, the notifier states that fresh Marigold flowers (not just the petals), were used as their starting
material. The composition of the product accounts for 94-96%. What is the composition of the rest of the material?

3) Onpage 2 of 11, section D, lines 12-13, it is stated, “The intended uses of lutein and zeaxanthin....result in the
mean and 90" percentile intake of 7.3 and 13.4 mg/person/day, respectively.” But these are the intake values of
lutein. Please clarify.

4) On page 27 of 46, summary paragraph, the notifier states a 90" percentile intake of 0.6 mg
zeaxanthin/person/day. However, all throughout the document it is stated as 2.4 mg zeaxanthin/person/day.
Please clarify.

5) On page 30 of 46, Gaynes, 2007 and Flood et al., 2006 have the same references from the “British Journal of
Ophthalmology”. Please provide the correct references and would appreciate the articles as well.

f;ﬁ

Ne request this information be provided within a two week timeframe. If you feel this can not be accomplished please let
" us <now.

Sir:cerely,
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Sylvester

Sy'vester L. Mosley, Ph.D.
~ Consumer Safety Officer
" ivision of Biotechnology and GRAS Notice Review
“QOffice of Food Additive Safety-CFSAN

5. Food and Drug Administration

51(10 Paint Branch Parkway (HFS-255)

Co ege Park, MD 20740-3835

Phuone: 240-402-1333

Fa:: 301-436-2965

Err ail: Sylvester.Mosley@fda.hhs.gov
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