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G U S  Claim for the Use of Crystalline Lutein as a Food Ingredient 

G U S  Claim 

Industrial Organica S.A. de C.V. (IOSA) has determined that crystalline lutein is 
generally recognized by qualified experts as having adequately shown to be safe through 
scientific procedures when used as a food ingredient in the applications detailed in Table 1, 
below. IOSA hereby submits this GRAS claim for the use of crystalline lutein as a food 
ingredient as specified in Table 1. 

A. Name and Address of Notifier: 

Industrial Organica S.A. de C.V. 
Ave. Almazan No. 100 
Col. Topo Chico 64260 
Monterrey, Mexico 

B. Common or Usual Name of Substance: 

The common or usual name of the substance is lutein also known by its trade name, Hi 
FiFM Lutein. The Chemical Abstract Services Registration Number (CASRN) for this substance 
is 127-40-2. 
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C. Conditions of Use: 

Lutein that is the subject of this Notice will be used as a food ingredient in a variety of food 
and beverage applications. These applications are detailed in Table 1. 

D. Basis for GRAS Determination: 

IOSA has determined that Hi FiFM Lutein is generally recognized by qualified experts as 
having adequately shown to be safe through scientific procedures. This determination is supported 
by the opinions of two scientific panels. In June of 2006, the status of the IOSA Hi FiFM Lutein was 
reviewed by a panel of scientists (the “2006 Panel”) assembled by AAC Consulting Group of Kendle 
International. The 2006 Panel was comprised of three noted toxicologists with expertise in food 
safety and lutein production. The Panel reviewed the information and the available toxicology 
literature on lutein and lutein derivatives. Based on this information, the Panel issued an Expert 
Panel Statement, “Determination Of The GRAS Status Of Hi FilTM Crystalline Lutein for Addition 
To Select Specified Foods” in which the it 

determined by scientific procedures that addition of Hi F i r  Lutein, 
meeting the specifications cited above and manufactured accordance 
with current good manufacturing practice, is generally recognized as 
safe (GRAS) under the conditions of intended use in foods and 
medical foods, as specified herein. 

In preparation for submitting this Notice, IOSA assembled a second2 expert panel (the “2008 
Panel”) to review any relevant additions to the public literature that had been published after the 
2006 Expert Panel Statement. The 2008 Panel concluded that the 

studies published over the last two years also do not affect the 
previous GRAS determination of the safety of lutein for use in 
food categories specified in the previous self affirmed GRAS 
determination of lutein by IOSA.3 

Thus, the basis for our GRAS determination is the Statement of the 2006 Expert Panel and the 
concurring Statement of the 2008 Panel. 

A copy of the 2006 Expert Panel Statement is attached as Appendix I. 
The 2008 Panel was coordinated by EAS Consulting Group, the successor to the AAC 

Review of safety studies of lutein (2006 -present) for  GRAS update, John Thomas et al., 

1 

2 

Consulting Group who conducted the 2006 Panel. 

October 24, 2008. A copy of this statement is attached as Appendix 11. 

3 
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E. Data Availability Statement: 

The data and information that are the basis for the Notifier's GRAS determination are 
available for the Food and Drug Administration's (FDA) review and copying at reasonable times 
at Olsson Frank Weeda Terman Bode Matz PC, 1400 Sixteenth St., NW, Washington DC 20036. 

Respectfully Submitted, 
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aked Goods and Baking Mixes 

kable 1 ProDosed Food-Uses for Hi FiZ TM Lutein 

Cereal and Energy Bars 2.0 

Crackers and Crispbreads 2.0 

ood Category P 

everages and Beverage Bases 

roposed Food k 

Bottled Water 0.5 

Carbonated Beverages 2.0 

se levels 

Breakfast Cereals Instant and Regular Hot Cereals 2.0 

Ready-to-Eat Cereals 2.0 
Chewing Gum Chewing Gum 1 .o 

airy Product Analogs Imitation Milks 2.0 
Sov Milks 1.5 

Meal Replacements I 2.0 I 

Egg Products Liquid, Frozen or Dried Egg Substitutes 2.0 
Fats and Oils Margarine-like Spreads 1.5 

Frozen Dairy Desserts and Mixes Frozen Yogurt 1 .o 
Salad Dressings 1.5 

Gravies and Sauces Tomato Based Sauces 0.3 

kea, Read-to-Drink I 0.6 I 

Infant and Toddler Foods* Junior, Strained and Toddler-Type Baby 1 .o 
Foods 

Soft Candy 

Soups and Soup Mixes 

Chewy and Nougat Candy 1 .o 
Fruit Snacks 1 .o 
Canned Soups 0.6 

bard Candy bard Candy I 1 .o I 

‘RACC Reference amounts customarily consumed per eating occasion (21 CFR 5 101.12). 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 levels same as GRN 000140. 
*Does not include infant formula. 

0 0 0 0 0 6  
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Identity of the Notified Substance 

Hi F i r  Lutein (common or usual name lutein) is a purified crystalline extract from the marigold 
(Tagetes erecta) flower. Hi F i r  Lutein typically contains approximately 80-90% by weight total 
carotenoids, with about 90% as lutein. The chemical and physical characteristics of lutein and 
zeaxanthin are detailed in Table 1. 

Table 2 
Chemical and Physical Characteristics of Lutein and Zeaxanthin 

PropertyRarameter 
CAS Registry No. 
Chemical names 

Empirical formula 
Molecular weight 

Physical state 
Melting point 
Density 
Solubility in water 
at 5°C 

Lutein 

xanthophyll; p, ~-carotene-3,3' -diol; 
vegetable lutein; vegetable luteol; 
all-trans-(+)-xanthophylls; Iutein 

568.88 
Crystalline 

127-40-2 

C40H5602 

177-178°C 
0.35-0.40 g/mL 
Insoluble 

Zeaxanthin 

p, p -carotene-3,3'-diol; all-trans- p, p- 
carotene-3,3' -diol; zeaxanthol 

144-68-3 

C40H5602 
568.88 
Crystalline 
207-2 155°C 
0.38-0.41 g/mL 
Insoluble 

The structural formulas of lutein and zeaxanthin are presented in Figures 1 and 2. 

Figure 1. Structural Formula of Lutein 

Figure 2 Structural Formula of Zeaxanthin 

0000'7 
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Specification of Hi Fil TM Crystalline Lutein 

Crystalline lutein has been the subject of a prior GRAS notification to FDA by Kemin Foods. FDA 
replied with its “no question” letter on June 14,2004 to GRN 000140. Therefore, comparisons of 
the Hi Film Lutein product and the notified Kernin’s FloraGLO@ product are made in this GRAS 
determination for the purposes of showing the substantial equivalence of the two products and the 
direct applicability of the FDA acceptance of GRN 000140 to IOSA’s Hi F i r  Lutein product for 
specified foods. The data submitted to FDA in GRN 000 140 is incorporated by reference into this 
Notice. 

The specifications of Hi FilTM Lutein are given in Table 3 and compared to Kemin’s FloraGLO@ 
Lutein in the table below. This table shows that the specifications for the two lutein products are 
nearly identical, with Hi Film Lutein having a lower hexane specification as the only notable 
difference. Although the total carotenoid specifications are different, the lutein and zeaxanthin 
specifications are the same and both products are derived from marigold flowers, so actual products 
are likely to have same or substantially equivalent total carotenoid composition, despite the lower 
manufacturing specification set by Kemin on total carotenoids. 
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Zeaxanthin 

Waxes 

Moisture 

Ash 

Table 3 

Specifications for Hi Fil" Lutein and FloraGLO@ Lutein 

58.0% wt 2 2.0% wt; 5 9.0% wt 

I 7.0% wt I 14.O%wt 

5 l.O%wt - < l.O%wt 

I l.O%wt 5 l.O%wt 

Pesticides and Related Potential Contaminants 

Protein < 5000 ppm < 100 ppm 

Hexane < 25 ppm < 50 ppm 

botal carotenoids (including lutein and zeaxanthin) I 2 90.0% wt I 2 80.0% wt I 

P 

ILutein I L 74.0% 

Thiophenes < 300 ppm < 300 ppm 

Chlorinated and organophosphate pesticides Not Detected Not Detected 

2 74.0% wt I 

Heavy Metals 

Lead (Pb) < 1.0 ppm < 0.65 ppm 

Cadmium (Cd) < 1.0 ppm < 1.25 ppm 

Mercury (Hg) 

MicrobioloPical Assavs 

Aerobic plate count 

lother constituents I I O.l%wt 

< 1.0 pprn < 0.150 ppm 

5 1000 cfdg 5 1000 cfidg 

I O.l%wt 

Salmonella and Shigella NegativeAO g Negative/lO g 

Staphylococcus aureus NegativeA00 g NegativeA00 g 

Coliform Negative/25 g Negative/25 g 

< 1.0 ppm I a . 5  ppm 

b. coli I Negative/lO g I Negative/lO g I 
Listeria monocytogenes I Negative/25 g Negative/25 g I 

beast count < 100 cfidg < 100cfidg I 
b o l d  count I 100 cfdg < 100cfidg I 
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Manufacturing Process 

The Hi Film Lutein product is manufactured in accordance with current good manufacturing practice 
at IOSA’s Monterrey Mkxico plant. The Hi F i r  Lutein process starts with marigold (Tagetes 
erectu) oleoresin as the raw material. The oleoresin material is obtained by hexane extraction of 
dried marigold flower petals. A process diagram for Hi FilTM Lutein product manufacture is 
presented in Figure 3. 

The purification process starts by treating the marigold oleoresin with diluted alkali solution, 
followed by diluted acid solutions to eliminate impurities and to remove unwanted fatty acids, 
waxes, gums and other plant materials from the oleoresin. Then the oleoresin is saponified using 
potassium hydroxide and water with mixing under controlled temperature to free the xanthophylls. 
The saponified mass is diluted with water, pH adjusted and the water is used to wash away salts and 
other water soluble impurities. Lutein concentrate is extracted with hexane to further remove 
unwanted components. The solvent is separated by filtration, decanting and centrifugation. Lutein 
crystals are then treated under high vacuum and temperature evaporation to remove remaining 
solvent. Lutein crystals are filtered and dried to remove water and screened to collect the lutein 
crystal product of appropriate size. The final crystalline lutein product is packed under high vacuum 
and inert nitrogen atmosphere in food-grade plastic pouches. 

0 0 0 0 1 0  
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Information on Self-Limiting Levels of Use 

The Hi FilTM Lutein product is intended for use in the same foods and levels of addition as notified by 
Kemin Foods for the FloraGLO@ Crystalline Lutein in GRN 000 140. The proposed food uses are as 
a food ingredient, as a dietary source of lutein and zeaxanthin, in foods such as 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. The intended food uses and use levels are presented in Table 4 on 
the next page. The application of lutein to the same foods and at the same levels as those in GRN 
000140 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. 

The dietary analysis below was presented by Kemin in GRN 000140 and was not questioned by 
FDA in their response letter of June 14,2004. “Lutein and zeaxanthin are among the most prevalent 
carotenoids in the North American diet (IOM, 2000), occurring in high concentrations in green leafy 
vegetables, such as spinach and kale (Khachik et al., 1995; Omaye et aI., 1997), and in chicken egg 
yolks (Handelman et uI., 1999). In the U.S., the average daily intake of lutein and zeaxanthin from 
plant sources is estimated to range from 2 to 4 mg. In addition to their natural occurrence in various 
foods, lutein and zeaxanthin are available as dietary supplements (IOM, 2000); however, there are no 
consumption data from which to reliably estimate the intake of lutein and zeaxanthin by supplement 
users. Market share data indicate that lutein use in dietary supplements occurs predominantly in 
multi-vitamin type supplements.” 

“The consumption of FloraGLO@ Crystalline Lutein, lutein and zeaxanthin, from all proposed food- 
uses of FloraGLO@ Crystalline Lutein, was estimated using the United States Department of 
Agriculture’s (USDA) 1994-1 996 Continuing Survey of Food Intakes by Individuals (CSFII 1994- 
1996) and the 1998 Supplemental Children’s Survey (CSFII 1998) (USDA, 2000). On an all-user 
basis, the mean and 90th percentile intakes of FloraGLO@ Crystalline Lutein by the total U.S. 
population from all proposed food-uses of FloraGLO@ were estimated to be 9.6 mglpersodday (0.18 
mglkg body weight/day) and 17.6 mgl ersodday (0.37 m a g  body weight/day), respectively. 
Based on the composition of FloraGLO Crystalline Lutein as 76% lutein and 7% zeaxanthin, the 
corresponding mean all-user intakes of lutein and zeaxanthin from the consumption of proposed 
food-uses were 7.3 mglpersonlday (0.14 m a g  body weight/day) and 0.7 mglpersodday (0.01 
mg/kg body weighuday), respectively. 90th Percentile all-user intakes of lutein and zeaxanthin were 
13.4 mglpersodday (0.28 m a g  body weight/day) and 1.2 mg/ persodday (0.03 mglkg body 
weight/day), respectively.” 

8 
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IChewing Gum IChewing Gum 

Given that the Hi F i r  Lutein product is substantially equivalent in composition and is intended for 
use in the same foods and levels of addition as notified by Kemin Foods for the FloraGLO@ 
Crystalline Lutein in GRN 000140, the estimates of intake for the FloraGLO@ crystalline lutein are 
considered to be the same for Hi F i r  Lutein and would not be additive to FloraGLO@ crystalline 
lutein, particularly because market use in foods is competitive and current use is predominantly in 
multi-vitamin supplements. 

1 .o 

Table 4. 

Summarv of the Individual ProDosed Food-Uses for Hi FiZ TM Lutein 

/Food Category roposed Food b. se levels 

aked Goods and Baking Mixes 

reakfast Cereals 
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Dairy Product Analogs Imitation Milks 
Soy Milks 

2.0 
1.5 

gg Products Liquid, Frozen or Dried Egg Substitutes I 2.0 I 
Margarine-like Spreads 
Salad Dressings 

ats and Oils r 1.5 
1.5 

ravies and Sauces 
ard Candv 

!Frozen Dairy Desserts and Mixes brozen Yogurt I 1 .o I 
Tomato Based Sauces 0.3 
Hard Candy 1 .o 

Dry Milk 3.0 
Fermented Milk Beverages 0.6 

/Infant and Toddler Foods* bunior, Strained and Toddler-Type Baby I 1 .O I 

Milk-Based Meal Replacements 3.0 
Yogurt 3.0 

ilk Products 

1 
Energy, Sport and Isotonic Drinks 2.0 
Fruit-Flavored Drinks 2.0 

Soups and Soup Mixes 

!Flavored Milk and Milk Drinks I 3.0 I 

Canned Soups 0.6 

rocessed Fruits and Fruit Juices I bruit Juice I 2.0 I 
!Nectars I 2.0 I 
begetable Juice I 2.0 I 

Soft Candy IChewv and Nougat Candv I 1 .o I 

'RACC Reference amounts customarily consumed per eating occasion (2 1 CFR 5 10 1.12). 
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 levels same as GRN 000140. 
* Does not include infant formula. 
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Section IV 

Basis for Notifier’s Claim 

IOSA has determined that Hi FiFM Lutein is Generally Recognized as Safe based on 
scientific procedures. IOSA is supported in this determination by the findings of two scientific 
panels. 

In June of 2006, the status of the IOSA Hi F i P  Lutein was reviewed by a panel of scientists 
(the 2006 Panel) assembled by AAC Consulting Group of Kendle International. The expert panel 
was comprised of three noted toxicologists with expertise in food safety and lutein production. The 
Panel reviewed the information and the available toxicology literature on lutein and lutein 
derivatives. Based on this information, the Panel issued an Expert Panel Statement, “Determination 
Of The GRAS Status Of Hi FilTM Crystalline Lutein for Addition To Select Specified Foods” in 
which the it 

determined by scientific procedures that addition of Hi FilTM Lutein, 
meeting the specifications cited above and manufactured accordance 
with current good manufacturing practice, is generally recognized as 
safe (GRAS) under the conditions of intended use in foods and 
medical foods, as specified herein.4 

In preparation for submitting this Notice, IOSA assembled a second5 expert panel (the 
“2008 Panel”) to review any relevant additions to the public literature that had been published 
after the 2006 Expert Panel Statement. The 2008 Panel concluded that the 

studies published over the last two years also do not affect the 
previous GRAS determination of the safety of lutein for use in 
food categories specified in the previous self affirmed GRAS 
determination of lutein by IOSA.6 

Thus, our GRAS determination is supported by the Statement of the 2006 Expert Panel and the 
concurring Statement of the 2008 Panel. 

A copy of the 2006 Expert Panel Statement is attached as Appendix I. 
The 2008 Panel was coordinated by EAS Consulting Group, the successor to the AAC 

Review of safety studies of lutein (2006 -present) for GRAS update, John Thomas et al., 

4 

5 

Consulting Group who conducted the 2006 Panel. 

October 24,2008. A copy of this statement is attached as Appendix 11. 
Wf 



EXPERT PANEL STATEMENT 

DETERMINATION OF THE GRAS STATUS OF Hi Fitm CRYSTALLINE LUTEIN 
FOR ADDITION TO SELECT SPECIFIED FOODS 

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 requested by Industrial 
Organica S.A d e  C.V. (TOSA),, to determine the Generally Recogrued as Safe (GRAS) status of 
crystalline lutein sold as Hi Film' Lutein for use as an ingredient for direct addition to select 
specified foods. A comprehensive search of the scientific literature for safety and toxicity 
information on lutein was conducted through February 2006 and made available to the Expert 
Panel. The Expert Panel independently evaluated materials submitted by IOSA and other 
rnateriak deemed appropriate or necessary. Following independent, critical evaluation, thc 
Expert Panel conferred and unazimousiy agreed to the decision described herein. 

Identitv and Comoosition 

Hi F i r  Lutein (common or usual name lutein) is a purified crystalline extract from the marigold 
(Tagem wectu) flower. Hi F f  Lutein typically contains approximately 80-90% by weight 
LotaI carotenoids, with about 90% as lutein. The chemical and physical characteristics of lutein 
and zeaxanthin are detailed in Table 1. 

i Table 1 Cheinfeal and Physical Characteristics of Lutein and Zeaxanthin 
I- I 

vegetable lutein; vegetable lute 
all-trm-(+)-xanthophylls; Iutein 

- Empirical formula C40H5602 
Molecular weight 568.88 

Physical state 

Melting point 177478°C 
Density 0.35-0.40  TIL 

,,-..I,- x,.._-". 

~ - -  
Cryskllinc ._ 

-_I_ 

I_x-- I-" ~ ....,,, " 

SoIubility rn water Insoluble 

The structural formulas of lutcin and zeaxanthin are presented in Figures 1 and 2. 

Figure 1 Structural Formula o f  Lutein 



, 

,~ " 1 1 1 - ~  

Table 2. Composition of Hi 2% 'u Lutein Product vs. FloraGL@' 
Hi Fil'*' Lutein I FloraG&J&f-mmm 

Figure 2: Structural Formula of Zeaxanthin 

Typical composition for Hi Fil" Lutein and Kernin FloraGLO@are provided in Table 2. As this 
table denionstrates, the cornposition of the two 1t:tein prodccis are subsianthlly eqiiivnle~t, with 
the H i  Film! Lutein having a greater carotenoid colntert*r reported as the only  diffxeirce (90% Ed' 

w, 53% Flor&LO@); hotvever, the differences notcd in cwotznoid co~t'teiit arc likely duc to 
lack of accounting for other carotenoids in the FtoraGL0" analysis and the g t a r e i  ptiiificatisit 
and removal of non-carotenoid impurities such as waxcs (4% € i t  F i T  vs. 14% FLor&LO'') 
for the Hi Fii"' Lutein. 

other carotenoids analyzed by HPLC 
Analysis does not include other carotenoids; likely reason for difference 

Specification of Hi Fil TMCrystalline Lutein 

Crystalline lutein has been the subject o f  a prior GR4S notification to FDA by Kemin Foods. 
FDA replied with its "no question" letter on June 14$ 2004 to GRN 0O014Ob Therefore, 
comparisons of the Hz Film' Lutein product and the notified Kernin's FloraGLO product are 
made in this GRAS determination for the purposes of showing the substantial equivalence of the 
two products and the direct applicability of the FDA acceptance of CRN 000140 to IOSA's Hi 
Fir*' Lutein product for specified foods. 

The specifications of Hi' Film Lutein are given in Table 3 and compared to Ketnin's FhaGLO@ 
Lutein in the table below. This table shows that the specifications for the two lutein products are 
nearly identical, with Hi Film Lutein having a lower hexane specification as the only notable 
difference. Although the total carotenoid specifications are: different, the lutein and zeaxanthn 
specifications are the same and both products are derived from marigold flowers, so actual 
products are likely to have same or substantially equivalent total carotenoid composition, despite 
the lower manufacturing specification set by Kemin on total carotenoids. 



rable 3. Specifications far Hi FiEn(Lutejn and FloraGLO@ Lutein 

$isteriu rnon%genes Negative/25 g A 
' Negative/lO g I NegativdlOg 1 
' - Ncgative/lOOg -I ----.-. 4- ' I NegativellOOe 1 
1 ,-- Negativd25 g 

, '~ _',, I - - _ , . ~  

< 100 cfde I 
SI00 cfdg <: 1oocfil/g / 

_ _  I -_- ,~ --_,,."+'.. ., I-.. _I I. 

_ _ _  _I -- 
** Conr'irmatox analy$es.o"pesliGide,residases or: three b2tcchrls of Dradcct attached in Apwndix A 

Ma nu fa cturin g Pro cess 

Th Hi Fir"' Lutein product is manufactured in accordance with current good manufacturing 
practice at IOSA's Monterrey Mexico plant. The Hi Film Lutein process starts with mstrigold 
(Tagetes erecta) oleoresin as the raw rnakria1. The oleoresin material is obtained by hexane 
extraction of dried marigold flower petals. A process d i a p m  for Hi Fzl" Lutein product 
manufacture is presented in Figure 3. 

The purification process starts by treating the marigold oleoresin with diluted alkali solution, 
followed by diluted acid solutions to diminate impurities and to remove unwanted fa t ty  acids, 
waxes, gunis and other plant materials from the oleoresin, Then the oleoresin is saponified using 
potassium hydroxide and water with mixing under controlled temperature to frec the 
xanthophylls. The saponified mass is diluted with water, pH adjusted and the water is used to 
wash away salts and other water soluble impurities. Lutein concentrate is extracted with hexane 
to further remove unwanted components. The solvent is separated by filtration, decanting and 
centrifbgation. Lutein crystals are then treated under high vacuum and temperature evaporation 
to reinove remaining solvent, Lutein crystals are filtered and dried to remove water and screened 
to collect the lutein crystal product of appropriate size. The final crystalline lutein product is 
packed under high vacuum and inert nitrogen atmosphere in food-grade plastic pouches. 

0 0 0 0 1 8  
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Proposed Use and IntakdExuosure to Lutein 

The Hi F f ’  Lutein product is intended for use in the same foods and levels of addition as 
notified by Kernin Foods for the FloraGLO@ Crystalline Lutein in G3RN 000140, The proposed 
food uses are as a food ingredient, as a dietary source of lutein atid zeaxanthin, in foods such as 
baked goods and baking nixes, beverages and beverage bases, breakfast cereals, chewing gum, 
dairy product analogs, egg products, fats and oils, frozen dairy desserts arid mixes, gravies and 
SBUCCS, hard candy, infant and toddler foods (other than infant formula), milk products, 
processed h i t s  and h i t  juices, soft candy, and soups and soup mixes. The intended food uses 
and use levels are presented in Table 4 on the next page. The application o f  lutein to the same 
foods and at the same levels as those in GRN 000140 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 essentialiy the same market and foods. 

The dietary analysis below was presented by Kernin in GRN 000140 and was not questioned by 
FDA in their response letter of June 14, 2004. “Lutein and zeaxanthin arc; among th:: mast 
prevalent carotenoids in the North American diet (IOM, ZOOO), occufiing in high concenlralhs 
in green leafy vegetables, such as spinach and kale (Khachik et al., 1995; Omaye e& aL, 1997), 
and in chicken egg yolks (l3andelman et al., 1999). In the U.S., the average daily intake of lutein 
and zeaxanthin from plant sources is estimated to range ftom 2 to 4 mg. In addition to their 
natural occurrence in various foods, lutein and zeaxanthin are available as dietary supplements 
(IOM, 2000); however, there are 00 consumption data from which to reliably estimate the in tke  
of lutein and zeaxanthin by supplement users. Market share data indicate that lutein use in 
dietary supplements occurs predominantly in rnulti-vitamin type supplements.” 

“The consumption of FloraGLO* Crystalline Lutein, lutein and zeaxanthin, from all proposed 
food-uses of FhdGLO* Crystalline Lutein, was estimated using the United States Department 
of Agriculture’s (USDA) 1994-1996 Continuing Survey of Food Intakes by Individuals (CSFII 
1994-1996) and the 1998 Suppfemcntal Children’s Survey (CSFII 1998) (USDA, 3,000). On an 
all-user basis, the mean arid 90rh percentile intakes of FIOM..GLC?@ Crystalline Lutcin by the total 
U.S. population from all proposed food-uses of MoraGLO@ were estimated to b e  9.6 
rnglpersonlday (0.18 mgkg body weighuday) and 17.6 mgfpersotllday (0.37 mgkg body 
wei&t/day), respectively. Based on the composition of FlwaGLO* Crystalline Lutein as 76% 
lutein and 7% zeaxanthin, the corresponding mean all-user intakes o f  lutein and zeaxanthin &om 
the consumption of proposed food-uses were 7.3 rng@rson/day (0.14 mgkg body weighu‘day) 
and 0.7 mg/persodday (0.01 mg/kg body weightlday), respectiveIy. 90th Percentile all-user 
intakes of lutein and zeaxanthin were 13.4 m.cg/persoidday (0.28 mgkg  body weiglit‘day) and 1.2 
ma’ perso,n/day (0.03 mgkg body weiglidday), respectively.” 

Given that the Hz Rim’ Lutein product is substantially equivalent in composition and is intended 
for use in the same foods and levels of addition as notified by Kemin Foods for the FloraGLO@ 
Crystalline Lutein in GRN 000140, the estimates of intake for the FloraGLO* crystalline lutein 
are considered to be the same for Hi Fiin‘ Lutein and would not be additive to FloraGLO* 
crystalhe lutein, particularly because market use in foods is competitive md current use is 
predominantly in multi-vi tamin supplements. 
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frable 4.Summsry o f  the Xndivldual Proposed Food-Uses -_ for Hi F i i T b f  Luteln ! 

F"" candy 

Category 

Chewy and Nougat Candy 
Fruit Snacks 

Imposed Food 

r ----> 

paked Goods and Baking Mixes :Cereal and Energy Bars 

I :Crackers and Crispbrends 

everages and Beverage Bases J3ottled Water I 0.5 j 
,- 

0.6 

!Instant and Reeular Hot Cereals 

Readv-to-Eat Cereals 
f 

&Based Meal Replacements 3 0  I 
1 

3.0 1 --- 
rocessed Fruits and Fruit Juices bnergy, Sport and Isotonic Drinks 2.0 I 

0.6 J ;Caned s o w  . , ... " I____ ."A ---.---_ boups and Soup Mixes 
'MGC Keference amounts cusromrily consumed per eating occasion (2 I C:FR §lOl.l2) 
When a range of use-levels (%) is reported for a proposed food use, paaicutar foods within that 
food-use may differ with rcspect to their RACC. Uses listed and levels same as GRN 000140. 
*Does not include infant formula. 
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Safetv Studies 

Background 
h G W  U00140, studies on lutein in the literature and on FloraGLO@ Crystalline Lutein were 
presented which supported the safety of crystalline lutein. The FDA did not question the 
acceptability and suitability of these studies to establish the safety of crystalline lutein fur the 
proposed food uses. Because the Hi Film Lutein product is substantially equivalent in 
composition to the crystalline lutein product that was the subject of GRN 000140, these studies 
can be utilized for safety asscssrncnt of thc crystallinc Iutcin that is thc subject of this 
notification. 

“The safety of FloraGLO” Crystalline Lutein has been established in toxicological studies in rats, 
mutagenicity studies conducted with Salmonella typhimurium, and is further supported by 
intervention studies conducted with healthy subjects designed to measure metabolic endpoints. 
The safety of FloraGLO” Crystalline Lutein is also corroborated by additional animal and human 
studies conducted with other sources of lutein, lutein-rich foods, and lutein supplements. h 
addition, ,the safety of lutein and zeaxanthin is well established in the literature based on the 
historical consumption o f  eggs and fruits and vegetables where these carotenoids predominate 
(e.g., green leafy vegetables, such as spinach and kale). Lutein is the major xanthophyll found in 
human senrrn, with smaller anlomrs of zeaxarithin and cryptoxanthin also present (Williams ei 
nl., 1998; BoiIeau et at,, 1999). Lutein is also present in breast milk (Gossage et ai., 2002), and, 
together with zeaxanthin, are the only carotenoids found in the macular region of the human 
retina (Bone et al., 1985, 1988, 1993; Omaye et al., 1997), In general, carotenoids in foods are 
not known to be toxic, even when ingested in large amounts (e.g.2 330 rng carotenoids) (Olson, 
1996; Omayeelal., 1997).” 

“The safety of lutein and zeaxanthin was addressed by the Institute of Medicine (IOM, 2000) 
following a review of the available data regarding P-carotene and other carotenoids. ‘l’he IOM 
concluded that no adverse effects, other than ca ro tenodda ,  have been reported from the 
consumption of carotenoids, including lutein and zeaxanthin, in foods. Carotenodermia, 
characterized by a yellowish discoloration o f  the skin, is a harmless and reversible bioIogical 
effect of high carotenoid intake (IOM, 2000). No tolerable upper intake levels were established 
for lutein OT zeaxanthin, or for any other carotenoid, (@-carotene, a-carotene, lycopene, and p- 
cryptoxanthin) considered by the IOM (2000).” 

Studies of Absorption and Bioavaifabifity 
“As fat-soluble compounds, lutein and zeaxanthin generally follow the same digestion and 
intestinal absorption pathways as dietary fat (Bendich, 1988; Fun and Clark, 1997; Boileau el 
al., 1999; van den Berg, 1999). Incorporation into mixed bile salt micelles in the small intestine 
i s  required for mucosal uptake in the znterocyte and transport to the lymphatic andor portal 
circulation (Furr and Clark, 1997; Boileau et al., 1999; van den Berg, 1999). Dietary factors 
potentially affecting the degree of absorption of lutein and zeaxanthin following ingestion (“.e. 
factors affecting the bioavailability of lutein and zeaxanthin) include interactions with other 
carotenoids andlor other nutrients, the association with and digestibility of the food matrix and 
the isomeric form of the carotenoids (cis vewus trans). Absorbed lutein and zeaxanthin are 
incorporated into chylomicrons, and are ap?roxirnately evenly distributed between high-density 
lipoprotein (HDL) and low-density lipoprotein (LDL) in the circulation (Olson, 1996; Fun and 
Clark, f 997; Goulinet and Chapman, 1997). Distribution to extra-hepatic tissue purportedly 
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occurs via the interaction of lipoprotein particles (e,gq, HDL, LDL) with receptors, and 
degrahtion of lipoproteins by extra- hepatic enzymes (e,g., lipoprotein lipase) (Boileau et al., 
1999). A specific xmthophyll-binding protein (XBP) isolated h m  solubilized carotenoid-rich 
meKbrane extracts from human macula has been demonstrated to mediate the riptake of lutein 
and zeaxanthin from the bloodstream (Yemelyanov el at., 2001).” 

‘‘Intervention trials conducted with FloraGLO@ Crystallinc Lutein have dcmonstrated that, 
foIlowing its ingestion, lutein and zeaxanthin are absorbed intact in healthy human subjects, as 
evidenced by increased plasma levels (Kostic et al. 1995; Castenmiller et al., 1999; van het Hof 
el ai., 1999; Schalch et al., 2001). ?A comparison with plant sources o f  lutein, the bioavailability 
of lutein &om FloraGLO@ Crystalline Lutein (incorporated in the diet as a suspension in oil 
added to salad dressing) is reported to be approximately 30 to 50% greater (Castenmiller et al., 
1999; van het Hof et al., 1999), However, considering that lutein &om egg yolks is more 
bioavailable than lutein &on vegetable sources (Johnson and Mayer, 2003), the increase in 
bioavailability of lutein fjrorn PloraGLO” Crystalline Lutein compared with all foods (‘Le. fruits, 
vegetables, and eggs) may be less than that reported by van het Haf et ai. j1999) and 
CastemilIer et at. (1999). The mean intake of lutein provided by the intended uses of 
FloraGLO@ Crystalline Lutein is approximately 2.5 times greater than background (assumbig 
backgroutid intake of 3 mg luteidday); however, considering bioavailability differences 
(Castenmiller et aL, 1999; van bet Hof et al,, 1999; Johnson and Mayer, 2003), systemic 
exposure may be expected to increase to approximately 4 times above background.” 

‘metabolic intervention studies have indicated that caru terioid interactions may occur at :he 
metaboIic level (e.g., the absorption of  both &carotene and lutein have been demonstrated to be 
reduced following simultaneous ingestion); however, FloraGLO@’ Crystalline Lutein is not  
expected to have a negative impact on totaI carotenoid balance due to the low intake levels o f  
lutein provided under the intended conditions of use. Taken together, intervcntion studies 
indicate that lutein and zeaxanthin are effectively absorbed Erom FloraGLO@ Crystalfine Lutein, 
that lutein is more bioavailable from FloraGLO” Crystalline Lutein as a supplement compared 
with fruits and vegetables, and that lutein and zeaxanthin fiom FloraCLO@ Crystalline Lutein are 
not expected to adversely affect carotenoid balance under the intended conditions of use.” 

A s  noted above, the absorption and bioavailability of the Hi Fil”‘ Lutein product is considered 
substantially equivalent in composition to the FIoraGLO@ Crystalline Lutein product, so the 
absorption and bioavailability would be the same for both products. 

Toxicological Studies 
The toxicological evaluation, conducted for GRN 000140 js considered directly applicable to 
HiFiP Lutein due: to their nearly identical composition. In GR.N 000140, the “Expert Panel 
reviewed toxicological studies conducted with FloraGLO@ CrystaIline Lutein, as well as safety 
studies of lutein and zeaxanthin, in general, from other sources (e.g., marigold exh-acts). Based 
on bioavailability studies reporting up to 43% absorption, and measured tiswic: andfor plasma 
levels o f  lutein andor zeaxanthn, these studies have demonstrated that each of lutein and 
zeaxanthin @om F;lomGLO* Crystalline Lutein or as an extract from marigold) are effectively 
absorbed from the diet in mice, rats, cats, dogs, and monkeys, supporting the suitabiIity of these 
experimental animals as appropriate models for the study of lutein and zeaxanthin absorption and 
safety in humans @ark et a]., 1998; Jewel1 and O’Brien, 1999; Jenkins et a!., 2000; Kim el aL, 
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2000 a,b; Kruger et a[., 2002; Schierle et af., ZOOZ).” However, of this group of animal models, 
only primates cm concentrate lutein and zeazanthin in the retina. 

“In 4-week and 13-week toxicological studies conducted with FloraGLO@ Crystalline Lulein, no 
adverse effects were reported in terms of body weight gain, organ weights, feed intake, clinical 
chemistry, or histopathology in Wistar rats @user et al., 2002). Animals were exposed to 
FioraGLO* Crystalline Lutein in the diet at levels up to 773 m a g  body weighuday (delivering 
639 nig lutein plus zeaxanthin/kg body weightlday) for 4 weeks, or up to 260 m@g body 
weighvday (delivering 208 mg lutein plus zeaxanhnikg body weighuday) for 13 weeks. The 
no-observed-adverse-effect-levels (NOAELs) for FIaraGLO” Crystalline Lutein in Wistar rats 
corresponded to the highest doses tested in each toxicology study; 773 mgkg body weight’day 
following 4 weeks of exposure, and 260 mgikg body weightlday following 13 weeks o f  
exposure. Additional toxicalogicd studies conducted with FloraGLO@ Crystalline Lutein, 
ranging in length &om 8 to 12 weeks, have measured feed intake, body weight, organ weights, 
and plasma levels of cholesterol and triglycerides (Jenkins ef al., 2000; Kim et al., 2000 a,b). No 
adverse effects were reported in male weanling Fischer 344 rats followtng exposue :a up to 62 1 
mg FIoraGLO@ Crystalline Lutein/kg body weighuday (3 1 rng luteinikg bzdy wcighrlciay} in the 
diet for 8 weeks, Higher dose levels (1,169 and 2,383 mg F~XXGLO’‘ Crystallint: ImeirLilig 
body weight/day) resulted in increased body weights (presumably due to an increase in caloric 
intake), increased plasma levels of triglycerides and cholesterol, and decreased relative lung and 
brain weights (2,353 mg FloraGLU* Crystalline Luteinlkg body weight‘day dose group only). 
The reported decreased relative organ weights were considered by the Panel not to be treatment- 
related effects, and to be consequential of increased body weights. Furthermore, similar chaqes 
increased plasma levels o f  cholesterol and triglycerides, decreased relative organ weights) were 
not reported in toxicolo ’cal studies of similar or Longer duration conducted with higher doses o f  
lutein f rom FloraGLO Crystalline Lutein (Buser et ai,, 1999; Pfannkuch et nl., 2000, 2001 ; 
Kruger et al., 2002).” 

“The genotoxic potential of FloraGLO@ Crystalline Lutein (10% beadlet formulation, and 
without beadlet) was investigated using the reverse mutation assay ( h e s  test), conducted with 
Salmonella typhimnurium strains TA 1535, TA 97, TA 98, TA 100, culd TA 102, with and without 
metabolic activation (SQ fraction from rat liver) (Kruger el ai,, 2002). No increase in the number 
of mutant colonies was observed for any of the five tester strains after treatment with 10% 
beadlet (15,s to 5,000 pgtplate) or FloraGLO@ Crystailice Lutein (15.8 to 500 pHplate), 
demonstrating that neither formulation is mutagenic in S. typhimurizrnz strains. The mutagenic 
potential of lutein fiom dietary sources (extracts of h i t s ,  vegetables, and marigold) has aIso 
been invest;;gated in various studies, indicating thdt lutein is non-mutagenic in bacterial test 
systems in vitro, and has no clastogenic activity or DNA damaging effects in mammalian test 
systems in vivo (Yoshikawa et d, 1996; Collins et a!., 1998; Rauscher et ai., 1998).” 
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“Additional supportive toxicological studies conducted with rodents have investigated the effects 
of dietary exposure to lutein and zeaxanthin, from other sources (e.g., niarigold extract), for 2 to 
8 weeks on body weight, feed intake, and organ weights. No changes in body weight gain, feed 
intake, liver weight, or spleen weight, and no external signs o f  toxicity were reported in BALBlc 
mice following 2 to 4 wceks o f  dietary cxposuxe to up to 803 mg luteidkg body weighvday and 
10.9 mg zeaxanthinkg body weighdday {Chew et a[., 1996; Park et a/,, 1998, 1939). Similarly, 
no changes in body weights, feed intake, or organ weights were reported in Wistar rats following 
16 days of dietary exposure to up to 45 mg iutsinlkg body weight/day (Gradelet et nl., 1996; 



Jewel1 and O’Brien, 1999), end 8 weeks of dietary exposure to  500 mg luteinkg body 
weighuday was we11 tolerated in experimental mice models of atherosclerosis @wyer e1 al., 
2001).” 

“The chronic toxicity o f  lutein and zeaxanthin (0, 0.2, or 20 m a g  body weight‘day, source not 
specified) was investigated in Cynomolgus monkeys following daily administration via gavage 
for 52 weeks (SchierIe et aL, 2002). No clinical or morphological evidence of treatment-related 
adverse changes were reported, and it was concluded that long-term a&ninistration of lutein and 
zeaxanthin in Cynomolgus monkeys at dose levels up to 20 mglkg bodyweighuday resulted in no 
toxic effects, as evidenced by clinical investigation parameters, necropsy, and histopathology 
(Schierie et al,, 2002). Specific to ocular toxicity, the Panel discussed ongoing long-term studies 
in monkeys administered up to 20 mg lutein and zeaxanthinkg body weightlday and evaluated 
abstracts reportjng the results of these studies. No evidence of clinical or morphological toxicity 
to the eyes was reported, and further, no evidence of crystal formation in the eyes of treated 
monkeys was noted (Schierle et aL, 2002; Wolz el al., 2002), The Panel considered these 
ongoing studies to be corroborative of the overall safety of FioraGLO@ Crystalline Lutein, and 
supportive of the shorter-term clinicaI studies (see below).” 

Human Safety Data 
“In addition to published pivotal animal toxicology studies with FloraCLO@ Crystalline Lutein, 
the Expert Panel considered clinical data from safetyltolerance studies with FloraGLO@ 
Crystalline Lutein, as well as with lutein and zeaxanthin from other dietary sources, to 
corroborate the safety of FloraGLO* Crystalline Lutein. In a 42-day study designed to evaluate 
plasma response to oral lutein administration (FIoraGLO@ Crystalline Lutein formulated as 
beadlets in capsules), healthy volunteers were given capsules delivering either 4 or 20 mg lutein 
daily (8 subjectsldose group) (Schalch et a/., 2001). A total of 12 subjects cxperienced 26 
adverse events, 24 of which were reported not to be related to the study intervention, and 2 of 
which {mild forms of conjunctivitis and abdominal pain) were unknown in their etiology. In 
addition, no clinically relevant abnormalities were reported with reference to laboratory values 
for s e w  liver enzyme levels, total bilirubin, glucose, creatinine, uric acid, calcium, total 
cholesterol, triglycerides, sodium, potassium, total protein, prothrombin time, blood urea 
nitrogen, and blood cell count. Together, these findings demonstrated that exposure to up to 20 
mg lutein from FloraGLO@ Crystalline Lutein in healthy subjects was not associated with 
adverse health effects (Schalch et &I., ZOOl).” 

In a study designed to examine the effect of the food matrix on carotenoid bioavailabiiity, 
Castenmiller et ai. (1999) included a measurement of serum cholesterol and hiacylglycerol 
concentrations. Following 3 weeks of dietary intervention with 6,6 mg luteidday from 
FloraGLO@ Crystalline Lutein (suspension in vegetable oil with @-carotene), no significant 
dif‘ferences were reported comparcd with control values, demonstrating that lutein from 
FloraGLO@ Crystalline Lutein had no effect an plasma lipid leveIs in healthy nan-smoking, 
norniolipidemic volunteers (Castenmiller et nl., 1939). Supporting intervention studies 
conducted with healthy subjects have demonstrated that daily exposure to 15 mg lutein (from 
marigold extract) for up to 6 months results in no adverse side effects, and no changes in serum 
blood lipid lwels (individual and total fatty acids, total saturated, monounsaturated, arid 
polyunsaturated, total cholesterol, HDL-cholesterol, and LDL cholesterol), or in hematotogica1 
or biochemical parameters (Olmedilla et d., 1997, 2001; WI-ight el ai., 1999; Fahid et ai., 
2003). Similarly, no changes in blood hemoglobin concentrations, white blood cell levels, or 

10 

0 0 0 0 2 5  



s e m  electrolyte levels were reported in healthy subjects following 2 weeks of  exposure to I 1  
mg luteidday from spinach powder (Muller et a/., 1999), or in patients with cataract or age- 
related rnaculopathy following 13 months of dietary supplementation with capsules containing 
12 mg all-trans-lutein, 13 mg of 13/15-cis-lutein and 3.3 rng vitamin E (Olmedilla et aL, 2002). 
In addition, no evidence of ocular toxicity was noted in a single healthy niale volunteer receiving 
20 rng luteidday as an oil suspension prepared from marigold flowers for a total of 3 weeks 
(Khachik et ala, 1997). Similarly, clinical studies in patients with retinal degenerative diseases 
have reported no  losses in visual acuity and no significant changes in foveal vision parameters 
following daily supplementation with up to 20 mg lutein far up to 6 months (Richer, 1999; 
Aleman et a!., 2001; Duncan et a!., 2002). Carotenodermia (yellowish discoloration ofthe skin) 
has been reported in healthy subjects exposed to 15 mg luteidday (from mixed ester forms 
exbracted f?om marigold) for 4 months (Olmedilla el a]., 1997, 2002; Granado et al., 1998); 
however, carotenodermia is considered a harmless and reversible biological effect of high 
carotenoid intake (IOM, 2000), and no signs of  its occurrence have been reported in other 
populations (e.g., patients with cataracts or patients with age-related mzcular degeneration) 
following exposure to approximately 25 rng luteidday, 3 timedweek for 13 months (Olmedilla 
er al., 2001). These findings of Khachik et al. (1997), Ohedilla et al. (1997,2002), Granado e l  
al. (19981, and Muller el ai. (1999), indicate that oral exposures to up to 20 mg lutedday do not 
result in any adverse health effects, including retinal damage (e.g., crystal deposition). 

“In addition, studies investigating the relationship of lutein and zeaxanthm to chonic disease 
have reported no adverse rdationsbips between increased serum levels of lutein and zeaxanthin, 
or dietary intake of tutein and zeaxanthin, and eye health (i.e., risk of AMD, r i s k  of cataracts) 
(EDCC Study Group, 1993; Seddon et a/., 1994; Mares-Perlrnan et a!., 1995; Brown et ab, 1999; 
Chasan-Tabex el al., 1999; Lyle et al., 1999 a,b; Sneflen et al., 2002), and nv adverse 
relationships between senun leveIs o f  lutein and zeaxanthin and the risk for subsequent 
myocardial infarction (SLreet et al,, 1994) or the progression of i n h a m e d i a  thickness of the 
common carotid arteries (Dwyer et af., ZOOl).” In a further study, ninety patients with atrophic 
ARMD received 10 rng lutein daily over 12 months. Mean eye macular pigment optical density 
increased and visual firnetion was improved with Iutein alone or lutein together with other 
riutrients (Richer et al., 2004). 

“The Expert Panel considcrcd the rcsults of cIinical yiudies with ,%carotene to be of limited 
relevance to the evaluation o f  the safety of FloraGLO@ Crystalline Lutein. Intervention studies 
conducted w i h  ,&carotene have reported that supplemental &carotene may enhance lung 
tumorigenesis in cigarette smokers (ATBC, 1994; Ornenn et al., 1996 a,b), potentially via altered 
retinoid signaling (Paoiini et a t ,  1999; Wang et ai., 1999). Unlike @-carotene, lutein i s  ti non- 
provitamin A carotenoid, and is not expected to directly alter retinoid signaling. Furthermore, 
the numcrous epidemiological studies conducted with lutein have reported protective effects 
against various forms of cancer (breast, lung, adenocarcinomas of the esophagus, and gastric 
cardia), and have therefore provided no evidence ro suggest that exposure to lutein contributes 
towards ari enhanced risk of cancer in humans. In addition, toxicology studies conducted with 
FloraGLO* Crystalline Lutein have reported no adverse toxicological effects, and no mutagenic 
activity of FloraGLO@ Crystalline Lutein has been reported in vitro or in vivo ” 

Additional Supporting Xnformation on Safety of Lutein 
It is well known that lutein esters are readily degraded in the GI tract by esterase enzymes to 
lutein and constituent compounds such as palmitate. They are absorbed by the intestinal mucosa! 
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enterocytes as lutein. Thus, GMS notifications on lutein esters are applicable to the safety 
assessment of lutein as that is the form that is present in systemic exposure. Cognis Corporation 
had previously submitted a G U S  Notification to FDA on July 17, 2002 (GRN 0001 19 This 
contained the unanimous concurrence from a Panel of  qualified experts that Xangold lu te in  
esters are GUS, based on  their expert evaiuation of the scientific literature for addition to 
conventional foods as an ingredient to provide consumers with a supplementary source of lutein 
in their diets. The Panel of independent qualified experts conducted and extensive review of a l l  
generally available scientific literature for safety and toxicity as well as evaluated all available 
data &om dietary consumption of lutein and zeaxanthin. The typical daily consumption level of 
lurein ana zeaxanthin was estimated at 1.35-1.97 mg/day. No toxicity fiom lutein ester 
supplement consumption has been reported and human clinical studies indicate that long-term 
consumption of lutein esters is well tolerated, Seven clinical studies ranpjng from 84 days to 3 
years have reported that consumption of between 18 and 60 mg/day lutein ester equivalents is 
safe (GRN 000110). nit: Expert Panel established a conservative acceptable daily intake of 
XangoId* lutein esters o f  40 mglday. 

No evidence o f  toxicity or safety concerns was noted by the Panel in their review of al: available 
toxicology and clinical studies. The Expert Panel evaluated the proposed use of Xangold@ lutein 
esters at specified levels seen in the following foods: baked goods and baking mixes, soy milk, 
beverages and beverage substitutes, fiozen dairy desserts and mixes, processed fruit and 
vegetable products, egg products and egg substitutes, breakfast cereals (ready-to-eat), fats and 
oils, hard candy, fi-uit snacks and dairy products. They concluded that such use would result in 
an cstiminlatcd daily intake that is below 40 mg/day lutein estexs Clihm the Expcrt Panel evaluated 
thz corrt‘uinatiaia of the 90“‘ percentile lutein ester consunptioii levels froin hods supplemented 
with Xagoid” !utein esters, with the 90” percentile c~lrrent cclasuniptian u f  Lutein esters from 
conventional foods, the estimated daily intake of lutein esters from conventional foods is 22.3 
rnglday. In addition, the potential lutein ester consumption from dietary supplcments may add an 
additional maximum intake of 12 mglday. They also concluded that the maximum potmtial 
theoretical lutein ester consumption at the percentile may reach 34.3 mg/day and that this 
was a conservative estimate since it is highIy unlikely that an individual would consume lutein 
fkom both conventional foods and dietary supplements at the 90* percentile level. Even th is  
conservative estimate is well within the Acceptable Daily Intake of 40 mg/day established and 
was deemed to be safe. 

The July 17,2002 GRAS notification included the supporting data on which this conclusion was  
based. FDA responded to this GRAS notification in a Ietter dated January 21, 2003 stating 
“based o n  the information provided by Cognis, as well as other informath available to FDA, 
the agency has no questions at this time regarding Copis’  conclusion that lutein esters are 
GUS under the intended conditions of use.” 

Safehr Assessment of Cwstalline Lutein 

As noted above, the composition and purity of the Hi Filmr Lutein product is considered 
substantially equivalent in composition to the FIoraGLO@ Crystalline Lutein product, so the 
animal and human studies reviewed herein are applicable to both prodwts. Subchronic stcdies 
in rats up to 208 mg/kg/day (Kruger et al., 2002) and chronic studies in Cynomolgus monkeys up 
to 20 mgkdday lutein and zeaxanthin (Schierle: et a/,, 2002) did not rcsult in my adverse 
effects, Lutein has not shown any genotoxic effects in multiple assays and has shown some 
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evidence of  a protective effect against cancer, With the exception of a reversible carotenodenriia 
seen in two studies, human clinical trials have shown no significant adverse effects in subjecz 
taldng lutein and zeaxanthin up to 20-25 mglday for over a year. Therefore, intake of Hi Fil 
Lutein in the diet fkom specified foods at estimated mean intakes of lutein and zeaxanthin of 7.3 
mdpersodday (0.14 m&g/day) and 0.7 mg/person/day (0.01 m a d d a y )  respectively, and 90ih 
percentile intakes of lutein and zeaxanthin at 13.4 mg/person/day (0.28 rng/kg/day) and 1.2 rng/ 
persodday (0.03 rnglkglday), are not considered to pose any safety concerns. 
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Specializing in FDA Regulatory Matters 

October 24,2008 

Mr. Mark L. Itzkoff 
Olsson Frank Weeda PC 
1400 - 16th St., N.W., Suite 400 
Washington, DC 20036-2220 

T d  202j.5 18-6327 
fax: 202i234-2686 

RE: Review of safety studies of lutein (2006-present) for GRAS update 

Executive Summary 

In response to a request from Olsson Frank Weeda PC for one of their clients Industrial 
Orgmica S.A de C.V. (IOSA), this report summarizes the safety studies of lutein that have 
appeared in the scientific literature since the last database search performed in February 2006 for 
the Generally Recognized As Safe (GRAS) determination of lutein (Hi FiZm crystalline lutein). 
In 2006, a panel of experts determined that IOSA's Hi fWnf crystaltine lutein was GRAS and 
safe for use in specified foods with user intakes determined in 90Lh percentile all-user intakes of 
lutein and zeaxanthin of 13.4 mglpersoniday (0.28 in& body weighb'day) and 1.2 
rng'pason/day (0.03 mg/kg body weight'day), respectively. 

Since the last database searches for the previous CRAS determination performed in 
February 2006, over 350 articles have appeared on lutein in these databases. Of these, about 20 
articles, related to the safety of lutein, were selected for fiirther review. In two cross-sectional 
studies from Australia by one group, a positive association between the intake of 
luteinheaxanthin and a-3 fatty acids with progression of age-related macular degeneration 
(AMD) was reported, while another independent report did not find such an association. A 
critical review of the other published studies did not reveal any significant safety-related concern 
that will affect the previous GRAS determination. An independent panel of recognized experts 
reviewed the studies published over the last two years and concluded that the recent public.ations 
do not affect the previous GRAS determination of the safety of lutein for use in food categories 
specified in the previous GRAS determination of lutein by IOSA. 

1. Background 

Recently, Industrial Organica S.A de C.V. (IOSA) gained self affirmed Generally 
Recognized A s  Safe (GRAS) status for use of Hi Film' crystalline lutein in a variety of selected 
foods. IOSA now proposes to submit the self affirmed GRAS determination of lutein to the Food 
and Drug Administration in the foim of a GRAS Notification. As the self- affirmed GRAS 



assessment was conducted in 2006, IOSA asked EAS Consulting Group to update the available 
safety-related information on lutein that has appeared since the GRAS determination. IOSA 
assured EAS Consulting Group that the food categories, use levels and resulting exposure 
identified in the self-affirmed GRAS will remain the same. A comprehensive search of the 
scientific literature related to safety and toxicity of lutein was conducted since January 2006. The 
database searches revealed over 350 articles on lutein, of which about 20 articles related to the 
safety of lutein were selected for krther review. These articles were obtained, reviewed and a 
summary of all safety-related findings from the relevant articles is presented in the following 
section. 

2. Safety Studies 

2.1. Animal studies 
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 any effects on ocular and 
renal toxicity. Female rhesus monkeys were divided into control (n = 3), lutein-treated (n = 5, 
9.34 mg luteidkg and 0.66 mg zeaxanthinkg), zeaxanthin-treated (n = 5, 10 mg zeaxanthinkg), 
and luteidzeaxanthin-treated (n = 5, lutein and zeaxanthin, each 0.5 m a g ) .  The animals were 
supplemented with these levels daily for a 12-month period. Supplementation with lutein or 
zeaxanthin increased the plasma and ocu1a.r tissue concentrations of these carotenoids and their 
metabolites. Supplementation did not cause ocular toxicity and had no effect on biomarkers and 
indicators of kidney toxicity such as urinary creatinine and protein. The results of this study 
suggest that administration of either lutein or zeaxanthin to monkeys for 1 year at a dose of 
approximately~l0 m a g  body weighuday did not cause ocular or renal toxicity. 

2.2. Mutagenicity and carcinogenicity studies 

Wang et al. (2006) investigated the mutagenic and clastogenic potentials of lutein from 
marigold flowers. The mutagenicity of lutein (334, 668 and 1335 pg/plate) was examined using 
the standard Ames test (SaZrnoneZZa typhimurium strains TA97, TA98, TAIOO and TA102) in the 
presence and absence of S9 mix. In this assay, lutein was not mutagenic at any of the tested 
concentrations. In anti-mutagenic experiments using S. typlzimuriurn strains TA98 and TAl 00 
following addition of the known mutagens (2-aminofluorene and dexon for TA98 and 
cyclophosphamide and sodium azide for TA100) and lutein, a dose-related antimutagenic effect 
of lutein was noted. Similar results were obtained in a standard chromosome aberration test using 
Chinese hamster ovary (CHO) cells to evaluate the clastogenicity and anti-clastogenicity of 
lutein (66.8, 133.5 and 267.0 mg/L). The results of these most commonly used methods (Ames 
test and the CHO chromosoinal aberration) for the evaluation of genetic mutation and 
chromosome damage caused by mutagens and clastogenic compounds, provide supportive data 
that lutein is neither mutagenic nor clastogenic. 

Santocomo et al. (2006) examined the ability of carotenoids, including lutein, to protect 
against UVA-induced DNA damage in rat tracheal epithelial cells and in human neuroblastoma 
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cells using the ‘‘comet assay,” a rapid and sensitive single-cell gel electrophoresis technique used 
to detect primary DNA damage in individual cells. In both cell lines, the irradiation with UVA 
resulted in time-dependent DNA darnage. The rate of DNA damage was different in these two 
cell lines with neuroblastoma cells more resistant to the oxidative irradiation insult. In the case of 
neuroblastoma cells, the presence of carotenoid during UVA exposure increased the damage. 
The addition of carotenoids to epithelial cells after 2 inin of UVA exposition did not improve the 
kinetics of DNA repair, but lutein (after 180 rnin incubation) showed a genotoxic effect. The 
addition of carotenoids, including lutein, to neuroblastoma cells after 30 min o f  UVA exposure 
positively influenced the kinetics of DNA repair in the first 15 min of incubation. At longer 
exposure times, while the behavior measured was not constant, a genotoxic effect was not 
observed. The investigators concluded that the effectiveness of carotenoids, including lutein, as 
antioxidants depends on a number of factors and it can also act as prooxidant. Available evidence 
fiom other studies indicate that the effect of lutein and other carotenoids as antioxidants depends 
on number of factors such as concentration, cell type, cell status, timing of insult exposure, 
location in the cell, interaction with other antioxidants, etc, and the results of this in vitro study 
are difficult to’interpret. 

In contrast to the in vitro findings repoi-ted above, in an in vivo study Moreno et al. 
(2007) reported that treatment with lutein during the promotion phase of carcinogenesis in a rat 
model of hepatocarcinogenesis inhibited the size of hepatic macroscopic nodules and DNA 
damage. In this study, the effects of lutein on hepatic preneoplastic lesions and DNA strand 
breakage induced in Wistar rats (initiation with diethylnitrosamine and promotion with 2- 
acetylaminofluorene coupled with partial hepatectomy) were investigated following lutein (70 
m a g ;  alternate day) administration (gavage) specifically during the initiation or promotion 
phase, for 2 and 6 weeks, respectively. Administration of lutein during the initiation phase 
neither inhibited nor induced hepatic preneoplastic lesions and DNA damage. On the other hand, 
lutein administration during the promotion phase inhibited the size of hepatic macroscopic 
nodules and DNA damage. The results of this study suggest that lutein acts as an inhibitor during 
promotion, but not initiation of hepatocarcinogenesis. 

2.3. Human Clinical studies 

In a randomized trial, forty-five subjects with no age-related macular degeneration 
(AMD), large drusen, or advanced AMD, received one of three dosesof lutein (2.5, 5, or 10 rng) 
daily for 6 months (Rosenthal et al., 2006). Besides collecting information about adverse events, 
safety was assessed by: visual acuity, comprehensive ophthalmic examination, fhdus 
photography, liver function tests, visual field tests, and the “Age-Related Eye Disease Study” 
(AREDS) side-effect questionnaire. Supplementation with lutein resulted in a dose-related 
increase in serum lutein concentration. The increases in serum lutein levels did not vary with 
AMD disease severity. No toxicity was observed withany dose level of lutein. No adverse side 
effects were recorded on the AREDS side-effects questionnaire or in visual knction. Liver 
function test results remained unchanged and normal. The antioxidant vitamin levels in the serum 
were not suppressed by lutein supplementation. The results of this study indicate that 
administration of lutein at doses up to 10 mg/day was safe. 
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RE: GRN 000291 Page 1 o f2  

Mosley, Sylvester AM I 1ll11111ll111 II 1111 
From: Mark ltzkoff [mitzkoff@ofwlaw.com] 

Sent: 

To: Mosley, Sylvester 
Subject: RE: GRN 000291 

Follow Up Flag: Follow up 
Due By: 

Flag Status: Completed 

Dear Dr. Mosley 

Monday, June 08,2009 4:58 PM 

Wednesday, June 10,2009 12:OO AM 

I have asked IOSA about the crystallin lutein applications. They inform me that both the 
egg products and the soup and soup mix applications should be excluded from this 
Notice. They do not intend to market their crystalline lutein products for these 
applications. 

Please let me know if you have any additional questions. 

Reg a rd s, 

Mark ltzkoff 

[*’ Mark L. ltzkoff 
Olsson Frank 
202 518-6327 
The preceding e-mail message con Bins information that is confidential, may be protec ed by the 
attorneyklient or other privileges, and may constitute non-public information. This message is intended to be 
conveyed only to the designated recipient(s). If you are not an intended recipient of this message, please 
notify the sender immediately at  (202) 518-6327. Unauthorized use, dissemination, distribution, or 
reproduction of this message is strictly prohibited and may be unlawful. 

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda. hhs.gov] 
Sent: Tuesday, June 02,2009 8:08 AM 
To: Mark Itzkoff 
Subject: RE: GRN 000291 

Dear. Mr. Itzkoff. 

We have filed your client’s submission for crystalline lutein. In looking over your client‘s submission, we 
are requesting a couple of points of clarification. 

1.) 
egg products fall outside of the purview of the USDA? 

In table 4 on page 12, the notifier has listed egg products as one of the food categories. Do these 

2.) 
these canned soups contain meat and poultry? 

Sincerely, 

In table 4 on page 12, the notifier has soups and soup mixes listed in the form of canned soups. Do 
_Ix 

* 

9/15/2009 



RE: GRN 000291 

_ -  

Page 2 of 2 

Sylvester 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 

51 00 Paint Branch Parkway (HFS-255) 

College Park, MD 20740-3835 

Phone: 301-436-1 333 

Fax: 301 -436-2965 

Email: Sylvester. Mosley@fda. hh.s.gov 

This e-mail is intended for the exclusive use of the recipient(s) named above. It may contain information that is protected, 
privileged, or confidential, and it should not be disseminated, distributed, or copied to persons not authorized to receive such 
information. If you are not the intended recipient, any dissemination, distribution or copying is strictly prohibited. If you 
think you have received this e-mail message in error, please e-mail the sender immediately at sylvester.mosley@fda.hhs.gov. 

911 512009 



AM I 1ll1ll11ll111 II 1111 
From: Mark Itzkoff 
To: Moslev, Sylvester; 
Subject: RE: Points of Clarification 
Date: 
Attachments: Auq 13 submission.pdf 

Thursday, August 13/ 2009 6:03:42 PM 

Dr. Mosley 

Attached is a revised submission that addresses the points discussed 
below. We are also forwarding a copy to you via Federal Express. 

Please let me know if you have any questions or if there are any difficulties 
receiving this material. 

Regards , 

Mark ltzkoff 

Mark L. ltzkoff 
Olsson Frank 

The preceding e-mail message contains information that is confidential, may be 
protected by the attorney/client or other privileges, and may constitute non-public 
information. This message is intended to be conveyed only to the designated 
recipient(s). If you are not an intended recipient of this message, please notify the 
sender immediately at  (202) 518-6327. Unauthorized use, dissemination, 
distribution, or reproduction of this message is strictly prohibited and may be 
unlawful. 

202 518-6327 

From: Mosley, Sylvester [mailto:Sylvester.Mosley@fda. hhs.gov] 
Sent: Wednesday, July 08, 2009 4:53 PM 
To: Mark Itzkoff 
Subject: Points of Clarification 

Dear Mr. Itzkoff, 
,i 



This email is to follow-up on our phone conversation regarding the points of 
clarification for GRN 000291, Crystalline Lutein. The areas where we are seeking 
clarification are as follows: 

1. Lutein is known to be orange-to-red in color. We could not find the color of 
the notifier’s crystalline lutein in the notice. Is the crystalline lutein that is the 
subject of this notice colored? If so we request that the notifier present their view 
on whether any of the intended uses of crystalline lutein would be exempt from 
the definition of color additive. 

2. 
foods--”. Medical foods are not listed on table 1 (page 4), table 4 (page 11) nor 
on page 5 of the Expert Panel Statement. Please clarify whether medical foods 
are one of the intended uses within the notice. 

Page 2, paragraph 3 states in part “--intended use in foods and medical 

3. The footnotes on page 2 refer to Appendix I and Appendix II; we were not 
able to locate these appendices. We think the footnotes refer to the expert panel 
reports of 2006 and 2008. Please clarify and/or provide the information that is 
located in Appendix I and Appendix II. Also, there is a header page which has 
Appendix A (Results of Pesticide Residue Analysis) and immediately following 
this page is the expert panel report of 2008. If the results of a pesticidal residue 
analysis are intended to follow the header page, please provide this analysis as 
well as a complete copy of the 2008 expert panel report. Our copy of this report 
seems to only have first three pages. 

4. 
and zeaxanthin in Table 1. We believe these characteristics are in Table 2. 
Please confirm that this is correct. 

On Page 5 the text refers to chemical and physical characteristics of lutein 

5. On Page IO, section I l l  titled “Information on self-limiting levels of use”. 
The notifier discusses exposure/EDI in section Ill, though we did not see 
information on self-limiting use in this section. Please provide information of self- 
limiting levels of use. 

6. On Page 18: Expert panel conclusion refers to “---Lutein 10 CWD 
formulated product, meeting the formula for preparation---” Please confirm that 
this panel reviewed the crystalline lutein that is the subject of this notice. 

7. 
In GRN 000140 they list a temperature of 25 “C for the solubility in water. Please 

On Page 5 and the first page of the 2006 expert panel page: 5 “C is listed. 



confirm the tem perat u re. 

If you have any further questions or need further clarifications please do not 
hesitate to contact me. 

.o 

Sincerely, 

Sylvester 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 

51 00 Paint Branch Parkway (HFS-255) 

College Park, MD 20740-3835 

Phone: 301 -436-1 333 

Fax: 301 -436-2965 

Email: Sylvester.Mosley@fda. hhs.gov 

This e-mail is intended for the exclusive use of the recipient(s) named above. It 
may contain information that is protected, privileged, or confidential, and it should 
not be disseminated, distributed, or copied to persons not authorized to receive 
such information. If you are not the intended recipient, any dissemination, 
distribution or copying is strictly prohibited. If you think you have received this e- 
mail message in error, please e-mail the sender immediately at Sylvester. 
mosley@fda. hhs.gov. 
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Dear Dr. Mosely, 

In response to your July 8, 2009 e-mail, we are hereby forwarding the attached revised 
Notice regarding Industrial Organica S.A. de C.V. (IOSA) determination that crystalline lutein is 
generally recognized as safe (GRAS). 

In response to the specific issues raised in your e-mail, please note the following: 

1. We have revised the lutein specification to note the red-orange color of the lutein 
crystals. However, discussed in footnote 4, this color is a function of crystal structure 
and does not occur when lutein is dissolved. Thus, lutein will not impart color to the 
formulated foods. 

2. The term “medical foods’’ was used only in the Expert Statement and is not part of the 
G U S  Notice. IOSA does not intend to market lutein to this application. 

3. The appendices attached to this revision have been corrected. 
4. The reference on Page 5 to Table 5 to “Table 1’’ has been amended. 
5. Information on limiting the concentration of lutein in formulated foods has been added to 

Section 111. 
6. While the Expert Panel can not confirm that the IOSA lutein is the lutein that was the 

subject of the Panel’s Statement, we can confirm on behalf of IOSA that the Hi-FilTM 

(b)(6)
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TERMAN BODE MATZ PC 

Letter to Dr. Mosely 
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Page 2 

Lutein is the product that was described to the Expert Panel and that the product is 
produced by the method detailed in the Statement and complies with the specifications in 
the Statement. 

7. We have confirmed that the temperature in the solubility specification on Page 5 and the 
2006 Statement is 25" C. The attached document reflects this revision. 

We trust you will find the attached Notice fully supports the IOSA determination. If you have 
any questions, please do not hesitate to contact us. 

(b)(6)
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GRAS Claim for the Use of Crystalline Lutein as a Food Ingredient 

GRAS Claim 

Industrial Organica S.A. de C.V. (IOSA) has determined that crystalline lutein is 
generally recognized by qualified experts as having adequately shown to be safe through 
scientific procedures when used as a food ingredient in the applications detailed in Table 1, 
below. IOSA hereby submits this GRAS claim for the use of crystalline lutein as a food 
ingredient as specified in Table 1. 

A. Name and Address of Notifier: 

Industrial Organica S.A. de C.V. 
Ave. Almazan No. 100 
Col. Top0 Chico 64260 
Monterrey, Mexico 

B. Common or Usual Name of Substan e: 

The common or usual name of the substance is lutein also known by its trade name, Hi 
FiFM Lutein. The Chemical Abstract Services Registration Number (CASRN) for this substance 
is 127-40-2. 
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C. Conditions of Use: 

Lutein that is the subject of this Notice will be used as a food ingredient in a variety of food 
and beverage applications. These applications are detailed in Table 1. 

D. Basis for GRAS Determination: 

IOSA has determined that Hi FiFM Lutein is generally recognized by qualified experts as 
having adequately shown to be safe through scientific procedures. This determination is supported 
by the opinions of two scientific panels. In June of 2006, the status of the IOSAHi FiFM Lutein was 
reviewed by a panel of scientists (the “2006 Panel”) assembled by AAC Consulting Group of Kendle 
International. The 2006 Panel was comprised of three noted toxicologists with expertise in food 
safety and lutein production. The Panel reviewed the information and the available toxicology 
literature on lutein and lutein derivatives. Based on this information, the Panel issued an Expert 
Panel Statement, “Determination Of The GRAS Status Of Hi FilTM Crystalline Lutein for Addition 
To Select Specified Foods” in which the it 

determined by scientific procedures that addition of Hi F i r  Lutein, 
meeting the specifications cited above and manufactured accordance 
with current good manufacturing practice, is generally recognized as 
safe (GRAS) under the conditions of intended use in foods and 
medical foods, as specified herein.’ 

In preparation for submitting this Notice, IOSA assembled a second2 expert panel (the “2008 
Panel”) to review any relevant additions to the public literature that had been published after the 
2006 Expert Panel Statement. The 2008 Panel concluded that the 

studies published over the last two years also do not affect the 
previous G U S  determination of the safety of lutein for use in 
food categories specified in the previous self affirmed GRAS 
determination of lutein by IOSA.3 

A copy of the 2006 Expert Panel Statement is attached as Appendix I. While the Expert 1 

Statement includes the use of crystalline lutein as a component of “medical foods” within the 
parameters of its opinion, the Notifier has no intent to market the crystalline lutein for this 
application and does not include it in the applications specified herein. 

Consulting Group who conducted the 2006 Panel. 

October 24,2008. A copy of this statement is attached as Appendix 11. 

The 2008 Panel was coordinated by EAS Consulting Group, the successor to the AAC 

Review of safety studies of lutein (2006 -present) for GRAS update, John Thomas et al., 

2 

3 
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Thus, the basis for our GRAS determination is the Statement of the 2006 Expert Panel and the 
concurring Statement of the 2008 Panel. 

E. Data Availability Statement: 

The data and information that are the basis for the Notifier’s GRAS determination will be sent to 
FDA upon request. 

Counsel for IOSN 

(b)(6)
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Dry Milk 3 .O 
Fermented Milk Beverages 0.6 

able 1 Proposed Food-Uses for Hi Fil TM Lutein 

Milk-Based Meal Replacements 
YORurt 

Dod Category 

3.0 
3 .O 

broposed Food 

rocessed Fruits and Fruit Juices 

se levels P mg/RACC') 

Energy, Sport and Isotonic Drinks 2.0 
Fruit-Flavored Drinks 2.0 

aked Goods and Baking Mixes Cereal and Energy Bars 2.0 

Crackers and Crispbreads 2.0 

Carbonated Beverages 2.0 

everages and Beverage Bases Bottled Water 0.5 

oft Candy 

Meal Replacements 2.0 

Tea, Read-to-Drink 0.6 

Fruit Juice 2.0 
Nectars 2.0 
Vegetable Juice 2.0 
Chewy and Nougat Candy 1 .o 
Fruit Snacks 1 .o 

reakfast Cereals IInstant and Regular Hot Cereals 

oups and Soup Mixes ICanned Soups 

Ready-to-Eat Cereals 2.0 
hewing: Gum Chewing Gum 1 .o 

0.6 

airy Product Analogs Imitation Milks 2.0 

gg Products Liquid, Frozen or Dried Egg Substitutes 2.0 
Soy Milks 1.5 

-its and Oils Margarine-like SDreads 1.5 
l S a l a d s s i n g s  I 1.5 

rozen Dairy Desserts and Mixes Frozen Yogurt 1 .o 
ravies and Sauces Tomato Based Sauces 0.3 

ard Candv bard Candy I 1 .o 

blavored Milk and Milk Drinks I 3.0 

'RACC Reference amounts customarily consumed per eating occasion (21 CFR $101.12). When a range of use-levels (%) I S  

reported for a proposed food use, particular foods within that food-use may differ with respect to their RACC Uses listed and 
levels same as GRN 000140. 
*Does not include infant formula. 
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Section I1 

Identity of the Notified Substance 

Hi Fir Lutein (common or usual name lutein) is a purified crystalline extract from the marigold 
(Tagetes erecta) flower. Hi F i r  Lutein typically contains approximately 80-90% by weight total 
carotenoids, with about 90% as lutein. The chemical and physical characteristics of lutein and 
zeaxanthin are detailed in Table 2, below 

Table 2 
Chemical and Physical Characteristics of Lutein and Zeaxanthin 

Property/Parameter 
CAS Registry No. 
Chemical names 

Empirical formula 
Molecular weight 
Physical state 
Melting point 
Density 
Solubility in water 

Lutein 

xanthophyll; p, ~-carotene-3,3' -diol; 
vegetable lutein; vegetable luteol; 
all-trans-(+)-xanthophylls; Iutein 

568.88 
Crystalline 

127-40-2 

C40H5602 

177-178°C 
0.35-0.40 g/mL 
Insoluble 

Zeaxanthin 

p, p -carotene-3,3'-diol; all-trans- p, p 
carotene-3,3' -diol; zeaxanthol 

144-68-3 

C40H5602 
568.88 
Crystalline 
207-2 15.5"C 
0.38-0.41 g/mL 
Insoluble 

at 25°C 

The structural formulas of lutein and zeaxanthin are presented in Figures 1 and 2. 

Figure 1 Structural Formula of Lutein 

Figure 2 Structural Formula af Zeaxanthin 



OLSSON FRANK WEEDA 
TERMAN BODE MATZ PC 

Letter to FDA 
August 12,2009 

-IY+ Page 6 

Specification of Hi FiZ TMCrystalline Lutein 

Crystalline lutein has been the subject of a prior GRAS notification to FDA by Kemin Foods. FDA 
replied with its “no question’’ letter on June 14,2004 to GRN 000140. Therefore, comparisons of 
the Hi FilTM Lutein product and the notified Kemin’s FloraGLO@ product are made in this GRAS 
determination for the purposes of showing the substantial equivalence of the two products and the 
direct applicability of the FDA acceptance of GRN 000140 to IOSA’s Hi Film Lutein product for 
specified foods. The data submitted to FDA in GRN 000140 is incorporated by reference into this 
Notice. 

The specifications of Hi FilTM Lutein are given in Table 3 and compared to Kemin’s FloraGLO@ 
Lutein in the table below. This table shows that the specifications for the two lutein products are 
nearly identical, with Hi FiZTM Lutein having a lower hexane specification as the only notable 
difference. Although the total carotenoid specifications are different, the lutein and zeaxanthin 
specifications are the same and both products are derived from marigold flowers, so actual products 
are likely to have same or substantially equivalent total carotenoid composition, despite the lower 
manufacturing specification set by Kemin on total carotenoids. 
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Lutein 2 74.0% 2 74.0% wt 

2 2.0% wt; 59.0% wt Zeaxanthin i 8.0% wt 

Waxes i 7.0% wt 5 14.0%wt 

Table 3 

Ash I l.O%wt 5 l.O%wt 

Other constituents - < O.l%wt i O.l%wt 

Color Red - Orange Red - Orange 

Protein < 5000 ppm < 100 ppm 

Hexane < 25 pprn < 50 pprn 

Thiophenes < 300 pprn < 300 pprn 

Chlorinated and organophosphate pesticides Not Detected Not Detected 

kotal carotenoids (including lutein and zeaxanthin) I 2 90.0% wt I 2 80.0% wt I 

Lead (Pb) < 1.0 pprn < 0.65 ppm 

Cadmium (Cd) < 1.0 ppm < 1.25 pprn 

Arsenic (As) < 1.0 ppm < 2.5 ppm 

Aerobic plate count 5 1000 cfdg - < 1000 cfdg 

E. coli Negative/lO g Negative/lO g 

koisture 

Salmonella and Shigella 

Staphylococcus aureus 

Coliform 

Yeast count 

I i l.O%wt I - < l.O%wt I 

Negative/lO g Negative/l 0 g 

Negative/lOO g Negative/lOO g 

Negative/25 g Negative/25 g 

< 100 cfdg < 100 cfdg 

IPesticides and Related Potential Contaminants I 

IHeavy Metals 

< 1.0 ppm I <0.150ppm I I 
icrobioloeical Assays 

is teria rn on ocytogenes I Negative/25 g I Negative/25 g I 

5 100 cfu/g I < 100 cfu/g 
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Manufacturing Process 

The Hi F i r  Lutein product is manufactured in accordance with current good manufacturing practice 
at IOSA's Monterrey Mkxico plant. The Hi FiZTM Lutein process starts with marigold (Tagetes 
evecta) oleoresin as the raw material. The oleoresin material is obtained by hexane extraction of 
dried marigold flower petals. A process diagram for Hi F i r  Lutein product manufacture is 
presented in Figure 3. 

The purification process starts by treating the marigold oleoresin with diluted alkali solution, 
followed by diluted acid solutions to eliminate impurities and to remove unwanted fatty acids, 
waxes, gums and other plant materials from the oleoresin. Then the oleoresin is saponified using 
potassium hydroxide and water with mixing under controlled temperature to free the xanthophylls. 
The saponified mass is diluted with water, pH adjusted and the water is used to wash away salts and 
other water soluble impurities. Lutein concentrate is extracted with hexane to further remove 
unwanted components. The solvent is separated by filtration, decanting and centrifugation. Lutein 
crystals are then treated under high vacuum and temperature evaporation to remove remaining 
solvent. Lutein crystals are filtered and dried to remove water and screened to collect the lutein 
crystal product of appropriate size. The final crystalline lutein product is packed under high vacuum 
and inert nitrogen atmosphere in food-grade plastic pouches. 
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Test 
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Section I11 

Levels of Use 

The Hi F i r  Lutein product is intended for use in the same foods and levels of addition as notified by 
Kemin Foods for the FloraGLO@ Crystalline Lutein in GRN 000140. The proposed food uses are as 
a food ingredient, as a dietary source of lutein and zeaxanthin, in foods such as 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. The intended food uses and use levels are presented in Table 4 on 
the next page. The application of lutein to the same foods and at the same levels as those in GRN 
000140 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. 

Lutein has no functional effect on the manufactured food. It does not affect texture, taste or color.4 
Rather, Hi FiZTM Lutein is intended as an interchangeable source of supplemental lutein in the 
specified applications. Since the quantity of FloraGlo Lutein that may be added to the various 
applications is currently limited by the specifications in GRN 000140, the concentration ofHi F i r  
Lutein will be subject to the same limitations. 

c 

The dietary analysis below was presented by Kemin in GRN 000140 and was not questioned by 
FDA in their response letter of June 14,2004. “Lutein and zeaxanthin are among the most prevalent 
carotenoids in the North American diet (IOM, 2000), occurring in high concentrations in green leafy 
vegetables, such as spinach and kale (Khachik et aZ., 1995; Omaye et aI., 1997), and in chicken egg 
yolks (Handelman et aI., 1999). In the U.S., the average daily intake of lutein and zeaxanthin from 
plant sources is estimated to range from 2 to 4 mg. In addition to their natural occurrence in various 
foods, lutein and zeaxanthin are available as dietary supplements (IOM, 2000); however, there are no 
consumption data from which to reliably estimate the intake of lutein and zeaxanthin by supplement 
users. Market share data indicate that lutein use in dietary supplements occurs predominantly in 
multi-vitamin type supplements.” 

“The consumption of FloraGLO@ Crystalline Lutein, lutein and zeaxanthin, from all proposed food- 
uses of FloraGLO@ Crystalline Lutein, was estimated using the 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). On an all-user 

While as supplied the lutein crystals are colored, the color is a function of crystal structure and is 4 

no longer present when lutein is dissolved. Thus lutein does not function as a color additive. 
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basis, the mean and 90th percentile intakes of FloraGLO@ Crystalline Lutein by the total U.S. 
population from all proposed food-uses of FloraGLO' were estimated to be 9.6 mg/persodday (0.18 
mg/kg body weight/day) and 17.6 mg/ ersodday (0.37 mgkg body weight/day), respectively. 
Based on the composition of FloraGLO Crystalline Lutein as 76% lutein and 7% zeaxanthin, the 
corresponding mean all-user intakes of lutein and zeaxanthin from the consumption of proposed 
food-uses were 7.3 mg/persodday (0.14 mg/kg body weight/day) and 0.7 mg/person/day (0.01 
mg/kg body weight/day), respectively. 90th Percentile all-user intakes of lutein and zeaxanthin were 
13.4 mg/persodday (0.28 mg/kg body weight/day) and 1.2 mg/ persodday (0.03 mg/kg body 
weight/day), respectively." 
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Baked Goods and Baking Mixes 

Given that the Hi F i r  Lutein product is substantially equivalent in composition and is intended for 
use in the same foods and levels of addition as notified by Kemin Foods for the FloraGLO@ 
Crystalline Lutein in GRN 000140, the estimates of intake for the FloraGLO@ crystalline lutein are 
considered to be the same for Hi F i r  Lutein and would not be additive to FloraGLO' crystalline 
lutein, particularly because market use in foods is competitive and current use is predominantly in 
multi-vitamin supplements. 

Cereal and Energy Bars 2.0 

Table 4. 

ottled Water 

Summary of the Individual Proposed Food-Uses for Hi FiZ TM Lutein 

0.5 

/Food Category 

I Carbonated Beverages 

Meal Replacements 

broposed Food 

2.0 

2.0 

Chewing Gum 

I brackers and Crispbreads I 2.0 I 

Ready-to-Eat Cereals 2.0 
Chewing Gum 1 .o 

beverages and Beverage Bases 

kea, Read-to-Drink I 0.6 I 
I I I I 

breakfast Cereals bnstant and Regular Hot Cereals I 2.0 I 
I I I I 
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Dairy Product Analogs Imitation Milks 2.0 

Egg Products Liquid, Frozen or Dried Egg Substitutes 2.0 
Soy Milks 1.5 

Fats and Oils Margarine-like Spreads 1.5 
Salad Dressings 1.5 

.%. .- 

Infant and Toddler Foods* 1 .o 
Foods 

Milk Products Dry Milk 3 .O 

Fermented Milk Beverages 0.6 
Flavored Milk and Milk Drinks 3.0 
Milk-Based Meal Replacements 3.0 
Yogurt 3.0 

Junior, Strained and Toddler-Type Baby 

Letter to FDA 
August 12,2009 
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Processed Fruits and Fruit Juices 

Soft Candy 

Energy, Sport and Isotonic Drinks 2.0 
Fruit-Flavored Drinks 2.0 
Fruit Juice 2.0 
Nectars 2.0 
Vegetable Juice 2.0 
Chewy and Nougat Candy 1 .o 
Fruit Snacks 1 .o 

/Frozen Dairy Desserts and Mixes brozen Yogurt I 1 .o 
IGravies and Sauces komato Based Sauces I 0.3 
bard Candy bard Candy I 1 .o 

lSoups and Soup Mixes banned Soups I 0.6 

'RACC Reference amounts customarily consumed per eating occasion (2 1 CFR 8 101.12). 
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 levels same as GRN 000140. 
* Does not include infant formula. 
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Section IV 

Basis for Notifier’s Claim 

IOSA has determined that Hi FiFM Lutein is Generally Recognized as Safe based on 
scientific procedures. IOSA is supported in this determination by the findings of two scientific 
panels. 

In June of 2006, the status of the IOSA Hi FiFM Lutein was reviewed by a panel of scientists 
(the 2006 Panel) assembled by AAC Consulting Group of Kendle International. The expert panel 
was comprised of three noted toxicologists with expertise in food safety and lutein production. The 
Panel reviewed the information and the available toxicology literature on lutein and lutein 
derivatives. Based on this information, the Panel issued an Expert Panel Statement, “Determination 
Of The GRAS Status Of Hi F i r  Crystalline Lutein for Addition To Select Specified Foods” in 
which it 

determined by scientific procedures that addition of H i  F i r  Lutein, 
meeting the specifications cited above and manufactured accordance 
with current good manufacturing practice, is generally recognized as 
safe (GRAS) under the conditions of intended use in foods and 
medical foods, as specified herein.5 

In preparation for submitting this Notice, IOSA assembled a second6 expert panel (the 
“2008 Panel”) to review any relevant additions to the public literature that had been published 
after the 2006 Expert Panel Statement. The 2008 Panel concluded that the 

studies published over the last two years also do not affect the 
previous GRAS determination of the safety of lutein for use in 
food categories specified in the previous self affirmed GRAS 
determination of lutein by IOSA.7 

Thus, our GRAS determination is supported by the Statement of the 2006 Expert Panel and the 
concurring Statement of the 2008 Panel. 

A copy of the 2006 Expert Panel Statement is attached as Appendix I. While the Expert 5 

Statement includes the use of crystalline lutein as a component of “medical foods” within the 
parameters of its opinion, the Notifier has no intent to market the crystalline lutein for this 
application and does not include it in the applications specified herein. 

Consulting Group who conducted the 2006 Panel. 

October 24, 2008. A copy of this statement is attached as Appendix 11. 

The 2008 Panel was coordinated by EAS Consulting Group, the successor to the AAC 

Review of safety studies of lutein (2006 -present) for  GRAS update, John Thomas et al., 

6 

7 

%”’. - 
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Appendix I 

Determination of The GRAS Status Of Hi F i r  Crystalline Lutein for 
Addition To Select Specified Foods 

k . 



EXPERT PANEL STATEMENT 

DETERMINATION OF THE G U S  STATUS OF Hi Fitx  CRYSTALLINE LUTEIN 
FOR ADDITION TO SELECT SPECIFIED FOODS 

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 10 evaluate the safety of ibod and food ingredients, was requested by Industrial 
arganica S.A de C.V. (JOSA),, to determine the Generally R e c o w e d  as Safe (GRAS) status of 
crystalline lutein sold its Hi Film‘ Lutein for use as an ingredient for direct addition to select 
specified foods. A comprehensive search of the scientific literature for safety and toxicity 
information on lutein was conducted through February 2006 and made available to the Expert 
Panel. The Expert Panel independently evaluated materials submitted by IOSA and other 
materiaIs deemed appropriate or necessary. Following independent, critical evaluation, thc 
Expert Panel conferred and un;illimously agreed to the decision described herein. 

Identity and Composition 

Efi F i r  Lutein (common or usual name lutein) is a purified crystalline extract from the marigold 
(magerm erectq? flower. Hi FiIm* Lutein typically contains approximately 8040% by weight 
total carotenoids, with about 90% as lutein. The chemical and physical characteristics of lutein 
and zeaxanthin are derailed in Table 1. 

Table 1 
1 . . I , ,x,“ 

Chemical and Physicaf Characteristics of Lutein and Zeaxanthin 

all-tr;lns-(+)-xanthophyUs; Iutein 

The structural formulas of lutein and zeaxanthin are presented in Figures 1 and 2. 

Figure 1 Shvctural Formula of Lutein 



%..- 
Figure 2 SttucturaI Formula of Zeaxanthin 

1 (YO dry weight) (% dry weight) I + 
I Water 1 5 1  .a I I 1  .o 1 

I "--11111-1 

100 

other carotenoids analyzed by KeLC 
'Analysis does not include other carotenoids; likely reason for difference 

Specifrcation of Hi Fil TMCrystalline Lutein 

Crystalline lutein has been the subject o f  a prior GRAS notification to ]FDA by Kemin Foods. 
FDA replied with its "no question" letter on June 14, 2004 to GRN 000140. Therefox, 
comparisons of the Hi Piin' Lutein product and the notified Kemin's FloraGLO@ product are 
made in this GRAS determination fox the purposes of showing the substantial equivalence oCthe 
two products and the direct applicability of the FDA acceptance of CRN 000140 to IOSA's Hi 
Fita' Lutein product for specified foods. 

The specifications of Hi F f  Lutein are given in Table 3 and compared to Kernin's FlaraGLO@ 
Lutein in the table below. This table shows that the specifications for the two lutein products are 
nearly identical, with Hi Film' Lutein having a lower hexane specification as the only notable 
difference. Although the total carotenoid specifications are diflerent, the lutein and zeaxanthin 
specifications are the same and both products are derived from marigold flowers, so actual 
products are likely to have same or substantially equivalent total carotenoid composition, despite 
the lower manufacturing specification set by Kernin on total carotenoids. 

.. u ' 2 



Manufacturing Process, 

Th Hi F f '  Lutein product is manufactwed in accordance with current good manufacturing 
practice at IOSA's Monterrey MQico plant. The Hi Film Lutein process starts with marigold 
(Tagetes erecta) oleoresin as the raw material. The oleoresin material is obtained by hexane 
extraction of dried marigold flower petals, A process diagram for Hi Film Lutein product 
manufacture is presented in Figure 3. 

The purification PXQCW starts by treating the marigold oleoresin with diluted alkali solution, 
followed by diluted acid solutions to eliminate impurities and to remove unwanted fatty acids, 
waxes, gums and other plant materials eorn the oleoresin. Then the oleoresin is saponified using 
potassium hydroxide and water with mixing under controlled temperature to frec the 
xanthophylls. The saponified mius is diluted with water, pH adjusted and the water is used to 
wash away salts and other water soluble impurities. Lutein concentrate is extracted with hexane 
to fiuther remove unwanted components, The solvent is separated by filtration, decanting and 
centrifugation. Lutein crystals are then treated under high vacuum and temperature evaporation 
to remove remainiag solvent. Lutein crystals are filtered and dried to remove water and screened 
to collect the lutein crystal product of appropriate size. The final crystalline lutein product is 
packed under high vacuum and inert nitrogen atmosphere in food-grade plastic pouches. 



a, Figure 3. 
Manufacturing Process Diagram 

Water 

Hexane 

Heat 

Unwanted 
Acid solutions components 

Unwanted 
components 

Unwanted 
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Water 
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Nitrogen Vacuum 
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Pronosed Use and Intake/Exaosure to Lutein 

The: Hi Film' Lutein product i s  intended for use in the same foods and levels of addition as 
notified by Kernin Foods for the FloraCLO@ Crystalline Lutein in GRN 000140. The proposed 
food uses are as a food ingredient, as a dietary source of !utein aid zeaxanthin, in foods such as 
baked goods and baking mixes, beverages and beverage bases, breakfast cereals, chewing gum, 
dairy product analogs, egg products, fats and ails, frozen dairy desserts arid mixes, gravies and 
sauces, hard candy, infant and toddler foods (other than infant foimula), rnilk products, 
processed h i t s  and h i t  juices, soft candy, and soups and soup mixes. The intended food uses 
and use levels are presented in Table 4 on the next pnge. The application o f  lutein to the same 
foods and at the same levels as those in ERN 000140 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. 

The dietary analysis below was presented by Kernin in GRN 000140 and was not questioned by 
FDA in their response letter o f  June 14, 2004. "Lutein and zeaxanthin are among th:: most  
prevalent carotenoids in the North American diet (IOM, 2000), occurring in high concentrations 
in green leafy vegetables, such as spinach and kale (Khachik et al,, 1995; Omaye et u1, 1997), 
and in chicken egg yolks (Handelman et al., 1999). In the US., the average daily intake of lutein 
and zeaxanthin from plant sources is estimated to range from 2 to 4 mg. In addition to their 
natural occunence in various foods, lutein and zeaxanthin are available as dietary supplements 
(IOM, 2000); however, there are no consumption data from which to reliably estimate the intake 
of lutein and zeaxanthin by supplement users. Market share data indicate that lutein use in 
dietary supplements occurs predominantly in multi-vitamin type supplements." 

"The consumption of FloraGLO@ Crystalline Lutein, lutein and zeaxanthin, from all proposed 
food-uses of FloraGLO* CrystaIline Lutein, was estimated using the United States Department 
of Agriculture's (USDA) 1994-1996 Continuing Survey of Food Intakes by hdividuals (CSPFI 
1994-1996) and the 1948 ~~~~1~~~~~~~~ Children's Survey (CSFII 1998) (USDA, 2000). On an 
all-user basis, the niean and 9Q''t ~ ~ r ~ ~ ~ ~ j l ~  intakes of FbrziGLO@ Crystalline Lutein by the total 
U.S. population from all proposed food-uses of MoraGLO@ were estimated to be 9.6 
mg/persadday (0.18 m&g body weighvday) and 17.6 mg/persodday (0.37 mgkg body 
weighb'day), respectively. Based on the composition of FloraGLO@ Crystalline Lutein as 76% 
lutein and 7% zeaxanthin, 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 mgkg body weighuday} 
and 0.7 mglpersodday (0.01 mg/kg body weightfday), respectiveIy. 90th Percentile alI-user 
intakes of lutein and zeaxanthin were 13.4 mgt'persodday (0.28 m g k g  body weight'day) and 1.2 
ma' persodday (0.03 m@g body weighdday), respectively." 

Given that the Hi Film' Lutein product is substantially equivalent in composition and is intended 
€or use in the same foods and levels of addition as notified by Kemin Foods for the FlwaGLO* 
Crystalhe Lutein in GRN 000140, the estimates of intake for the FloraGLO' crystalline lutein 
are considered to be the same for Hi Film' Lutein and would not be additive to FloraC?LO@ 
crystalline lutein, particularly because market use in foods is competitive m d  current use is 
predominantly in multi-vi tamin supplements. 

5 
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trable 4.Summary of the Xndivldusl Proposed Food-Uses for Hi Fiil TM Lutein 
-I 

ood C d q o r y  ropased Food 

akd Goods and Baking Mixes ' i 
! 

-1 

evcrages and Beverage Bases 

" ___- 

reakfast Cereals '@tam and Regular Hot Cereals 

airy Product Analogs mitation Milks 2.0 
i .5 

---.-I 
Sou Milks 

!Em Products Liquid, Frozen or Dried ERE Substitutes 2.0 i 

I 0.6 J -___ -"- oups and Soup Mixes 
K%CC Reference amounts cusrofnrtrily consumed per eating occasion (21 GFR fJ 10 1,12). 

When a range of use-levels (%) is reported for a proposed food use, particular foods within that 
food-use may diffcr with respect to their M C C .  Uscv listed and levels same as GRN 000140. 
+Does not include infant fornula. 

banned Soups 



Safetv Studies 

Background 
Ji GlW U00140, studies on lutein in the literature and on FIoraGLO@ Crystalline Lutein were 
presented which supported the safety of crystalline lutein. The FDA did not question the 
acceptability and suitability of these studies to establish the safety of crystalline lutein for the 
proposed food uses. Because the Hi Film Lutein product is substantially equivalent in 
composition to the crystalhe lutein product that was the subject of GRN 000140, these studies 
can be utilized for safety asscssmcnt of the crystalline lutcin that is thc subject of thls 
notification. 

“The safety of FloraGLO@ Crystalline Lutein has been established in toxicological studies in rats, 
mutagenicity studies conducted with Salmonella typhimuvium, and is further supported by 
intervention studies conducted with healthy subjects designed to measure metabolic endpoints. 
The safety ofFloraGLO@ Crystalline Lutein is also corroborated by additional animal and human 
studies conducted with other sources of lutein, lutein-rich foods, and lutein supplements. h 
addition, the safety of lutein and zeaxanthin is well established in the literature based on the 
historical consumption of eggs and h i t s  and vegetables where these carotenoids predominate 
(e& green leafy vegetables, such as spinach and kale). Lutein is the major xanthophyll found in 
human senm, with smaller amounts of zeaxanthin and cry-ptoxanthin also present (Williams ei 
a]., 1998;; Boileau e& al,, 1999). Lutein is also present in breast milk (Gossage et al., ZOOZ), and, 
together with zeaxanthin, are the only carotenoids found in the macular region of the human 
retina (Bane et al., 1985, 1988, 1993; Omaye et al., 1997). In general, carotenoids in foods are 
not known to be toxic, even when ingested in large amounts (e.g., >30 rng carotenoids) (Olson, 
1996;Omaye el al., 1997).” 

“The safety o f  lutein and zeaxanthin was addressed by the hstitute of Medicine (IOM, 2000) 
following a review of the availablc data regarding @-carotene and other carotenoids. The IOM 
concluded that no adverse effects, other than carotenodermia, have been reported from the 
consumption of carotenoids, including Iutein and zeaxanthin, in foods. Carotenodermia, 
characterized by a yellowish discoloration of the skin, is a harmless and reversiblt: bioIogical 
effect of high carotenoid intake (IOM, 2000). No tolerable upper intake levels were established 
for lutein OT zeaxanthin, or foT any other carotenoid, (&carotene, a-carotene, lycopene, and 8- 
cryptoxanthin) considered by the IOM (2000).” 

Studies of Absorption and Bioavaitability 
“As fat-soluble compounds, lutein and zeaxanthin generally follow the same digestion and 
intestinal absorption pathways as dietary fat (Bendich, 1988; Fun and Clark, 1997; Boileau et 
al., 1999; van den Berg, 1999). Incorporation into mixed bile salt micelIes in the small intestine 
i s  required for mucosal uptake in the mterocyte and transport to the lymphatic mdt’0~ portal 
circulation (Furr and Clark, 1997; Boileau et ai,, 1999; van den Berg, 1999). Dietary factors 
potentially affecting thc degree of absorption of lutein and zeaxanthin following ingestion (‘Le. 
factors affecting the bioavailabiiity of lutein and zeaxanthin) include interactions with other 
carotenoids and/or other nutrients, the associatian with and digestibility of the food matrix and 
the isomeric form of the carotenoids (czs yersus trans). Absorbed lutein and zeaxanthin are 
incorporated into chylomicrons, and are ap?roximately evenly distributed between high-density 
lipoprotein (HDL) md low-density lipoprotein (LDL) in the circulation (Olson, 1996; Fun and 
Clark, 1997; Goulinet and Chapman, 1997). Distribution to extra-hepatic tissue purportedly 



occurs via the interaction of lipoprotein particks (e,g,, HDL, LDL) with receptors, md 
degracation of lipoproteins by extra- hepatic enzymes (eg., lipoprotein lipase) (Boilem et a/,, 
1999). A specific xanthophylf-binding protein (XBP} isolated from solubilized carotenoid-rich 
mexbrane extracts from human macula has been demonstrated to mediate the uptake of lutein 
and zeaxanthin f b m  the bloodstnwn (Yemelyanov el al., 2001).” 

“Intervention trials conducted with FloraGLO’ Crystalline Lutcin havc demonstrated that, 
foIlowing its ingestion, lutein and zeaxanthin are absorbed intact in healthy human subjects, as 
evidenced by increased plasma levels (Kostic et al. 1995; CastenmiIler et ai., 1999; van het Hof 
et ai., 1999; Schalch et ai., 2001). l[n comparison with plant sowccs of lutein, the bioavailability 
of lutein fiom FloraGLO@ Crystalline Lutein (incorporated in the diet as a suspension in oil 
added to salad dressing) i s  reported to be approximately 30 to 50% greater (Castemitter et ai., 
1999; van het Hof et al., 1999). However, considering that lutein &am egg yolks is more 
bioavailable than lutein from vegekabble sources (Johnson and Mayer, 2003), the increase in 
bioavailabiiity of lutein from FloraGLO* Crystalline Lutein compared with al l  foods (i.e. fruits, 
vegetables, and eggs) may be less than that reported by van het Hof et ai. (1999) and 
Castenniiller et al. (1999). The mean intake of lutein provided by the intended uses of 
FloraGLO@ Crystalline Lutein is approximately 2.5 times greater than background {assuming 
background intake of 3 mg luteidday); however, considering bioavailability differences 
(Castenmiller et aL, 1999; van het Hof et al,, 1999; Joohnson and Mayer, 2003), systemic 
exposure may be expected to increase to approximately 4 times above background.” 

“Metabolic intervention studies have indicated that cam terioid interactions may occur at the 
metabolic level (e.g., the absorption of both P-carotene and lutein have been demonstrated to be 
reduced following simultaneous ingestion); however, FloraGLO@ Crystalline Lutein is not  
expected to have a negative impact on totaI carotenoid balance due to the low intake levels o f  
lutein provided under the intended conditions of use. Taken together, intervention studies 
indicate that lutein and zeaxanthin are effectively absorbed from FIoraGLCP Crystalline Lutein, 
that lutein is more bioavailabk &om FloraGLO@ Crystalline Lutein as a supplement compared 
with fruits and vegetables, aad that lutein and zeaxanthin &om FloraGL@’Crystaltine Lutein are 
not expected to adversely affect carotenoid balance under the intended conditions of use.” 

A s  noted above, the absorption and bioavailability of the Hi Fii”‘ Lutein product is considered 
substantially equivalent in composition to the FloraGLO@ Crystalline Lutein product, so the 
absorption and bioavailability would be the same for both products. 

Toxicological Studies 
The toxicological evaluation conducted for GRiV 000140 is considered directly applicable to 
HiFilm Lutein due to their nearly identical composition. In GI@? 000140, the “Expert Pane1 
reviewed toxicological studies conducted with FiooraGLO@ Crystalline Lutein, as well as safety 
studies of lutein and zeaxanthin, in general, from other sources (e.g., marigold extracts). Based 
on bioavailability studies reporting up to 43% absorption, and measured tiswit: and/or plasma 
levels of lutein and/or zeaxanthn, these studies have demonstrated that each of lutein and 
zeaxanthin (from FloraGLO* Crystalline Lutein or as an extract from marigold) are effectively 
absorbed from the diet in mice, rats, cats, dogs, and monkeys, supporting the suitability of these 
experimental animals as appropriate models for the study of lutein and zeaxanthin absorption and 
safety in humans pa rk  e? al., 1998; Jewel1 and O’Brien, 1999; Jenkins et a!., 2000; Kim et ai., 



2000 a,b; Kruger et at., 2002; Schierle et al.. ZOOZ).” However, of this goup of animal models, 
only primates can concentrate lutein and zeazanthin in the retina. 

“?n 4-week and 13-week toxicological studies conducted with FloraGLO@ Crystalline Lutein, no 
adverse effects were reported in terms of body weight gain, organ weights, feed intake, clinical 
chemistry, or histopathology in Wistnr rats =ger et aL, 2002). Animals were exposed to 
FloraGLO@ Crystalline Lutein in the diet at levels up to 773 mgkg body weighti‘day (delivering 
639 nig lutein plus zeaxmthinkg body weighdday) for 4 weeks, or up to 260 m&g body 
weightlday (delivering 208 rng lutein plus zeaxanthinkg body weigWday) for 13 weeks. The 
no-observed-adverse-effect-levels (NoAELs) for FlomGLO@ Crystailhe Lutein in Wistar rats 
corresponded to the highest doses tested in each toxicology study; 773 mg/kg body weightlday 
following 4 weeks of exposure, and 260 mgkg body weightMay following 13 weeks o f  
exposure. Additional toxicologicd studies conducted with FloraGLO@ Crystalline Lutein, 
ranging in length &am 8 to 12 weeks, have measured feed intake, body weight, o q p  weights, 
and plasma levels of cholesterol and triglycerides (Jenkins et al., 2000; Kim w at., 2000 a,b). No 
adverse effects were reported in male w e d i n g  Fischer 344 rats fiiltuwtng expositr~ to up io 62 1 
rng FIoraGLO* Crystalline Luteidkg body weightfday (31 rng luteidkg bcldy w ~ i ~ i ~ ~ ~ ~ ~  In tlrc 
diet for 8 weeks. Higher dose levels (1,169 and 2,383 mg FiuraC;LO’* Crystafiirie L,uteirdkg 
body weightlday) resulted in increased body weights (preswnabIy due to an increase in caloric 
intake), increased plasma levels of triglycerides and cholesterol, and decreased relative lung and 
brain weights (2,383 mg FloraGLO’ Crystalline Luteinlkg body weighht‘day dose group only). 
The reported decreased relative organ weights were considered by the Panel not to be treatment- 
related effects, and to be consequential of increased body weights. Furthermore, similar chariges 
increased plasma levels of cholesterol and triglycerides, decreased relative organ weights) were 
not reported in toxicolo ‘cal studies of similar or longer duration conducted with higher doses of 
lutein from FloraGLO Crystaihe Lutein (Buser et al,, 1999; Pfannkuch ef al., 2000, 2001; 
Ktuger et ai., 2002>.” 

8 

“The genotoxic potential of FloraGLO@ Crystalline Lutein (10% beadlet formulation, and 
without beadlet) was investigated using the reverse mutation assay (Ames test), conducted with 
Salmonella typhimurium strains TA 1535, TA 97, TA 98, TA 100, and TA 102, with and without 
metabolic activation (S9 fraction from rat liver) (Kruger el ai., 2002). No increase in the number 
of mutant colonies was observed for any of the five tester sbains after treatment with 10% 
beadIet (15.8 to 5,000 pgfplate) or FloraGLO@ Crystailice Lutein (15.8 to 500 pg/plate), 
demonstrating that neither formulation i s  mutagenic in S. tjphimurizim strains. The mutagenic 
potential of lutein fcom dietary sources {extracts of hits, vegetables, and marigold) has aIso 
been investigated in vdous studies, indicating that lutein is non-mutagenic in bacterial test 
systems in virrro, and has no ciastogenic activity or DNA damaging effects in mammalian test 
systems in vivo {Yoshikawa et d, 1996; Collins &ai., 1998; Rauscher et a!., 1998).” 

“Additional supportive toxicological st-udies conducted with rodents have investigated the effects 
of dietary exposure to lutein and zeaxanthin, from other sources (eg., niarigald extract), for 2 to 
8 weeks on body weight, feed intake, and organ weights. No changes in body weight gain, feed 
intake, liver weight, or spleen weight, and no external signs oftoxicity were reported in BALBlc 
mice following 2 to 4 wceks of dietary exposure to up to 803 mg luteidkg body weight‘day and 
10.9 rng zeaxanthintkg body weightlday (Chew et ai., 1996; Park el al,, 1998, 1999). Similarly, 
110 changes in body weights, feed intake, or organ weidits were reported in Wistar- rats following 
16 days of dietary exposure to up to 45 rng luteidkg body weightlday (Gradelet et nl., 1996; 



Jewel1 and O’Brien, 1999), md 8 weeks of dietary exposure to 500 mg luteinkg body 
weighti‘day was well tolerated in experimental mice models of athemsclerosis @wyer el‘ al., 
200 1) .” 

“The chronic toxicity of lutein and zeaxanthin (0, 0.2, OT 20 m a g  body weight‘day, source not 
specified) was investigated in Cynomolgus monkeys following daily administration via gavage 
far 52 weeks (Schierle et a!., 2002). No clinical or morphological evidence of treatment-related 
adverse changes were reported, and it was concluded that long-term administration o f  lutein and 
zeaxanthin in Cynomolgus monkeys at dose levels up to 20 m&g bodyweightlday resulted in no 
toxic effects, as evidenced by clinical investigation parameters, necropsy, and histopathology 
(Schierk et a l ,  2002). Specific to ocular toxicity, the Panel discussed ongoing long-term studits 
in monksys administered up to 20 mg lutein and zeaxanthkkg body weightlday and evaluated 
abstracts reporting the results of these studies. No evidence of clinical or morphological toxicity 
to the eyes was reported, and fbrther, no evidence of  crystal formation in the eyes of treated 
monkeys was noted (Schierle et a[., 2002; Wolz et at., 2002), The Panel considered these 
ongoing studies to be corroborative of &e overall safety of FloraGLO’ Crystalline Lutein: and 
supportive of the shorter-term clinical studies (see below).” 

Human Safety Data 
“’In addition to published pivotal animal toxicology studies with FloraGLO’ Crystalline Lutein, 
the Expert Panel considered clinical data from safety/tolerance studies with FloraGLO@ 
CrystaIlbe Lutein, as well as with lutein and zeaxanthin from other dietary sources, to 
corroborate the safety of FloraGLO* Crystalline Lutein. In a 42-day study designed to evaluate 
plasma response to oral lutein administration (FlmaGLO@ Crystalline Lutein formulated as 
beadlets in capsules), healthy volunteers were given capsules delivering either 4 or 20 mg lutein 
daily (8 subjectddose group) (Schalch et ai,, ZOOlj ,  A total of 12 subjects experienced 26 
adverse events, 24 of which were reported not to be related to the study intervention, and 2 o f  
which (mild forms of conjunctivitis and abdominal pain) were unknocvn in their etiology. In 
addition, no clinically relevant abnormalities were reported with reference to laboratory values 
for senun liver enzyme lsvels, total bilirubin, glucose, creatinine, uric acid, calcium, total 
cholesterol, triglycerides, sodium, potassium, total protein, prothrombin time, blood urea 
nitrogen, and blood cell count, Together, these findings demonstrated that exposure to up to 20 
mg lutein from FloraGLO@ Crystalline Lutein in healthy subjects was not associated with 
adverse health effects (Schalch et al., 2001).” 

In a study designed to examine the effect of the food matrix on carotenoid bioavailability, 
Castenmiller et ~ l .  (1999) included a measurement of serum cholesterol and triacylglycerol 
concentrations. Following 3 weeks o f  dietary intervention with 6.6 rng luteinlday fi-om 
FloraGLO@ Crystalline Lutein [suspension in vegetable oil with @-carotene), no significant 
differences were reported camparod with control values, demonstrafing that lutein &om 
FloraCLO@ Crystalline Lutein had no effect on plasma lipid levels in healthy non-smoking, 
norniolipidemic volunteers (Castenmiller el al., 1933). Supporting intervention studies 
conducted with healthy subjects have demonstrated that daily exposure to 15 mg lutein (from 
marigold extract) for up to 6 months results in no adverse side effects, and no changes in serum 
blood lipid levels [individual and total fatty acids, total saturated, monounsaturated, and 
polyunsaturated, total cholesterol, HDL-cholesterol, and LDL cholesterol), or in hematological 
or biochemical parameters (Olmedilla et al., 1997, 2001; Wright el al., 1999; FaIsini et ai., 
2003). Similarly, no changes in blood hemoglobin concentrations, white blood cell levels, or 
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s e m  electrolyte leveIs were reported in healthy subjects following 2 weeks of exposure to I 1 
mg luteidday fkom spinach powder (Muller et nl., 1999), or in patients with camact or age- 
related maculopathy following 13 months of dietay supplementation with capsules containing 
12 mg all-tram-lutein, 13 mg of 13/15-cis-lutein and 3.3 mg vitamin E (Olmedilla et ai., 2002). 
In addition, no evidence of ocular toxicity was noted in a single healthy male volunteer receiving 
20 rng luteidday as an oil suspension prepared from marigold flowers for a total of 3 weeks 
(Khachik et a[,, 1997). Similarly, clinical studies in patients with retinal degenerative diseases 
have reported no losses in visual acuity and no significant changes in foveal vision parameters 
following daily supplementation with up to 20 mg lutein for up to 6 months (Richer, 1999; 
Alernan et al., 2001; Duncan et aL, 2002). Carotenodermia (yellowish discoloration of the skin) 
has been reported in healthy subjects exposed to 15 mg luteidday (&mi mixed ester forms 
extracted &om marigold) for 4 months (Ohedilla et al., 1997, 2002; Granado et al., 1998); 
however, carotenodermia i s  considered a harmless and reversible biological effect of high 
carotenoid intake (ION, 2000), and no signs of its occurrence have been reported in other 
populations (e.g., patients with cataracts or patients with age-related macirlar degeneration) 
following exposure to approximately 25 rng luteidday, 3 timdweek for 13 months (Olmedilla 
et ai., 2001 ), These findings of Khachik et ~l. (1 997), OImedilla et al. (1 997,2002), Granado et 
al. (1998), and Muller ei ai. (1999), indicate that oral exposures to up to 20 mg lutedday do not 
result in any adverse health effects, including retinal damage (e.g., crystal deposition). 

“In addition, studies investigating the relationship of lutein and zeaxanthin to chronic disease 
have reported no adverse relationships between increased serum levels of lutein and zeaxanthin, 
or dietary intake of lutein and zeaxanthin, and eye health fix.) risk of AMI), risk of cataracts) 
(EDCC Study Group, 1993; Seddon et al., 1994; Mares-Perlmm et ai., 1995; Brown et al., 1999; 
Chasan-Tabm et al., 1999; Lyle et al., 1999 arb; Snellen et af., ZOOZ), and nu adverse 
relationships between senun levels of lutein and zeaxanthin and the: risk for subsequent 
myocardial infarction (Street et af., 1994) or the progression of inha-media  thickness of the 
common carotid arteries (Dwyer et ai., 200l).” h a further study, ninety patients with atropfuc 
ARMD received IO rng lutein daily over 12 months. Mean eye macular pigment optical density 
increased and visual fcrnction was improved with lutein aloiie or lutein together with other 
riutrients (Richer et al., 2004)). 

“The Expert Panel considcrcd the rcsults of cIinical studies with @-carotene to be of limited 
relevance to the evaluation of the safety of FloraGLO@ CrystaIIine Lutein. Intervention studies 
conducted wirJl ,&carotene have reported that supplemental @-carotene may enhance lung 
tumorigenesis in cigarette smokers (ATI3C, 1994; Omenn et al., 1996 a,b), potentially via altered 
retinoid signaling (PaoIini et QL, 1999; Wang et ai., 1999). Unlike @-caotene, lutein is a non- 
provitamin A carotenoid, and is not expected to directly alter retinoid signaling. Furthermore, 
the numerous epidemioIogica1 studies conducted with lutein have reported protective effects 
against various forms of cancer (breast, lung, adenocarcinomas of the esophagus, and gastric 
cardia), and have therefore provided no evidence to suggest that exposure to lutein contributes 
towards an enhanced risk of cancer in humans. In addition, toxicology studies conducted with 
FloraGLO@ Crystalline Lutein have reported no adverse toxicological effects, and no mutagenic 
activity of FIoraGLO@ Crystalline Lutein has been reported in yitro or in vivo ” 

P 

Additional Supporting Information on Safety of Lutein 
It is well known that lutein esters are readily degraded in the GI tract by esterase enzymes to 
Iutein and constituent compounds such as palmitate. They are absorbed by the intestinal mucosa! 
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enterocytes as lutein. Thus, GRAS notifications on lutein esters are applicable to the safety 
assessment of lutein as that is the €urn that is present in systemic exposure. Cognis Corporation 
had previously submitted a GRAS Notification to FDA on July 17, 2002 (GRN 0001 19. This 
contained the unanimous concimence from a Panel of qualified experts that Xangold lutein 
esters are GUS, based on their expert evaluation of the scientific literature for addition to 
conventional foods as an ingredient to provide consumers with a supplementary source of lutein 
in their diets. The Panel of independent: qualified experts conducted and extensive review of a l l  
generally available scientific literature for safety and toxicity as well as evaluated a l l  available 
data from dietary consumption of lutein and zeaxanthin. The typicat daily consumption level of 
lurein and zeaxanthin was estimated at 1.35-1.97 mglday. No toxicity from lutein ester 
supplement consumption has been reported and human clinical studies indicate that long-term 
consumption o f  Iutein esters is well tolerated. Seven clinical studies ranging from 84 days to 3 
years have reported that consumption of between 18 and 60 rngday lutein ester equivalents is 
safe (OW 000110). "lit: Expert Parid established a conservative acceptable daily intake of 
Xangold' lutein esters of 40 mglday. 

'6 

No evidence of toxicity or safety concerns was noted by the Panel in their review of af: available 
toxicology and clinical studies. The Expert Pane1 evaluated the proposed use of Xangold' lutein 
esters at specified levels seen in the following foods: baked goods and baking mixes, soy milk, 
beverages and beverage substitutes, fiozen dairy desserts and mixes, processed fruit and 
vegetable products, egg products and egg substitutes, breakfast cereals (ready-to-eat), fats and 
oils, hard candy, hi! snacks and dairy products. They concluded that such use would result in 
art estimated daily ilntake that is below 40 mg/day lutein estam When the Expert Panel evaluated 
the ~ o ~ ~ ~ ~ ~ ~ ~ i ~ ~ ~  of the 90''' percentile lutein ester ~ ~ ~ ~ ~ ~ ~ t ~ ~ ~ i  ievels from foods supplemented 
with XmgAd@ lutein esters, with the !?ath percenth c m m t  ~ ~ ~ s u ~ ~ t ~ ~ n  of lutein esters from 
conventional foods, the estimated daily intake o f  iutein esters &om conventional foods is 22.3 
mgfday. In addition, the potential lutein ester consumption from dietary supplements may add an 
additional maximum intake o f  12 mglday. They also concluded that the maximum potential 
theoretical lutein ester consumption at the 90rh percentile may reach 34.3 rngday and that this 
was a conservative estiniafe since it is highly unlikeIy that an individual would consume lutein 
&om both conventional foods and dietary supplements at the 90' percentile level, Even this 
conservative estimate is well within the Acceptable Daily Intake of 40 mg/day established and 
was deemed to be safe. 

The July 17, 2002 G U S  notification included the supporting data on which this conclusion was 
based. FDA responded to this GRAS notification in a latter dated January 21, 2003 stat ing 
"based on the infomiation provided by Cognis, as well as other information available to FDA, 
the agency has no questions at this time regarding Cognis' conclusion that lutein esters are 
GUS under the intended conditions of use." 

Safe& Assessment of CwsfalIine Lutein 

As noted above, the composition and purity of the Hi Film' Lutein product is considered 
substantially equivalent in composition to the FloraGLO@ Crystalline Lutein product, so the 
animal and human studies reviewed herein are applicable to both prodwts. Subchronic stcdies 
in rats up to 208 mg/kg/day (Kntger et a%, 2002) and chronic studies in Cynomolgus monkeys up 
to 20 mgkdday lutein and zeaxanthin (Schierle et a!., 2002) did not rcsult in my adverse 
effects. Lutein has not shown any genotoxic effects in multiple assays and has shown some 
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“a, #. evidence of a protective effect against cancer, With the exception of a reversible carotenoderrriia 
seen in two studies, human clinical trials have shown no significant adverse effects in subjec? 
taking lutein and zeaxanthin up to 20-25 mg/day for over a year. Therefore, intake of Hi Fii 
Lutein in the diet from specified foods at estimated mean intakes of lutein a d  zeaxanthin of 7.3 
mg/personlday (0.14 mgkg’day) and 0.7 mglpersodday (0.01 mgkdday) respectively, and 90th 
percentile intakes of lutein and zeaxanthin at 13.4 rng‘persodday (0.28 mg/kg/day) and 1.2 mg/ 
persodday (0.03 mglkdday), are not cansidered to pose any safety concerns. 

13 



' .  

'k.i 

CONCLUSION 
Based on a critical evaluation of the pertinent data and inEonnation summarized above, the 
Expert Pane1 members, whose signatures appear below, have individually and colIectively 
determined by scientific procedures that addition of the Lutein 10 CFtrD formulated product, 
meeting the formula for preparation and specifications cited above and manufactured accordance 
with current good manufacturing practice, is generally remgnized as safe (GRkS) under the 
conditions Q€ intended use in foods and medical foods, 8s specified herein, 
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Mar. 23, 06 

Mr. Michael J. O'Flaherty 
Olsson, Frank & Weeda, P.C. 
1400 - 16th St., N.W., Suite 400 
Washington, DC 20036-2220 
Tel: 202/518-6320 

Re. Lutein information 
Fax: 202/234-2686 

Dear Michael, 

We hope you are fine as well as ourselves. 

Enclosed find the following information requested for three different lots of our 
Hi Fil 'TM Lutein crystals: 

Carotenoid composition 
0 Pesticides results 

Please let us know if we can be of further assistance. 

Our best r q g a r d y  

Industrial Organi 
Carlos Torr& 

Industrial Organica, S.A. de C.V. 
Ave. Almazan No. 100 Col. Top0 Chico 64260 Apdo. Postal 1654 Monterrey, N.L., Mexico 
Tel. (81) 83-52-22-90 01-800 926-7000 Fax (81) 83-76-72-14 e-mail: iosaQatt.net.mx 

(b)(6)



Industrial 
Orgdnica 

TEST 

CERTIFICATE OF ANALYSIS 

SPECIFICATION RESULTS 

Product: Hi-Fil85 % LUTEIN crvstal 

Lot NO: 5 30 S-97HF85 Date: September 30,2005. 

Content of total carotenoids (USP) : 

Content of Lutein (USP) : 

Content of Zeaxanthin (USP) : 

Mfg. date: September 2005. Expiration date: September 2006. 

Min. 90.0 YO 91.3 

Min. 75.0 % 84.5 

Max. 8.0 % 5.9 

MSc. # .  
Quality Control 

"S.* 

Industrial Orgdnica, S.A. de C.V. 
Ave. Almazan No. 100 Col. Top0 Chico 64260 Apdo. Postal 1654 Monterrey, N.L., Mexico 
Tel. (81) 83-52-22-90 01-800 926-7000 Fax (81) 83-76-72-14 e-rnail: iosaQatt.net.rnx 

(b)(6)

(b) (6)



iviicroDac LaDoratories, inc. 
K E N T U C K Y  T E S T I N G  L A B O R A T O R Y  D I V I S I O N  
5:1Y:l Gilinorr Intlustrial Blvd. Louhville, W 405 13 502.062.6400 Fax: 502.962.641 1 ' 

Evaiisville, IN 81 2.464.9000 Fcy+fo+ Icy 502.803.1J2.54 9 Paducah,, kY 270,898.3637 

irr 
Chemical, Biofogical, Physical, M+cular, and Toxicologik$ Services 

I , .  

051 1-00082 . i  
Date Reported 12/14/2005 

I Date Due 1.1/23/2005 
INDUSTRIAL ORCANICA 

AVE. ALMAZAN NO. 100 Date Received 11/02/2005 
COL. TOP0 CHIC0 64260 POSTAL Date Sampled 11/01/2005 

f 

MONTERREY, N.L., MX Invoice No. 72249 
Customer ## W03 1 

LUTEIN CAROTENOID CONCENTRATES I .  Customer P.O. CHECK 10191 

Analysis Qualif Result * Unit Method Date Tech 

SEE BELOW 

wp~*p$p."", - I. 
$:$$e: :ba$j::Hf'nL 850/;.LwN.'f@.g3 --i2-* ~ 

[Pesticide Reu'due - CDFA] 
CDFA, CARBAMATE SEE BELOW MG/KG CDFA MRM HPLC 11/3Q/2005 COR 
CDFA, ORGANOCHLORINE SEE BELOW MG/KG CDFA MRM GC/ELCD 11/30/2005 COR 

11/30} 2605 COR CDFA, ORGANOPHOSPHATE SEE BELOW , MG/KG CDFA MRM GCIFPD 
kb 

[Perlieide Resldua - CDFAI 
CDFA, CARBAMATE SEE BELOW MG/KG CDFA MRM HPLC 11/30/2005 COR 
CDFA, ORGANOCHLORINE SEE BELOW MG/KG CDFA MRM GCIELCD 11/30/2005 COR 
CDFA, ORGANOPHOSPHATE SEE BELOW MG/ KG CDFA MRM GC/FPD i2iO7/20QS OST 

COR =ANAL YSISSUBCOMRACTED TQ EllCRO6ACcQRolllA D-UN 
. 057 = ANAL ysUsuBcoMRAcTED TO €NO RNER Ue 

UIVLES!~ OTHERWXS€ NOTED, SAMPLBAREANALYZEDASRE.CElW0. 

RESPECTFULLY SUBMITTED: 
Y 

MCROBAC I;ABORATOMES, INC. 

f o r  any feedback concerning our services, please confact Sean Hyde, the Managing Director at 502.962.6400, or 
Trevor Boyce, President, at tboyce@microbac. cam or Robert Moman, Chief Operating ORcer, at rmorgan@rnicrobac.com. 

(b)(6)

(b) (6)



Page I of15 Microbac Laboratories, Inc. 

LACity #lo159 

CORONA DIVISION 
280 N SMITH STREET 
CORONA CA. 92880 

www.microbac.com e-mail: corona@microbac.com 
(951) 734-9600 FAX (951)734-2803 

C€EWCAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MCROBAC - KENTUCKY DMSION 
PAM ELLIS 
3323 GILMORE INDUSTRIAL BLVD. 
LOUISVILLEJCY 40213 
M2-962.6400 FAX; 502-962-6411 

LUTEIN CONC- AZTEC MARIGOLD 

11/30/2005 Date Reported 
Date Received 11/3/2005 

Invoice No. 29161 
CUSt# 9005 
Permit Number 
Customer P.O. 

Order Number 051 1-00049 

Analysis Result Units DLR Date Tech lMethod 

[FDA BJENDEC MRM] 

I w A T E s I  
ALDICARB SULFONE 

ALblcARB S U m D E  

ALDICARB @EMIK) 

CARBARR (SMN) 

CARBONRAN (FURADAN) 

MHH1OGW.O (MESUROL) 

METHOMYL (LANNATE) 

o w n  (WDATEI 

PROPONR (EAYGON) 

3-HM)ROxICARBoRIRAN 

[ORGANCXHLWNW 

A W L O R  ( N O )  

-(m 
ANILAZINE (DYRENE) 

ATRAZINE 

BENEFIN (BALAN/BENFLURAUN) 

BHC ALPHA WER 

BHC BETA ISOMER 

BHC DELTA W M E R  

BHC GAMMA ISOMER (UNDANE) 

BIFENOX (MOWDOWN) 

BIFENrHFUN 

EROMAUL 

BROMOPROWLATE 

“TAFOL (DIMLATAN) 

W A N  (ORTHWDE) 

CHLORDANE (OCTACHLOR) 

~ O R D I N W R M  

<0.050 

<0.050 

<0.050 

<0.050 

co.100 

~ 0 . 0 2 6  

c0.050 

<0.050 

<0.050 

<0.050 

co.050 

<0.005 

<0,125 

4 . 0 5 0  

<0.012 

ca.005 

Ca.005 

<0.005 

<0.005 

<a.ozs 
co.125 

<0.250 

a 0 2 5  

CO.l2!j 

4.250 

~ 0 . 0 6 2  

<o.m 

MG/KG 

MG/KG 

HGlKG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MWKG 

MGII(G 
W K G  

MGlKG 

MWKG 

MWKG 

MGKG 

MGlKG 

MWKG 

MYKG 

MG/KG 

MG/KG 

MUKG 

MGKG 

MWKG 

0.050 

0.050 

0.050 

0.050 

0.100 

0.026 

0.050 

0.050 

0.050 

0.050 

0.050 

0.005 

0.125 

0.050 

0.012 

0.005 

0.005 

0.ws 
0.005 

0.025 

0.125 

0.250 

0.025 

0.125 

0.250 

0.062 

0.1w 

11/10/2WS 

11/10/2005 

l l / l0 /2w5 

11/10/2005 

ll/l0/2005 

11/10/2W5 

11/10/2005 

11/10/2005 

11/10/2005 

ll/l0/2WS 

11/10/2005 

li/lO/2WS 

ll/10/2W5 

l l / l O / Z W 5  

ll/lO/ZW5 

11/10/2W5 

ir/io/zm5 
ll/10/2M5 

11/10/2W5 

l l / l0 /2w5 

ll/lO/ZW5 

ll/l0/2WS 

11/10/2m 

11/10/2005 

11/10/2W5 

11/10/2005 

11/10/2005 

llflO/ZWS 

11/10/2005 

11/10/2005 

rn 
TRS 

m 
TR5 

TPS 

m 
m 
rn 
TRS 

m 
TRS 

TRS 

AW 

AW 

A W  

AW 

AW 

AW 

A W  

AW 

A W  

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 



Microbac Laboratories, Inc. 
CORONA DMSION 
280 N SMITH STREET 
CORONA CA, 92880 

www.microbac.com e-mail: corona@nucrobac.com 
(95 1) 734-9600 FAX (951)734-2803 

h g e L o t - 1 5  

LA City #lo159 
DHS if2122 

I CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DMSION 

3323 GILMORE INDUSTRIAL BLVD. 
LOWlSVILLE,KY 402 13 
502-%E6400 FAX: 502-962-6411 

LUTEIN CONC- AZTEC MARIGOLD 

Date Reported 11/30/2005 
Date Received 11/3/2005 
Order Number 0511-00049 
Invoice No. 29161 
cust # 9005 
Permit Number 
Customer P.O. 

Analysis Result Units DLR Date Tech Method 

. . I  

-. . 
CHLORFWON ( O m  co.125 0.125 AW 

CHLOROBENZUATE ( A I M )  

CHLORONEB (TERRANEB 9) 

CHLOROPROPYLATE 

CHLOROTHALONIL 

MLORPROPHAM (UPC) 

ClANAZINE (BLADq 

LAMBDA CRlAUrmRIN 

CWERMEMRlN (AMMO) 

DCPA ( D A N K )  

DOD, 0,P-ISOMER 

DDD, P,PIsOMER 

ODE, 0 , P W M E R  

ODE, P,PWMER 

mr. O,PISOMCR 

COT, P,P-ISOMER 

DELTAMEMRJN 

DlCnLOBEHlL (CASORON) 

DIMLONE (FHYGON) 

DICHLORAN 

OICLOFOP M€G-M 

DIWFOL (ELTHANE) 

DIELDIUN (OcrAtOx) 

DIMElHACnLOR 

DIURON 

ENDONLFAN I (THIODAN) 

ENDOSULFAN II 

ENoo5uLFAN I l l  ENDOSULFATE 

WORJH (ENDRM) 

.#.500 

co.ox 
co.025 

~0.025 

co.125 

<o.sw 
CO.025 

CO.025 

<0.125 

<0.012 

c0.012 

c0.012 

q0.007 

c0.012 

< o m 7  
<0.012 

<0.125 

c0.012 

CO.125 

c0.012 

co.125 

<0.125 

<0.005 

co.025 

co.1w 

<0.025 

co.025 

co.025 

<0.012 

MYK 
MWKG 

MG/KG 

MG/KG 

M U G  

MGPG 

M W G  

MGBG 

MWKG 

MWKG 

MWKG 

MUKG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MGIKG 

MG/KG 

MG/KG 

MGKG 

MGWG 

MGKG 

MG/UG 

M W G  

MWKG 

MG/KG 

MG/KG 

0 . m  

0.025 

0.025 

0.025 

0.125 

0.500 

0.025 

0.025 

0.125 

0.012 

0.012 

0.012 

0.W7 

0,012 

0.007 

0,012 

0.125 

0.012 

0.125 

0.012 

0.125 

0,125 

0,005 

0,025 

0.100 

0.025 

0.025 

0.025 

0.012 

Ll/lO/2M)5 

ll/lO/2WS 

11/10/2005 

11/10/2W5 

ll/10/2W5 

11/10/2005 

11/10/2005 

ll/lO/ZW5 

11/10/2W5 

11/10/2005 

11/10/2005 

11/10/2W5 

11/10/2005 

Il/l0/2005 

11/10/2005 

11/10/2005 

11/10/2005 

11/10/2005 

1v10Rw5 

11/10/2W5 

11/10/2005 

l1/10/2005 

11/10/2W5 

11/10/2m 

1l/lO/rnS 

ll/10/2005 

ll/l0/2W5 

11/10/2005 

11/10/2W5 

AW 

AW 

AW 

A W  

A W  

A W  

A W  

AW 

AW 

AW 

AW 

AW 

AW 

A W  

AW 

AW 

A W  

AW 

A W  

A W  

A W  

A W  

AW 

A W  

AW 

AW 

AW 

AW 

A W  

(b) (6)



rage 3 or 1 )  Microbac Laboratories, Inc. 

LA City #I0159 

CORONA DlVISION 
280 N SMITH STREET 
CORONA CA, 92880 
(95 1) 734-9600 FAX (951)734-2803 
www.micxobac.com e-mail: corona@microbac.com 

CHEMICAL, BIOLOGlCAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MCROBAC - KENTUCKY DIVISION Date Reported 11/30/2005 
Date Received 11/3/2005 

LOUISVILLE,KY 40213 Invoice No. 29161 
3323 GILMORE INDUSTRIAL BLVD. Order Number 051 1-00049 

cust # 9005 
Permit Number 
Customer P.O. 

502-962-6400 FAX 502-962-6413 

LUTEIN CONC- AZTEC MARIGOLD 
c 

Analysis Result Units lMcthod DLR Date Tech 

ENDRIN ALDEHYDE co,o25 MYKG 0.025 1V10/2W5 AW 

ETACONAZOLE co.125 MWKG 0.125 ll/lW2005 A W  

ITIiALFURAUN (SONALAN) 

EThWAN (PERTHANE) 

FENARIMOL (RUBIGAN) 

e0.012 

co.125 

c 0 . u  

MUKG 

MUKG 

MG/KG 

0.012 11/io/ms A W  

0.125 11/10/2005 A W  

0.125 11/10/2W5 A W  

FENVALERATE (PYMUN) so.125 MGIKG 0.125 11/10/2005 A W  

e0.250 MG/KG 

c0.250 MGIKG 

<0.125 MG/KG 

0.250 11/10/2005 AW 

0.250 11/10/2W5 AW 

0.125 11/10/2oos AW 

RUOMEmON co.250 MG/KG 0.250 11/10/2005 A W  

MLPET (PHALTAN) co.o2!i 

HCE (HMACHLCROENZENE) 20.002 

HEPTACHUWl (DRINOX) e0.002 

MGlKG 

MYKG 

MGWG 

0.025 11/10/2W5 A W  

0.002 tl/lO/ZW5 A W  

0.002 11/10/2W5 A W  

HEPTACWLm EPOXIDE e0.005 MGWG 0.005 1l/10/2W5 AW 

IMAZAUL ~0.012 HGlKG 

IPRODION (R0W.M) <0.500 MGWG 

METHOXYCHLOR (MARJAW co.125 MWKG 

0.012 1410/2005 AW 

0.500 ll/ 10/2005 A W  

0.125 11/10/2005 A W  

METOLAMLOR co.100 M G W  0.100 11/10/2005 AW 

M I R B  

NONOUNURON 

MYCOWTANIL (RALLY) 

4 .025  

<0.300 

co.025 

"JKG 
MGlKG 

MGIKG 

0.025 1 1 / 1 ~ 0 5  A W  

AW 0.300 

0.025 ll/lO/2005 A W  

11/10/2005 

NmOFEN FoK) eo.025 MWKG 0.025 11/10/2005 AW 

NORFLURAZON 

OxnOIAZON (RONSTAR) 

OXYRUORFEN (GOAL) 

< O S 0 0  

co.025 

C M 2 5  

MYKG 

MUKG 

W K G  

0.500 11/10/2005 A W  

0.025 l1/10/2005 AW 

0.025 i1/io/2ws A W  

OxlTnIoN co.125 MGIKG 0.125 11/10/2005 A W  

P€8 (1016) 

Pa (1221) 

PCB (1242) 

co.025 MGIKG 

co.025 M G M  

<0.025 MG/Kc 

AW 

A W  

0.025 11/10/2W5 

ll/lO/ZOOS 0.025 

0.025 11/10/2005 A W  

PCB (1248) <0.025 MGMG 0.025 ll/lO/u)O5 A W  

(b) (6)



r CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 
~ 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DMSION 

3323 GILMORE INDUSTRIAL BLVD. 
LOUISVILLE,KY 402 13 
M2-962- F M  502-962-6411 

LUTE" CONC- AZTEC MAlUGOLD 

Date Reported 11/3012005 
Date Received 11/3/2005 
Order Number 05 1 1-00049 
hvoice No. 29161 
Cust # 9005 
Permit Number 
Customer P.O. 

Analysis Result Uaib Method DLR Date Tech 

<0.025 

co.025 

co.010 

<0.025 

C0.050 

co.125 

dJ.012 

<0.010 

co.250 

<0.125 

cO.OM 

4.025 

c0.500 

<0.500 

co.500 

<O.MO 

<O.MO 

co.075 

c0.012 

<o.azs 

<a025 

CD.500 

<0.025 

<0.050 

<0.050 

<0.025 

<0.025 

~ 0 . 2 5 0  

4 . 2 5 0  

MGlKG 

MGlKG 

MGlKG 

MGMG 

W K G  

MGKG 

MWKG 

MYKG 

MGIKG 

MUKG 

MGIKG 

MG/UG 

MG/KG 

MGlKG 

MG/KG 

M/KG 

MGlKG 

MWKG 

MYKG 

MG/KG 

MGKG 

M W G  

MYKG 

MGIKG 

MWKG 

t4GIUG 

MIKG 

MG/KG 

MGIKG 

0.025 

0.025 

0.010 

0.025 

0.050 

0.125 

0.012 

0.010 

0.250 

0.125 

0.050 

0.04 

0.m 

0.500 

0.500 

0.500 

0.5W 

0.075 

0.012 

0.025 

0.025 

0.500 

0.025 

0.050 

0.050 

0.025 

0.006 

0.250 

0.w) 

11/10/2005 

ii/io/zoos 
ll/lO/2005 

11/10/2005 

11/ LO/ZOOS 

ll/lW2005 

11/1o/m5 

11/10/2005 

ll/lO/2W5 

11/10/2w5 

ll/lO/2W5 

11110/2005 

11/10/2@35 

ll/lO/2WS 

I l/10/2OO5 

llllO/2@35 

111 10I2OO5 

11110/2005 

11/10/2005 

lillO12005 

1U20/ZwS 

11/20/2005 

11/20/2005 

1W.012005 

11/20/2005 

11/20/2005 

11/20/2005 

L1/20/2005 

1l/20/200S 

1y20/2005 

AW 

A W  

AW 

A W  

A W  

AW 

A W  

AW 

AW 

AW 

A W  

A W  

AW 

AW 

A W  

AW 

AW 

AW 

AW 

A W  

AW 

AW 

AW 

AW 

AW 

AW 

A W  

AW 

AW 

AW 

MEMBER 

(b) (6)



Page 5 of 15 Microbac Laboratories, Inc. 

LA City #lo159 

CORONA DIVISION 
280 N SiWTH STREET 
CORONA CA, 92880 
(951) 734-9600 F A X  (951)734-2803 
warm.microbac.com e-mail corona@nicrobac.com 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DMSION 

3323 GILMORE INDUSTRIAL BLVD. 
LOUISVILLE,KY 40213 
502-962-6400 FAX! 502-962-6411 

Date Reported 11/30/2005 
Date Received 11/3/2005 

Invoice No. 29161 
C u t  # 9005 
Permit Number 

Order Number 051 1-00049 

L m l N  CONC- AZTEC MARIGOLD Cwtnrner P.O. 

Analysis Resdt  Units Method DLR Date Tech 

DEMET(3N I (SYrraX) 
DEMETON-S 

<0.250 MG/xG 

eo.025 MG/KG 

0.250 1 YM/2M5 AW 

0.025 ll/M/z05 AW 

D W O N  c0.025 MGKG 0,025 11/20/2MS AW 

DICHLORVOS-DDW (VAPONA) 

OICRO?HC%"DS (BIDRIN) 

~ 0 . 0 2 5  

<0.050 

MGIKG 

MG/KG 

0.02s 11/20/7.005 AW 

0.050 ll/20/2Ws A W  

DIM€IHOATE (CYGON) <0.025 MG/KG 0.025 11/20/2m AW 

OIO)(ATFIION (DELMAV) <0.050 MG/KG 0.0% 11/20/2005 AW 

' OISJLFOTON @I-SmON) 

EPN 

ETHlON 

ETHOPROP ( M W )  

FENAMIPHOS (NEMAWR) 

FENCHLORovos (RONNEL) 

< O . O Z  

c0.075 

co.025 

<O.OZ 

4 . 0 7 5  

C0.125 

0.025 11/20/2005 AW 

0.075 1lno/2oos AW 

0.025 ll/20/2005 AW 

0.025 1420/2005 A W  

0.075 11/20/2005 AW 

0.125 11/20/2MS AW 

F E " I 0 N  (SUMmllON) ~ 0 . 0 2 5  MGJUG 0.025 11/2O/zWS AW 

FEWLFOMION (DEMIT) co.ozs MWKG 

FE"X0N ( R A W  <0.050 MG/UG 

FCNOPHOS (DWNATE) <0.04 MG/KG 

W A N  (PNOSMW <0.250 MGIKG 

<0.005 

<0.050 

4 . 0 2 5  

<0.125 

MGIKG 

MGIKG 

MG/KG 

M G M  

MFTMm R < O . U  MG/KG 

M ~ I D A T H I O N  ( S u p u a o g  <0.050 m/lcG 

M€IHAMIWPH05 (MONITOR) ~ 0 . 0 2 5  MWKG 

MMNPHOS (PHOSMUN) <0.02s MGlKG 

0.025 11/20/2005 AW 

0.050 11/20/2005 AW 

0.025 11/20/205 AW 

0 . z o  11/20/2oos AW 

0.005 iimprns AW 

o.os0 ll/20/2005 AW 

o m  11/20/2005 AW 

0.125 ll/Xu2W5 AW 

0,125 11/20/2005 AW 

0.050 11/20/2005 AVY 

0.025 ii120/2aos AW 

0.025 11/20/2005 AW 

(b) (6)



Page 6 of15 Microbac Laboratories, Inc. 

LA City #I0159 

COKONA DMSION 
280 N SMITH STREET 
CORONA CA, 92880 
(95 1) 734-9600 FAX (951)734-2803 
www.microbac.com e - m d  corona@microbac.com 

CHEMICAL. BIOLOGICAL PHYSICAL MOLECULAR AND TOXCOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DMSION 

3323 GlLMORE INDUSTRIAL BLVD. 
LOUISVILLE,KY 40213 
502.961-WDO FAX: 502-962-6411 

LUTEIN CONC- AZTEC M G O L D  

11/30/2005 Date Reported 
Date Received 11/3/2005 
Order Number 051 1-00049 
Invoice No. 29161 
cust # 9005 
Permit Number 
Customer P.O. 

A M ~ Y S ~ S  Result Units Method DLR Date Tech 

. . .  
L ,  

<0.025 MG/KG 0.025 11/20/2005 AW 

PHORATE (lHlMEq 

PHOSALONE (ZOLONE) 

PHHMPHAMIWN (DIMECRON) 

PIRIMWHOS 

PIRMIPHOS, M E M n  
PRffEFlOPHOS (aR4rnON) 

V# PROPETAMPHOS (ShFROTIN) 

SULFOTEPP 

SULPROFOS (BoLsrAR) 

TERBUFOS (CWFITfR) 

TETRA(HL0RWNPHOS (GARDONA) 

THIONMN @NWHOS) 

TOKUlHION 

TRYYAPHOS (HOSTATHION) 

TRIWLORONATE 

[OKANONrIROGENj 

AMC3RYNE 

ElTERTANoL 

DIPFLENWINE @PA) 

FENPROPATHRIN 

HMAZWON 

LENAUL 

UNURON 

M E T A W M  

METRIWZIN (SENCOR) 

MOUNATE 

F€NDIM€r"JN (PROWL) 

WOMKON 

PROPHAM 

c0.025 

co.100 

CO.125 

c0.025 

co.025 

co.125 

co.025 

co.025 

<0.050 

c0.050 

co.100 

c0.012 

<o.ozs 
c0.075 

co.050 

<0.2 

4 . 0  

e0.s 

< o s  
4.0 

<LO 

c2.0 

< 1.0 

<LO 

4 . 0  

cas 
4.0 

4 . 0  

MGIKG 

MG/KG 

MG/KG 

MG/KG 

MWKG 

MYKG 
M G / K  

MG/KG 

MGKG 

MQKG 

MGJKG 

MWKG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MGKG 

MYKG 

MWKG 

MUKG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MGlKG 

MWKG 

0.025 

0.100 

0.125 

0.025 

0.025 

0.125 

0.025 

0.0x 

0.050 

0.050 

0.100 

0,012 

0.025 

0.075 

0.050 

0.1 

1.0 

0.5 

0.5 

1.0 

2.0 

LO 
1.0 

LO 

1.0 

0.5 

1.0 

1.0 

A W  

AW 

AW 

A W  

aw 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

A W  

AW 

AW 

AW 

A W  

AW 

AW 

AW 

AW 

A W  

AW 

(b) (6)
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Microbac Laboratories, Inc. 
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CORONA CA, 92880 

www.microbac.com e-mail: corona@rmcrobac.com 
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FDA#2030513 
LA City #I0159 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL. ANALYSIS 

MICROBAC - KENTclcKY DMSION 

3323 G W O R E  INDUSTRIAL BLVD. 
LOUISVILLE,KY 40213 
502-962-6400 FAX: 502-9624411 

CERTIFICATE OF ANALYSIS 

Date ,Reponed 11/30/2005 
Date Received 11/3/2005 

Invoice No. 29161 
Cust # 9005 
Permit Number 

Order Number 05 11-00049 

Customer P.O. LUTEIN CONC- AZTEC MARlGOLD 

Analysirl Result Units Method DLR Date Tech 

< 1.0 

COMPLm 

1.0 11/20/2005 AW 

11/9/2005 TRS 

(b) (6)



CERTIFICATE OF ANALYSIS 

TEST 

Product: Hi-Fil8.5 % LUTEIN cq&zl 

Lot NO: 5 26 N-93HF85 Date: November 26,2006. 

Mfg. date: November 2005. Expiration date: November 2006. 

SPECIFICATION RESULTS 

Content of Lutein (USP) : 
- 

1 Content of total carotenoids (USP) : I Min. 90.0 % I 92.0 1 

Min. 75.0 % 84.7 

I Max. I 7.1 I Content of Zeaxanthin CUSP) : 

M.Sc. 
Quality Control 

Industrial Organics, S.A. de C.V. 
Ave. Almazan No. 'I 00 Col. Top0 Chico 64260 Apdo. Postal 1654 Monterrey, N.L., Mexico 
Tel. (81) 83-52-22-90 01 -800 926-7000 Fax (81) 83-76-72-14 e-mail: iosaQatt.net.mx 

(b)(6)
(b) (6)



CERTIFICATE OF ANALYSIS 

SPECIFICATION 

Product: Hi-Fil85 % LUTEIN crytal 

Lot NO: 5 15 D-92HF85 Date: December 15,2006. 

Mfg. date: December 2005. Expiration date: December 2006. 

rnSULTS TEST 

Content of total carotenoids (USP) : 

Content of Lutein (USP) : 

Min. 90.0 Yo 

Min. 75.0 YO 

Content of Zeaxanthin (USP) : Max. 8.0% 6.5 1 

M.Sc.
Quality Control 

Industrial Orgdnica, S.A. de C.V. 
Ave. AlrnazAn No. 100 Col. Top0 Chico 64260 Apdo. Postal 1654 Monterrey, N.L., Mexico 
Tel. (81) 83-52-22-90 01 -800 926-7000 Fax (81) 83-76-72-14 e-mail: iosa@att.net.mx 

(b)(6)
(b) (6)



t 
Chemical, Biological, Physical, Molecular, an I Toxicological Services :; 

CERTIFICATE OF ANA .YSIS 
0601 41063 

INDUSTRIAL OHCANICA Date Reported 02/16/2006 , 02J03l2006 Date Due 
Date Received : 01/25/2006 
Date Sampled I 01/20/2006 COL. TOP0 CHIC0 64260 POSTAL 
InvoiceNo. 1 74919 

"031 
MONTEFW+Y N.L, MX 

Customer # 

I 

AVE. XLiMAZAN NO. 100 

LUTELN CAROTENOID CONCENTRATES Customer P.O. CHECK # 10216 

Analysis Qualif Result Unit . MI hod Date Tech 

Sample: 003 . H I \ I T L ' ~ ~ ~ V ~  LUTE~N /.:so f 
[Pesticlde Rcsiduc - CDFA] , I .: 
CDFA, CARBAMATE SEE ATTACHED MG/KO C 
CDFA, ORGANOCHLORINE SEE AlTACHED MG/KG C 
CDFA, ORGANOPHOSPHATE SEE ATTACHED MG/KG. C . .  

CDFA, CARBAMATE SEE ATTACHED MG/KG C 
CDFA, ORGANOCHLORINE SEE ATTACHED MG/KG, C 
CDFA, ORGANOPHOSPHATE SEE ATTACHED MWKG C 

. .  
, .  . 

UNLESS OTHERWISE NOTED, SAMPLBARZANALYZEDAS R E M D . ' j i ,  
c. ' 

I( HRM HPLC 01/30/2006 ." 05T 

9 MRM GC/?PD 01/30/2006 . OW 
4 MRM GC/ELUJ 01/30/2006 OST 

(b) (6)



I Chemical, Biological, Physical, Molecular, and Toxicological Services 

CERTIFICATE OF ANALYSIS 
INDUSTRIAL ORGANICA 0601 -01 063 Date Reported 02/16/2006 

Date Received 01/25/2006 
0112012006 

LUTEIN CAROTENOID CONCENTRATES 
Date Sampled 

~ 

Analysis Qualif Result Unit Method Date Tech 

RESPECTFULL Y SUBMITTED: L -  @. PA,* 
MICROBAC L4BORATURtES, liVC 

For any feedback concerning our services, please contact Sean Hyde, the Managing Director at 502.962.6400, or 
Trevor Boyce, President, at tboyce@rnicrobac.com or Robert Morgan. Chief Operating OHicer, at rmorgan@rnicmbac.com. 

Page 2 of 2 

(b)(6)

(b) (6)



Page 1 of 13 * Microbac Laboratories, Inc. 

LA City #lo159 

CORONA DIVISION 
280 N SMITH STREET 
CORONA CA, 92880 

www.microbac.com e-mail: corona@microbac.com 
(95 1) 734-9600 FAX (951)734-2803 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION Date Reported 2/6/2006 
Date Received 1/26/2006 

LOUISVILLE,KY 40213 Invoice No. 30128 
3323 GILMORE INDUSTRIAL BLVD. Order Number 060 1-00386 

Cust # 9005 
Permit Number 

LUTEIN Customer P.O. 

502.962-6400 FAX: 502-962-6411 

Analysis Result Units Method DLR Date Tech 

[FDA EXTENDED MRM] 

[CARBAMATES] 

ALDICARB SULFONE 

ALDICARB SULFOXIDE 

ALDICARB (TEMIK) 

CARBARYL (SNIN) 

CARBOFURAN (FURADAN) 

METHIOCARB (MESUROL) 

MEMOMYL (LANNATE) 

OXAMY L (WDATE) 

PROPOXUR (BAYGON) 

3-HYDROXYCARBOFURAN 

[ORGANOCHLORINES] 

ALACHLOR ( W O )  

ALDRIN (ALDRM) 

ANILAZINE (DYRENE) 

ATRAZINE 

EENEFIN (BALAN/BENFLURAUN) 

EHC ALPHA ISOMER 

BHC BFTA ISOMER 

BHC DELTA ISOMER 
BHC GAMMA ISOMER (LINDANE) 

BLFENOX (MOWWWN) 

BIFENTHRIN 

BROMACIL 

BROMOPROPYUTE 
CAPTAFOL (DIFOIATAN) 

CAPTAN (ORTHOCIDE) 

CHLORDANE (OCTACHLOR) 

CHLORDIMEFORM 

~ 0 . 0 5 0  
c0.050 

c0.050 
~0.050 
co.100 
~0.026 

<0.050 

~0.050 

<0.050 
C0.050 

4 .050 

<o.oos 
<0.125 
<0.050 
c0.012 
<0.005 
~0.005 

~0.005 
~0.025  
c0.125 
C0.250 

e0.025 
<0.125 

~0.250 
~ 0 . 0 6 2  

co.100 

e0.005 

MGIKG 

MGIKG 

MGIKG 
MG/KG 

MG/UG 

MG/KG 

MG/KG 

MGIKG 

MGIKG 

MG/KG 

MG/KC 

MWKG 

MG/KG 
Mt/UG 

MGIKG 

MG/UG 

MG/UG 

MG/UG 
ffi/KG 

MG/KG 

MGIKG 
MG/UG 

MG/KG 

MG/KG 

MG/KG 

MG/UG 

MGIKG 

0.050 
0.050 
0.050 
0.050 

0.100 
0.026 
0.050 

0.050 

0.050 
0.050 

0.050 
0.005 
0.125 
0.050 
0.012 
0.005 
0.005 
0.005 
0.005 
0.025 
0.125 
0.250 
0.025 
0.125 
0.250 
0.062 
0.100 

.. 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2066 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2CQ6 
1/30/2006 
1/30/2006 
3/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/20D6 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 

AW 

AW 

AW 

AW 

AW 
AW 

AW 

AVY 

AW 

AW 

AW 

AW 
A W  

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 

AW 
AW 

AW 

(b) (6)
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LA City #lo159 

CORONA DIVISION 
280 N SMITH STREET 
CORONA CA, 92880 

www.microbac.com e-ma& corona@microbac.com 
(95 I )  734-9600 FAX (951)734-2803 

CHEMICAL, BIOLOGICAL PHYSlCAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION 

3323 GILMORE INDUSTRlAL BLVD. 
LOUISVILLE,KY 4021 3 
502-962-6400 FAX: 502-962-6411 

LUTEIN 

Date Reported 2/6/2006 
Date Received 1/26/2006 
Order Number 
Invoice No. 30128 
Cust # 9005 
Permit Number 
Customer P.O. 

0601-00386 

Analysis Result Units Method DLR Date Tech 

..... continual 
CHLORFENSON ( O V q  

CHLOROBENZILATE (AKAR) 

CHLORONER (TERRANEB SP) 

MLOROPROPYIATE 

CHLOROTHALONIL (BRAVO) 

CHLORPROPHAM (CIPC) 

CYANAZlNE (BLADOC) 

CYFLUTHRIN 

LAMBDA CYHALOTHRIN 

CYPERMETHRIN (AMMO) 

DCPA (DACTHAL) 

DOD, 0,P-ISOMER 

ODD, P,P-ISOMER 

ODE, 0,P-ISOMER 

DDE, P,P-ISOMER 

ODT, 0,P-ISOMER 

DDT, P,P-ISOMER 

DELTAMETHRIN 

DICHLOBENIL (C4SORON) 
DICHLONE (PHYGON) 

DICHCORAN (BOTRAN) 

DICLOFOP Ml3HYL 

DlCOML (KELTHANE) 

DIELDRIN (OCTALOX) 

DI METHACHLOR 

DlURON 

ENDOSULFAN I (THIODAN) 

ENDOSULFAN 11 

ENDOSULFAN 111 ENDO-SULFATE 

4.125 

~ 0 . 5 0 0  

<0.025 
<0.025 

c0.025 

~ 0 . 1 2 5  

co.500 

~0.025 

4 .025 
4 . 1 2 5  

c0.012 

c0.012 

c0.012 

~ 0 . 0 0 7  
c0.012 

<0.007 
c0.012 
~0.125 
cD.012 

C0.125 

c0.012 

c0.125 

~0 .125 

~ 0 . 0 0 5  
c0.025 

co.100 
c0.025 

c0.025 

c0.025 

. .  . .  
MG/UG 
MG/UG 
MG/KG 
MGjKG 
MG/UG 
MG/UG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
M W G  
MG/KC 

MG/UG 

MG/KG 

MGIKG 
MG/KG 
MGjKG 
MG/UG 
MG/UG 

MG/UG 
MG/UG 
MGlUG 
MG/UG 
MGfKG 
MG/KG 

MGIKG 
MG/UG 
MG/KG 

. .. 
0.125 

0.500 

0.025 
0.025 
0.025 

0.125 

0.500 

0.025 
0.02s 

0.125 
0.012 

0.012 
0.012 

0.007 
0.012 
0.007 
0.012 
0.125 

0.012 

0.125 

0.012 

0.125 

0.125 

0,005 

0.025 
0.100 

0.025 

0.025 

0.025 

1/30/2006 
1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 
1/30/2006 

I/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 
1/30/2006 

X/30/20W 

1/30/2006 

1/30/2006 
1/30/2006 

1/30/2006 

t/30/2006 

1/30/2006 

1/30/2006 

1/30/2006 
1/30/2006 

1/30/2006 

1/30/2006 

Ai., 

A W  
AW 

A W  

A W  

A W  

AW 

AW 

AW 

A W  

AW 
AW 

AW 
AW 

A W  

A W  

A W  

A W  

A W  

AW 

AW 

A W  

A W  

A W  
A W  

A W  

AVY 

A W  

AW 

(b) (6)
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@ Microbac Laboratories, Inc. 

LA City#l0159 

CORONA DlVlSlON 
280 N SMITH STREET 
CORONA CA, 92880 

www.microbac.com e -mail: corona@rnicrobac. corn 
(951) 734-9600 FAX (95 1)734-2803 

CHEMICAL, BIOLOGTCAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

MICROBAC - KENTUCKY DIVISION 

3323 GILMORE INDUSTRIAL BLVD. 
LOUISVILLE,KY 4021 3 
502-962-6400 FAX: 502-962-6411 

LUTElN 

CERTIFICATE OF ANALYSIS 

Date Reported 2/6/2006 
Dare Received 1/26/2004 

Invoice No. 30128 
Cust i# 9005 
Permit Number 
Customer P.O. 

Order Number 0601-00386 

Ana Iysis Result Units Method DLR Date Tech 

..:..conGued 
ENDRIN (ENDREX) 

ENDRIN ALDEHYOE 
ETACOWOLE 

€WALFURAUN (SONALAN) 

ETHYLAN (PERTHAN€) 

FENARlMOL (RUBIGAN) 
FENVALERATE (WDRIN) 
FIAMPROP-ISOPROPYL 

FIAMPROP-METHYL. 
FLUCHLORAUN (BASAUN) 

FLUOMETRON 
FOLPET (PHALTAN) 

HCB (HMACHLOROBENENE) 

HEPTACHLOR (DRINOX) 

HEPTACHLOR EPOXIDE 

IMAZAUL 
IPRODION (ROVRAL) 

MnHOXYCHLOR (MARLATE) 
METOLACHLOR 
MIREX 
MONOLINURON 

MYCOWANIL (RALLY) 
NITROFEN (TOK) 
NORFLU W O N  

OXADIAZON (RONSTAR) 

OWFLUORFEN (GOAL) 
OXYTHION 

pca (101s) 
pca (1221) 

c0.012 
<0.025 
ca.m 
C0.012 

C0.125 
e0.125 
4 . 1 2 5  
~0.250 
4.250 
c0.125 
e0.250 
4.025  
c0.002 
a002 
~0.005 
<0,012 
<0.500 
<0.125 
<0.100 

e0.025 
<0.3W 
~0.025 
<0.025 
<0.500 
e0.025 

~0.025 
~0.125 
<o.m 
<0.025 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGJKG 
MG/KG 
MG/UG 
MGIKG 
MG/KG 
MYKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 
MGIKG 
MUKG 
MG/KC 
MG/KG 
MYKG 
MGJKG 
MG/KG 
MG/UG 
MGJKG 
MG f KG 
MC/KG 
MGPG 

0.012 
0.025 
0.125 
0.012 
0.125 
0 I125 
0.125 
0.250 
0.250 
0.125 
0.250 
0.025 
0.002 
0.002 
0.005 
0.012 
0.500 
0.125 
0.100 

0.025 
0.300 
0.025 
0.025 
0.500 
0.025 
0.025 

0.125 
0.025 
0.025 

.. . .  
, .  - ,  . 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
i/30/2006 
1/30/2006 
1/3/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

AW 
AW 
A W  

AW 
A W  

AW 
A W  

A W  

A W  

A W  

A W  

A W  

A W  

A W  

A W  
AW 

AW 
A W  

AW 
A W  

A W  

AW 
A W  

A W  
AW 
AW 

A W  

A W  

A W  

(b) (6)
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@ Microbac Laboratories, Inc. 

LA City#10159 
CORONA DlVlSION 
280 N SMITH STREET 
CORONA CA, 92880 

wuw.rnicrobac.com e-mail: comna@microbac.com 
(95 1) 734-9600 FAX (95 1)734-2803 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS I 
CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION Date Reported 2/6/2006 
Date Received 1/26/2006 

3323 GILMORE INDUSTRIAL BLVD. 
LOUlSVILLE,KY 40213 Invoice No. 30 I28 

060 ~ 0 0 3 8 6  Order Number 

Cust # 9005 
Permit Number 

LUTEIN Customer P.O. 

502-962-6400 FAX: 502-961-6411 

Analysis Result Units Method DLR Date Tech 

..... c~ntinued , 

PCE (1242) 

K B  (1248) 
* -  PCB (1254) 

PCB (1260) 
PCNB - QUrNTOZENE (AVICOL) 
PCB (1232) 
PERMRnRIN (AMBUSH, POUNCE) 
PROCHLORAZ 
PRORUORAUN (TOLEAN) 
PRONAMlDE (KERB) 
PROPANIL 
PROPICONAZOLE 
SIMAZINE 
SULFALLATE (VEGADM) 
TERBAClL 

TETRADiFON (TEDION) 
THIOBENCARB (BOLERO) 
TOLYFLUANID 
TOXAPHENE (CAMPHECHLOR) 
TRlAOlMfFON (BAYLETON) 
TRIFLURALIN (TREFLW) 
VlNCLOZOLIN (RONILAN) 
[ORGANOPHOSPHATES] 
ACEPHATE (ORTHENE) 
AZINPHOS-METHYL (CUTHION) 

CADUSAFOS (RUGBY) 
CARBOPHENOTHION (TRlTHION) 

CHLORFENVINPHOS (SWPONA) 

CHLORPYRIFOS (DURSBAN) 

~ 0 . 0 2 5  
c0.025 

~ 0 . 0 2 5  
<0.025 
<0.010 
20.025 
<0.050 

~ 0 . 1 2 5  
<0.012 
co.010 
c 0.250 
<0.125 
<0.050 

~ 0 . 0 2 5  
<0.500 

co.500 

~ 0 . 5 0 0  

<0.500 
<0.500 

~ 0 . 0 7 5  

eo.012. 

c0.025 

c0.02s 
~0 .500  
<0.025 
e0.050 

~ 0 . 0 5 0  

<0.025 

MGJUG 
MG/KG 
MG/KG 
MG/KG 
MGfKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MWKG 
MWKG 
MG/UG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MGIKG 
MG/KG 
MG/KG 

MG/UG 
MG/KG 
MG/KG 
MG/KG 
MGJKG 
ffi/KG 

0.025 
0.025 

0.025 

0.025 
0.010 

0.025 
0.050 
0.125 
0.012 
0,010 
0.250 
0.125 
0.050 

0.025 
0.500 

0.500 

0.500 
0.500 
0.500 

0.075 

0.012 
0.025 

0.025 

0.500 

0.025 
0.050 

0.050 

0.02s 

1/30/2006 AW 
1/30/2006 AW 
1/30/2006 A W  

1/30/2006 AW 
1/30/2006 AW 
1/30/2006 AW 
1/30/2006 AW 
1/30/2006 AW 
1/30/2006 AW 

AW 1/30/2006 
1/30/2006 AW 
1/30/2006 AW 

A W  1/30/2006 
1/30/2006 A W  

1/30/2006 
1/30/2006 AW 
1/30/2006 AW 

1/30/2006 A W  

AW 

1/30/2006 AW 

1/30/2006 AW 
1/30/2006 AW 
1/30/2006 AW 

1/30/2006 A W  

1/30/2W6 AW 
1/30/2006 A W  

1/30/2006 AW 
1/30/2006 AW 

AW 1/30/2006 
1/30/2006 AW 

(b) (6)
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CORONA DN[SION 
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I CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS I 
MICROBAC - KENTUCKY DIVISION 

3323 GILMORE INDUSTRIAL BLVD. 
LOU ISVLLLE,KY 402 13 
502-9626400 FAX: 502-962-6411 

LUTEIN 

Date Reported 2/6/2006 
Date Received 1 /26RO06 

Invoice No. 30128 
Cust # 9005 
Permit Number 
Customer P.O. 

Order Number 0601-00386 

Analysis Result Units Method DLR Date Tech 

.....continiled 
CHLORPYRIFOS, METHYL 

COUMAPHOS (CO-RAL) 
CROTOXYPHOS (CIODRIN) 
DEM€TON I (SYSrOX) 

DEMETON-5 

DIAZINON 

r 

xr 

DICHLORVOS-DDVP (VAPONA) 

DICROTHOPHOS (BIDRIN) 
DIMETHOATE (CYGON) 

DIOXATHION (DELNAV) 

DISULFOTON (DI-SYSTON) 

EPN 

ETHION 
ETHOPROP (MOCAP) 
FENAMIPHOS (NEMACUR) 

FENCHLOROVOS (RONNEL) 

FENITROTHION (SUMITHION) 

FENSULFOTHION (DASANIT) 

FENTHION (BAYTM) 

FONOPHOS (DYFONATE) 

IMIDAN (PHOSMET) 
ISAZOPHOS (TRIUMPH) 
ISOFENPHOS (OFTANOL) 

MACATHION (CYTHION) 

MERPHOS (TRIBUFOS) 

METASYSTOX R 
METHIDATHION (SUPWIDE) 

METHAMIDOPHOS (MONiTOR) 

MEVINPHOS (PHOSDRIN) 

<0.025 
<0.250 
<0.250 
4 . 2 5 0  
<0.025 
<0.025 

c0.025 

<0.050 

c0.025 
<0.050 

~ 0 . 0 2 5  

~ 0 . 0 2 5  
<0.025 

~ 0 . 0 7 5  

4.125  
<0.025 

<D.025 

~ 0 . 0 2 5  
~ 0 . 2 5 0  
co.005 

co.050 
c0.025 

<0.075 

CD.050 

4 . 1 2 5  
c0.12s 

<0.050 
4 . 0 2 5  
<0.025 

MG/KG 

MG/KG 

MG/KG 

MG/UG 

M W G  
MG/KG 

MGjKG 

MGfUG 

MG/KG 

MYKG 

MGfKG 

MG/KG 

MGlKG 

MG/UG 

MG/ KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/UG 

MG/KG 

MCfUG 

MqKG 

MGJKG 

MG/KG 

MG/KG 

MG/KG 

0.006 
0.250 
0.250 

0.250 

0.025 
0.025 

0.025 
0,050 
0.025 
0.050 
0.025 

0.075 
0.025 
0.025 

0.075 
0.125 
0.025 

0.025 
0.050 
0.025 
0.250 
0.005 

0.050 
0.025 

0.125 
0.125 
0.050 
0.025 
0.025 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
i/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

A W  

AW 

A W  

AW 

AW 
AVY 

AW 
AW 

AW 

A W  

AW 
A W  

AW 
A W  

A W  

AW 
AW 

AW 
A W  

AW 

A W  

A W  

A W  

A W  

AVY 

A W  

A W  

A W  

A W  

(b) (6)



Page 6 of 13 Microbac Laboratories, Inc. 

LA City #IO1 59 
CORONA DIVISION 
280 N SMITH STREET 
CORONA CA, 92880 

www.microbac.com e-mail: corona@microbac.com 
(951) 734-9600 FAX (95 1)734-2803 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 1 
CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVlSlON Date Reported 2/6/2006 
Date Received 1/26/2006 

LOUYSVILLE,KY 40213 Invoice No. 30128 
3323 GlLMORE INDUSTRIAL BLVD. Order Number 060 1-0038 6 

cust # 9005 
Permit Number 

1,UTEIN Customer P.O. 

502-962-6400 FAX: 502-962-6411 

Analysis Result Units Method DLR Date Tech 

NALED (DIBROM) 

&,A" OHETHOATE (FOUMAT) 
PARATHION (ITHYL) 

PARATHION-M€WYL (MaAUDE) 

PHORATE (THIMET) 

PHOSALONE (ZOLONE) 

PHOSPHAMIDON (DIMECRON) 

PlRlMIPHOS 

PIRIMIPHOS, M m Y L  

PROFENOPHOS (CUWICRON) 
PROPETAMPHOS (SAFROll N) 

SULFOTEPP 

SULPR0K)S (BOLSTAR) 

TERBUFOS (COUNTER) 

TETRACHLORVINPHOS (GARWNA) 

THlONAZlN (ZINOPHOS) 

TOKUTHION 

TRlAZAPHOS (HOSTATHION) 

TRlCHLORONATE 

[ORGANONmOGEN] 

AMETRYNE 

BmRTANOL 

DIPHENYLAMINE (DPA) 

FENPROPATnRIN 

HWAZINON 

LENACJL 

UNURON 

M E T A W L  

€0.125 

<0.025 

4 . 0 2 5  

<0.025 

c0.025 

co.100 
<0.125 
e0.025 
<0.025 
<0.125 
~0.025 
~ 0 . 0 2 5  

co.os0 
co.050 
<0.100 
c0.012 
<0.025 
€0.075 
co.os0 

4 . 2  
<1.0 
~ 0 . 5  

C0.S 

c1.0 
c2.0 
<2.0 
4 . 0  

MG/KG 

MGfKG 

MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MCIKG 
MG/KG 

MG/KG 
MG/KG 
MGIUG 

MG/KG 

MG/KG 
MGIUG 
MG/UG 

MG/UG 
MG/I(G 

MG/KG 

MG/KG 
MGIKG 

MG/KG 

MGIKG 
MG/KG 

MG/KG 

MG/KG 

0.125 
0.025 
0.025 
0.025 

0.025 
0.100 
0.125 
0.025 
0.02s 
0.125 
0.025 
0.025 
0.050 
0.050 

0,100 
0.012 

0.025 

0.075 

0.050 

0.2 
1.0 
0.5 
0.5 
1.0 
2.0 
2.0 
1 .o 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2W6 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 

A W  

A W  

AW 
AVY 

AW 
AW 

AW 

A W  

A W  

A W  
AW 

AW 

AW 

AW 

A W  

A W  

AVY 

AW 

AVY 

A W  

AW 

A W  

A W  

A W  

AW 
AW 

AW 
AW 

AW 

(b) (6)
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@ Microbac Laboratories, Inc. 

LA City #IO1 59 

CORONA DIVISION 
280 N SMITH STREET 
CORONA CA. 92880 

www.microbac.com e-&. corona@microbac.com 
(951) 734-9600 FAX (95 1)734-2803 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 1 
CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION 
3323 GILMORE INDUSTRIAL BLVD. 
LOU ISVI LLE.KY 4021 3 
502-962-6400 FAX: 502-962-6411 

LUTEIN 

Date Reported 2/6/2006 
Date Received 1/26/2006 

Invoice No. 30128 
Cust # 9005 
Permit Number 
Customer P.O. 

Order Number 0601-00386 

Analysis Result Units Method DLR Date Tech 

001 L W H  o ~ l t 1 a 6 3 3 0 3 : o r ~ 2 ~ / 0 6 ~  . ,*., .: 
' .: . . r . .  ..... continued ' , _  

MEWBUZIN (SENCOR) 4 . 0  

MOUNATE 4 . 0  

PENDIM E'rHAUN (PROWL) <os 
PROMETON <l.O 
PROPHAM < L O  
QUINOMETHIONATE C l - 0  
LUKE PREP COMPLETE 

1 _ .  
i . . .  .- : 

' I .  

- .  
, .  . . .  . 

MyKG 
MG/KG 

MGfKG 
MG/KG 
MG/KG 
MG/K 

:: . ... . . . .i . . .  , . ., ., 
. /  . * < . . ,  . e ! . . ' . , ' . .  . . . .  . ,  . .  

1 .o i/u)~zooti 
1.0 1/30/2006 
0.5 1/30/2006 

1 .o 1/30/2006 
1.0 1/30/2W6 
1.0 1/30/2006 

1/27/2006 

AW 

A W  

AW 

AW 
A W  

A W  

TRS 

. . .  
L . .  . . . , .  .'. , I , 

,. , . . ... . . .  . .  002 I L m - N  dsOl-l%3-0q4 01124446 ' . ' ' . .  
[FDA EXTENDED MRM] 1/30/2006 AW 

[CARBAMATES] 1/30/2006 A W  
ALOICARB SULFONE q0.050 MG/KG 0.050 1/30/2006 A W  

ALDlCARB SULFOXIDE <0.050 MG/KG 0.050 1/30/2006 AW 

ALDICARB (TEMIK) <0.050 MG/UG 0.050 1/30/2006 AW 

C4RBARYL (SEVIN) <0.050 MG/KG 0.050 1/30/2006 AW 
CARBOFURAN (FURADAN) co.100 MYKG 0.100 1/30/2006 A W  

METHIDCARB (MESUROL) <0.026 MG/KG 0.026 1/30/2006 A W  
METHOMYL (IANNATE) <0.050 MGIKG 0.050 1/30/2006 AW 

PROFOXUR (BAYGON) <0.050 MG/KG 0.050 1/30/2006 A W  
3-HYDROXYCARBOFURAN <o.oso MG/KG 0.050 1/30/2006 AW 

ALACHLOR (LAZO) c0.050 MG/KG 0.050 1/30/2006 AVY 

OXAMYL (WDATE) ~0.050 MG/KG 0.050 1/30/2006 AW 

[ORGANOCHLORINES] 1/30/2006 A W  

ALDRlN (ALDREX) <0.005 MG/KG 0.005 1/30/2006 A W  
ANIWINE (DYRENE) 4.125 MG/KG 0.125 1/30/2006 A W  

ATRAZINE <0.050 MG/KG 0.050 1/30/2006 A W  

BHC ALPHA ISOMER e0.005 MG/KG 0.005 l/30/2006 A W  

BENEFIN (BAlAN/BENFUIRAUN) <0.012 MGIKG 0.012 1/30/2006 A W  

kw. ,  WC B€TA ISOMER <0.005 MG/KG 0.005 1/30/2006 AW 

Thm mu d Infunullon m I s ,  anQ om* acmmub-rflng donmats. rrprcrm only the smpufs)  abed and LE rendmd up00 mndmbn 
that ff 6 no1 lo be repxllwcawholiya n p a  fwachnshp of Omer otuwses vdmout appmral frcm the IabraW. 

MEMBER 

5Jl USOA-EPAWOSH ~ c ~ l l o p  Fma SanmtlOn caulrmp mal ma m o o ~ l  ham and UeseaKh 

(b) (6)
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280 N SMITH STREET 
CORONA CA, 92880 

www.microbac.com e-mad: corona@rmcrobac.com 
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~~~ 

CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

MICROBAC - KENTUCKY DIVISION 

3323 G I L M O E  INDUSTRIAL BLVD. 
LOUISVILLE,KY 40213 
502-962-6400 FAX: 502-962-6411 

LUTElN 

CERTIFICATE OF ANALYSIS 

Date Reported 2/6/2006 
Date Received 1 /26/2006 

Invoice No. 30128 
cust #I( 9005 
Permit Number 
Customer P.O. 

Order Number 060 1-003 86 

~~ ~ 

Analysis Result Units Method DLR Date Tech 
,. . , : . .. . 

, %:'.-,a b , r , ' ,  ' . I %  

.< 

.. . . .. . . -. . ,  - . s, . ., . 
. , . *.. . .... W* LUTEIN 0601-1063~b~ :.. . O1/24/.06 , . .  . .  .' . .. . , ._. . 

. 'e-- . - .... ..... continued 
BHC DELTA ISOMER 
EHC GAMMA ISOMER (LINDANE) 
BIFENOX (MOWDOWN) 
BIFENTHRlN 
EROMACIL 
EROMOPROPYLATE 
CAPTAFOL (DIFOLATAN) 
C4PTAN (ORTHOCIDE) 
CHLORDANE (OCTACHLOR) 
CHLORDIMEFORM 
CHLORFENSON ( O V W  

CHLOROBENZIIATE (AKAR) 
MLORONEB (TERRANE6 SP) 
CHLOROPROPYLATE 
CHLOROTHALO". (BRAVO) 
CHLORPROPHAM (CIPC) 
CYANAZINE (BUDEX) 
CYFLUTHRIN 
LAMBDA CYHALOTHRIN 
CYPERMETHRlN (AMMO) 
K P A  (DACTHAL) 
DDD, 0,P-ISOMER 
ODD, P,P-ISOMER 
DDE, 0,P-ISOMER 

DDE, P,P-ISOMER 

DDT, 0,P-ISOMER 

DOT, P,P-ISOMER 
DELTAMRHFUN 
DiCHLOBENIL (CASORON) 

ya;. 

*0.005 
<0.005 
~ 0 . 0 2 5  
c0.125 
<0.250 
<0.025 
4 . 1 2 5  
~ 0 . 2 5 0  
<0.062 
<0.100 

q0.125 
e0.500 

4.025 
co.025 

4 . 0 2 5  

c0.125 
<0.500 

C0.025 

~ 0 . 0 2 5  
4 . 1 2 5  
c0.012 
c0.012 

c0.012 
~ 0 . 0 0 7  

c0.012 
<0.007 
<o.o12 
~ 0 . 1 2 5  
<0.012 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MWKG 
MG/KG 

MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 

MG/UG 
MG/KG 
MG/KG 
MG/KG 
MG/UG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 
MGlKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 

_ .  
0.005 
0.005 

0.025 
0.125 
0.250 
0.025 
0.125 
0.250 
0.062 
0.100 
0.125 
0.500 
0.025 
0.025 
0.025 

0.125 
0.500 

0.025 
0.025 
0.125 
0.012 
0.012 
0.012 

0.007 
0.012 
0.007 

0.012 

1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
i/3a/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
i / ~ / z o a 6  
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 

I /30/2OO6 
I/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

AW 
AW 
AW 
AW 
AW 

AW 
AW 

AVY 

AW 
AW 

AW 
AW 
AW 
AW 
AVY 

AW 
AW 
A W  

AW 
AW 

AW 
AW 
AW 
A W  

AW 
AW 
AW 
AW 
AW 

(b) (6)
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LA City #lo159 

CORONA DIVISION 
280 N SMITH STREET 
CORONA CA. 92880 
(95 I) 734-9600 
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I CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 

CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION Date Reported 2/6/2006 
Date Received 1I26i2006 

3323 GILMOKE INDUSTRJAL BLVD. 
LOUlSVILLE,KY 40213 Invoice NO. 30128 
502-962-6400 FAX: 502-962-6411 Cust # 9005 

0601-00386 Order Number 

Permit Number 
LUTEIN Customer P.O. 

Analysis Result Units Method DLR Date Tech 
___~  

- .I 
~~~ .. 1 - 

, L . .  
.:- *'.'.*>..---. ,~ ..,, 

L .  . ,. . ' '! .I ' ,  .9 ... I"-., ,,, , , .... . . .  
. .  . .  

' A':.., . . .. , 

.-.I ' 
f.. ., ... . .  % 3 .  

. . .  
w2, LUTEIN 060'~-~o63-oo4.,~1/~f06. .. . . , .  

, , .. ..... continued . , , 

DICHLONE (PHYGON) cO.125 MG/KG 0.125 1/30/2006 AW 

DLCHLORW (BOTRAN) c0.012 MYKG 0.012 1/30/2006 AW 
DICLOFOP METHYL -=0.125 MG/KG 0.125 1/30/2006 AW 

k** DIELDRIN (OCTALOX) 4 . 0 0 5  MG/KG 0.005 1/30/2006 AW 
DICOFOL (KELMANE) C0.125 MG/KG 0.125 l/30/2006 A W  

OIMFTHACHLOR <0.025 MG/KG 0.025 1/30/2006 AW 

DIURON <O.lOO MG/KG 0.100 1/30/2006 AW 

ENWSULFAN I (THIODAN) <0.025 ffi/KG 0.025 1/30/2006 AW 
ENWSULFAN I1 <0.025 MG/KG 0.025 1/30/2006 AW 
ENDOSULFAN 111 ENDO-SULFATE MG/KG 0,025 1/30/2006 AW 

WDRlN (ENDREX) c0.012 MGIKG 0.012 1/30/2006 AW 

ETACONAZOLE ~0.125 MG/KG 0.125 1/30/2006 A W  
€THALNFAUN (SONAIAN) c0.012 MG/KG 0.012 1/30/2006 AVY 

€WYLAN (PERTHANE) 4 l .125  MG/KG 0.125 1/30/2006 AW 

FENARIMOL (RUBIGAN) ~0.125 MGIKG 0.125 1/30/2006 AW 

FIAMPROP-ISOPROPYL 4 . 2 5 0  MG/KG 0.250 1/30/2006 A W  
FLAMPROP-MNYL -4.250 MG/KG 0.250 1/30/2006 AW 
FLUCHLORAUN (BASWN) c0.125 MG/UG 0.125 1/30/2006 AW 

FLUOMETRON <0.250 MWKG 0.250 1/30/2006 AW 

FOLPET (PHALTAN) ~0.025  MG/KG 0.025 1/30/2006 AW 

HCB (HMACHLOROBENZENE) c0.002 MG/KG 0.002 1/30/2006 AW 

HEPTACHLOR (DRINOX) c0.002 MG/KG 0.002 WW006  AW 

ENDRIN ALDEHYDE <0.025 MGIKG 0.025 1/30/2006 AW 

FENVALERATE (WDRIN) ~0,125 MG/KG 0.125 1/30/2006 AW 

HEPTACHLOR EPOXIDE <0.005 MG/KG 0.005 1/30/2006 AW 

IMAZAUL c0.012 MG/KG 0.012 1/30/2006 AW 

IPRODlON (ROVWL) ~0.500 MG/KG 0.500 1/30/2006 A W  

METOLACHLOR co.100 MG/KG 0.100 1/30/2006 AW 
METHOXYCHLOR (MARUTE) c0.125 MG/KG 0.125 1/30/2006 AW 

%" 

lhe d a ~ a n d i n l ~ b n o n m q u d ~ r s c c o m p a n y r n p d a c u m n b ,  reprrse~odytheump*(s)anatyzedand brad~redumnanwA!m MEMBER 
!hat It k mt 10 k rrporduced w W y  or In pK lar adrcmvngor Omerpapcses rvlfhovt wuovd horn dr htoratotv. 

USDA.EPA-NIOSH T S h g  kcd hnlbtlon COnwlUng h M  a d  M i c m b a b p d  Maw and Rcvarrh 

(b) (6)



CHEMICAL, BlOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS 1 
CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION Date Reported 2/6/2006 
Date Received 1/26/2006 

3323 GILMORE INDUSTRIAL BLVD. 
LOUISVILLE,KY 402 13 Invoice No. 30128 
502-962-6400 FAX. 502-962-6411 cust # 9005 

060~ao386 Order Number 

Permit Number 
Customer P.O. LUTEIN 

Analysis Result Units Method DLR Date Tech 
, . . .  . #  _ ,  , . - .  . , . .. 

.. . 
. _ . _ . . .  .. , 002 LUTEIN 0~?-1063-~@dJ&/Q6,  .! . :  ..::., .: . ' , .. ,,L,:,',.:..,., , .-. ' . ,  

. - ,  

, .  . ... , ..... continud : . 
MIREX 

MONOUNURON 
MYCOBmANIL (RALLY) 
NCTROFEN (TOK) 
NORFLUWON 

OXADIAZON (RONSTAR) 
OXYFLUORFEN (GOAL) 
OXCTHION 
PCB (1016) 

*e.. . 

PCB (1221) 
FCB (1242) 
PCB (1248) 
PCB (1254) 
PCE (1260) 
PCNE - QUINTOZENE (AVICOL) 

PCB (1232) 
PERMETHRIN (AMBUSH, POUNCE) 

PRoQ1LORAZ 

PROFLUORAUN (TOLBAN) 

PRONAMIDE (KERB) 
PROPANIL 
PROPKONAZOLE 

SIMAZINE 
SULFALLATE (YEGADEX) 

TERBACIL 
TETRADIFON (TEDION) 
TMIOBENCARB (BOLERO) 
TO LY FLUANID 
TOXAPHENE (CAMPHKHLOR) 

t i 

,. . . . 
. .  . I. -. .. 

c0.02s 
c0.300 

c0.025 
20.025 
<as00 

<0.025 
~0.025 

~ 0 . 0 2 5  
e0.025 
~0.025 
(0.025 
<0.025 
e0.025 
CO.010 
20.025 
<o.oso 
<0.125 
<0.012 
<0.010 
~ 0 . 2 5 0  
<0.125 
c0.050 

4 . 0 2 5  
<0.500 
<0.500 

<0.500 

<o.soo 
co.500 

C0.125 

. ?  

MG/KG 
MG/KG 
MGIKG 
MqKG 
MYKG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/UG 
MG/KG 
MG/KG 
MG/KG 
MG/KC 

MGIKG 
MG/KG 

MG/KG 
MGlKG 
MYKG 
MGIKG 
MG/KG 
MG/KG 
MGIKG 
MG/KG 

MGlKG 

MG/KG 

MG/KG 
MG/UG 
MG/Ut 

? '  : .I 
I .. 

0.025 
0.300 
0.025 
0.025 
0.500 
0.025 
0.025 
0.125 
0.025 
0.025 
0.025 

0.025 
0.025 
0.025 
0.010 
0.025 
0.050 
0.125 
0.012 
0.010 

0.250 

0.125 

0.050 

0.025 
0.500 
0.500 
0.500 

0.500 
0.500 

,;30,2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/21306 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2(306 
1/30/2006 
1/30/2006 

A W  

AW 
A W  

A W  

A W  

AVY 

AW 

A W  

A W  

A W  

A W  

AW 

A W  

A W  

AW 

A W  

A W  

AW 
A W  

AW 
A W  

A W  

AW 

A W  

4w 

AVY 

AW 

AW 
A W  

(b) (6)
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CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGTCAL ANALYSTS I 
CERTIFICATE OF ANALYSIS 

MICROBAC - KENTIJCKY DIVISION Date Reported 21612006 
Date Received 1I'26/2006 

LOUISVILLE,KY 402 13 Invoice No. 30128 
502-962-6400 FAX: 502-962-6411 Cust # 9005 

3323 GILMORE INDUSTRIAL BLVD. Order Number 060 1-003 86 

Permit Number 
LUTEIN Customer P.O. 

Analysis Result Units Method DLR Date Tech 

002 LuTnN 0601-1063904.0-~~24/96.~ . 
. .  ...I. . 

, .. . . .  . .  . ..... continued. '. 

TRIADIMEFON (BAYLETON) 4.075 

TRIFLURAUN (TREFLAN) c0.012 

VINCLOZOUN (RONIW) c0.025 
[ORGANOPHOSPHATES] 

ACEPHATE (ORTHENE) 4.025 
AZINPHOS-METHYL (GWHION) ~0.500 
O\DUSAHX (RUGBY) ~ 0 . 0 2 5  
CARBOPHENOTHION (TRITHlON) c0.050 

CHLORFENVINPHOS (SUPONA) ~0.050 

CHLORPYIUFOS (DURSBAN) 4.025 

CHCORPYRIFOS, M E m L  ~0.025 
COUMAPHOS (CO-RAL) 4.250 
CROTOXYPHOS (CIODRIN) e0.250 

DEMETON I (SYSTOX) <0.250 
DEMFTON-S <o.oz 
DIAZINON ~0.025 
OICHLORVOS-DDVP (VAWNA) co.025 

DICROTHOPHOS (BIDRIN) <0.050 

DIMEMOATE (CYGON) <0.025 
DIO%4TIilON (DELNAV) <0.050 

DlSULMTON (DI-SYSTON) 4.025 
EF" ~0.075 

ETHION <0.025 

FTHOPROP (MOCAP) 4.025 

FENAMIPHOS (NEMACUB) dJ.075 

FENlTROTHION (SUMlTHION) 4025 
FENSULFOTnION (OASANIT) <0,025 
FENTHION (BAVrEX) <o.oso 

*' 

FENCHLOROVOS (RONNEL) 80.125 

. . . .  

. .  . -  . .  . . .  . 
MG/KG 0.075 
MYKG 0.012 
MGlKG 0.025 

MGIKG 
MG/KG 
MG/KG 

MG/KG 
MG/UG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MG/KG 
MGIKG 
MG/KG 
MG/Kt 
MG/KG 
MYKG 

MG/UG 
MGIKG 
WKG 
MG/UG 

MGIKG 
MG/KG 
MG/KG 
MGIKG 

0.025 
0.500 
0.025 
0.050 
0.050 
0.025 
0.006 
0.250 

0.250 
0.250 
0.025 
0.025 
0.025 
0.050 
0.025 

0.050 
0.025 
0.075 

0.025 

0.025 
0.075 
0.125 
0.025 

0.025 
0.050 

. . -  
. .  I . . . . . .  - 

l/30/2006 AW 

1/30/2006 AW 

1/30/2006 AW 

1/30/2006 AW 

1/30/2006 A W  

A W  1/30/2006 

1/30/2006 A W  

1/30/2006 A W  

l/3O/ZW6 AVY 

1/30/2006 AW 

1/30/2006 AW 

1/30/2006 A W  

1/30/2006 A W  

1/30/20@5 AW 

1/30/2006 AW 

1/30/2006 AW 

1/30/2006 A W  

1/30/2006 A W  

1/30/2006 AW 

1/30/2006 AW 
1/30/2006 AW 
1/30/2006 A W  

1/30/2006 AVY 
1/30/2006 AVY 

1/30/2006 A W  
1/30/2006 AVY 
1/30/2006 AW 
1/30/2006 AVY 

1/30/2006 A W  

(b) (6)



. '. 

I" Page 12 of I 3  Microbac Laboratories, Inc. 

LA City#10159 

CORONA DIVISION 
280 N SMITH STREET 
CORONA CA, 92880 

\wnv.microbac.com e-mail: corona@micxobac.com 
(95 1) 734-9600 FAX (95 1)734-2803 

1 CHEMICAL, BIOLOGICAL PHYSICAL MOLECULAR AND TOXICOLOGICAL ANALYSIS I 
MlCROBAC - KENTUCKY DIVISION 

3323 GILMORE INDUSTRlAL BLVD. 
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502-962-6400 FAX: 502-962-6411 

LUTEIN 

Date Reported 2/6/2006 
Date Received 1/26/2006 

lnvoice No. 30 128 
Cust # 9005 
Permit Number 
Customer P.O. 

Order Number 0601-00386 

Analysis Result Units Melhod DLR Date Tech 

...-. continued :. . .: 
' 

FONOPHOS (DYFONATE) 

IMIDAN (PHOSMW 

ISAZOPHOS (TRIUMPH) 

ISOFENPHOS (OFTANOL) 

MALATHION ( W H I O N )  
MERPHOS (TRIBUFOS) 

METASYSTOX R 
METHIOATHION (SUPRACIDE) 

METHAMIDOPHOS (MONITOR) 
MEVINPHOS (PHOSDRlN) 

MONOCROTOPHOS 

NALED (DIBROM) 

OMETHOATE (FOUMAT) 

PARATHION (!3HYL) 

PARATHION-METHYL (METACIDE) 

PHORATE (THIMET) 
PHOSALONE (ZOLONE) 

PHOSPHAMIDON (DIMECRON) 
PlRIMI PHOS 

PIRIMIPHOS, METHYL 

PROFENOPHOS (CURACRON) 

PROPFTAMPHOS (SAFROTIN) 

SULFOTEPP 

SULPROFOS (BOPXAR) 

TERBUfOS (COUNTER) 

&.,# 

TETRACHLORVINPHOS (GARWNA) 

THIONAZIN (ZINOPHOS) 

TOKllTHION 
TRlAZAPHOS (HOSTATHION) 

c0.025 
<0.250 
<0.005 

eo.050 
~ 0 . 0 2 5  
<0.125 
<0.125 
<o.oso 
e0.025 
c0.025 

co.500 

~0.125 
4.025 

co.025 
4.025 
<0.02s 
(0.100 

~ 0 . 1 2 5  
e0.025 
<0.025 

~ 0 . 1 2 5  
<0.025 
<0.025 
<0.050 

co.050 

4.100 

<0.012 

~ 0 . 0 2 5  
<0.075 

MG/KG 

MG/Kt 

MG/KG 

MG/KG 

MG/KG 

MYKG 

MG/UG 

MG/KG 

MGIKG 

MG/KG 

MG/KG 
MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MG/UG 

ffi/KG 

MG/KG 

MG/KG 

MG/ KG 

MG/KG 

MG/KG 

MG/KG 

MG/KG 

MGIKG 

MG/KG 

MG/KG 

MGIKG 

. . . .  
0.025 
0.250 
0.005 

0.050 
0.025 
0.12s 
0.125 
0.050 

0.025 

0.025 
0.500 
0.125 
0.025 
0.025 
0.025 
0.025 
0.100 
0.125 
0,025 
0.025 
0.125 
0.025 
0.025 
0.050 
0.050 

0.100 

0.012 
0.025 

0.075 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
ino/zoa6 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 

1/30/2006 
1/30/2006 
1/30/2006 
1/30/2006 
1/30/2 006 
1/30/2W6 
1/36/2006 
1/30/2006 
1/30/2006 
1/30/2006 

AW 

A W  

AW 

AW 

AW 

A W  

A W  

A W  

AVY 

A W  

AW 

A W  

AW 

AVY 

AW 

AW 

AVY 

A W  

A W  

AVY 

A W  
AW 

AW 
AW 
AW 

AW 

A W  
AW 

AW 

(b) (6)
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CERTIFICATE OF ANALYSIS 

MICROBAC - KENTUCKY DIVISION 

3323 GTLMORE INDUSTRIAL BLVD. 
LOUISVILLE,KY 402 I3 
502-962+400 FAX: 502-962-6411 

LUTEIN 

Date Reported 2/6/2006 
Date Received 

Invoice No. 30 128 
Cust f f  9005 
Permit Number 
Customer P.O. 

1/26/2006 
Order Number 060 1-00386 

Analysis Resull Units Method DLR Date Tech 

. .  ' . ' _ ,  
. . . . .  . . . .  .... . .  . . . . . . .  

. :. , 
, .  I 

. . . . .  . . . . .  
002 LUTUN 0 6 0 1 r $ ~ - ~ ~ O 1 / ~ / 0 6  . ?, ":,.", ti ._ '. - .' 

TRICJILORONATE <0.050 MG/KG 0.050 l/30/2006 AW 
[ ORGANONl7ROGEN] 1/30/2006 AW 
AMETRYNE c0.2 MWKG 0.2 1/30/2006 AW 

DIPHENYLAMLNE (DPA) e0.s MYKG 0.5 lJ3Ol2006 A W  
FENPROPATHRIN <0.5 MYKG 0.5 1/30/2006 AW 

LENACLL c2.0 MGlKG 2.0 1/30/2006 AW 

MFTALAXYL 4 . 0  MGJKG 1.0 1/30/2006 AW 

. .  .I. ' 

..#.. continud . ._ .I_. 

BITERTANOL c1.0 MG/KG 1.0 1/30/2006 AW 

HWAUNON c1.D MG/KG 1.0 l/30/2006 A W  

UNURON c2.0 W K G  2.0 1/30/2006 AW 

METRlBUZIN (SENCOR) 4 - 0  MG/KG 1 .o 1/30/2006 AW 
MOUNATE 4.0 MG/KG 1 .o 1/30/2006 AW 

AW PENDIMETHAUN (PROWL) 
PROMUON 4.0 MQKG 1 .o 1/30/2006 AW 

AW PROPHAM 
QUINOMETHIONATE ' < L O  MG/KG 1.0 1/30/2006 AW 

TRS LUKE PREP C Q M P L m  

< O S  MG/KG 0,5 1/30/2006 

d . 0  MG/KG 1.0 1/30/2006 

1/27/2006 

NOTE: A It250 DILUTION WAS MADE. ALL DLR SHOULD BE MULTIPLIED BY 250. 

RespectJuh'y Submitted: 

Laboratory Director 

(b)(6)

(b) (6)

(b) (6)
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Mr. Mark L. Etzkoff 
Olsson Frank Weeda PC 
1400 - 16th St., N.W., Suite 400 
Washington, DC 20036-22211 

Tel: 202;s t 8-6327 
f ~ :  2021234-2686 

RE: Review of safety studies of lutein (2l)Ofi-present) for GRAS update 

Executive Summary 

In response to a request from Olsson Frank Weeda PC for one of their clients Industrial 
Organica S.A de C.V. (IOSA), this report summasizes the safety studies of lutein that have 
appeared in the scientific literature since the last davdbase search performed in February 2006 for 
the Generally Recognizcd As Safe (GRAS) determination of lutein (Hi Film crystalline lutein). 
In 2006, a panel of experts detei-niiiied that IOSA's lii F i r  crystalline lutein was GRAS and 
safe for use in specifid foods with user intakes determined in 9Oth percentile all-user intakes of 
lutein and zeaxanthin of 13.4 inglpersow'day (0.28 in#lkg body weighb'day) and 1.2 
rng'person/day (0.03 mgkg body weighgday), respectively. 

Since the last database searches for the previous GRAS determination performed in 
Febi-uary 2006, over 350 articles have appeared on lutein in these databases. Of these, about 20 
articles, related to the safety of lutein, were selected for ftirther review. In two cross-sectional 
studies fiom Australia by one group, a positive association between the intake of 
lutciillzeaxmtliin and a-3 fatty acids with progression of age-related macular degeneration 
(AMD) was reported, while another independent report did not find such an association. A 
critical review of the other published studies did not reveal a ~ i y  significant safety-relatcd concern 
that will affect the previous GRAS determination. An independent panel of recognized experts 
reviewed the studies published over the last two years and concluded that the recent publioations 
do not affect the previous GRAS determination of the safety of lutein for use in food categories 
specified in the previous GRAS determination of lutein by IOSA. 

1. Background 

Recently, Industrial Organica S.A de C.V. (IOSA) gained self affirmed Generally 
Recognized A s  Safe ( G U S )  status for use of Hi F i p  crystalline lutein in a variety of selected 
foods. IOSA now proposes to submit the self affirmed G U S  determination of lutein to the Food 
and Drug Administration in the f o m  of a GRAS Notification. A s  the self- affinnecl GRAS 



assessment was conducted in 2006, IOSA asked EAS Consulting Group to update the available 
safety-related information on lutein that has appeared since the GRAS determination. IOSA 
assured EAS Consulting Group that the food categories, use levels and resulting exposure 
identified in the self-affinned GRAS will remain the same. A comprehensive search of the 
scientific literature related to safety and toxicity of lutein was conducted since January 2006. The 
database searches revealed over 350 articles on lutein, of which about 20 articles related to the 
safety of lutein were selected for further review. These articles were obtained, reviewed and a 
summary of all safety-related findings tioin the relevant articles is presented in the following 
section. 

2. Safety Studies 

2.1. Animal studies 
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 any effects on ocular and 
renal toxicity. Female rhesus monkeys were divided into control (n = 3),  lutein-treated (n = 5, 
9.34 mg luteidkg and 0.66 mg zeaxanthinkg), zeaxanthin-treated (n = 5, 10 rng zeaxanthidkg), 
and luteidzeaxanthin-treated (n = 5, lutein and zeaxanthin, each 0.5 mgkg). The animals were 
supplemented with these levels daily for a 12-month period. Supplementation with lutein or 
zeaxanthin increased the plasma and ocuIar tissue concentrations of these carotenoids and their 
metabolites. Supplementation did not cause ocular toxicity and had no effect on biornarkers and 
indicators of kidney toxicity such as urinary creatinine and protein. The results of this study 
suggest that administration of either lutein or zeaxanthin to monkeys for 1 year at a dose of 
approximately 10 m a g  body weighvday did not cause ocular or renal toxicity. 

4.W' 

2.2. Mutagenicity and carcinogenicity studies 

Wang et al. (2006) investigated the mutagenic and clastogenic potentials of lutein f?om 
marigold flowers. The mutagenicity of lutein (334, 668 and 1335 pgplate) was examined using 
the standard Ames test (Salmonella typhimurium strains TA97, TA98, TAlOO and TA102) in the 
presence and absence of S9 mix. In this assay, lutein was not mutagenic at any of the tested 
concentrations. In antimutagenic experiments using S. lyphimurium strains TA98 and TAl 00 
following addition of the known mutagens (2-aminofluorene and dexon for TA98 and 
cyclophosphamide and sodium azide for TA100) and lutein, a dose-related anti-mutagenic effect 
of lutein was noted. Similar results were obtained in a standard chromosome aberration test using 
Chinese hamster ovary (CHO) cells to evaluate the clastogenicity and anti-clastogenicity of 
lutein (66.8, 133.5 and 267.0 rng/L). The results o f  these most commonly used methods (Ames 
test and the CHO chromosomal aberration) for the evaluation of genetic mutation and 
chromosome damage caused by mutagens and clastogenic compounds, provide supportive data 
that lutein is neither mutagenic nor clastogenic. 

Santocomo et al. (2006) examined the ability of carotenoids, including lutein, to protect 
against UVA-induced DNA damage in rat tracheal epithelial cells and in human neuroblastoma 
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cells using the “comet assay,” a rapid and sensitive single-cell gel electrophoresis technique used 
to detect primary DNA damage in individual cells. In both cell lines, the irradiation with UVA 
resulted in time-dependent DNA damage. The rate of DNA damage was different in these two 
cell lines with neuroblastoma cells more resistant to the oxidative irradiation insult. In the case of 
neuroblastoma cells, the presence of carotenoid during UVA exposure increased the damage. 
The addition of carotenoids to epithelial cells after 2 inin of UVA exposition did not improve the 
kinetics of DNA repair, but lutein (after 180 min incubation) showed a genotoxic effect. The 
addition of carotenoids, including lutein, to neuroblastoma cells after 30 min of UVA exposure 
positively influenced the kinetics of DNA repair in the first 15 min of incubation. At longer 
exposure times, while the behavior measured was not constant, a genotoxic effect was not 
observed. The investigators concluded that the effectiveness of carotenoids, including lutein, as 
antioxidants depends on a number of factors and it can also act as prooxidant. Available evidence 
from other studies indicate that the effect of lutein and other carotenoids as antioxidants depends 
on number of factors such as concentration, cell type, cell status, timing of insult exposure, 
location in the cell, interaction with other antioxidants, etc, and the results of this in vitro study 
are difficult to interpret. 

In contrast to the in vitro findings repoi-ted above, in an in vivo study Moreno et al. 
(2007) reported that treatment with lutein during the promotion phase of carcinogenesis in a rat 
model of hepatocarcinogenesis inhibited the size of hepatic macroscopic nodules and DNA 
damage. In this study, the effects of lutein on hepatic preneoplastic lesions and DNA strand 
breakage induced in Wistar rats (initiation with diethylnitrosamine and promotion with 2- 
acetylaminofluorene coupled with partial hepatectomy) were investigated following lutein (70 
mgkg; alternate day) administration (gavage) specifically during the initiation or promotion 
phase, for 2 and 6 weeks, respectively. Administration of lutein during the initiation phase 
neither inhibited nor induced hepatic preneoplastic lesions and DNA damage. On the other hand, 
lutein administration during the promotion phase inhibited the size of hepatic macroscopic 
nodules and DNA damage. The results of this study suggest that lutein acts as an inhibitor during 
promotion, but not initiation of hepatocarcinogenesis. 

%*-- 

2.3. Human Clinical studies 

Ln a randomized trial, forty-five subjects with no age-related macular degeneration 
(AMD), large drusen, or advanced AMD, received one of three doses of lutein (2.5, 5, or 10 rng) 
daily for 6 months (Rosenthal et al., 2006). Besides collecting information about adverse events, 
safety was assessed by: visual acuity, comprehensive ophthalmic examination, fundus 
photography, liver function tests, visual field tests, and the “Age-Related Eye Disease Study” 
(AREDS) side-effect questionnaire. Supplementation with lutein resulted in a dose-related 
increase in serum lutein concentration. The increases in serum lutein levels did not vary with 
AMD disease seventy. No toxicity was observed withany dose level of lutein. No adverse side 
effects were recorded on the AREDS side-effects questionnaire or in visual function. Liver 
function test results remained unchanged and normal. The antioxidant vitamin levels in the serum 
were not suppressed by lutein supplementation. The results of this study indicate that 
administration of lutein at doses up to 10 mg/day was safe. 
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Following the publication of the above described study, Gaynes (2007), in a Letter to 
Editor, questioned the conclusion drawn by Rosenthal et af. (2006) that "the highest dose of 
lutein (10 mg) was safe as a supplement." Gapes  (2007) claimed that on the basis of both the 
content and internal study validity, the conclusion drawn by Rosenthal et al. (2006) is a result of 
oversimplification of essential concepts in clinical drug testing as related to study power and 
detectable event rate. In this communication, 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. Chew et 
a1 (2007) in a rebuttal, agreed with Gaynes (2007) that the study design has low power to detect 
adverse side effects. However, they claimed that the totality of evidence based on other studies 
suggests that the dose of lutein of 10 mg/day is safe. Chew et al. (2007) suggested that oral lutein 
supplementation may result in different metabolic patterns than if administered via an 
intravenous route. They noted that the oral supplementation of lutein to female monkeys 
increased concentrations of lutein in both plasma and tissues (liver, lung, colon, kidney, breast, 
ovaries, spleen, cervix, and other ocular tissue) without detectable toxicity. Although lutein is a 
member of the carotenoid family, it does not share the metabolic pathways of p-carotene because 
it is not a substrate for the 15,15'-monooxygenase enzyme that cleaves p-carotene into vitamin 
A. Lutein, therefore, does not possess provitamin A activity and is unlikely to cause liver 
toxicity. Thus, the totality of evidence from available animal and clinical studies suggest that 
supplementation with lutein is safe at 10 mg/day. 

In a double-blind, randomized clinical trial, Khachik et al. (2006a) investigated the effect 
of lutein (with 6% zeaxanthin) supplementation at doses o f  2.5, 5.0, and 10 mg/day for 6 months 
on serum carotenoid distribution in 45 elderly human subjects (> 60 years of age), with and 
without age-related macular degeneration. Supplementation with lutein (1 0 mg/day) resulted in a 
significant increase in serum lutein and its metabolite levels. The increase in the serum levels of 
luteidzeaxanthin correlated with increases in the serum levels of their metabolites. Although 
data were not presented, the investigators stated in the manuscript that based on results of liver 
function tests and visual function examinations, no toxicity or side effects were associated with 
supplementation with lutein at dose levels up to 10 mg/day. These investigators concluded that 
elderly human subjects with and without AMD can safely take lutein supplements at doses up to 
10 mg/day for 6 months with no apparent toxicity or side effects. 

In two separate reports, a group of researchers from Australia (Vu et al., 2006; Robrnan et 
al., 2007) reported complex interactions between luteidzeaxanthin and a-3 fatty acids intake 
with the progression of AMD. In the study by Robman et al. (2007), 254 subjects identified with 
early A M D  were re-examined to determine over a seven year period, the progression of AMD. 
Intakes of luteidzeaxanthin and fatty acids were estimated from food fiequency questionnaires. 
Energy-adjusted luteidzeaxanthin intake as a continuous variable was associated with AMD 
progression in the worst affected eye when defined by the most stringent criterion. Energy- 
adjusted 0-3 fatty acid intake was also found to be associated with AMD progression. In the 
previous study by this group, Vu et al. (2006) also reported (in the letter section of the British 
Journal of Ophthalmology) a marked increase in the risk of both early and late AMD among 

Page 4 of 9 



people who consumed greater than the median intake of linoleic acid and higher dietary intakes 
of luteinheaxanthin. These investigators stated that "based on these data, luteinheaxanthin 
supplementation could not be recommended". This second report used cross-sectional data based 
on photographic macular assessments of 71.9% of their sample of 2448 persons, who attended 
follow-up examinations. Several factors as discussed below may have affected the outcome of 
these reports, and the available evidence does not result in a clear picture of the association of 
luteinheaxanthin and lipid intake with AMD. 

Contrary to the findings of Vu et al., 2006; Robman et d., 2007, Flood et al. (2006; 
reported as Letter to Editor) did not find any association with energy adjusted luteidzeaxanthin 
intake (n = 986) and the incidence of early, late or any AMD, whether or not this was stratified 
by linoleic acid intake. The median linoleic acid intake in this study was less than the median 
used by Vu et al. (2006) (6.6 g verses 7.2 g). However, stratification of the data by the highest 
tertile of linoleic acid intakes (cut-point 8.5 g) also did not reveal any association between 
luteinheaxanthin and incidence of AMD. These investigators suggested that while the 
examination of cross-sectional data to investigate associations with disease may be useful, 
conclusions drawn from such data need to be made with care, in light of other known literature. 

In the study by Vu et al. (2006), 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. Flood et al. (2006) suggested that 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. Due to the cross-sectional nature of the data, it is plausible and even likely that 
participants with known signs of early macular degeneration or associated visual changes may 
have increased their dietary antioxidant intakes (indication bias). This bias inay have occuired in 
particular amongst those consuming higher linoleic acid diets, as higher intakes of linoleic acid 
have been suggested to increase the risk of AMD, but this is speculation. 

In a double-blind randomized placebo-controlled clinical trial with a cross-over design, 
34 adult patients with retinitis pigmentosa were randomized into two groups (Bahrami et al., 
2006). One group (n = 16), received lutein supplementation (1 0 mg/day for 12 weeks followed 
by 30 mg/day) for the first 24 weeks and 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). Supplementation with lutein did not result in 
any significant adverse effects. One participant on lutein, and two participants on placebo had 
impaired liver function tests at one of their 6-week visits, but in all three of these subjects the 
serum liver enzyme levels (markers of liver function test) returned to the normal range when 
tests were repeated. The investigators concluded that lutein supplementation at 10-30 mg/day for 
up to 6 months is safe. 

2.4. Review articies 
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In a review article, Shao and Hathcock (2006) undertook an extensive and systematic 
review of the safety database of lutein and performed a risk assessment on exposure. In this 
assessment, a newer method termed the “Observed Safe Level” (OSL) was utilized for risk 
assessment. Based on the comprehensive review of safety data, the OSL for lutein was identified 
as 20 mg/day. The OSL risk assessment method provided strong evidence for support of safety 
of lutein intake at leveIs up to 20 mg/day. The authors reported that although much higher levels 
have been tested without adverse effects and may be safe, the data for intakes above 20 mg/day 
are not sufficient for a confident conclusion of long-term safety. In this assessment of the thirty 
peer-reviewed, published human clinical trials involving lutein, 1 1 most relevant studies 
regarding safety were considered including two studies which appeared during the year 2006. 
Published relevant human clinical trials involved lutein doses of 8, 10, 12, 15, 20, 20.5, 30 and 
40 mg/day. The trial with the highest dosage of lutein (40 mglday) was for nine weeks followed 
by an additional 17 weeks at 20 mg/day in patients with retinitis pigmentosa. The longest 
duration trial was 12 months at a lutein dose of 10 mg/day in AMD patients. No adverse effects 
were observed in any of the clinical trials. The authors stated that the absence of any pattern of 
adverse effects in any of the published human trials provides support for a high level of 
confidence in the safety of lutein. Based on the complete absence of adverse effects in all the 
published human trials using lutein doses above, at, and below the 20 mg level and other 
considerations, 20 mg/day was designated as the OSL. In addition to these human clinical trials, 
Shao and Hathcock (2006) also considered animal data to determine the no-observed adverse 
effect level (NOAEL). A dose of 639 mg/kg/day in rats for 4 weeks had no adverse effects, and 
this dose was determined as NOAEL. The application of a 1000-fold uncertainty factor (UF) by 
these individuals would result in an acceptable daily intake of 38 mgkg/day. This dose is higher 
than that determined on the basis of human studies, and also suppoits the safety of lutein at 20 
mg/day. 

3. Discussion and Conclusion 

since 2006. A critical review of the available publications on lutein revealed: 
This supplemental and updated report assesses the safety of lutein from studies published 

Supplementation of rhesus monkeys with lutein at a dose level of 10 mglkglday for one 
year did not cause ocular toxicity and had no effect on biomarkers associated with kidney 
toxicity (urinary creatinine and protein). From this study, the equivalent dose for an 
average human individual weighing 60 kg would be 60 mg/day. 

The results of a recent genotoxicity study suggest that lutein is neither mutagenic or 
clastogenic. In an in vitro study, the presence of lutein reduced DNA damage when rat 
epithelial cells were exposed to UVA radiation, while increased DNA damage was noted 
in neuroblastoma cells following exposure to UVA, and in the presence of lutein. The 
differential effect noted in rat epithelial cells and neuroblastoma cells is dificult to 
interpret and data fiom other reports froin repair rates for UVA-induced damage vary 
greatly. In an in vivo rat model of heptaocarcinogenesis, treatment with lutein during the 
promotion phase of carcinogenesis was found to inhibit the size of hepatic macroscopic 
nodules and DNA damage. 

e 
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In two cross-sectional studies by the same group (Vu et al., 2006; Robman et a]., 2007), a 
positive association between intake of luteidzeaxaiithin and a-3  fatty acids with 
progression of age-related macular degeneration (AMD) was reported. Conversely, in 
another report (Flood et al., 2006) no such association was observed. The cross-sectional 
studies using dietary survey data have limitations such as it measurement of the current 
diet in a group of people with a disease which may well be altered by the presence of the 
disease. A further limitation of cross-sectional studies may be due to errors in recall of 
the exposure and possibly outcome. Furtherinore, other clinical studies did not reveal any 
toxic effects of lutein. 

In an extensive review article on the safety and risk assessment of lutein, use of 
"observed safe level'' methodology for risk assessment revealed a strong evidence for 
safety of lutein intake at levels up to 20 nig'day for human. In this assessment, the 
authors suggested that much higher levels (up to 40 nig/day) inay be safe, but the data for 
intakes above 20 mg/day are not sufficient for a confident conclusion of long-term safety 
(Shao and Hathcock, 2006). 

In summary, a comprehensive review of the totality of available scientific data published 
since 2006 again revealed no significant reproducible safety-related adverse effects of lutein at 
use levels previously evaluated. Accordingly, these studies published over the last two years also 
do not affect the previous GRAS determination of the safety of lutein for use in food categories 
specified in the  previous self affirmed GRAS determination of lutein by TOSA. The food 
categories and use levels specified in previous IOSA GRAS determination were identical to 
GRN 000140. In the previous GRAS determination, the 90"' percentile all-user intakes of lutein 
and zeaxanthin froin its intended uses was estimated as 13.4 mg'persodday and 1.2 
mgipersodday, respectively, which is lower than the safe levels. 

J&n)i'honias, P1i.D. F.A.T.S., D.A.T.S. ..-, 

Madhusdan G. Soni, Ph.D., FACN 
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