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Executive Summary

Food Standards Australia New Zealand (FSANZ) received a paid Application from Wyeth
Australia Pty Ltd (the Applicant) on 2 January 2007 seeking to amend Standard 2.9.3 —
Formulated Meal Replacements and Formulated Supplementary Foods of the Australia New
Zealand Food Standards Code (the Code), to permit the voluntary addition of lutein as a
nutritive substance to formulated supplementary foods for young children (FSFYC).

FSFYC are special purpose foods for children aged one to three years that are specifically
designed to supplement a normal diet to address situations where intakes of energy and
nutrients may not be adequate to meet an individual’s requirements. The majority of FSFYC
available in Australia and New Zealand are milk-based drinks known as ‘toddler formula’ or
‘toddler milk’.

The Applicant has requested permission to add lutein from marigold (Tagetes erecta L.) to
FSFYC at a maximum concentration of 500 pg/L, to provide a modest yet significant amount
of lutein in the diet of young children. The material proposed by the Applicant for addition to
FSFYC is a purified extract which contains both lutein and its isomer zeaxanthin (a
structurally similar molecule) in a ratio of approximately 10:1. While marigold flowers are
not normally consumed in the Australian and New Zealand diet, the chemical structure of
lutein and zeaxanthin in the purified extract from marigold flowers is the same as the two
carotenoids found in other edible plant sources which are found in the Australian and New
Zealand diet (see Figure 1). Also, the ratio of lutein to zeaxanthin is within the range of
ratios found in other edible plant sources.

Lutein is a plant pigment; it is a non-vitamin A carotenoid that cannot be synthesised by
humans. Plant foods rich in lutein include dark green leafy vegetables, green peas, carrots,
corn, citrus fruits, avocado and broccoli. Lutein is also present in egg yolks, the fat of
animals whose diets include lutein-rich plants and in human breast milk. One 200 mL
serving of FSFYC at the maximum concentration of 500 pg/L requested by the Applicant
would provide the same amount of lutein and zeaxanthin that would be provided in a child
sized serving of some fruits and vegetables.

This Final Assessment Report discusses issues, including those raised in submissions, on
permitting the voluntary addition of lutein to FSFYC. This Application and a previous
separate Application A594 — Addition of Lutein as a Nutritive Substance to Infant Formula,
both raised a number of complex issues and generated significant concern amongst some
submitters. These issues and concerns were discussed at length by the FSANZ Board in
arriving at its decisions.

o Issues raised included: concerns regarding the role of FSFYC in the diet of young
children and their potential impacts on children’s eating practices; whether a higher
level health benefit/efficacy should be demonstrated in order to permit the addition of
substances to these products; and views around the nature and extent of evidence
required to support permissions.

J Some of the issues raised are outside the scope of the Board’s capacity to consider in
relation to individual Applications or are outside the scope of the Board’s functions.
For example, the question of whether ’toddler formula’ are desirable in the food supply
is a policy issue rather than a standards development issue.
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o In addition, in the absence of policy guidance, the question of benefit has been
considered in the context of whether lutein performs a physiological function, is present
in the normal diet of young children, and would make a reasonable contribution to the
lutein intake of young children who consume FSFYC.

A separate Application, Application A594 — Addition of Lutein as a Nutritive Substance to
Infant Formula, has previously considered permitting the voluntary addition of lutein to
infant formula products. A draft variation to the Code arising from Application A594 was
approved by the FSANZ Board in July 2008 and the decision notified to the Australia and
New Zealand Food Regulation Ministerial Council (Ministerial Council). The Ministerial
Council requested a First Review of this decision. The Review has been completed and
recently notified to the Ministerial Council for its consideration.

Regulatory Approach

In the absence of Ministerial policy guidelines FSANZ has adopted, in accordance with the
section 18 objectives of the FSANZ Act, the following approach to the assessment of this
Application.

The assessment of whether lutein should be permitted as an optional nutritive substance in
FSFYC has considered:

o the safety of lutein from marigold flowers (Tagetes erecta L.);
o if lutein is found naturally in foods commonly eaten by young children;

J whether the lutein from marigold flowers is the same as the lutein found in other edible
plant sources in the Australia and New Zealand diet;

o whether the maximum requested level of lutein in FSFYC (500 pg/L), and the
minimum level prescribed for the purposes of making a claim (150 pg/L, equivalent to
30 pg/serve assuming a 200 mL serve) can make a reasonable contribution to the lutein
intake (accounting for bioavailability), of young children who consume FSFYC;

o the nutritional purpose or physiological function(s) of lutein; and

o the potential for a health benefit for young children who consume FSFYC with added
lutein.

Risk Assessment
At Final Assessment, the key risk assessment findings are:

o lutein cannot be synthesised by the body but is present naturally in foods commonly
eaten by young children;

o the ratio of lutein to zeaxanthin found in marigold flowers is within the range of ratios

of lutein to zeaxanthin found naturally in foods that are commonly eaten by young
children in Australia and New Zealand;
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o supplemental sources of lutein, such as lutein from marigold flowers, appear to have
comparable bioavailability to plant sources of lutein, but lower than animal sources;

o lutein from marigold flowers added to FSFYC is unlikely to pose any public health and
safety concerns for young children at the requested maximum concentration of
500 pg/L;

o the requested concentration of lutein in FSFYC has the potential to make a reasonable
contribution to the lutein intake of young children who consume these foods,
i.e. 15-38% of their daily lutein intake;

. lutein is concentrated in parts of the eye, particularly the macula lutea where it is a key
functional component of the macular pigment acting as site specific antioxidant and
filter of harmful blue light;

o increased lutein intake leads to increased macular pigment density in some people;

o lutein has general antioxidant activity beyond the eye; and

o there is insufficient evidence to make firm conclusions about the potential long-term
benefit to eye health for young children consuming FSFYC with added lutein.

The key risk assessment issues are discussed in Section 8 of this Report. Full details of the
risk assessment are found at Attachment 4 — Nutrition Assessment, Attachment 5 — Dietary
Intake Assessment and Attachment 6 — Hazard Assessment.

Food Technology

The food technology aspects of adding lutein as a nutritive substance to FSFYC have also
been assessed, including the stability of lutein in powdered FSFYC over the shelf life of the
product. The key food technology issues are discussed in Section 10 of this Report and the
full Food Technology Assessment is provided at Attachment 7.

Risk Management

This Final Assessment Report considers, in the context of the risk assessment findings, a
number of points relevant to permitting the addition of lutein to FSFYC including:

o the appropriateness of the requested maximum concentration of lutein to be added to
FSFYC (500 pg/L) in relation to its safety and ability to make a reasonable contribution

to the lutein content of diets of young children;

o a prescribed minimum claimable amount for lutein in FSFYC and the ability for this
amount to make a contribution to the lutein content of diets of young children;

o the immediate and potential impacts of the proposed regulatory options on affected
parties.
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Decision

To amend Standard 2.9.3 to permit the voluntary addition of lutein as a nutritive
substance to formulated supplementary foods for young children up to a maximum
concentration of 100 pg/serve (500 pg/L) with a minimum claimable amount of

30 pg/serve (150 pg/L) for labelling purposes.

Reasons for Decision

FSANZ has undertaken an assessment using the best available evidence, and recommends
amending the Code to permit the voluntary addition of lutein to FSFYC, as at Attachment 1
for the following reasons:

o Lutein from marigold flowers added to FSFYC at a maximum concentration of
500 pg/L is unlikely to pose any public health and safety concerns for young children
who consume these products.

o Lutein-fortified FSFYC have the potential to make a reasonable contribution to the
lutein intake of young children who consume these products.

o FSFYC containing lutein provides an alternative dietary source of lutein for young
children who consume FSFYC as a supplement to a normal diet when energy and
nutrient intakes may not be adequate.

o The prescribed minimum claimable amount ensures that one serving (approximately
200 mL) of a lutein-fortified FSFYC will provide at least 30 nug which is about 10% of
a young child’s estimated mean daily lutein intake from foods other than FSFYC. This
amount also exceeds the innate amounts of lutein found in the most common milk
based FSFYC known as toddler formulas.

o Lutein performs a physiological function in the eye.

o Overall, permitting the addition of lutein to FSFYC provides a net benefit to all affected
parties.

Consultation

FSANZ received 12 submissions in response to the Draft Assessment Report. A summary of
submissions to the Draft Assessment Report is at Attachment 2.

Key points raised by submitters at Draft Assessment have been considered by FSANZ and
are addressed in this Report, either in the main report and/or in Attachment 3 — Response to
Key Points Raised by Submitters at Draft Assessment.

FSANZ’s Response to Key Issues

The key issues raised in submissions to the Draft Assessment Report were related to the need
to demonstrate both the benefit and safety of lutein for young children, the proposed level of
addition, the minimum claimable amount, and labelling and claims.




Health benefit and efficacy in infants

Many submitters considered that from a public health perspective, both the benefit and safety
of lutein should be demonstrated for vulnerable populations such as young children.
Similarly, submitters considered that if a substance is added to achieve a nutritional purpose,
such as a nutritive substance, then the nutritional benefit of that substance should be
demonstrated. Many submitters stated that there is no established health benefit(s) of lutein
for young children, including for the purpose of eye health.

As noted under the ‘regulatory approach’, in the absence of Ministerial policy guidelines, the
approach to the assessment of this Application primarily focussed on the safety of lutein.
However, in response to the concerns raised by submitters the nutritional purpose or
physiological function, and the presence or absence of a health benefit from adding lutein to the
diet of young children who consume lutein-fortified FSFYC has also been assessed. After
reviewing the available evidence, FSANZ concludes that lutein is both a structural and
functional component of the eye, acting as a site specific antioxidant and filter of harmful blue
light. However, there is insufficient evidence to demonstrate any additional long-term benefit
to eye health for infants from consuming lutein, including from FSFYC with added lutein.

The intent of FSFYC is to supplement a normal diet when energy and nutrient intakes may
not be adequate, rather than to provide any additional health benefit. Therefore, the
assessment has also considered whether the requested level of lutein in FSFYC (up to

500 pg/L), and the minimum level prescribed (150 pg/L) can make a reasonable contribution
to the lutein intakes of young children who consume these products.

Level of addition

Some submitters considered that the proposed maximum concentration of 500 pg lutein/L
appeared excessive, while others supported the proposed level.

There is no relevant nutrient reference value against which to compare the estimated mean
intake of lutein from both natural sources and fortified FSFYC in order to determine if
dietary intakes meet nutritional needs. However, one serve of fortified FSFYC (at a
concentration of 500 ug/L) compares with the level of lutein found naturally in one
tablespoon of broccoli, two teaspoons of corn or various other household measures of foods
that can be expected to be consumed by children aged 1-3 years. Also, from a safety
perspective, the estimated mean dietary intake of lutein by young children was shown to be
well below the Acceptable Daily Intake (ADI) of 2 mg/kg body weight."*

! Group ADI for lutein from Tagetes erecta and synthetic zeaxanthin, established by the Joint FAO WHO
Expert Committee on Food Additives (JECFA) in 2004.

? For Australian and New Zealand children aged 1-3 years, the estimated mean and 90™ percentile intakes to
lutein and zeaxanthin were all below the ADI. For the lower and upper concentrations of lutein in FSFYC (150
ug/L and 500 pg/L, respectively) the 90" percentile intakes were estimated at 5-8% ADI and 6-9% ADI; these
ranges are attributed to the different age groups assessed for Australian and New Zealand children (refer to
Tables 4 and 5 in Attachment 3).
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In addition, when compared to levels permitted internationally for similar products, the
proposed maximum concentration is one-tenth of the level granted ‘generally recognised as
safe’ status by the United States Food and Drug Administration for use in specified categories
of foods including infant and toddler foods. The proposed maximum concentration is also
similar to the level permitted in products sold in China.

Minimum claimable amount

Submitters generally supported prescribing a minimum claimable amount for lutein.
However, some submitters considered the minimum level should reflect the purpose of the
added lutein (e.g. 10% of the level required to reasonably achieve the nutritional purpose or
the minimum effective level). Some submitters were unclear whether a minimum level of
30 pg/serve is meaningful, in the absence of a reference value for lutein.

. Setting a minimum claimable level that reflects the nutritional purpose or minimum
effective level of lutein, as recommended by some submitters, could be considered
inconsistent with the intended purpose of a FSFYC, which is to supplement a normal
diet rather than to provide an additional health benefit.

o For compounds known to be nutrients but for which there is inadequate information to
determine the average requirement (and therefore a Recommended Dietary Intake), the
average intake in a population with no apparent deficiency is one method used to set an
Adequate Intake.

. A value of 10% of the Recommended Dietary Intake/serve is commonly used in the
Code to set a claimable level for a nutrient. Using an analogous approach, the
minimum claimable amount of lutein would be approximately 10% mean intake of the
1 year old age group

o i.e. 30 pg lutein/serve of FSFYC. This means that the minimum permitted
concentration would be 150 pg/L, assuming that one serve is 200 mL.

° The recommended minimum also exceeds the innate amounts of lutein found in
unfortified toddler formula and therefore a claim about lutein is only likely to be made
when lutein is added to a FSFYC.

Labelling and claims

Some submitters considered that all foods regulated by Standard 2.9.3 should be ineligible to
carry nutrition and health related claims. Others considered claims for lutein on FSFYC
should not be permitted as there is insufficient evidence to establish a minimum effective
level and to support a benefit.

At present in the Code, nutrition claims are permitted on FSFYC. Clause 7 of Standard 2.9.3
prescribes the requirements for making nutrition claims about vitamins or minerals, while
nutrition claims about other nutrients or biologically active substances would default to
generic conditions prescribed under Standard 1.2.8. In addition, FSFYC must also comply
with any requirements of Standard 1.1A.2 — Transitional Standard for Health Claims.
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FSANZ is currently considering a new regulation around nutrition and health claims under
Proposal P293. Under the proposed new regulation for nutrition content claims, where there
is no established reference value for the substance in the Code only those nutrition content
claims that refer to the presence of the substance would be permitted, for example ‘source of
lutein’ or ‘contains lutein’.

Claims such as ‘good source of lutein’ or ‘rich in lutein’ would not be permitted. It is
currently proposed that nutrition content claims and general level health claims on FSFYC
would require substantiation in accordance with the requirements in the draft Standard. In
addition, it is proposed that a high level health claim about lutein could only be made if a
food-disease relationship about lutein is pre-approved in the future.

Conditions for making nutrition content claims and health claims under the proposed regime
would therefore be more stringent than current requirements.

Implementation and Review

Following consideration and pending approval of the draft variation to the Code by the
FSANZ Board, notification of the Board’s decision will be made to the Ministerial Council.
Subject to any request from the Ministerial Council for a review, the amendments to the Code
would come into effect upon gazettal.
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INTRODUCTION

Food Standards Australia New Zealand (FSANZ) received a paid Application from Wyeth
Australia Pty Ltd (the Applicant) on 2 January 2007 seeking to amend Standard 2.9.3 —
Formulated Meal Replacements and Formulated Supplementary Foods of the Australia New
Zealand Food Standards Code (the Code), to permit the voluntary addition of lutein as a
nutritive substance to formulated supplementary foods for young children (FSFYC).

1. Nature of the Application
1.1 Basis of the Application

The Applicant has requested that lutein from marigold (Tagetes erecta L.) be permitted as an
optional nutritive substance in FSFYC, for inclusion in Division 4 of Standard 2.9.3, at a
maximum concentration of 500 pg/L.

The Applicant has advised that lutein is found naturally in some foods, most commonly in
many yellow and dark green vegetables (e.g. maize, spinach and green peas) and that current
formulations of milk based FSFYC (e.g. toddler formula) contain little or no lutein. The
Applicant considers lutein has potential eye health benefits for young children.

The Applicant requests permission to add lutein to FSFYC, namely toddler formula, in an
amount that would provide a modest yet significant amount of lutein in the diet of young
children, whose diets may not reliably contain lutein. The Applicant contends that at a

600 mL intake of FSFYC with lutein added at the requested concentration of 500 pg/L,
young children would receive approximately 300 pug of additional lutein each day, which is
equivalent to the quantity of lutein found in 50 g of green beans. FSANZ considers an intake
of 600 mL of a FSFYC per day represents three 200 mL serves per day.

1.2 Scope of the Application

This Application relates to the voluntary addition of lutein to FSFYC. FSFYC and
formulated supplementary food are defined in clause 1 of Standard 2.9.3 as follows:

Formulated supplementary food for young children means a formulated
supplementary food for children aged one to three years.

Formulated supplementary food means a food specifically designed as a supplement to
a normal diet to address situations where intakes of energy and nutrients may not be
adequate to meet an individual’s requirements.

Other product categories mentioned in Standard 2.9.3, such as formulated meal replacements
or formulated supplementary foods other than for young children, would not be affected by
the amendments proposed in this Application, and therefore would not be permitted to
contain added lutein as a nutritive substance.
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1.2.1  Application A594 — Addition of Lutein as a Nutritive Substance to Infant Formula

This Application does not apply to ‘infant formula products’3, as regulated in Standard 2.9.1
— Infant Formula Products. A separate Application, Application A594, has been made that
seeks to permit the voluntary addition of lutein to infant formula products.

In June 2008, the FSANZ Board approved the draft variation to Standard 2.9.1 to permit the
voluntary addition of lutein as a nutritive substance in infant formula products at a maximum
concentration of 9 ug/100 kJ (250 pg/L) with a minimum declaration of 2 ug/100 kJ required
for labelling purposes. The primary reason for this decision was that lutein added to infant
formula at the maximum concentration is unlikely to pose any safety concerns for formula-
fed infants and would achieve a nutritionally equivalent effect, in relation to serum lutein
concentrations, to the amounts of lutein found naturally in breast milk.

The FSANZ Board’s decision was notified to the Australia and New Zealand Food
Regulation Ministerial Council (Ministerial Council). The Ministerial Council requested a
Review of the Board’s decision. The Review has been completed and notified to the
Ministerial Council for its consideration.

1.3 Identity of source

The source of lutein proposed for addition to the Applicant’s FSFYC is FloraGLO® Lutein
20% Liquid in safflower oil obtained from Kemin Health, L.C (Des Moines, lowa). This
product also contains zeaxanthin in a ratio of lutein:zeaxanthin of approximately 10:1.

Lutein and its isomer, zeaxanthin, are xanthophyll carotenoids obtained from the petals of
marigold flowers (Tagetes erecta L.). An oleoresin rich in these carotenoids is extracted from
marigold flowers and subsequently purified and crystallized using a patented process.
Xanthophyll ester bonds are broken to release free lutein and zeaxanthin which are then
suspended in edible oil.

14 Lutein as a nutritive substance

The Applicant has requested permission for the addition of lutein to FSFYC as a nutritive
substance. Nutritive substance is defined in Standard 1.1.1 as:

a substance not normally consumed as a food in itself and not normally used as an
ingredient of food, but which, after extraction and/or refinement, or synthesis, is
intentionally added to a food to achieve a nutritional purpose, and includes vitamins,
minerals, amino acids, electrolytes and nucleotides.

Clause 9 of Standard 1.1.1 states that nutritive substances must not be added to food unless
expressly permitted in the Code. Lutein is considered a nutritive substance on the following
grounds:

? “Infant formula product’, as defined in Standard 2.9.1, means a product based on milk or other edible food
constituents of animal or plant origin which is nutritionally adequate to serve as the principal liquid source of
nourishment for infants.
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Definitional

Rationale
elements

A substance not Lutein is not available for retail sale as a food in Australia and New Zealand.
normally consumed

as a food in itself

A substance not Lutein is permitted as a food additive (colour) in some food categories but it is
normally used as an  not normally used as an ingredient.

ingredient in food

A substance thatis  Lutein is extracted from marigold flowers and highly refined.

extracted, refined or

synthesised

A substance Consistent with other carotenoids, lutein has specific antioxidant properties.

intended to achieve  Additionally, unlike other carotenoids lutein and its isomer zeaxanthin are

a nutritional structural components of the eye, most notably the macula lutea. The two

purpose confirmed functions of lutein in the eye are as an antioxidant and filter of blue
light. Further, animal models also indicate lutein plays a role in the structural
development of the eye. Lutein is not synthesised in the human body.

1.5 Novel foods and the status of lutein

As this Application seeks to permit the addition of lutein to FSFYC as a nutritive substance,
the issue of whether or not lutein is a novel food has not been specifically addressed.
However, if consideration was given to whether lutein meets the definition of ‘novel food’ in
Standard 1.5.1 — Novel Foods, consideration would firstly need to be given to whether or not
lutein is a ‘non-traditional food’ for the purposes of that Standard. As lutein is present in
breast milk and some foods commonly eaten by young children such as peas, broccoli and
eggs, it is likely that it would not meet the definition of ‘non-traditional food’, and if that
were the case, would therefore not meet the definition of ‘novel food’.

Standard 1.5.1 requires that novel foods must be expressly permitted in that Standard before
they may be sold in Australia or New Zealand. In order to ensure the safety of novel foods
prior to approval, FSANZ undertakes a pre-market safety assessment. A pre-market safety
assessment has been undertaken for lutein and is presented in this Report, achieving the same
level of assurance of safety as would be required for novel foods.

2. Background

Carotenoids are red and yellow pigments contained in animal fat and some plants.
Carotenoids are divided into two classes: carotenes (which contain only hydrogen and
carbon) and xanthophylls (which contain hydrogen, carbon and oxygen). Lutein and
zeaxanthin belong to the class of xanthophylls.

Although several hundred carotenoids have been identified, the most prevalent dietary
carotenoids are a-carotene, 3-carotene, lycopene, lutein, zeaxanthin, and B-cryptoxanthin. Three
of these, a-carotene, B-carotene and B-cryptoxanthin, are precursors of vitamin A, whereas lutein,
zeaxanthin and lycopene cannot be converted to vitamin A. Humans cannot synthesise these
carotenoids and must obtain all of them, including lutein, from dietary sources.

Despite having specific functions in the eye and general antioxidant properties common to
many carotenoids, there is no evidence to indicate lutein is essential to sustain life.
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Lutein was not considered for the review of, and has not been included in the Nutrient
Reference Values for Australia and New Zealand* or other dietary recommendations.

Good sources of lutein include eggs, carrots, corn, citrus fruits, avocado, broccoli, green peas
and dark green leafy vegetables such as spinach. Lutein is also a food colouring agent (INS
161b). Carotenoids are present in blood and adipose tissue, and concentrated in the ovaries,
testes, liver, skin, breast milk, and eyes.

The chemical formula of lutein and zeaxanthin is C40Hs60» and the structures are shown in
Figure 1. In light of the structural similarities of these two xanthophylls, most food
composition analyses of food and breast milk are unable to separate them and group them
together as a single result. As a result, the Acceptable Daily Intake (ADI) has been
established as a group ADI for ‘lutein and zeaxanthin’.

OH
A e R e R R R R R
HO
Lutein
OH
SN NN S
HO
Zeaxanthin

Figure 1: Chemical structures of lutein and zeaxanthin

Lutein has been shown to function in the eye as an antioxidant (Kim et al., 2006), and a blue
light filter (Junghans et al., 2001). Dietary lutein and zeaxanthin are absorbed and
subsequently accumulate in the retina, a layer of light-sensitive cells at the back of the eyeball
(Alves-Rodrigues and Shao, 2004). In particular, lutein and zeaxanthin are concentrated in
an area centred on the fovea, referred to as the macula lutea (macula) or ‘yellow spot’ (Alves-
Rodrigues and Shao, 2004). The pigmentation of the macula is due to the abundance of
lutein, zeaxanthin and meso-zeaxanthin. Meso-zeaxanthin is a non-dietary carotenoid thought
to derive from lutein (Bone et al., 1997). Collectively, lutein, zeaxanthin and meso-
zeaxanthin are referred to as ‘macular pigment’ (Landrum and Bone 2001). A major cause of
irreversible vision loss is an age-related degenerative disease of the macula (Taylor et al.,
2005). The presence of lutein and zeaxanthin in the macula has led to hypotheses and
research into possible protective and palliative roles of these pigments against age-related
macular degeneration (Chong et al., 2007).

* This document is available online at: http://www.nhmre.gov.au/publications/synopses/n35syn.htm.
Accessed 7 July 2008.
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3. Current Situation

3.1 Domestic regulations

3.1.1  Australia New Zealand Food Standards Code

The Standards in the Code most relevant to this Application are:

o Standard 2.9.3 — Formulated Meal Replacements and Formulated Supplementary Foods
regulates FSFYC, with clauses 6 and 7 providing the compositional and labelling
requirements respectively. However, clause 6 details compositional provisions on
energy, protein and vitamins and minerals only.

° Standard 1.3.1 — Food Additives, clause 3, permits the addition of lutein as a food
colour (INS 161b) under Schedule 3 in processed foods specified in Schedule 1,
including formulated supplementary foods.

3.1.2  Therapeutic Goods Administration, Australia

Lutein is eligible for use in listed medicines on the Australian Register of Therapeutic Goods
for supply in Australia, with no substance specific restrictions noted’.

Preparations of T. erecta L. that meet the definition of a herbal substance in Regulation 2 of
the Therapeutic Goods Regulations 1991 are approved for use in listed medicines’.

3.1.3  Medicines and Medical Devices Safety Authority (Medsafe), New Zealand

Lutein is not a scheduled medicine in New Zealand and is not contained in any medicines
currently registered in New Zealand’.

3.1.4 Dietary Supplement Regulations, New Zealand

The New Zealand Dietary Supplement Regulations 1985 (Dietary Supplement Regulations)
currently regulate food-type and therapeutic-type dietary supplements in New Zealand.
Dietary supplements are intended to supplement the intake of those substances normally
derived from food. As a substance normally derived from food, lutein products are permitted
to be sold as dietary supplements under the current Dietary Supplement Regulations, with
products currently available on the market (e.g. lutein in capsules).

The New Zealand Food Safety Authority (NZFSA) is currently reviewing the Dietary
Supplement Regulations. A discussion document released in February 2007 outlined a
proposal to separate regulation of food-type dietary supplements and therapeutic-type
supplements. The intention of the proposed changes is to align food-type dietary
supplements more closely with the Code where possible.

> Substances that may be used in listed medicines in Australia, found at: www.tga.gov.au/cm/listsubs.htm.
Accessed 7 July 2008.

® Personal communication, Therapeutic Goods Administration, Australia, 14 March 2007

7 Personal communication, Medsafe, Ministry of Health, New Zealand, 15 March 2007.
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FSANZ was advised by NZFSA that FSFYC with added substances are not intended to be
regulated as food-type dietary supplements but will remain under the Code.

A further discussion paper was released in July 2008 along with the Draft New Zealand Food
(Supplemented Food) Standard 2008. The discussion paper indicates that Part 2.9 of the
Code is excluded from the draft Standard as it is outside the policy intention and scope of the
Standard. In addition, clause 7 of the draft Standard lists those standards in the Code that
would apply to supplemented foods manufactured, sold or prepared for sale in New Zealand
and or imported into New Zealand. Standard 2.9.3 is not included in this list.

3.2 Overseas and international regulations
3.2.1  Codex Alimentarius

Codex Alimentarius regulates FSFYC under a set of guidelines titled ‘Guidelines on Formulated
Supplementary Foods for Older Infants and Young Children’ (CAC/GL 08-1991). These
guidelines do not explicitly permit the addition of lutein to FSFYC.

However the guidelines do mention that the product is intended to supply additional energy and
nutrients to the staple foods used for the feeding of older infants and young children, and that
modifications may need to be made by member countries when adopting the guidelines to meet
the unique conditions of the local environment.

3.2.2  United States of America

Two generally recognised as safe (GRAS) notifications on lutein have been submitted to the
United States Food and Drug Administration (US FDA).

The first relates to the use of crystalline lutein in a range of foods including infant and toddler
foods. The US FDA’s response to this notice was issued on 14 June 2004, when it accepted
that crystalline lutein is safe to use as a food ingredient in specified categories of foods and
beverages including infant foods (for infants aged 4 to 6 months up to 12 months, excluding
infant formula) and toddler foods (for children over 12 months of age), at levels up to 1 mg
per serve®. The crystalline lutein preparation is the same as that used in FloraGLO® Lutein
20% Liquid in Safflower Oil.

Although not directly relevant to this Application, the second notification was submitted to
the US FDA for GRAS status for crystalline lutein suspended in safflower oil (FloraGLO®
Lutein 20% Liquid in Safflower Oil) in infant formula (intended from birth up to 12 months
of age) to a maximum level of 250 ug/L’. The US FDA responded on 23 October 2007 that
it had no questions about this notification.

3.2.3  European Union

Lutein is permitted for addition to foods as a food colouring agent in the European Union, but
is not permitted for addition to FSFYC for any other purpose.

® FDA decision for GRAS Notice: GRN No. 140. Available at: http://www.cfsan.fda.gov/~rdb/opa-g140.html
’ FDA decision for GRAS Notice: GRN No. 221. Available at: http://www.cfsan.fda.gov/~rdb/opa-g221.html
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The European Food Safety Authority10 (EFSA) has recently released a scientific opinion on
the suitability of lutein in infant formula and follow-on formula. The EFSA opinion raised no
safety concerns for lutein at the concentration of 250 pg/L proposed by the Applicant for
addition to infant formula products.

3.2.4  Other countries

In China, lutein is permitted to be added as a ‘nutrition fortifier’ to formula for young
children and preschoolers, as well as to infant formula and follow-on formula. The maximum
permitted levels of lutein in formula for young children and preschoolers are 4230 pg/kg and
2700 pg/kg of powdered product respectively (equates to approximately 570 pg/L in formula
for young children and 360 pg/L in formula for preschoolers).

Currently Wyeth has gained relevant government and/or product registration approvals for
lutein-containing third age products (i.e. formula products for children aged over 12 months
of age) in Indonesia (permitted only until July 2009), Philippines, Peru, Colombia,

Costa Rica, El Salvador, Honduras, Nicaragua, Panama, Thailand, Kuwait, Oman,
Guatemala, Hong Kong, United Arab Emirates, Jordan, Malaysia and Ecuador.

33 Ministerial Policy Guidelines

FSANZ must have regard to any written policy guidelines formulated by the Ministerial
Council when developing and varying food standards.

The Ministerial Council recently endorsed a Policy Guideline on the Addition to Food of
Substances other than Vitamins and Minerals. However, this Policy Guideline does not
apply to special purpose foods such as FSFYC.

The Ministerial Council is currently developing policy guidance on the intent of Part 2.9 —
Special Purpose Foods of the Code. A Consultation Paper'' was released for public comment
in January 2009, with submissions due in early March 2009.

In the absence of policy guidance, FSANZ’s assessment has primarily focussed on the safety
of lutein and whether a lutein-containing FSFYC would act as an alternative source and be a
reasonable contributor to the lutein intake of young children who consume the product.
However, the potential health benefits have also been assessed.

The regulatory approach taken to assess this Application is discussed further in Section 6 —
Regulatory Approach.

10 Scientific Opinion of the Panel on Dietetic Products Nutrition and Allergies on a request from the European Commission on the
‘suitability of lutein for the particular nutritional use by infants and young children’. The EFSA Journal (2008) 823, 1-24.

" Department of Health and Aging, Special Purpose Foods Consultation Paper on Food Regulation Policy
Options. http://www.health.gov.au/internet/main/publishing.nsf/Content/foodsecretariat-pgdev
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34 Current market
3.4.1 Domestic Market

The majority of FSFYC available in Australia and New Zealand are milk-based
supplementary drinks known as ‘toddler formula’ or ‘toddler milk’. FSANZ is not aware of
other products that are currently manufactured to the FSFYC provisions.

Toddler formula is generally promoted as a supplementary milk drink for children aged over
12 months of age and is recommended to be prepared with water. In addition, toddler
formulas are sometimes promoted as being suitable as a replacement for milk in other foods
e.g. custards. More recently ‘ready-to-drink’ and ‘fresh’ varieties of toddler formulas are
being marketed in Australia and New Zealand.

FSANZ is aware of only a small number of manufacturers/importers of FSFYC in Australia
and New Zealand. Generally, the manufacturers of FSFYC are also manufacturers of infant
formula products. Total annual third age (i.e. toddler formula) sales are worth approximately
$AUD30 million in Australia and $NZ10 million in New Zealand'?.

3.4.2 International Market

Given the global nature of toddler formula manufacture, similar to infant formula product
manufacture, there is a cost advantage for companies to manufacture one formulation for
worldwide distribution.

Since FSANZ received this Application, there has been an increase in availability of toddler
formula containing lutein on the international market, namely in those countries noted in
Section 3.2.4.

4. The Issue

The Applicant is seeking permission for the voluntary addition of lutein as a nutritive
substance to FSFYC. The Applicant considers this would provide a modest yet significant
alternative source of lutein in the diets of young children who consume FSFYC as a
supplement to a normal diet when energy and nutrient intakes may not be adequate.

Nutritive substances must not be added to food unless expressly permitted in the Code.
Currently, Standard 2.9.3 does not permit the addition of lutein as a nutritive substance to
FSFYC.

Lutein is naturally present in some foods such as pumpkin, green peas, carrots and eggs.
Lutein is also approved as a food colour and may be used as a colour in some foods eaten by
young children.

The issue is whether the addition of lutein as a nutritive substance to FSFYC, at the requested
level, is safe and would act as a reasonable contributor to the lutein intake of young children.

12 Synovate AZTEC data: moving annual total figures for Australia (to 30/04/08) and New Zealand (to
11/05/08).
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Whether these products would provide an alternative source of lutein for young children who
consume FSFYC, in addition to other food sources also requires consideration.

S. Objectives

In developing or varying a food standard, FSANZ is required by its legislation to meet three
primary objectives which are set out in section 18 of the Food Standards Australia New
Zealand Act 1991 (FSANZ Act). These are:

o the protection of public health and safety;

. the provision of adequate information relating to food to enable consumers to make
informed choices; and

o the prevention of misleading or deceptive conduct.
In developing and varying standards, FSANZ must also have regard to:

J the need for standards to be based on risk analysis using the best available scientific
evidence;

. the promotion of consistency between domestic and international food standards;

o the desirability of an efficient and internationally competitive food industry;

. the promotion of fair trading in food; and

o any written policy guidelines formulated by the Ministerial Council.

6. Regulatory Approach

In the absence of Ministerial policy guidance FSANZ has adopted, in accordance with the
section 18 objectives of the FSANZ Act, the following approach to the assessment of this

Application.

The assessment of whether lutein should be permitted as an optional nutritive substance in
FSFYC has considered:

o the safety of lutein;

o whether lutein is found naturally in foods commonly eaten by young children;

o whether the requested level of lutein in FSFYC (500 ug/L), and the minimum level
proposed for purposes of making a claim on FSFYC (150 pg/L) can make a reasonable
contribution to the lutein intake (accounting for bioavailability), of young children who

consume FSFYC;

o the nutritional purpose or physiological function(s) of lutein; and
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o the potential for a health benefit for young children who consume FSFYC with added
lutein.

The regulatory approach for lutein in FSFYC is different to that taken for lutein in infant
formula products, as assessed under Application A594. As the purpose of FSFYC is as a
supplement to a normal diet for young children when energy and nutrient intakes may not be
adequate, the approach considers whether lutein-containing FSFYC can provide an
alternative source of lutein and make a reasonable contribution to the lutein intake of young
children who consume FSFYC. By contrast, the approach for infant formula products
considered nutritional equivalence with breast milk, as these products are used as a substitute
for breast milk and in some instances as the sole source of nutrition for formula-fed infants.
Both approaches require the safety of lutein for the target population to be demonstrated.

RISK ASSESSMENT

7. Risk Assessment Questions
In assessing scientific risk the following questions have been considered at Final Assessment:

1. Is lutein found naturally in foods, and if so, how do the concentrations in foods
compare with that proposed to be added to FSFYC?

2. What is the concentration of lutein in FSFYC without added lutein?
3. Does lutein have a nutritional purpose or physiological function?
4.  Is there a health benefit for young children who consume FSFYC with added lutein?

5. Islutein derived from marigold flowers bioavailable for young children, and is it
comparable to the bioavailability of lutein from natural food sources?

6.  What is the current dietary intake of lutein for young children in Australia and New
Zealand from different sources?

7. What is the estimated impact on the lutein intakes of young children who consume
FSFYC containing lutein at a minimum concentration of 150ug/L and a maximum
concentration of 500 pug/L?

8. Are there any risks to young children from consuming FSFYC containing lutein
derived from marigold flowers at a maximum concentration of 500 ug/L?

8. Risk Assessment Issues

The following section summarises the response to the risk assessment questions. A more
detailed assessment of these issues is contained in the attachments to this Report. The
Nutrition Assessment (Attachment 4) contains information related to questions 1, 2, 3 and 4.
Questions 4 and 5 are addressed by the Dietary Intake Assessment (Attachment 5). The
Hazard Assessment (Attachment 6) contains detailed discussion relating to question 6.
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8.1 Lutein content of foods
8.1.1 Is lutein found naturally in foods?

Lutein is a plant pigment; a substance responsible for many of the bright natural colours in
plants. Plant foods rich in lutein include dark green leafy vegetables such as spinach and
kale. Other coloured vegetables high in lutein include green peas, broccoli, carrots, and corn.
Citrus fruits, tomatoes, peaches and other fruit also contain lutein. Lutein is also present in
egg yolks, the fat of animals whose diets include lutein-rich plants and in human breast milk
(United States Department of Agriculture, 2008).

Lutein and its isomer zeaxanthin (a structurally similar molecule shown in Figure 1 above)
occur together in nature. Because most food composition analyses are unable to separate them,
lutein and zeaxanthin are often reported together as a combined concentration. Lutein is more
abundant than zeaxanthin in greens but the concentration of zeaxanthin is more equal to the
concentration of lutein in most yellow-orange fruits and vegetables. Chitchumroonchokchai et
al. (2004) reported the ratio of lutein:zeaxanthin in foods as high as 40:1.

Another study determined the separate concentrations of lutein and zeaxanthin in several
fruits, vegetables, and pasta products. The ratio of lutein to zeaxanthin in green vegetables
ranged from 12:1 to 63:1 (Humphries and Khachik, 2003). The authors attributed to the
dominant role of lutein in photosynthesis. In most yellow-orange fruits and vegetables the
ratio was found to be nearly 1:1; with the exception of butternut squash which had a ratio of
9:1. Corn and nectarine were also found to be exceptions in this study as they contained a
higher concentration of zeaxanthin relative to lutein. In the wheat and pasta products tested
in this study, the ratio of lutein to zeaxanthin ranged from 2.5 to 12:1.

The source of lutein in this Application is from the petals of marigold flowers (T. erecta L)
which also contain zeaxanthin. The material proposed by the Applicant for addition to
FSFYC is a purified extract of lutein from marigold oleoresin which contains both lutein and
zeaxanthin in a ratio of approximately 10:1. Thus, while marigold flowers are not normally
consumed in the Australian and New Zealand diet, the chemical structure of lutein and
zeaxanthin in the purified extract from marigold flowers is the same as the two carotenoids
found in other edible plant sources (see Figure 1), and the ratio of lutein to zeaxanthin is
within the range of ratios found in other edible plant sources.

8.1.2  How does the concentration of lutein in foods compare with the concentration
proposed to be added to FSFYC?

The Applicant has sought a maximum concentration of 500 pg/L of lutein in FSFYC. This
would provide at most 100 pg of lutein in a recommended serving of 200 mL.

The concentration of lutein and zeaxanthin in foods is variable. The content tends to be
higher in brightly coloured plant foods. For example, one tablespoon of shredded green cos
lettuce provides roughly the same amount of lutein and zeaxanthin as six tablespoons of the
less brightly coloured lettuce variety known as iceberg or crisp head lettuce. Table 1
compares the lutein and zeaxanthin content of different foods that could be expected to be
consumed by children aged 1-3 years.
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For example, the same amount of lutein and zeaxanthin that would be provided in one

200 mL serving of FSFYC at the maximum concentration of 500 pg/L could be obtained
from eating 4 teaspoon of spinach; or one teaspoon of peas; or two teaspoons of corn; or one
tablespoon of sliced carrot; or /2 of a large egg; or 1/3 cup of orange juice.

Lutein is also a food colouring agent (INS 161b) that is permitted to be added to a variety of
foods under Schedule 1 of Standard 1.3.1. FSANZ examined its food additive database to
determine the types of products that contain the additive 161b. While this database is not
necessarily representative of the Australian and New Zealand food supplies, it is often used
for indicative purposes. Very few products were found to have lutein listed as an ingredient:
one sweet biscuit, one dry sauce mix, one mayonnaise, and one carbohydrate modified
confectionery. Consequently, it was considered that lutein added as a food colouring agent
was unlikely to contribute greatly to the lutein intakes of children aged 1-3 years.

Table 1: Comparison of the lutein and zeaxanthin concentrations in selected foods with
the maximum concentration of lutein and zeaxanthin proposed to be added to FSFYC
by the Applicant

Food item

Lutein and
zeaxanthin (pg/100g)

Serve size (grams)
which provides
100 pg lutein and

Approximate estimate of household
measure which provides 100 pg lutein
and zeaxanthin'

zeaxanthin
FSFYC* 200 4/5 cup
NA mL
Kale 18,246 0.5 1/6 teaspoon
Spinach 11,308 0.9 Y4 teaspoon
Green Peas 1 teaspoon or
2,400 4 3 peas
Lettuce, cos or Y of one inner leaf or
romaine 2,313 4 1 tablespoon shredded
Broccoli 1,403 7 1 tablespoon
Brussels 1/3 of one sprout
Sprouts 1,290 8
Breakfast
cereal 977 10 1/3 cup
Corn 949 11 2 teaspoons
Carrots 687 14 1 tablespoon of slices
Beans 564 18 1 5 tablespoons
Egg, cooked Y large egg or
354 28 1/5 cup chopped egg
Celery 2 small stalks or
283 35 1/3 cup chopped celery
Lettuce, 2 and ' large leaves or
iceberg 277 36 6 tablespoons shredded
Nectarines %2 medium nectarine or
130 77 Y2 cup slices
Oranges % of one small orange or
129 78 2/5 cup of orange sections
Tomatoes 3 thick slices or
123 81 Y cup of cherry tomatoes
Orange juice 115 87 1/3 cup
Peaches 91 110 ¥ cup slices
Bread 6-7 slices (25-30 g per
48 208 slice)
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Food item Lutein and Serve size (grams) Approximate estimate of household
zeaxanthin (pg/100g) which provides measure which provides 100 pg lutein
100 pg lutein and and zeaxanthin'
zeaxanthin
Pears 1 and 1/5 cup of pear
34 294 halves
Cucumber 23 435 4 and 1/5 cup of slices

Source: United States Department of Agriculture 2008.

" One level metric cup = 250 mL. One level metric tablespoon = 20 mL. One level metric teaspoon = 5 mL.

2 With added lutein from Tagetes erecta L, to provide a maximum concentration of 500 pg/L when reconstituted
as directed.

8.1.3  What is the concentration of lutein in FSFYC without added lutein?

Information from the Applicant indicates that the ingredients of milk-based FSFYC contain
some natural level of lutein and zeaxanthin. According to the Applicant, this innate source
contributes approximately 4-6 pg lutein per 200 mL serve of FSFYC.

8.1.4  What are the functions of lutein?

Lutein and zeaxanthin must be acquired from the diet; they cannot be synthesized in the
body. Their presence has been detected in many tissues, but they are particularly prevalent in
the eye where their respective concentrations can exceed those in serum by up to several
thousand-fold (Handelman et al., 1988; Schmitz et al., 1993). They are the only carotenoids
present in the lens (Yeum et al., 1995), where they, along with meso-zeaxanthin, a non-
dietary carotenoid thought to derive from lutein, comprise the ‘macular pigment’ (Beatty et
al., 1999; Bone et al., 1997; Landrum and Bone 2001). Their presence in the lens gives it its
characteristic yellow color (Bernstein et al., 2001; Bone et al., 1988; Rapp et al., 2000).

Other carotenoids have not been found to be concentrated in tissue this way, suggesting that
lutein and zeaxanthin are unique in this respect (Alves-Rodrigues and Shao, 2004). Further,
lutein and zeaxanthin levels in the eye are preferentially preserved over serum concentration
following a decreased intake (Johnson et al., 2000; Zeimer et al., 2009). It is therefore clear
that there is a strong biological drive to ensure the presence of lutein and zeaxanthin in the
eye.

The possible roles of lutein and zeaxanthin in the eye include: protection of eye tissue from
oxidation; a direct optical role such acting as a blue light filter; and a role in influencing the
development of the eye early in life (Hammond, 2008).

The human eye is naturally exposed to considerable oxidative stress through light, with
particular sensitivity to blue light (Snodderly, 1995). Lutein has been shown to act as a filter
of blue light in the eye (Junghans et al., 2001). Lutein and zeaxanthin have also been shown
to act as antioxidants in the eye (Kim et al., 2006), and, much like other carotenoids, more
generally in the body (Lim et al., 1992; Tomey et al., 2007; Trevithick-Sutton et al., 2006,
Zhang et al., 1991).

Further, rhesus monkeys, a broadly accepted animal model of primate eye physiology, fed
lutein free diets had no detectable macular pigment (Neuringer et al., 2004), and a dip in the
density profile of retinal pigment epithelium cell density at the foveal centre where there
would normally be a peak (Leung et al., 2004). This indicates an integral role of lutein and
zeaxanthin in the structural development of the eye.
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However, a diet devoid of lutein and zeaxanthin is highly unlikely in young children, and this
research does not indicate at what intake these structural changes would be prevented.

The published data clearly show that lutein and zeaxanthin are functional components of the
eye; no other carotenoid has been shown to be able to take their place. Further, increased
intakes of lutein, either from food or supplement use, have been shown to increase the density
of the macular pigment in some but not all individuals (Aleman et al., 2007, Berenschot et
al., 2000; Bone et al., 2007; Hammond et al., 1997; Nolan et al., 2007, Zeimer et al., 2009).

8.1.5 Isthere a health benefit to young children of consuming FSFYC with added lutein?

The ability of increased lutein intake to increase macular pigment density; observations that
higher intakes of lutein are sometimes associated with lower risk of age-related macular
degeneration; and the ability of lutein to reduce oxidative stress in the eye, have led to
speculation that increasing lutein intakes may reduce the risk of conditions such as age-
related macular degeneration (Alves-Rodrigues and Shao, 2004; Beatty et al., 1999;
Snodderly, 1995).

As age-related macular degeneration is generally experienced late in life, demonstrating a
preventative role of dietary lutein in early childhood with any certainty would require a large
group to be followed up for many decades. Even then it might not be possible to differentiate
the benefit of intakes early in life with those from intakes in subsequent life stages.

In the absence of longitudinal data with follow-up starting in early childhood, results from
studies in adults constitute the best available evidence. A recent systematic review and meta-
analysis examining the role of lutein, among other antioxidants, in the primary prevention of
age-related macular degeneration reported that high antioxidant levels in the healthy retina
did little to prevent the development of early AMD [age-related macular degeneration]
(Chong et al., 2007). As none of the studies included young children, they could not
investigate the question of possible benefit from lutein consumption early in life. Therefore,
the negative finding in adults does not rule out the possibility of benefit over a longer period.

Studies of secondary prevention are not relevant to this assessment, as young children do not
suffer from age-related macular degeneration.

At this stage, although it is biologically plausible for lutein to provide a benefit to long-term
eye health, there is insufficient evidence to make such a conclusion with any certainty.

8.2 Bioavailability
8.2.1  Is lutein derived from marigold flowers bioavailable for young children?

The bioavailability of lutein has been assessed by measuring changes in concentration of
lutein in blood. Three unpublished studies provided by Wyeth comparing the bioavailability
of lutein in breast milk with that in infant formula clearly demonstrate lutein from the
proposed source, Tagetes erecta, added to infant formula increase blood lutein concentrations
in infants (Wyeth, 2006a; Wyeth, 2006b; Wyeth, 2007). The studies did not compare the
bioavailability of lutein in formula with that of foods such as young children are likely to be
consuming.
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Further, in response to the first review request for Application A594 — Addition of Lutein as
Nutritive Substance Infant Formula Products, FSANZ requested additional information from
Wyeth about these studies including further information on sample handling and preparation,
and analysis. Several aspects of the Wyeth studies indicated their results were not likely to
be accurate enough to establish the quantitative bioavailability of lutein in breast milk relative
to lutein in infant formula with confidence. Despite some deficiencies, the studies do confirm
that lutein from T. erecta is qualitatively bioavailable in an infant formula like matrix. The
comparison of quantitative bioavailability between breast milk and infant formula is not a
pivotal issue in this assessment as FSFYC is not intended to be a substitute for breast milk.

Studies in adult subjects indicate that lutein from T. erecta given as supplements is more
bioavailable than that in yellow carrots (Molldrem et al., 2004), similarly bioavailable to that
in spinach (Chung et al., 2004), and less bioavailable than that from eggs (Chung et al.,
2004).

8.2.2 Is the bioavailability of lutein derived from marigold flowers comparable to the
bioavailability of lutein from natural food sources?

Lutein is a fat soluble substance. Like other carotenoids, its absorption is influenced by fat
intake. In particular, the concurrent presence of fats