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ABSTRACT 

Research indicates that the degeneration of the 

central retina (macula) causes a gradual blurring of 

the central vision restricting the sufferer’s ability to 

see fine details. As the symptoms develop central 

vision is lost leaving only peripheral vision. Such a 

condition affects approximately 30% of Caucasians 

aged 75 and over, with those over 55 at risk of 

developing age-related macular degeneration 

(AMD). Current extension of life expectancy is likely 

to lead to a corresponding increase in the incidence 

of AMD. 

 Studies have shown that lutein, which is highly 

concentrated in the macula, is thought to filter short 

or blue wavelengths of light. Work done in this area 

suggests that the blue light induces oxidative stress 

and leads to the formation of free-radicals, which 

damage the retina. 

 Although there are a number of causative agents 

such as smoking and family history, studies have 

found that people with lower blood levels of the 

carotenoids, particularly lutein and zeaxanthin, are 

more likely to develop AMD. The protection 

afforded by lutein and zeaxanthin is possibly 

through their ability to filter shorter wavelengths of 

light and their antioxidant activity. Lutein is not a 

cure for AMD, but can slow the progress of 

degeneration. 

 Lupins are known to be a rich source of lutein 

and this lutein can contribute to a dietary solution 

that helps to delay the onset as well as slow the 

development of the debilitating consequences of 

AMD.  

 This presentation provides a review of the 

literature on AMD, the role of lutein in the 

progression of the condition, and the potential for 

lupins to supply lutein in the diet. 

KEYWORDS 

lupin, lutein, AMD, macular degeneration 

INTRODUCTION 

 Age-related macular degeneration (AMD) and the 
consequent loss of central vision is a concern for many 
Australians over 55 years of age. As life expectancy 
extends well into the 80s and 90s there is a  
 

 

corresponding increase in the incidence of degenerative 
conditions. An understanding of the nature of the 
condition and the role of xanthophylls particularly lutein 
in the eye is the focus of this review. Lupins, as a 
valuable source of lutein, may contribute to delayed 
onset or slow the progress of the blurring of vision in 
responsive individuals.  

 Strategies that seek to reduce the physically 
debilitating impact of AMD on individuals and their 
families will have social and financial benefits as the 
cost to Australia of AMD is predicted to rise from the 
current level of $2.6 billion to $6.5 billion in 2025.1 

DESCRIPTION: AGE RELATED MACULAR 

DEGENERATION (AMD) 

 The macula is at the centre of the retina at the back 
of the eye. In this location there are many 
photoreceptors which enable us to see fine detail and 
colours. As we age the cells become less efficient, the 
membrane degenerates and waste products build up. 
Gradually central vision becomes blurred in the process 
termed macular degeneration (MD) or age-related 
macular degeneration (AMD).2 

 3 

Diagram 1. Location of the macula. 

Source: National Eye Institute 
http://www.nei.nih.gov/health/maculardegen/armd_facts.asp 

The early signs of age related macular degeneration 
include: 

• blurred vision with close work; 

• seeing straight lines as wavy (see Appendix 1); 

• diminishing colour vision; 

• holes or black spots (scotoma) in vision; 



 PROCEEDINGS 12
TH

 INTERNATIONAL LUPIN CONFERENCE 489 

 

• extreme light sensitivity; 

• poor light to dark adaptation;4 

 There are two types of age related macular 
degeneration: 

 The advanced form is termed wet AMD and vision 
loss can occur quickly. In wet AMD abnormal blood 
vessels grow under the retina. Since these blood vessels 
are fragile they leak blood and fluid causing damage to 
the macula. The first sign of wet AMD is that straight 
lines appear wavy. 

 In dry AMD there is a gradual breakdown of the 
photosensitive cells. As the condition progresses a 
blurring of the central vision occurs.5 

 Macular degeneration is the leading cause of 
blindness in Australia6 and nearly two out of every three 
people will eventually develop age related macular 
degeneration and one in four will lose their vision.7 For 
Australians over 50 years one in seven is affected by 
macular generation.8  

RISK FACTORS FOR AMD 

 Age: People over the age of 60 are at greater risk of 
getting AMD (30% risk for those over 75 years). 

 Smoking: Smokers have 3 times the risk of a non-
smoker and may develop AMD 10 years earlier.9 

 Obesity: Research studies suggest a link between 
obesity and the progression of early and intermediate 
stage AMD to advanced AMD.10 

 Race: Caucasians particularly those with blue, grey 
or green eyes have less pigment in the retina. 

 Family history: Those with immediate family 
members who have AMD are at a higher risk of 
developing the disease.11 

 Gender: Women appear to be at greater risk than 
men.12  

 Low dietary or plasma levels of carotenoids, 
particularly lutein and zeaxanthin.13 

 The carotenoid pigments Lutein and Zeaxanthin are 
found at relatively high concentration levels in the 
macular region of a healthy eye. The protection they 
give to the retina may be as a result of their antioxidant 
activity in protecting against oxidative stress and by 
filtering the shorter wavelengths of light. In this way 
they provide protection against the oxidative effect of 
blue light.14 

TREATMENT 

 There is no cure for the condition. However lifestyle 
changes and dietary intervention may reduce the risk 
and slow down the rate of vision loss. 

 The treatment for wet AMD includes the use of laser 
surgery, photodynamic therapy and injections of drugs 
into the eye. These treatments are designed to reduce the  
 

impact of leaking blood vessels but may not slow the 
loss of vision.15 

 A large number of studies have evaluated the 
benefits of lutein in the diet. Some recent clinical trials 
are summarised in Appendix 2. These studies indicate 
that maintaining the level of Macular Pigment Optical 
Density (MPOD) in the retina and in the sera are 
important in delaying onset and slowing the progress of 
dry ADM. There is evidence that Lutein plays an 
important role. Some of the studies in which the effect 
of lutein intake is unclear indicate the importance of 
monitoring other factors that may reduce the 
effectiveness of lutein intake. In addition, increased 
intake of lutein is not able to reverse damage that has 
already occurred so the timing of dietary intervention is 
relevant. 

SOURCES OF LUTEIN 

 Appendix 3 lists the lutein and zeaxanthin contents 
of a variety of foods. Cognis and Kemin have produced 
supplements containing lutein extracted from marigolds. 
Kale (40 mg/100 g) and spinach (11 mg/100 g) are the 
richest food sources of lutein and zeaxanthin with full 
fat lupin flour a complementary source (4.4 mg/100 g). 

BIOAVAILABILITY 

 There is a difference in the bioavailability of lutein 
from different sources. In a study in men Lutein 
bioavailability was higher from lutein enriched eggs 
than spinach and from supplements.16 Lutein in cooked 
egg yolk for instance, is highly available, presumably 
because the lipid matrix is optimal for absorption.17 
Bioavailability of lutein esters (linkage of lutein with 
fat) or lutein solubilised in oil may be higher than that 
of the unattached lutein as measured by serum 
concentration.18 Although, there is currently no studies 
providing evidence, the presence of lutein in esters 
associated with the lipid may make lupin a valuable 
source of bioavailable lutein. 

 Lutein esters are hydrolysed and transported as 
lutein after digestion19 to the macula area of the eye so 
all forms of lutein are important. 

 The assessment of lutein bioavailability is difficult 
because there are differences in the way that individuals 
respond to lutein in the diet.20 In the analysis researchers 
need to account for the lutein stored in the tissues, the 
lutein present in the diet and the persistence of lutein in 
the retina after supplementation has been stopped.21 

SAFETY OF LUTEIN 

 The Joint Expert Committee on Food Additives 
(JECFA) has determined that the acceptable daily intake 
(ADI) level for Lutein is up to 2 mg per kg of body 
weight.22 For a 58 kg woman and a 70 kg man this 
would equate to 116 mg and 140 mg respectively. The 
Observed Safe Level (OSL), based on human 
supplementation studies, is suggested as 20 mg lutein 
per day.23 The recommended amount in the literature  
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considered to be of value in increasing macular pigment 
optical density (MPOD) is from 6-10 mg per day.24 

 Supplement manufacturers Kemin and Cognis have 
completed the notification processes for US FDA 
GRAS (Generally Regarded As Safe) for their 
products.25,26 

 However, in the 2006 review of intervention and 
observational studies the FDA did not approve a health 
claim linking the intake of lutein and the risk of age-
related macular degeneration in America.27 The 
opposition to acceptance of the health claim included 
comments that questioned whether esterified lutein was 
more effective that free lutein, indicated that the claim 
should mention lutein and lutein containing foods, noted 
that a brand name (Xangold®) should not be in the 
claim and that stated that zeaxanthin should also be 
included.28 

STABILITY OF LUTEIN 

 Research suggests that the free lutein is not stable to 
heat and UV light. However when the lutein hydroxyl 
groups are attached to fatty acids the resultant ester is  
 

much more stabile. Free Lutein and Lutein esters do not 
differ significantly in their ability to act as 
antioxidants.29 

USING LUPINS AS A SOURCE OF LUTEIN 

 Dietary modelling demonstrates that the 
recommended 6 mg lutein and zeaxanthin / day30 can be 
achieved with the inclusion of lupin bread in a meal. 
The food combinations are set out in Appendix 4.  

CONCLUSION 

 Since there is no cure for AMD, delaying the onset 
and lessening the severity of the damage is crucial. 
Clinical studies support the role of the xanthophylls, 
lutein and zeaxanthin in the macular pigment in sera and 
in the retina. The supply of xanthophylls needs to come 
from a dietary source and full-fat Lupin flour containing 
significant quantities of lutein in both free and esterified 
forms can be used to increase the intake of lutein.  

 Further work is needed to provide assurance that the 
lutein content of lupin flour remains bioavailable in a 
range of food products exposed to different processing 
and storage conditions. 
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Appendix 2. Review of recent clinical studies with lutein. 

Author Demographics Diet Change Measure Conclusion 

Mares et al. 32 

2006 

Women 53-68 Adjusted 
for fibre and PUFA intake 
Waist circumference and 
diabetes 

Lutein zeaxanthin 
Macular pigment 
optical density (MPOD) 
in blood 

MPOD directly related to intake 
lutein and zeaxanthin. 

Khachik et al.
33

 
2006 

Elderly human subjects 
with and without AMD 

Lutein zeaxanthin 
Lutein, zeaxanthin, 
carotenoids, retinol, 
tocopherols metabolites 

Increase in serum lutein and 
zeaxanthin levels No apparent 
toxicity for lutein supplements 10 
mg/d 6 mths. 

Wei Wang et al.
34 

2007 
Patients with AMD 

High and low 
lutein and 
zeaxanthin diet  

Plasma and lipoprotein 
carotenoids 

2 x as much lutein and zeaxanthin 
were transported by HDL compared 
to LDL. 

San Giovanni, J. et 

al.35 2007 

AREDS Age related eye 
Disease Study 4519 
participants 60-80 year 
olds 

Lutein zeaxanthin 

Stereoscopic colour 
fundus photographs 
Self-administrated 
questionnaire 

Higher dietary intake of 
lutein/zeaxanthin independently 
associated with decreased 
likelihood of AMD. 

Robman, L. et al.36 
2007 

254 with early AMD 
Lutein Zeaxanthin 
and fats 

AMD progression (3 
measures) 

Increased intakes Lutein, 
Zeaxanthin and omega 3 fatty acids 
associated with progression of 
AMD. Could be caused by changes 
to healthier diet during the trial. 

Parisi, V. et al.37 
2008 

27 non-advanced AMD 
Carotenoid and 
antioxidant 
supplementation 

Multifocal 
electroretinograms 

In non advanced cases, AMD can 
be improved by the 
supplementation with carotenoids 
and antioxidants. 

Bartlett, H. et al.38 
2008 

45 healthy 
Lutein and 
vitamins and 
minerals 

Distance and near 
visual acuity, contrast 
sensitivity, photostress 
recovery time 

No evidence of improvement on 
visual acuity for images illuminated 
by white light. 

Rosenthal, J. 
et al.

39 2006 
45 persons 60 years and 
older  

Lutein 
(2.5, 5 or 10 mg) 

Serum lutein 
concentration 

Increasing doses of lutein 
significantly increased serum 
lutein. 

Wenzel, A. et al.40 
2007 

25 Married couples 
Dietary 
questionnaire 

MPOD 
More factors than just similar 
dietary intakes influence MPOD. 

Bone, R. et al.41 
2007 

10 persons Meso-zeaxanthin MPOD 
Meso zeaxanthin is generally 
effective at raising MPOD. 

Aleman, T. et al.
42 

2007 
11 persons with retinal 
degenerations 

Lutein MPOD 
Lutein increased MP in some 
patients. No change in central 
vision over 6 months. 

Schlach, W et al.43 
2007 

LUXEA (LUtein 
Xanthophyll Eye 
Accumulation) study 

Lutein Zeaxanthin  
MPOD Blue light 
sensitivity 

Increases in MPOD. 

Reboul et al.
44 

2007 
8 healthy men 

Lutein with a 
combinations of 
antioxidants 

Postprandial lutein 
response in the 
chylomicron-rich 
fraction 

Lutein absorption is not affected by 
conc of vitamins C and E but was 
impaired by carotenioids naringenin 
(polyphenol). 

Kopsell, D. et al.
45 

2006 
10 persons 

13 spinach 
cultigens (low and 
high lutein) 

MPOD 
Lutein concentration in spinach 
determined MPOD but not in all 
individuals. 

Wenzel, A. et al.46 
2006 

24 females 24-59 years 
6 eggs/week (good 
source of lutein 
and zeaxanthin) 

MPOD Increase in MPOD. 

Tan et al.47 2008 

3654 participants > 49 yrs 
old 

2454 re-examined after 5-
10 yrs 

Dietary 
questionnaire on 
antioxidant intakes 

Graded sterioscopic 
retinal photographs 

Higher dietary intake lutein and 
zeaxanthin reduced the risk of 
AMD. Higher beta-carotene intake 
increased the risk. 
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Appendix 3. Lutein and zeaxanthin content of foods and supplements.48 

Source 
Lutein and zeaxanthin 

(micrograms per 100 g) 

Cognis Xangold Lutein 30% (Marigold)49 30,000,000 

Kemin FloraGlo Lutein 20% in safflower oil (Marigold)50 20,000,000 

Kale, raw 40,000 

Kale, cooked 16,000 

Spinach, raw 11,000 

Spinach, cooked 7,000 

Full-fat Lupin Flour51 4,400 

Broccolli 2,500 

Cos lettuce 2,500 

Lupins52 2,000 

Sweetcorn 1,800 

Brussel sprouts 1,500 

Peas  1,400 

Persimmon 800 

Green beans 600 

Okra 400 

Iceberg lettuce 350 

Cabbage 300 

Carrots 300 

Tangerine 250 

Celery  200 

Orange 200 

Tomato 150 

Orange juice 100 

Papaya 75 

Green peppers 75 

Peaches 60 

Egg 55 

Cantaloupe melon 40 

Watermelon 20 

Grapefruit 13 
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Appendix 4. Food combinations ≥ 6 mg (lutein + zeaxanthin) per day 

Food combination 1  

4 slices Lupin Bread 1.4 

40 g Baby Spinach (eg, in a mixed salad) 4.4 

1 X 50 g egg (boiled) 0.2 

Total Lutein (+ Zeaxanthin) 6.0 

Food Combination 2  

1 Slice Potato and Spinach Frittata 2.4 

2 x lupin bread 0.7 

Garden Salad with Kale (10 g) and Spinach leaves (20 g)  6.2 

Total Lutein (+ Zeaxanthin) 9.3 

Food Combination 3  

1 Serve Kale and Pesto Pasta 10.0 

1 Slice Lupin Bread 0.7 

Garden Salad with Kale (10 g) and Spinach leaves (20 g)  6.2 

Total Lutein (+ Zeaxanthin) 16.9 

Food Combination 4  

Kellogs Corn Flakes (45 g) 0.2 

4 slices Lupin Bread 1.4 

Avocado (30 g), Iceberg Lettuce (20 g), Sundried Tomato (30 g) 0.6 

Scrambled Eggs + Parsley (16 g) 1.2 

Vege Stirfry with Corn (30 g), Peas (30 g), Beans (30 g),Broccoli 
(40 g), Carrot (30 g) and coriander (15 g) 2.4 

Pistachio Nuts (unsalted) (30 g) 0.4 

Total Lutein (+ Zeaxanthin) 6.0 

 

 

Foods used for dietary modelling Lutein content53 (mg) Amount 

Lupin Bread (made with 40% lupin flour) 0.7 2 slices 

Spinach 11 100 g 

Egg 0.17 1 egg (50 g) 

Kale  40 100 g 

Corn 1.8 100 g 

Peas 1.35 100 g 

Broccoli 2.2 100 g 

Pistachio Nuts  1.2 100 g 

Parsley  5.5 100 g 

Beans (Green) 0.71 100 g 

Coriander 0.7 100 g 

Sundried Tomato 1.4 100 g 

Carrot 0.67 100 g 

Iceberg Lettuce 0.28 100 g 

Avocado 0.27 100 g 

Kelloggs Corn Flakes  0.34 100 g 

Meals     

Potato and Spinach Frittata54 2.37 per serve  

Kale and Pesto Pasta55 10 per serve  

Scrambled Eggs 0.28 per serve (2 eggs) 
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