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Optimising dietary modification for age-related macular degeneration
Rachel Walsh
PhD Ocular Nutrition 2017
An ageing population has raised the priority of reducing the risk for age-related eye
diseases that impair sight and quality of life. Chief among these diseases is agerelated macular degeneration (AMD), the leading cause of visual impairment among
older adults in the developed world. The dietary xanthophylls lutein and zeaxanthin
may be effective at attenuating the risk and/or progression of AMD due to their
antioxidant and photo-protective properties in the macula, where they are known as
the macular pigment. The macular pigment is entirely of dietary origin therefore it is
important that AMD patients adopt appropriate dietary modification.
Currently, there is a lack of information regarding the lutein values of specific
xanthophyll containing food sources. A lab based investigation was undertaken to
determine the lutein concentrations in kale by high-performance liquid
chromatography (HPLC); information was established that may improve knowledge
on the climate and post-harvest handling, processing and storage effects. Lutein
concentrations in minimally processed kale were significantly lower (p<0.001) than
that of kale freshly harvested. Domestic cooking and storage also had substantial
negative effects on kale lutein levels.
A dietary analysis study and a qualitative based study were conducted to determine
dietary habits in AMD patients. In align with previous work, AMD patients were found
to be under consuming nutrients regarded as important for their condition. Subjects
consumed an average of 1.7 mg of L and Z per day, and calorie intakes were
significantly below government DRVs (p<0.05). Further investigations suggested that
this may be attributed to certain physical and psychosocial barriers. Using the results
of the laboratory based study, ready meals were created as a novel intervention to
improve diet in this population.
This body of research adds insights into dietary interventions within visually impaired
groups, studies embedded may enrich dietary advice in the context of AMD.
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Chapter 1: Introduction
Age-related macular degeneration (AMD) is a multifactorial progressive condition
affecting the macula, the central area of the retina in the posterior eye. It is the leading
cause of visual impairment and blindness registration in the UK [1] [2]. In 2008 the
direct and indirect healthcare costs associated with sight loss were around £6.5 billion
in the UK which is likely to increase as the number of people with sight loss increases
[3]. Along with the burgeoning population of elderly, the number of people suffering
with AMD in the UK is predicted to rise, potentially totalling nearly 700,000 cases by
2020 [2]. In the last decade, tremendous research progress has helped with the
understanding of the pathogenesis of the disease and in the development of
treatment and preventive strategies. While treatments for neovascular (wet) AMD
have been used to limit the progression of the condition and reduce the risk of vision
loss, proven treatments for the atrophic (dry) form of AMD are yet to be established.
Preventive interventions through dietary modification and supplementation have been
the focus of a number of observational and interventional trials, [4-10]. This is in part
due to the fact they are more affordable than clinical therapies, do not require
specialists for administration and many studies suggest that specific nutritional
compounds,

such

as

antioxidants

and

lipids,

may

influence

the

development/progression of AMD with few, if any, adverse effects.
1.1 Pathogenesis of AMD
AMD is the degradation of the macula, a pigmented area at the central part of the
retina. Near the centre of the macula is the fovea, a small pit that contains a high
density of photoreceptors that are responsible for sharp, high-resolution central
vision. This part of the retina is able to receive light signals and rapidly transform such
signals into chemical and then electrical signals that are sent to the brain via the optic
nerve. The brain then converts these electrical signals into visual images. The
characteristics of AMD include the loss of central visual function occurring within days
or over many years, depending on the type and severity of AMD.
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Figure 1.1: Fundus photograph of the back of the eye (source: Aston University staff
member, consent obtained).
The following is a fundus photograph of the retina on the interior surface of a healthy
eye, showing the macula region and fovea within the shaded area. The retina is the
light-sensitive layer lining the inner surface of the eye that contains the photoreceptor
rod and cone cells. The fovea is the central area of the macula that contains the
highest density of these cells.
If the photoreceptors in the macular region are damaged, as in AMD, the central field
of vision is distorted or lost [5]. These photoreceptors are damaged by exposure to
extensive oxidative stress in the form of light and oxygen [6] and as a result are
persistently shed and turned over. The retinal pigment epithelium (RPE) is
responsible for the degradation of the photoreceptor debris and for maintaining the
nourishment of the photoreceptors by adequate nutritional support. In the early stages
of AMD the combination of inadequate nutritional support and the inability to properly
degrade and dispose of cellular debris by the RPE may contribute to the deposition
of metabolic debris between the RPE and Bruch’s membrane [11]. These lipid
deposits are clinically visual as pale yellow spots known as ‘drusen’ and are the first
indicators of early AMD [12], as shown in figure 2.1. In the later stages of the disease,
the RPE may atrophy completely. Atrophy can occur in small areas or can be
widespread. This form of the disease is known as ‘dry AMD’ or ‘geographic atrophy’.
In some cases, new blood vessels (neovascular capillaries) grow under the RPE and
occasionally into the sub retinal space. This is known as ‘wet’ or ‘neovascular’ AMD
11

[13]. Haemorrhage can also occur which often results in increased scarring of the
retina. The early stages of the disease are in general asymptomatic. In the later
stages, there may be considerable distortion within the central visual field leading to
a complete loss of central visual function.

Figure 2.1: Retinal changes of AMD with age.
The figure displays the graphical breakdown of the photoreceptor cells in the macula
responsible for the production of high resolution central vision.
Geographic atrophy or dry AMD is the most common form, and is estimated to be
present in 15% of eyes by 80 years of age [14], [15], [16]. Progression is slow and
legal blindness has been estimated to occur between 5 and 10 years [17].
Neovascular AMD is less common, occurring in 5.2% of the population over 75 years
[18], but accounts for 90% of blind registrations [19]. In terms of the demographics
of AMD, women have a slightly higher risk for AMD than men. Non-Hispanic blacks
have less risk for non-exudative AMD at age 80 than Caucasians, and Asians have a
higher rate of non-exudative AMD at age 60 than Caucasians [20, 21]. The three main
risk factors for AMD are increasing age [22], [23], [24], [25], smoking [26], [27], and
genetic predisposition [28], [29], [30] although other proposed factors include gender
[18], race [31], [20], socioeconomic factors [23], cardiovascular disease [23], [28],
[32], [33], and as mentioned an area of increasing significance, poor nutrition [34],
[35]. These risk factors for AMD have been comprehensively studied in the following
reviews [36], [37]. Currently, there are no therapies to treat dry AMD [38] [24]. There
are available treatments for some neovascular AMD patients in the form of
12

photocoagulation, photodynamic therapies or pharmacological approaches by
inhibition of the angiogenesis [39]. However, the difficulty in the active management
of these therapies has instigated a critical need for the prevention of the onset or
progression of AMD through use of dietary antioxidants.
It is thought that people with low systemic antioxidant levels may be more prone to
oxidative damage of the retina and therefore, AMD [46]. Oxidation is a natural process
of the body and may be defined as the loss of at least one electron when two or more
substances interact and produce Reactive Oxygen Species (ROS). Oxidative stress
may refer to cellular damage by ROS, which include free radicals, hydrogen peroxide,
and singlet oxygen [47]. In a biological context, most ROS are generated as natural
by-products of normal cellular metabolism and play vital roles in stimulation of
signalling pathways in plant and animal cells in response to changes of intra- and
extracellular environmental conditions [40]. ROS are also generated by exogenous
sources such as pollutants, tobacco, smoke and radiation. When ROS overwhelm the
cellular antioxidant defence system, whether through an increase in ROS levels or a
decrease in the cellular antioxidant capacity, oxidative stress occurs [41]. This may
result in significant damage to cell structures as these molecules contain one or more
unpaired electrons and are rendered unstable and a cytotoxic chain reaction results.
Proteins and lipids are significant targets for oxidative attack, and modification of
these molecules can increase the risk of mutagenesis [42]. Lipid peroxidation is
defined as the process where reactive oxygen species readily attack the
polyunsaturated fatty acids of the fatty acid membrane, initiating a self-propagating
chain reaction. The destruction of membrane lipids and the end-products of lipid
peroxidation reactions are especially dangerous for the viability of cells and tissues
[43]. The retina is particularly susceptible to oxidative stress because of its high
consumption of oxygen, high tissue content of polyunsaturated fatty acids and its
frequent exposure to visible light [44].
Ocular tissues encompass both low molecular weight antioxidants (ascorbic acid,
glutathione and alpha-tocopherol) and high molecular weight antioxidants (catalase,
superoxide dismutase, glutathione peroxidase and reductase) which are essential
components in the protection against oxidative damage [45]. The eye has a
particularly high metabolic rate, and thus an added need for antioxidant protection.
Moreover, the natural ageing process decreases the normal production of
antioxidants in the ocular media [46], [47, 48]. The macular in particular has a high
density of photoreceptor cells which are susceptible to light induced damage. A
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photosensitizer is a light-absorbing substance that initiates a photochemical or
photophysical reaction. The retina contains a large number of chromophores many of
which become photosensitizers when excited by the appropriate wavelength of light
[49]. After initial photon absorption, a change in distribution of electrons in the
chromophores/photosensitizer molecule occurs and generates an excited singlet
state. In this long-lived state, interactions with other intracellular molecules occur
generating ROS either via electron transfer (type I photosensitization), or singlet
oxygen (type II photosensitization) [50]. These factors have led to an increased
interest in the use of dietary antioxidants as a form of added protection against
oxidative stress in the retina and subsequent ocular disease [51], [52]. Free radical
scavengers such α-tocopherol (vitamin E), ascorbic acid (vitamin C) and lutein (L)
and zeaxanthin (Z) are thought to serve as exogenous components of an endogenous
defence system that may help to limit light-induced retinal damage [53], [54].
1.2 The role of nutrition in AMD
Evidence supporting an oxidative pathogenesis of AMD and the lack of effective
treatment options has increased interest in the potential preventative role of nutritional
supplementation or dietary modification. There have been many large and small scale
trials which have investigated the link between nutrition and AMD which have yielded
positive results. The nutrients associated with the prevention of onset of progression
of AMD include the antioxidant vitamins C, E and the vitamin A precursor betacarotene, the xanthophylls L and Z, omega-3 fatty acids DHA and EPA, zinc, and
some B vitamins (folic acid, B2, B3, B6, and B12) [55], [56].
Antioxidant vitamins
With the possibility that long-term exposure to free radicals damages the internal
ocular media, diets rich in antioxidants have become of interest with regard to AMD.
The antioxidant vitamins which are of particular interest include vitamins A (in the
form of beta-carotene), E (in the form of alpha-tocopherol), and C. Beta carotene is a
pro-vitamin A carotenoid and the major precursor of vitamin A.

Beta-carotene is

predominantly found in fruits and vegetables. It is regarded as a powerful antioxidant
and has a well-documented role as a quencher of singlet oxygen radicals [57]. Vitamin
E, in the form of alpha-tocopherol [58], [59] is predominant in the retina where it is the
major lipid-soluble antioxidant of all cellular membranes and lipoproteins [57] [60]. It
is highly important in the protection against lipid peroxidation which the eye is
particularly susceptible to due to the high concentration of fatty acids [61]. Other roles
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of α-tocopherol that are of benefit to ocular health include the maintenance of
membrane integrity, lipid metabolism and effective scavenging of ROS [62], [63].
Vitamin C is water-soluble and is involved with several biological processes. It has
been shown to have antioxidant properties which enable it to react directly with
hydroxyl radicals [64], superoxide [65] and singlet oxygen molecules [66].
The largest trials to investigate the impact of these vitamins combined with other
antioxidants, on AMD were the Age-Related Eye Disease Studies (AREDS 1 and 2).
This first AREDS trial in 1992 was a long-term multi-centre, prospective study of the
clinical course of AMD and age-related cataract. The AREDS trial included a clinical,
randomised placebo controlled study to evaluate the effects of high-doses of
antioxidant vitamins and zinc on the progression of AMD and vision loss. AREDS
participants were 55 to 80 years of age at enrolment and had to be free of any illness
or condition that would make long-term follow-up or compliance with study
medications unlikely or difficult. On the basis of fundus photographs graded by a
central reading centre, best-corrected visual acuity and ophthalmologic evaluations,
4,757 participants were enrolled in one of several AMD categories (table 1.1). The
participants' stages of disease ranged from early signs of AMD in one or both eyes
such as the presence of small of medium size drusen, to advanced AMD with vision
loss in one eye but good vision (at least 20/30) in the other eye.
Category 1
No AMD
A few small or no
drusen in either
eye

Category 2
Early AMD
Several small
drusen or a few
medium sized
drusen in both eyes

Category 3
Intermediate AMD
Many medium-sized
drusen or one or more
large drusen in one or
both eyes

Category 4
Advanced AMD
In one eye only, either a
break-down of
photoreceptor cells and
supporting tissue in the
central retinal area
(advanced dry form), or
abnormal and fragile blood
vessels under the retina
(wet form)

Table 1.1 AREDS 1 study categories
This first AREDS trial found that people with the intermediate stage of dry AMD or
advanced AMD in one eye had a 25% relative risk reduction of developing advanced
AMD over 5 years after taking a supplement which contained beta-carotene (15mg),
vitamin C (500mg), vitamin E (400IU), zinc (80mg) and copper (2mg). However, the
absolute risk reduction in progression to advanced AMD was 8%, from 28% in the
placebo group compared to 20% in the group taking the AREDS formula. The small
amount of copper was added to the supplement as high doses of zinc can reduce the
levels of copper in the body [8]. The relative risk of losing vision of three or more lines
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was reduced by 19% with this combination treatment and the absolute risk reduction
for visual acuity loss was 6%. For those study participants who either had no AMD or
early AMD, the nutritional combination did not provide an apparent benefit. It was
concluded from the study that those with extensive intermediate drusen, large drusen,
or non-central geographic atrophy (GA) in one or both eyes, or visual acuity <20/32
attributable to AMD in one eye and without contraindications such as smoking, should
consider taking a supplement of antioxidants plus zinc at the dosages used in the trial
[8]. Although the AREDS 1 trial gave some promise to nutritional therapy combatting
the progression of AMD, the safety of the formula was questioned due to the high
doses of nutrients. The UK government recommends that the daily values of these
nutrients for those over the age of 50 years should be 40 mg per day for vitamin C,
10 mg per day for vitamin E, 15 mg per day for beta-carotene and 9.5 mg per day for
zinc. Table 1.2 displays the combination amounts of nutrients in the AREDS formula
in comparison with the UK Reference Nutrient Intakes (RNI’s). The RNI values for
protein, vitamins and minerals are set for each age/sex group at a level of intake
considered likely to be sufficient to meet the requirements of 97.5% of the population.
These UK dietary guidelines are based on the 1991 Report on Dietary Reference
Values (DRVs) and set up by the Committee on Medical Aspects of Food Policy
(COMA). They include DRVs for energy, protein, fats, sugars, starches, nonpolysaccharides (NPS) and 13 vitamins and 18 minerals [67]. The panel found no
single criterion to define requirements for all nutrients, so the recommendations are
based upon reliable experimental, associations and epidemiological data. For most
nutrients, the panel found insufficient data to establish any of these DRVs with great
confidence. Thus hypothetical judgements had to be made due to the uncertainties
relating to the appropriate parameter by which to assess the requirement and the
questionable accuracy of dietary intake data. These references are the current
measure until superseded by more rigorous validity studies. The Scientific Advisory
Committee on Nutrition (SACN) is currently reviewing some of these nutrient
recommendations. The DRV’s are deployed in a variety of ways in practice, such as
indexes for surveys (EAR), guidance of dietary composition (RNI), for food labels
(EAR) and for provision of a general guide in assessing the adequacy of an
individual’s diet (LRNI/RNI).
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Reference Nutrient Intake
(RNI)

AREDS 1

Amount
Nutrient

Men

Women

(mg)

Vitamin C

500

40

40

Vitamin E

273

10

10

Betacarotene

15

15

15

Zinc

80

9.5

7

Table 2.1: AREDS 1 formulation and the corresponding reference nutrient intakes
(RNIs) for men and women.
The investigators of the AREDS 1 trial found marginal evidence to suggest there was
an increased risk of genitourinary complications in subjects due to the high doses of
zinc, (7.5% of subjects) [8]. Similarly, the safety of beta-carotene has been questioned
in other studies. Two large randomised controlled trials indicated that smokers who
take beta-carotene may be at an increased risk of developing lung cancer [68], [69].
In people with heart disease or diabetes taking high dose vitamin E supplements may
also increase their risk of heart failure [70]. The follow up AREDS 2 trial published in
2013 was designed to evaluate the effects of lutein, zeaxanthin and omega 3 as
additional ingredients to the original AREDS formula. It also had the additional goal
of assessing whether the safety of the formula could be improved by removing betacarotene and reducing the amount of zinc to 25mg [71]. Results of the AREDS 2 trial
will be discussed later with respect to the xanthophylls.
Studies assessing supplementation with antioxidant vitamins individually in AMD and
without the use of other antioxidants have been less consistent. Low levels of vitamin
C in the serum have been associated with an increased risk of AMD, however high
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levels were not found to be protective [72]. Vitamin C is also a water soluble nutrient
meaning reliable estimates of its status within the body are difficult to assess. Other
studies have found no evidence for a beneficial role of vitamin C supplementation
within AMD [73], [74], [75]. A recent randomised, double-masked, placebo-controlled
trial which investigated 8 years of treatment and follow-up with 400IU/day of vitamin
E (synthetic α-tocopherol) and 500mg/day of vitamin C (synthetic ascorbic acid) in
14,236 healthy male physicians, found a total of 193 incident cases of visually
significant AMD. There were 96 cases in the vitamin E group and 97 in the placebo
group (hazard ratio [HR], 1.03; 95% confidence interval [CI], 0.78-1.37). For vitamin
C, there were 97 cases in the active group and 96 in the placebo group (HR, 0.99;
95% CI, 0.75-1.31), concluding that neither supplement had a beneficial effect on risk
of incident diagnosis of AMD [73]. However, it is possible that the findings reflect the
nutritional status of the study population as subjects were generally well-nourished
and thus results may not apply to less well-nourished populations.
Similarly, supplementation of over 29,000 male smokers in Finland with 20 mg/day of
beta-carotene and 50 mg/day of alpha-tocopherol for six years did not decrease the
risk of AMD compared to placebo [76]. In the vitamin E cataract and ARM trial,
(randomised controlled trial) 1204 men and women aged 55–80 years were randomly
allocated vitamin E (335 mg of natural d-α tocopherol) or placebo and followed up for
4 years. 82% of the subjects had no incidence of AMD. It was found that the incidence
of early AMD was 8.6% in those receiving vitamin E versus 8.1% in those on placebo.
For late disease, the incidence was 0.8% versus 0.6%. This study indicated that daily
supplement with vitamin E supplement did not prevent the development or
progression of early or later stages of AMD [77]. A placebo-controlled trial in a cohort
of 22,071 healthy US men found that beta-carotene supplementation (50 mg every
other day) had no effect on the incidence of ARM- an early stage of AMD [78].
Moreover, two large systematic reviews of randomised controlled trials have
concluded that there is no evidence that beta-carotene supplementation prevents or
delays the onset of AMD [79], [80].
Xanthophylls
While the first AREDS study was in progress, evidence was emerging to suggest that
the dietary xanthophylls L and Z may be more effective than other antioxidants
nutrients in reducing AMD risk or progression due to their antioxidant and photoprotective properties [41]. Lutein and Z are part of the xanthophyll family of pigments,
more specifically known as xanthophyll hydroxycarotenoids [81]. Within the eye,
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these carotenoids are present in higher concentrations than other human tissues
being particularly prominent in the peripheral retina, the iris and lens [82]. Lutein, Z
and a related compound meso-zeaxanthin (MZ) are at their highest concentrations in
the macula, were they are known as macular pigment (MP) [83]. The protective
properties of the MP are now well established and include the ability to interact with
free radicals, prevent lipid peroxidation and filter out high energy, damaging, blue light
[84], [85], [86]. The macular pigment has biochemical significance to ocular health by
possibly preventing disease onset and sustaining visual functionality through its
antioxidant capabilities. Reactive oxygen species may be formed in the retina due to
its high demand for oxygen. These highly oxidised radicals have shown to induce
apoptosis of the macular photoreceptors; however L has been shown to scavenge
the oxygen intermediate by quenching them via the numerous unconjugated double
bonds in the L molecule [87]. Lutein has also been shown to inhibit lipid peroxidation
by decreasing lipofuscin (lipid residue from liposomal digestion), which may
contribute to drusen formation [88] [89] in cultured RPE cells [90]. By acting as a blue
light filter, the lens and macular pigments can also protect the photoreceptor cells
responsible for vision, from light induced damage. Lutein in particular has been shown
to have the highest blue light filtering properties [84].
Lutein and Z are obtained by the human body exclusively from dietary sources [91],
[81], and MZ is thought to be converted from L in the macula [92], [82]. Therefore, an
individual’s ocular tissue concentrations of these nutrients can vary depending on diet
and lifestyle habits. It has been reported that around 78% of dietary L and Z is
obtained from vegetables, with the highest concentrations found in dark green leafy
vegetables, such as kale and spinach [93], [94]. Corn and corn products are
confirmed as being a major source of Z [95]. Eggs also contain high levels of L and Z
and have enhanced bioavailability of carotenoids in this form due to the fat which they
contain [96]. Similarly, cooking, or ingesting other carotenoid-containing foods with
dietary fat, or choosing a nutritional supplement that contains L and Z bound in oil,
can also increase the bioavailability of L and Z [97]. It appears that humans intake
low levels of MZ from the diet, however research is still on going in this area. Some
food items have been reported as being rich sources of MZ such as eggs from hens
fed MZ [114], and specific species of edible sea food such as shrimp.
Macular pigment optical density (MPOD – the amount of MP measured in the retina)
can be increased with appropriate dietary modification: either by supplementation
with L and Z or by consuming L and Z rich foods, as demonstrated in human and
animal epidemiological and intervention trials [98-106]. A large body of this evidence
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suggests that doses of 10mg/day or higher of L are associated with the most positive
effects on MPOD [99-101,103,104]. One research group has investigated the
relationship between supplemental MZ and MPOD. Their findings suggest that MPOD
may also be increased with supplements which contain all three macular carotenoids,
potentially offering advantages over preparations lacking in MZ. A study involving high
MZ (20mg per day), and low L and Z supplementation reported that MPOD increased
significantly over a period of 120 days. The average rate of increase for MP in both
eyes of all 10 subjects was 0.56 mAU/day (range 0 to 2.2 mAU/day). The average
rate of increase in MPOD was very similar to the value of 0.53 mAU/day observed in
an earlier supplementation study where subjects took 20 mg/day of lutein. A milli
absorbance unit (mAU) refers to the amount of light absorbed by a material, in this
case the macula. At 20 mg/day, over a 120-day period, the predominantly MZ
supplement was capable of increasing MPOD by an average of 18% [26].
Other factors which may influence MP levels include smoking habits (lower levels in
smokers) [107], iris colour (lower levels with lighter iris colour) [108], gender (higher
levels reported in men in some studies) [109], [110], and body fat (lower levels in
those with a high percentage of adipose tissue) [111], [112]. The possible
explanations for a relative lack of MP among cigarette smokers include a poor diet
(with consequentially reduced levels of antioxidants) and/or increased overall oxidant
load associated with tobacco.

Smokers also frequently display evidence of

inflammation, due to increases in the systemic inflammatory marker C-reactive
protein [113] [114]. Inflammation in both smokers and non-smokers is inversely
related to serum carotenoid concentrations [115]. Studies have also reported that
elevated concentrations of C-reactive protein are an independent risk factor for AMD
[116]. The inverse relationship between increased adipose tissue and MPOD may be
explained by the competition between the retina and adipose tissue for the absorption
and uptake of carotenoids, with the idea that adipose tissue acts as a sink and a
reservoir for these nutrients [111], [117], [118]. This is because among all the tissues
that store carotenoid pigments [119, 120] adipose tissue contains more than 80% of
the body carotenoids [121]. Furthermore, increased body max index has been
reported to result in increased oxidative stress [122], [123], [124], and reduced
antioxidant defence mechanisms [125] which have been linked to the pathogenesis
of AMD [126]. However, it is also possible that a relative lack of MP in obese subjects
simply reflects a poor diet among those persons, as it has been demonstrated that
obesity is correlated with reduced dietary intake of the carotenoids which comprise
the macular pigment [119], [118].
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Supplementation with L and Z has been correlated with a delay in progression or
onset of AMD in some epidemiological and intervention studies, therefore on-going
research into its role is important. The AREDS 2 is the largest trial to date that has
investigated the effect of omega-3 fatty acids and/or L and Z within AMD. It was a
multi-centre, randomised trial designed to assess the effects of oral supplementation
of the macular xanthophylls (L and Z) and/or long-chain omega-3 fatty acids (DHA
and EPA) on the progression to advanced AMD. Due to the possible side effects
associated with high dose zinc and beta-carotene supplementation the trial also
investigated whether a modified supplement with reduced zinc and/or no betacarotene provided benefits similar to the original AREDS supplement. Inclusion
criteria were males and females aged 50 to 85 years who were present with bilateral
large drusen (≥ 125 microns) or large drusen in one eye and advanced AMD in the
fellow eye. A study eye (eye without advanced AMD) may have been present with
definite geographic atrophy not involving the centre of the macula without evidence
of drusen, i.e. anybody with dry AMD in both eyes and dry AMD in one eye and wet
AMD in the other eye [10]. In the primary analysis, participants were given one of
four supplements to take on a daily basis, which included a placebo, L/Z, omega 3
fatty acids, or L/Z plus omega 3 fatty acids. Participants were also given one of four
versions of the original AREDS formula to take simultaneously. The following figure
shows a summarised study design key of the AREDS 2 trial.
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Figure 2.2: AREDS 2 study design key. L/Z – Lutein/zeaxanthin, DHA/EPA –
docosahexaenoic acid/eicosapentaenoic acid (omega-3 long-chain polyunsaturated
fatty acids), AREDS 2 – Age-related eye disease study 2.

The study found that overall there was no additional benefit of adding omega 3 fatty
acids (DHA 350mg EPA 650mg), 10 mg of L and 2 mg of Z to the original AREDS
formula of antioxidants. However, participants who took the AREDS formulation with
no beta-carotene but with L and Z at these doses, had their risk of progression to
advanced AMD reduced by 18% compared to those participants who took the AREDS
formulation that contained beta-carotene without L and Z. In addition, participants
who had a low dietary intake of L and Z at the start of the study (≤ 0.823 mg per day),
but who took the AREDS formulation with L and Z during the study, were 25% less
likely to develop advanced AMD compared with participants with similar dietary intake
who did not take L and Z. There was no benefit from L and Z supplementation to
those who consumed ≥ 1.030 mg of L and Z per day in their diet [71].
Investigators have suggested that beta-carotene may have masked the effects of L
and Z in the overall analysis because it competes for absorption in the body.
Participants who took beta-carotene and L and Z, had lower blood levels of both
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compared with those who only took L and Z. The investigators also found that former
smokers, who made up approximately half of the study population, were at greater
risk of developing lung cancer if they took the formula which contained beta-carotene.
This means it is likely to be safer for anybody who has ever smoked not to take
supplements that contain beta-carotene. The results suggest that taking a
combination of 500 mg vitamin C, 400 IU vitamin E, 25 mg zinc, 2 mg copper, 10 mg
L and 2 mg Z may reduce the risk of progression to advanced AMD in people who
already have signs of the disease. Including L and Z in the original AREDS
formulation rather than beta-carotene appears to be safer and more effective.
Reducing the amount of zinc from 80 mg to 25 mg does not appear to impact on the
effectiveness of the formulation, and a formulation with a reduced zinc content is very
likely to result in fewer gastrointestinal side effects [71].
Other large scale epidemiological studies such as the NHANES and the EDCC trials
provide evidence that antioxidant status, particularly dietary xanthophyll intake may
protect against the onset of AMD [127], [72]. In 2006, the CAREDS trial concluded
that L-rich and Z-rich diets may protect against intermediate AMD in female patients
less than 75 years of age [128]. The Blue Mountain Eye study reported that higher
dietary L and Z intake reduced the risk of incident early or neovascular AMD over 5
and 10 years [129]. Moreover, a number of small randomised controlled trials have
reported positive effects of lutein supplementation on visual performance in AMD
patients, in terms of visual acuity, contrast sensitivity, glare recovery and visual
distortion. Similarly, the majority of these trials have found improved measures of
visual function in patients given 10 mg or higher per day with L alone or combined
with Z and other antioxidants [130-133]. Supplementation with lower doses has not
been found to show these results in some studies [134], [135]. Further studies are
needed with more patients, of both genders, and for longer periods of time to assess
long-term effects of L alone or L together with a broad spectrum of antioxidants on
visual function. The AREDS 2 trial found no effect of L and Z together on visual acuity
[71]. The trial analysed the progression to moderate or worse vision loss, defined as
a reduction of 15 or more letters, as a secondary outcome. These results suggest that
findings from smaller trials which suggest an inverse association between L and Z
supplementation and visual performance should be treated with caution [130-133].
Omega-3 fatty acids

23

Omega-3 fatty acids are essential nutrients meaning humans have to obtain them
exclusively from dietary sources. They include alpha-linolenic acid (a short-chain
omega-3 fatty acid), docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA),
(both long chain omega 3 fatty acids). Alpha-linolenic acid is the dietary precursor to
both DHA and EPA and is converted to a long-chain omega-3 fatty acid [136]. Omega3 fatty acids are well known to exhibit anti-inflammatory, anti-atherosclerotic and antithrombotic effects on vascular tissue [137], [138] which have been largely correlated
with a reduced risk of cardiovascular health problems in several epidemiological
studies [139], [140]. It is hypothesized that cardiovascular disease and AMD share
similar mechanisms and risk factors, as omega-3 fatty acids such as DHA have been
found in high concentrations in the retina, where they are important structural
components of vascular tissue and retinal photoreceptor- rod and cone outer
segments, which are systematically shed and turned over during the visual cycle
[141], [142].
Long-chain omega-3 fatty acids predominantly found in oily fish, may also protect
against oxidative damage and help modulate retinal cell gene expression, cellular
differentiation and cellular survival [143]. The critical role of DHA in normal retinal
function is well documented in animals [144], [145], and humans [9], [146], [147]. It
has an influence on cell membrane integrity and permeability, modulates the activity
of enzymes and receptors on the membrane and acts as a precursor for the synthesis
of other important biological molecules [9]. Observational studies suggest that
omega-3 poly-unsaturated fatty acids (PUFA) are protective in the eye. A 2008 metaanalysis of epidemiological studies reported that a high intake of omega-3 fatty acids
and fish intake at least twice a week may reduce the primary risk of both early and
late AMD by up to 38% [148]. In a 5-year follow-up study of the Blue Mountains Eye
Study cohort, fish consumption at least once a week was associated with a 40%
reduction in incident early AMD and more frequent consumption of fish (3 times a
week) was found to be protective against late age-related maculopathy (ARM) [149].
Other studies have found similar findings [150-153]. Some prospective studies also
reveal a decreased likeliness of AMD progression in those with early AMD [154-156].
It is important to note that in these studies, positive correlations involving the risk or
progression of AMD were only seen in subjects who had a low dietary intake of
omega-6 fatty acids. These findings support similar evidence found in other cohort
studies [157], [154] highlighting the importance of maintaining a healthy ratio between
these two essential fatty acids in the diet [158, 159]. Increased dietary intake of
omega-6 fatty acids can lead to oxidation of LDL cholesterol, platelet aggregation and
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interference with the incorporation of EPA and DHA in cell membrane phospholipids
[158]. Western diets are characterized by high omega-6 and low omega-3 fatty acid
intake, with a ratio of omega-6 to omega-3 of 10–20:1 [17] [18], which is due to the
increased consumption of omega 6-rich vegetable oils, and the low consumption of
fish [19]. Optimal dietary intakes of the n-6 : n-3 ratio are however estimated to be
around 1–4 : 1 [160].
There is a small amount of conflicting evidence which suggests no effect on the risk
or progression of AMD [161], [71] or an increased risk of progression of AMD with
omega-3 fatty acids [162], [163]. Primary, secondary and subgroup analyses from
the AREDS 2 trial demonstrated no additional benefit on the reduced risk of
progression to advanced AMD by adding the omega-3 fatty acids EPA and DHA to
the original formulation. The doses used (DHA 650mg and EPA 350mg) were also
found to exhibit no adverse effects after 5 years of follow up. These null results may
mean that omega- 3 is simply an ineffective treatment option for AMD or it could be
related to an inadequate dose, inadequate duration of treatment, or both [71].
Omega-3 supplements containing the doses used in the AREDS 2 trial may not be
recommended for AMD patients; however, it is still essential that adequate amounts
are met through diet alone as they have important cardiovascular health benefits. The
UK Department of Health recommends consuming at least 1-2 portions of oily fish per
week [164].
Zinc
Zinc is the second most abundant trace mineral in the body as it is an essential
component of over two hundred enzymes. It plays an important role in a number of
physiological processes including immunity, reproduction, and neuronal development
[165]. In the eye it acts as a cofactor for the antioxidant enzymes retinal
dehydrogenase and catalase and is also involved in retinal metabolism [166]. Low
levels of zinc are thought to play a role in the development of AMD for several
reasons. Firstly, zinc is highly concentrated in the RPE [166], [167], [168] and retinal
zinc levels have been shown to decline with age [169], [170], [171]. Thus, it is
hypothesized that zinc supplementation may aid retinal health.
The elderly are at particular risk from zinc deficiency [169], [170], [171], [172], which
can lead to a reduction in T lymphocytes and B lymphocytes and the macrophage
through increased apoptosis. Zinc deficiency can also alter the function of alcohol
dehydrogenase in the retina [173], which can result in increased overall vitamin A
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uptake. The possible accumulation of retinyl esters in the RPE may interfere with
normal biosynthesis and could also produce a toxic effect. Furthermore, zinc
deficiency promotes lipid peroxidation and damage to lipid membranes. [174]
The evidence which suggests a link between dietary zinc and AMD comes mostly
from the AREDS 1 and 2 trials. There have been no randomised or case controlled
investigations involving zinc and the risk of AMD; however other prospective data has
demonstrated some positive results. A small number of cohort studies assessing
dietary intakes of zinc in elderly subjects have found an inverse relationship between
high zinc intake and the incidence of early AMD [175], [150] and any stage of AMD
[176]. One study also reported a decrease in pigment abnormalities in those with a
high consumption of zinc intake from food or supplements [75].
In terms of zinc intake and the progression of AMD, a large proportion of the perceived
benefit comes from the AREDS 1 trial which found a 25% reduction in AMD
progression in patients with early AMD using 80mg of zinc plus other antioxidants
daily. Two smaller sized randomised clinical trials have also found that
supplementation with zinc alone improves visual function in patients with AMD. The
doses used in the studies were 25mg [177] and 100mg daily [178]. There were little
adverse associations in the subject group who received 25mg of zinc. Other large
cross sectional studies involving zinc and the progression of AMD have yielded
conflicting results [7], [179], [180].
The negative effects of high zinc supplementation are not fully understood. It is
suggested that intakes above the daily recommended values are associated with
copper deficiency, [180], [181]. It was also found in the AREDS 1 trial that a small
number of subjects (7.5%) receiving 80mg per day of zinc suffered with genitourinary
infections [8]. The AREDS 2 trial found that reducing the amount of zinc from 80 mg
to 25 mg does not appear to impact on the effectiveness of the formulation. Rates of
reported gastrointestinal disorders and hospitalisations for genitourinary diseases
were similar in the 2 randomly assigned groups (high-dose zinc, low-dose zinc) in the
trial, however recommending an AREDS 2 formulation with a reduced zinc content
(25mg) is considered safer [71].
B vitamins
The B vitamins are a group of water soluble nutrients. These vitamins, often referred
to as B complex vitamins, play a role in energy conversion which help the body
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metabolise fats and protein. B complex vitamins are needed for a healthy liver, skin,
hair, and eyes. They also help with the function of the nervous system. Vitamin B2
(riboflavin) acts as an antioxidant, has a role in the synthesis of steroids and
erythrocytes (red blood cells), and in maintaining the integrity of mucous membranes.
Vitamin B6 (pyroxidine) refers to a group of nitrogen-containing compounds with three
primary forms: pyridoxine, pyridoxal and pyridoxamine. Vitamin B6 participates in
over 100 enzymatic reactions and has a reported role in gluconeogenesis (the
synthesis of glucose from non-carbohydrate sources) [182], lipid metabolism [183],
erythrocyte metabolism [184], and immune function [185], [186]. Vitamin B12 is an
essential cofactor for two enzymes: methylmalonyl-CoA mutase, is needed for fatty
acid metabolism, and methionine synthase [187], which controls nucleic acid
synthesis and methylation reactions within the body. Deficiency leads to
megaloblastic anaemia via a reduced production of red blood cells.
Vitamins B6, B12 and folic acid regulate levels of a protein known as homocysteine
in the blood. High levels of homocysteine are a significant risk factor for
cardiovascular disease and research suggests that cardiovascular disease and AMD
share a similar risk profile. Furthermore, high levels of homocysteine have been found
in AMD patients, suggesting an association between elevated serum homocysteine
levels and the risk of AMD [188-191]. Treatment with folic acid, vitamin B6 and vitamin
B12 has been shown to reduce homocysteine levels. In a meta-analysis of
randomised controlled trials, folic acid lowered plasma homocysteine levels by 25%,
and an addition of B12 lowered levels by a further 7% [192]. Further evidence from
controlled trials since this review which examine the effect of therapy to lower
homocysteine levels within AMD risk or progression are limited. There is one relatively
large scale randomised controlled trial which suggests that a combination of folic acid,
vitamin B12 and B6 may reduce the risk of AMD in those with pre-existing
cardiovascular disease. [193]
Although there are a significant proportion of studies suggesting an association
between elevated plasma homocysteine and AMD regardless of the subtype, further
evidence from controlled trials which examine the effect of these nutrients on
homocysteine levels in relation to AMD risk or progression is limited and therefore
they cannot be recommended as supplements. AMD patients can however try to
include more foods in the diet which contain these nutrients such as whole grains,
dairy products, leafy green vegetables, nuts, fish, beef, liver, poultry, potatoes and
non-citrus fruits [194, 195].
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1.3 Bioavailability of lutein and zeaxanthin within food sources
Lutein and Z are the only carotenoids found at appreciable levels in the macula [49,
62–66], where they are implicated in the maintenance of retinal health and possible
prevention of the onset or progression of AMD. Lutein and Z have been shown to
protect against reactive oxygen species [87], and to inhibit lipid peroxidation by
decreasing lipofuscin (lipid residue from liposomal digestion), which may contribute
to drusen formation [88] [89] in cultured RPE cells [90]. Lutein has also been shown
to have the highest blue light filtering properties. The concentration of L and Z in the
macula and their potential biologic function may be modified by diet or supplement
use and they are therefore the central focus of AMD research regarding nutrition [98,
99].
Kale (Brassica oleracea var. sabellica), which is commonly cultivated in central and
northern Europe and North America, belongs to the Brassicaceae family of
vegetables. It is an excellent source of dietary carotenoids and typically has the
highest concentrations of L and Z amongst other green leafy vegetables [196], [94,
95]. However, the qualitative and quantitative composition of carotenoids in fruits and
vegetables is known to vary with multiple factors such as, cultivar or variety, maturity
at harvest, climate, farming practice and post-harvest processing and storage [197200]. Due to the high concentration of L and Z in dark green leafy vegetables their
consumption is recommended in order to increase MP as prevention of onset or
progression of AMD [55, 201]. It is therefore important to establish the most effective
way to use these important food sources such as kale, in order to preserve the levels
of L and Z. Results from such a study will provide patients and clinicians with a clearer
understanding of the effects of pre-and post-harvest conditions on the carotenoid
content of vegetables which will enable precise suggestions for increasing retinal
levels of these nutrients. Firstly, it is important to identify the specific effects of preand post-harvest conditions on L and Z concentrations in kale from the current
literature, and thus to identify where further research is needed.
A literature review was carried out to determine the compositional carotenoid
variations in dark green leafy vegetables due to variety/cultivar, stage of maturity,
climate or season, farming practice, storage, and processing effects. The review can
be found published here: Walsh, R. Bartlett, H. Eperjesi, F. Variation in Carotenoid
Content of Kale and Other Vegetables: A Review of Pre- and Post-Harvest
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Effects, J. Agric. Food Chem., 2015, 63 (44), pp 9677–9682. The abstract is
presented below and the full paper is attached in the appendix (appendix 1).

Abstract
Lutein and zeaxanthin are carotenoids that are selectively taken up into the macula
of the eye, where they are thought to protect against the development of age-related
macular degeneration. They are obtained from dietary sources, with the highest
concentrations found in dark green leafy vegetables, such as kale and spinach. In
this review, compositional variations due to variety/cultivar, stage of maturity, climate
or season, farming practice, storage, and processing effects are highlighted. Only
data from studies which report on lutein and zeaxanthin content in foods are reported.
The main focus is kale; however, other predominantly xanthophyll containing
vegetables such as spinach and broccoli are included. A small amount of data about
exotic fruits is also referenced for comparison. The qualitative and quantitative
composition of carotenoids in fruits and vegetables is known to vary with multiple
factors. In kale, lutein and zeaxanthin levels are affected by pre-harvest effects such
as maturity, climate, and farming practice. Further research is needed to determine
the post-harvest processing and storage effects of lutein and zeaxanthin in kale; this
will enable precise suggestions for increasing retinal levels of these nutrients.
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Author

Cultivar

Mercadante et al
1991 [202]

L concentrations in two field
grown cultivars in Brazil
ranged between
11.4mg/100mg of fresh weight
(‘tronchuda’) and 7.1
mg/100mg of fresh weight
(‘manteiga’).

Kopsell et al 2004
[198]

L concentrations ranged from
13.43 mg/100g fresh weight to
a low of 4.84 mg/100g in
cultivars.

Maturity

De-Azevedo, et al.
2005 [199]

L and beta-carotene
concentrations were much
higher in fully expanded mature
kale than younger leaves

Lefrsrud, et al 2007
[203]

Mature fully expanded kale
leaves, harvested between 1-3
weeks accumulated higher
carotenoid concentrations than
young leaves

Climate

Farming Practise

Carotenoid concentrations were
found to be higher in the winter
than the summer for kale
harvested in open fields,
suggesting that sunlight and high
temperature may promote photo
degradation when vegetables are
not protected by roofing or
packaging

The study compared kale of the
same cultivar at the same stage
of maturity produced on these
opposing farms, and found
significantly higher
concentrations of all carotenoids
in samples collected from the
natural farm

‘Manteiga’ kale purchased from a
Brazillian supermarket and
cultivated under polythene roofing,
had a higher concentration of all
four principal carotenoids in the
summer as opposed to winter

Table 2.2: Summary of studies which have investigated the pre-harvest effects on carotenoid concentrations (those which include L) in
kale.
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Author

Storage

De-Azevedo,
et al. 2005
[199]

In minimally processed
kale monitored during 5
days of storage at 7–9
◦C, β-carotene, L,
violaxanthin and
neoxanthin were
reduced by 14, 27, 20
and 31% respectively.

Murador et
al. 2016
[204]

Boiling/Blanching

Steaming

Frying

Boiling after 4 min
showed a higher
degradation of total
carotenoids in kale
relative to the raw sample
(77%; p < 0.0001). Raw
kale contained 56.18 ±
2.9 μg/g of lutein, after
boiling this was 6.9 ±
0.54 μg/g.

Steaming kale for 5 min
showed a degradation
of 72% (p < 0.0001) of total
carotenoids relative to the
raw sample, however lutein
levels decreased further than
boiling to 5.81 ± 1.14 μg/g.

Stir-fried kale (4 min with
soybean oil) showed the best
conservation of total
carotenoids with a reduction
of 55% (p < 0.0001) of the
total carotenoids. For lutein,
however, levels decreased
further than all other cooking
methods to 4.66 ± 1.81 μg/g.

Microwaving

Table 2.3: Summary of studies which have investigated the post-harvest effects on carotenoid concentrations (those which include L) of
kale.
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The above tables summarise the findings of a small number of studies which have
investigated the pre-and post-harvest effects on the carotenoid concentrations in
kale. These include studies which have investigated the variation in L concentrations
for different kale cultigens and the effects of maturity, climate, farming practice,
storage and processing on kale carotenoid concentrations. One study to date has
investigated the post-harvest storage effects on the carotenoid concentrations,
including L, in kale. Since publication of the literature review, only one study to date
has investigated the post-harvest domestic cooking effects on the L concentrations in
kale.

1.4 Summary
Overall, there is a great deal of potential for the benefits of including nutrients such
as antioxidant vitamins, L and Z, omega 3, and B vitamins in the diet of AMD patients
and it is therefore important that people aged between 50 and 85 years who present
with early signs of the disease are counselled about appropriate dietary modification
or supplementation. The AREDS 1 and AREDS 2 are the largest clinical trials that
have taken place in the field of nutrition and ocular disease and it is likely that eye
care practitioners would feel more comfortable about recommending this specific
combination of nutrients if dietary supplementation is chosen based on an individual’s
suitability to the study criteria. Results from the AREDS 2 trial suggest that taking a
combination of 500 mg vitamin C, 400 IU vitamin E, 25 mg zinc, 2 mg copper, 10 mg
L and 2 mg Z may reduce the risk of progression to advanced AMD in people who
already present with signs of the disease. In this new AREDS formula beta-carotene
has been replaced with L and Z, and the high levels of zinc have been reduced. In
terms of dietary modification, patients should be encouraged to consume more dark
green leafy vegetables such as kale and spinach to increase L levels in the diet. Oily
fish should also be recommended in moderation to increase essential fatty acids in
the diet as well as other food sources containing antioxidant vitamins and minerals
such as nuts, seeds, and other fruits and vegetables. To provide patients with
unsurpassed advice on enhancing MP levels through increased consumption of dark
green leafy vegetables such as kale, it is essential that we gain further knowledge on
how these food sources should be cooked and stored in order to best preserve the
levels of L and Z.
This chapter has reviewed the information regarding nutrition and AMD. In chapter
two, an investigation of dietary intake amongst people with AMD will be described.
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Chapter 2: Dietary analysis in AMD patients by repeat 24 hour recalls
2.1 Background and rationale
Age-related macular disease (ARMD) is a multifactorial degenerative condition
affecting the central area of the retina. While treatments for neovascular AMD (wet
AMD) have been used to limit the progression of the condition and reduce the risk of
vision loss, proven treatments for the atrophic (dry) form of AMD are yet to be
established.

Preventive

interventions

through

dietary

modification

and

supplementation have therefore been the focus of a number of observational and
randomised clinical trials, [4, 6-10]. This is in part due to the fact that they are more
affordable than clinical therapies and do not require specialists for administration. In
addition, many studies suggest that different nutritional factors, such as antioxidants
and lipids, are believed to influence the development/progression of AMD with few, if
any, adverse effects. The nutrients that have been associated with the prevention of
onset or progression of such condition include the antioxidant vitamins C, E and the
vitamin A precursor beta-carotene, the xanthophylls lutein (L) and zeaxanthin (Z),
omega-3 fatty acids DHA and EPA, zinc, and some B vitamins (folic acid, B2, B3, B6,
and B12) [8, 10, 55, 189, 193, 205].
This has been broadly supported by the AREDS 1 [8] and AREDS 2 [10], the two
largest randomised clinical controlled trials in the field of nutrition and AMD. The first
AREDS study documented that taking a supplement containing vitamins E and C,
beta-carotene and zinc reduced the risk of progression of the disease by 25% in those
with intermediate or advanced stages of the disease in one eye. Since then, the
carotenoids L and Z have been identified as nutrients that can provide a protective
role in the progression of AMD due to their antioxidant and photo-protective properties
[50]. Collectively, L and Z form the macular pigment [206] which interacts with reactive
oxygen species, prevents lipid peroxidation and filters out high energy blue light. The
follow up AREDS 2 trial was the largest trial to date which has investigated the effect
of omega-3 fatty acids and/or L and Z within AMD. The study found that overall there
was no additional benefit of adding omega 3 fatty acids (DHA 350mg EPA 650mg),
10 mg of L and 2 mg of Z to the original AREDS formula of antioxidants. However,
participants who took the AREDS formulation with no beta-carotene but with L and Z
at these doses, had their risk of progression to advanced AMD reduced by 18%
compared to those participants who took the AREDS formulation that contained betacarotene without L and Z [10].

33

Not all AMD patients will benefit from an AREDS supplement. Those with very early
stages of the disease may wish to consider dietary modification, as increasing intake
of L and Z has been shown to increase macular pigment levels [207]. Macular
pigments such as L and Z have biochemical significance to ocular health by possibly
averting AMD onset and sustaining visual functionality through their potent
antioxidant capabilities [208], [103]. Nutrients such as L and Z are not formed within
the body and so can only be obtained from our diet. Patients are presented with a
wealth of nutritional information available from a variety of sources such as
magazines, newspapers and the internet. Conflicting information, a lack of evidential
research and aggressive marketing campaigns have led to confusion among patients
and practitioners in what supplements to take, and what foods should be consumed
in order to maximise absorption of L and Z [209]. Previous work from the author that
characterised

AMD patients seeking the services of the Macular Society (A UK

charity devoted to helping those with diseases of the macula) and determined their
awareness of the relationship between nutrition and AMD, found that over half (63%)
of the participants felt that they did not have enough information on lifestyle factors
and their relationship to AMD [210]. Following the results of the AREDS2 trial, the
Macular Society (MS) have advocated the use of the AREDS2 formulation, where
appropriate, and eating vegetables that are L and Z rich. They also encourage the
intake of a wide variety of fruits and vegetables in the diet to ensure an adequate
supply of antioxidants such as vitamins A, C, E and zinc. Patients have access to a
variety of nutritional information resources including leaflets, magazines and a patient
portal displayed on the main website.
One recent study within MS members analysed whether this ‘informed’ population
were following the nutritional guidelines for AMD by analysing the individual dietary
intake of nutrients and comparing the results with people not affected by AMD [211].
Interestingly, after assessment via a single 24 hour recall, it was found that many
AMD participants were under-consuming nutrients considered to be useful for their
condition, despite the wealth of nutritional information contained on the MS website.
On average AMD patients consumed only 1.6 mg of lutein per day. These findings
correspond with another study which estimated the intake of antioxidant nutrients in
wet AMD patients living in the Balearic Islands, Spain using 24 hour recalls and food
frequency questionnaires [212]. This study reported that the majority of patients
showed inadequate antioxidant nutrient intake (<2/3 of Recommended Dietary Intake,
(RDI)), and more than 60% of patients showed a deficient intake (< 1/3 recommended
10mg) of L and Z. The fat and saturated fatty acids (SFA) intake of study participants
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were also higher than recommendations; 61.9% of men and 58.1% of women were
overweight; and 83% of patients (90.5% men and 77.4% women) showed body fat
mass over the cut-off limits. It was concluded that the food pattern of wet AMD
patients should be improved by means of an increase in the consumption of
antioxidant rich foods, and a decrease in SFA rich foods [212].
In these previous studies, dietary intake data was collected via a single 24-hour recall.
The 24-hour recall method is a popular tool for investigating the relationship between
diet and disease. This is mainly due to its high response rate and its ability to obtain
detailed information, and also because recall of intake over a longer time period is
problematic particularly in the older generation due to the limitations of memory [213].
However, a single 24-hour recall is not considered to be representative of habitual
diet at an individual level but more suited to analysing group variations as just a snap
shot of dietary intake [214]. If the distribution of usual individual food intakes within
the groups is also needed, at least two non-consecutive days of intake per individual
are required to evaluate day-to-day variability. Therefore repeat 24 hour recalls are
becoming more popular to asses a typical diet at an individual level [215, 216].
The aim of this study was to follow up a previous dietary assessment study and
investigate dietary intake in AMD patients with the more robust method of a repeat
24-hour recall. The nutrient intake of a smaller group of AMD subjects from the MS
was analysed using this method over three non-consecutive days.
2.2 Methods
Ethics
This study was approved by the Aston University Ethics Committee (Ethics
application 728). Verbal informed consent was obtained from all subjects and formally
recorded.
Sample size
To calculate an appropriate sample size, the author referred to the research group’s
previous work on single food recall dietary analysis [211], in which participants without
AMD consumed an average of 647 kilocalories more than those with AMD, and in
which AMD patients consumed on average 485 kilocalories fewer than the DRV. In
order to detect a difference between groups of 300 kilocalories, a sample size of 40
was required. The sample size of 40 participants was calculated to observe a medium
effect size (d=0.5), with 80% power and a type I error probability of 5%.
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Recruitment of subjects
People who called the MS helpline between February 2015 and July 2015 were
invited by staff to take part in the dietary assessment study. A script was given to all
helpline staff to help with the recruitment process. It explained the study procedure
and protocol including the inclusion and exclusion criteria for those wishing to be
involved. The only pre-requisites were that participants should be aged over 50 and
have been diagnosed with a form of AMD; the exclusion criteria were the inability to
hear and reply to questions in English over the telephone.
Method of dietary assessment
When a helpline caller agreed to take part in the study, their details (name and contact
number) were passed to the investigator, who then called them back at a convenient
time to conduct each dietary assessment. Three dietary assessments were
completed for each participant by a 24-hour recall from two non-consecutive week
days and one weekend day. Background information about the study and a consent
statement were read out to each participant at the start of the follow-up call, before
the first dietary recall was carried out. Participants were asked to confirm that they
had been diagnosed with AMD. The participants were given the opportunity to ask
questions about the study both at recruitment and when they were first called by the
investigator. Each dietary recall included a description of everything that was eaten
or drunk in the previous 24 hours. A questionnaire for data collection purposes before
the recall was also asked of the participant and included questions such as:


Age/Gender



Do you take any vitamin or nutritional supplements for your eyes?



How long have you suffered with AMD?



Are you registered severely sight impaired or sight impaired?



How would you describe your vision now?



Do you take any nutritional supplements?



Do you smoke?

The short questionnaire did not include any questions that might cause concern for
the participant. Participants had the opportunity to ask questions about nutrition for
eye health that may have been prompted by the dietary assessment at the end of the
interview and delivered a standard set of nutritional information about diet and AMD
to each. All participants were given a contact number to call if they thought of any
questions after the interview had ended.
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Summary of telephone interview protocol


Introduction and confirmation that the participant was willing to participate



Arrangement of an alternative interview time if required



Withdrawal from the study if required



Study information read out to the participant



Consent statements read out to the participant and consent confirmed



Questionnaire of data collection delivered and responses recorded



Dietary assessment interview and responses recorded



Participant given the opportunity to ask questions



Participant provided with contact numbers in case any questions arose later



Telephone interview ended

Method of dietary analysis
Dietary data was collected from a total of 45 participants. The conversion of food
consumption data to nutrient intakes was completed via the food database software
‘Al La Calc’ (Red Hot Rails LLP, Doncaster UK) where each participant’s daily food
intake is analysed using the USDA (United States Department of Agriculture) SR25
food database (http://ndb.nal.usda.gov/). Each participant was registered in to the
software anonymously and 24-hour recall data was added in to separate one day
‘recipes’. Averages for individual nutrients were accounted for over the three recalls,
leaving one total figure for each nutrient. A table was created in excel displaying the
participant number with subsequent columns containing information such as - Age,
gender, AMD type, number of eyes affected by AMD, duration of AMD, perceived
vision, visual registration, supplement status, smoking status, total energy, total fat,
of which saturates, carbohydrates, of which sugars, fibre, protein, potassium, calcium,
magnesium, iron, zinc, selenium, vitamin D, vitamin E, vitamin b6, vitamin b12, folate,
vitamin C, vitamin A and L/Z combined. Averages and standard deviation for each
nutrient were collected from the total number of participants. Data was then analysed
in statistical software IBM SPSS version 20 (IBM UK Ltd, Portsmouth, Hampshire) to
draw comparisons between results using parametric (independent t-test, one-way
ANOVA, Pearson product-moment correlation) and non-parametric tests (Mann
Whitney U, Kruskal-Wallis, Spearmans rank-order) as not all the data was normally
distributed. Normality of data was evaluated using a Shapiro-Wilk Test.
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2.3 Results
Table 2.4 displays the demographic differences of the whole group of AMD subjects.
In total, there were forty-five AMD participants aged 55-88 (mean 77 ± sd 8 years).
Of the cohort, 27% were male and 73% were female. Dry AMD was more
predominant within the cohort with 73% of subjects diagnosed with this form,
compared with only 15% of subjects diagnosed with wet AMD. A small number of
patients had both wet and dry AMD. The mean duration of diagnosis with AMD was
58 months. The majority of participants were not registered blind or partially sighted
(81%), despite 30% of participants claiming that they felt their vision was ‘poor’ or
‘very poor’ on the day of the survey and 65% of participants had AMD in both eyes.
Only 8% of participants felt that their vision was ‘very good’ and 15% felt it was ‘good’
on the day of the survey. The majority of patients took some form of dietary
supplement on a daily basis (72%). Finally, only 8% of the cohort smoked – one
important risk factor for AMD.

Characteristic

Characteristic

Percentage of AMD patients

Gender

Male

27%

Female

73%

Very poor

4%

Poor

26%

Average

47%

Good

15%

Very good

8%

Blind

4%

Partially sighted

15%

None

81%

Yes

72%

No

28%

Yes

8%

No

92%

Wet

15%

Dry

73%

One wet one dry

12%

One eye

35%

Both eyes

65%

Perceived Vision

Visual Register

Supplements

Smoke
AMD type

Eyes affected

Table 2.4: Selected demographic differences of AMD patients.
Tables 2.5 and 2.6 display results of the three-day dietary recall for subjects.
Particularly important nutrients for AMD were included in the analysis and will be of
focus such as L/Z. Table 2.5 shows the mean consumption and standard deviations
of nutrients for the whole cohort as well as the range across the three days. Table 2.6
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displays the mean consumption of various nutrients for males and females within the
cohort together with the dietary reference values (DRV) for each constituent, as
recommended by the UK government for those aged over 50 years [217]. The DRVs
can be divided into three types: RNI - Reference Nutrient Intake (95% of the
population's requirement is met), EAR - Estimated Average Requirement (50% of the
population's requirement is met), LRNI - Lower Recommended Nutritional Intake (5%
of the population's requirement is met). RNI’s are used for protein, vitamins and
minerals and vary by age. The DRVs for food Energy are defined as EAR’s and have
recently been updated by The Scientific Advisory Committee on Nutrition (SACN) for
specific population groups. For those aged 50 years and above the new DRVs for
daily calorie intake are as follows [218]:

Unit

Mean whole Group

SD whole group

Energy

kcal

1594

249

Fat

g

58.2

15.4

of which saturates

g

21.7

7.3

Carbohydrate

g

202.7

41.6

of which sugars

g

85.2

25.5

Fibre

g

15.9

4.5

Protein

g

71.5

19.4

Sodium

mg

2318.4

746.3

Potassium

mg

2942.5

858.9

Calcium

mg

740.7

193.7

Magnesium

mg

284.8

72.0

Iron

mg

12.7

4.3

Zinc

mg

8.2

1.8

Selenium

µg

50.3

22.1

Beta Carotene

µg

2800.5

1912.8

Vitamin D

IU

35.7

60.9

Vitamin E

mg

7.2

2.6

Vitamin B6

mg

2.0

0.6

Vitamin B12

µg

7.8

10.4

Folate

µg

287.2

88.5

Vitamin C

mg

121.3

64.9

Vitamin A

IU

2150.3

2033.1

L/Z

µg

1691.7

1726.3

L/Z

mg

1.7

1.7

Table 2.5: Mean consumption, standard deviation and range across three days for
the whole cohort of AMD patients. Please note: kcal refers to kilocalories, mg refers
to milligrams, µg refers to micrograms, IU refers to international units and g refers to
grams.
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DRV m
>50

1644 (1577-1709)

DRV f
>50
18402079

56.7 (52.2-61.2)

62.5 (57.5-67.5)

70

95

g

22.2 (19.9-24.5)

20.4 (18.5-22.3)

20

30

g

205.4 (192.5-218.3)

195.4 (183.8- 207)

230

300

g
g

87.1 (79.7-94.5)
16.4 (15.0-17.8)

80.3 (71.9- 88.7)
14.4 (13.2-15.6)

90
24

120
24

Protein

g

70.7 (64.3-77.1)

73.6 (69.5-77.7)

53

53

Sodium

mg

2201.3 (1985-2417.6)

2640.4 (2414-2866.5)

1600

1600

Potassium

mg

2969.3 (2696.6-3242)

2868.8 (2647.1-3091)

3500

3500

Calcium

mg

765.0 (710.8-819.2)

673.7 (607.4-740)

700

700

Magnesium

mg

287.2 (264.6-309.8)

278.3 (258.7-297.9)

300

270

Iron

mg

12.1 (10.9-13.3)

14.3 (12.9-15.7)

8.7

8.7

Zinc

mg

7.9 (7.4-8.4)

9.0 (8.4-9.6)

7

9.5

Selenium
Beta
Carotene

µg

48.2 (47.7-48.7)

56.1 (48.1-64.1)

60

75

µg

3086.3 (2494-3678.6)

2014.5 (1575.5-2507)

-

-

Vitamin D

IU

37.9 (18.8-57.0)

29.6 (13.2-46.0)

400

400

Vitamin E

mg

7.2 (6.5-8.0)

7.4 (6.6-8.4)

10

10

Vitamin B6

mg

2.0 (1.8-2.2)

1.9 (1.7-2.1)

1.2

1.4

Vitamin B12

µg

7.7 (4.6-9.2)

8.1 (6.3-9.9)

1.5

1.5

Folate

µg

286.4 (260.7-312.1)

289.5 (259.3-319.7)

200

200

Vitamin C

mg

124.3 (104.3-144.3)

113.2 (94.5-131.9)

40

40

Vitamin A

IU

2493.1 (1839.1-3147)

1207.7 (608.5-1807)

2000

2333

L/Z

µg

1958.3 (1398.6-2517)

958.5 (654.3-1263)

L/Z

mg

2.0 (1.4-2.5)

1.0 (0.7-1.3)

10

10

Unit

Mean female (95% CI)

Mean male (95% CI)

Energy

kcal

1576 (1498-1654)

Fat
of which
saturates

g

Carbohydrate
of which
sugars
Fibre

2294-2581

Table 2.6: Mean consumption of various nutrients for males and females (with 95%
CI’s), and the corresponding DRVs for those over 50 years old. Spaces indicate that
there are no DRVs for that nutrient.
Results demonstrate that both males and females of all age groups failed to meet the
government DRV for energy requirements (kcal), carbohydrates, fibre, selenium,
potassium, vitamin D, vitamin E, and L/Z. For males, there were dietary concerns
regarding vitamin A intakes. Both men and women’s daily sodium intake was much
higher than recommended. Of importance to AMD are the nutrients L/Z, betacarotene, vitamin C, vitamin E and zinc. In comparison with the DRVs male and
female subjects were under consuming L/Z and Vitamin E. Zinc was slightly below
the DRV for male subjects. Dietary intakes of vitamin C in both males and females
were substantially above the DRV.

40

55-64
years

65-74
years

75+
years

DRVs
kcal

Mean kcal
intake

% below
DRV

Statistical Test (Mann- Whitney U,
independent t test)

Male

2581

n=0

N/A

N/A

Female

2079

1592 (n=3)

23%

z = -2.087 p= 0.037

Male

2342

1612 (n=4)

31%

z = -2.460 p = 0.014

Female

1912

1678 (n=8)

12%

z = -1.795 p = 0.073

Male

2294

1660 (n=8)

28%

z = -3.590 p < 0.001

Female

1840

1523 (n=
22)

17%

t = -5.837 p < 0.001

Table 2.7: DRVs for calories in males and females of different age groups, with the
corresponding mean calorie intakes of this cohort:

3000
2500
2000
Mean Kcal 1500

DRVs kcal
Mean Kcal intake

1000
500
0
Male

Female Male

55-64 years

Female

65-74 years

Male

Female

75+ years

Figure 2.3: DRVs for calories in males and females of different age groups compared
with the mean calorie intakes for males and females of this cohort.
Table 2.7 and figure 2.3 display the mean intake for calories of males and females in
different age groups in comparison with the DRVs. Mean calorie intakes for both
males and females of all age groups were consistently below the DRVs, with a
substantial decrease ranging between 12-31% (Table 4). Results show that calorie
intakes were significantly below the DRV for all males in the cohort (Man Whitney U
test p < 0.005) and for females 55-64 years old (Man Whitney U test p = 0.037) and
above 75 years old (independent t test p < 0.001). Females between the ages 65 and
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74 years consumed an average of 1678 kcal per day, which was 12% below the DRV
and not found to be a significant decrease (independent t test p > 0.005).
Repeat

24-hour recall

24-hour recall

Statistical Analysis
(independent t test)

L/Z (mg per day)

1.6

1.7

P=0.919

Calories (kcal per day)

1511

1594

P=0.254

Table 2.8: Comparison of L/Z and calorie intakes with data from a previous 24-hour
recall study
Average L/Z and calorie intakes from this cohort were statistically compared with
intakes from AMD patients in the previous 24 hour recall study carried out by our
research group [211]. Results demonstrated that mean L/Z and calorie intakes were
similar in both studies and were therefore not significantly different. No significant
differences were found between L/Z or calorie intakes and patient demographics.
Carbohydrate intakes were found to be significantly lower (t (43) =2.164, p=0.036) in
those with AMD in both eyes (M=193.1g, SD=41.64) compared to those in one eye
(M=220.1g SD=36.76).
2.4 Discussion
Comparison of L/Z and Calorie Intakes between Single and Repeated Dietary Recall:
Average L/Z and calorie intakes from this cohort of AMD patients were almost
identical to the previous study from our research group which investigated a similar
group of AMD patients using a 24 hour recall dietary assessment method [211].
Results demonstrated that there was no significant difference between L/Z intakes
(independent t test F = 197 p = 0.919) and calorie intakes (independent t test F = 197
p = 0.254) in the two studies. These nutrients were found to be considerably lower
than the recommended amounts in both studies.

Although a smaller number of

subjects were used for this cohort, it may be suggested that these intakes are
representative of a daily dietary intake for AMD patients who seek the services of the
macular society, as a three-day dietary recall provides a more accurate illustration of
habitual diet.
Lutein and Z:
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This sample of subjects with AMD consumed an average of 1.7 mg of L and Z per
day. This is considerably lower than the 10 mg daily amount considered to increase
macular pigment optical density (MPOD) and delay the progression of AMD [219],
[99], [103], [220], [71]. These findings correspond with a previous study carried out
by our research group using a 24 hour recall to signify the diet of AMD patients who
are members of the UK Macular Society. In this study reported average intakes of
dietary L and Z were 1.6 mg per day [211]. L&Z consumption was compared with age,
gender, AMD type (dry vs. wet), the number of eyes affected, perceived vision and
visual registration status, but no trends were apparent. Despite 81% of subjects not
being on a visual impairment register as sight impaired or severely sight impaired
(blind), 74% of subjects claimed that their vision was average or below on the day of
the survey and 65% of patients had AMD in both eyes. This may indicate that patients
have not registered their visual impairment. The RNIB’s survey into certification and
registration in 2011 [221], shows a steady decline in the number of registrations per
year (a fall of 30% for new blind registrations, and a 28% decrease in new sight
impaired registrations from 2003 to 2011), despite the fact that the prevalence of
visual impairment is increasing. They attribute this decrease in registration not to a
lack of interest in registration by the patient, but rather to the length of time it takes to
complete the Certificate of Visual Impairment (CVI) by the professionals involved
[222].
Calories and Carbohydrates:
Results demonstrate that both males and females failed to meet the government
DRVs for calorie intakes. The mean consumption of daily calorie intake was 1594
kcal, much lower than the minimum DRV of 1840 kcal recommended for those over
the age of 75 years (mean age of cohort). Similarly, mean intakes of calories
specifically for those aged 75 or older were 1660 kcal for females, and 1523 kcal for
males, both significantly lower than the DRV (p<0.001). In the previous 24 hour recall
study average daily calorie intakes for AMD patients were 1511 kcal [211]. An
average intake of 202.7 g per day of carbohydrate (80.3 g of sugars) was reported
which was much lower than the government DRV of 230 g per day. Carbohydrate
intakes were found to be significantly lower (independent t test =0.036, p <0.05) in
those with AMD in both eyes compared with those with AMD in one eye. This decline
in food intake presumably follows in part from a decrease in physical activity and the
decline in muscle mass with age. This results in a lower requirement for energy
(substantial reductions in energy intake may, in turn, result in lower physical activity,
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a declining cycle) and thus a diminished appetite. This trend may be more apparent
in those with more advanced stages of AMD as visually impaired patients are less
physically active and more likely to have mobility limitations than individuals with
normal visual capabilities [223], [224]. Other physical and psychosocial barriers which
may exacerbate diminished appetite within this vulnerable population may also play
a part, such as living alone [225], [226], poor cooking skills and the inability to cook
and prepare foods [211]. Potential problems arise because, as total food intake
declines, for most nutrients there is a simultaneous decline in nutrient intake. This
was evident in the current study which indicated that subjects were also not attaining
the DRV of other nutrients important for their condition such as L/Z, vitamin E, vitamin
D and zinc, and nutrients important for general health such as fibre, potassium and
vitamin A in males.

It is important to note that other surveys of the UK population as a whole [227], [228]
show that the mean Body Mass Index (BMI) and number of people classified as
overweight or obese is increasing. The latter data indicate that average habitual
energy intake may exceed energy needs. Reported intakes of food energy being
lower than intakes actually consumed may be the reason behind this apparent
paradox [229], [230]. In particular, under-reporting of foods during dietary assessment
is significant in people who are overweight and obese [231], [232], [233]. Whether
this may be the case in the present AMD cohort is unknown, data on body weight or
body mass within this population may be required to support an accurate
representation of calorific intakes.
Other Nutrients with Clinical Significance to AMD
Selenium and Vitamin E:
Selenium and vitamin E were also below the DRV within this cohort despite foods rich
in vitamin E being recommended by the MS in their patient resources. These nutrients
have been implicated in the protection of biological membranes against lipid
peroxidation, a process that may be induced either by production of metabolic by
products such as reactive oxygen species (ROS) or by exposure to atmospheric
oxidants [234], [235]. The eye is particularly susceptible to lipid peroxidation due to
the high concentration of fatty acids [61]. Vitamin E, in the form of alpha-tocopherol
[58], [59] is predominant in the retina where it is the major lipid-soluble antioxidant of
all

membranes and the most effective scavenger of ROS [57] [60]. Evidence

supporting an oxidative pathogenesis of AMD has increased interest in the potential
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preventative role of nutritional supplementation with dietary antioxidants such as
vitamin E.
Vitamin D:
Vitamin D levels for both males and females in the cohort were significantly below the
DRV (independent t test p <0.001). Vitamin D deficiency is common in the elderly due
to limited sun exposure because of changes in lifestyle factors such as clothing,
outdoor activity and dietary habits. Vitamin D deficiency in this population may also
be attributed to a reduced amount of vitamin D precursor in the skin and diminished
renal function [236]. Exposure to sunlight, which enhances the production of vitamin
D3 in the skin, is important as a limited number of foods contain vitamin D [237], [238].
Vitamin D deficiency is also common amongst ethnic minority groups in the UK such
as Asians whose origins are from India, Pakistan, or Bangladesh as certain cultural
habits such as covering the skin may restrict ultraviolet irradiation [239, 240].
Deficiency of vitamin D results in abnormalities in calcium, phosphorus, and bone
metabolism, as absorption of dietary calcium and phosphorus is decreased. It is
characterised by mild secondary hyperparathyroidism and an enhanced risk of
osteoporotic fracture [241], [242], [243]. In the eye, vitamin D has anti-inflammatory
properties which may suppress the cascade of destructive inflammation that occurs
at the level of the retinal pigment epithelium-choroid interface in early stages of AMD.
There are several epidemiological studies suggesting an association between vitamin
D deficiency and AMD [244], [245], [246], although currently the MS do not include
details of Vitamin D in their resources. This is because few have tested the effect of
vitamin D supplementation on the prevention and treatment of AMD. Research does
suggest that the recommended intakes for vitamin D are inadequate, and, in the
absence of exposure to sunlight, a minimum of 1000 IU vitamin D is required to
maintain a healthy serum concentration [247], [248].
Vitamin C:
The mean intake of vitamin C was 121 mg/per day, which was significantly higher
(one sample t test p <0.001) than the DRV of 40 mg per day for men and women over
the age of 18 years. Vitamin C is water-soluble and is involved with several biological
processes. It has been shown to have antioxidant properties which enable it to react
directly with hydroxyl radicals [64], superoxide [65] and singlet oxygen molecules [66].
High dose supplementation with an antioxidant and zinc formulation, including vitamin
C has been associated with a 25% reduced risk of progression of AMD in those
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participants already suffering with the condition (AREDS 1) [49]. Low levels of vitamin
C in the body have also been associated with an increased risk of AMD [72]. Some
studies, however have found no evidence for a beneficial role of vitamin C
supplementation alone within AMD [73], [74], [75]. It is therefore not known whether
it can slow the progression of AMD when not in combination with other antioxidants.
Despite this, the MS encourage inclusion of foods rich in Vitamin C in the diet which
may explain the reason for an increased consumption within this cohort of subjects.
Zinc:
Zinc has been investigated regarding its potential preventative role in AMD. The
AREDS group found a suggestive reduction in the risk of progression of AMD in
participants supplementing with 25 mg zinc daily [71], which is a key research finding
the MS discuss in their nutritional information for patients. A small number of cohort
studies assessing dietary intakes of zinc in elderly subjects have found an inverse
relationship between high zinc intake and the incidence of early AMD. [175], [150].
However other large cross–sectional studies involving zinc and the progression of
AMD have yielded conflicting results [7], [179]. Female subjects within this cohort
consumed dietary zinc at levels above the government DRV of 7.0 mg per day [7.9
(95% CI 7.4-8.4)] whereas male subjects were under consuming the DRV of 9.5 mg
per day [9.0 (95% CI 8.4-9.6)]. This may be explained by an increased awareness of
research into zinc supplementation and the condition within women subjects.
Limitations
The current study contains several methodological limitations. Firstly, dietary intake
accuracy based on 24-hour recalls is influenced by memory errors and could result in
over reporting or underreporting of food intake, particularly among elderly populations
[214, 249]. To improve accuracy of data and give a more reliable estimation of
habitual intakes, three non-consecutive days of 24 hour recalls were conducted.
There was a lack of information regarding subjects BMI and activity levels, which
would have given further insight in to the accuracy of calorific intake. Participants
were not required to weigh their food during recording; therefore portion sizes were
estimated from household measures and published food reports which may have
resulted in some misreporting. Subjects were also told in advance of what day a recall
was due to be conducted which may have led to bias as previous reports have found
that individuals may over or under report “good/bad” food items [214, 250]. Finally,
the sample used in this study may not be reflective of all AMD patients as only
participants who were already part of the society and those who called the helpline
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were invited to take part. Selection bias should therefore be considered as patients
who have sought the help of the MS could be considered an ‘informed’ population as
they have information available to them in the form of monthly magazines, written
material, a helpline and the Society’s website. It is also important to highlight that a
large proportion of the cohort were female and over the age of 75 years old and there
was a lack of information regarding subject’s ethnicity. It would be beneficial to gain
further dietary information from those with AMD from younger populations, of both
sexes and varied ethnicities, who have not sought support from non-professional
organisations.
2.5 Summary
This study supports the evidence that patients with AMD who seek the services of the
MS are under consuming important nutrients for their condition. The reasons for this
are likely to be multi-factorial. There may be several barriers to dietary change within
this cohort of visually impaired patients in addition to the general individual variances
of food choice and preferences. In a previous study, our research group looked further
in to the barriers to why AMD patients who seek the services of the MS are under
consuming important nutrients by determining their awareness of the relationship
between nutrition and AMD [210]. It was documented that over half (56%) of AMD
subjects could acquire food themselves, and used a supermarket as a primary source
for acquiring food sources. However, the remaining 44% of patients were unable to
shop for themselves. When considering patients’ food choices, the largest influencer
appeared to be preference (44%), with the next largest (33%) being foods that the
subjects believe would affect their health. The ability to prepare the foods was a factor
for 6% of subjects, and 3% said that the ability to acquire the food was the
predominant influencer. Further research from a survey into independent living for
the RNIB [251] indicated that ‘preparing a meal’ was one of the most commonly
identified challenging task by visually impaired people (33%). When asked how they
acquire their food, 56% of the participants said that they themselves were able to go
food shopping; however, 28% relied on a family member, 3% had a friend and 2%
had a caregiver who went food shopping for them and 12% had another method of
acquiring food (this could be the internet, meals on wheels etc). Although subjects
who seek the services of the MS may be considered an informed population as they
receive dietary advice from the MS, altering long term dietary habits may be
challenging in these older populated groups when there are underlying barriers to
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change. Strategies to ensure that nutritional information and interventions consider
possible multi-factorial barriers within this vulnerable group may be needed.
This study investigated the dietary habits in a group of AMD patients to establish
whether subjects were regularly consuming nutrients regarded as important for their
condition such as L and Z. It was concluded that further research is needed to
discover the potential barriers to dietary change within visually impaired populations.
The following chapter will describe a study which aims to investigate the optimum preand post-harvest conditions for maximisation of L in kale. Findings from this study will
enrich the current dietary advice given to AMD patients, and serve as a foundation to
the development of novel intervention which aims to improve the overall diet of those
suffering with AMD.
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Chapter 3: Determination of the optimum pre and post-harvest conditions for
the maximisation of lutein concentrations in kale

3.1 Background and rationale
The two major carotenoids in the human macula and retina are L and Z [252], which
are often referred to as xanthophylls which form the MP. In the eye carotenoids such
as L function as antioxidants and blue light filters to protect underlying tissues from
phototoxic damage [50]. Fruits and vegetables are the most important source of
carotenoids in the human diet and knowledge about this is important for preventive
medicine. Dark green leafy vegetables such as kale and spinach are recognised as
containing the highest amounts of dietary L [253].

Lutein and Z dietary intake is

implicated in the maintenance of retinal health and possible prevention of the onset
or progression AMD [254]. Currently AMD patients are advised to include more dark
green vegetables such as kale in to the diet to increase their intake of L and Z.
However, little is known about the pre-and post-harvest effects on the content and
bioavailability of L and Z concentrations within fruits and vegetables. Combined L/Z
levels in the leaves of kale are reported to range from 147 to 395 µg−1g of fresh tissue
[94] as carotenoid accumulations in plants are often influenced by physiological and
biochemical attributes such as processing and storage as well as environmental
growth factors such as light, temperature and fertility [255] [196], [256]. Although
some studies have looked in to the pre- and post-harvest effects on the carotenoid
concentrations in spinach [257-260], there are very few studies to date which have
investigated the post- harvest processing (cooking) and storage effects on kale L
concentrations. Furthermore, no studies to date have investigated the L levels in kale
grown and sourced within the UK. Therefore this study was designed to answer these
questions.

Kale is a vegetable of the plant species Brassica Oleracea. It has green or purple
leaves, in which the central leaves do not form a head. It is considered to be closer
to wild cabbage than most domesticated forms of vegetables. Kale is produced in the
UK nearly all year round as it is a hardy, resilient plant which tolerates cold whether
much

better

than

other

brassicas.

According

to

industry

source

(www.discoverkale.com; January 2016) most of the kale in the UK which is supplied
to supermarkets across the country is grown and produced on open fields in
Lincolnshire farms between June and March, with the late autumn and early winter
months when it is at its most plentiful. The first kale of the year is planted at the
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beginning of April, and in order to provide a consistent supply of fresh young produce,
sequential plantings are made through until August. Further information about the pre
and post-harvest procedures of UK kale manufacturing was gathered from a day visit
to one of the Lincolnshire farms (Emmet UK Ltd). It was noted that kale plants take
two to three months to grow depending on the outside temperature and the early
seeds are cultivated in greenhouses for the first few weeks to speed up their growing
process. Once harvested, the kale is sliced and washed in water and citrox (fruit acid)
for 90 seconds and dried and packaged ready for transportation to supermarkets
around the UK. The packaging is done immediately after washing, in vacuum or in a
gas mixture of 20% CO2 + 80% N2. The process from harvest to packaging takes
around 24 hours. Kale is then in dispatch for up to 12 hours under refrigeration in dark
at 4-5 °C. Once it reaches the supermarket it has a shelf life of 5 days at 8°C. This
‘fresh-cut’ process (a term which refers to raw vegetables and fruits that have been
cut, shredded, peeled, abraded, or otherwise prepared and packaged to produce
convenient ready-to-eat or ready-to-cook portions) [261] is a current trend for
marketing fruits and vegetables, stimulated by increasing consumer demand for highquality, nutritive, fresh-like and convenient-to-use products.
The aim of the present study was to determine the optimum conditions under which
kale, the vegetable that contains the highest concentration of L and Z, can be
acquired, stored and domestically processed for maximum retinal benefit. Due to cost
implications, only L concentrations within kale were investigated. Zeaxanthin is
required to support retinal function at much lower doses than lutein and therefore was
not investigated within the study. Lutein levels were identified by high-performance
liquid chromatography (HPLC) in the leaves of freshly harvested kale from a UK
Lincolnshire farm along with kale acquired from a UK supermarket where the same
farm supplies to, at different times of the year. Both varieties of kale were used to
compare the effects of post-harvest minimal processing and sourced throughout
different times of the year to determine the pre-harvest climatic effects on
caroteneogensis. Kale was further investigated in relation to its L stability upon
domestic processing procedures such as boiling, blanching, steaming, frying,
microwaving and liquidising. In addition, L concentrations in freshly harvested and
supermarket purchased kale were analysed upon various fridge and freezer storage
periods. Results from the study will provide patients and clinicians with a clearer
understanding of the effects of pre-and post-harvest conditions on the carotenoid
content of vegetables which will enable precise suggestions for increasing retinal
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levels of these nutrients. Dr Val Franklin, a collaborator from the University with
expertise in HPLC was appointed to assist with this project.
3.2 Methods
Method of preparation techniques for kale samples
The first stage of the analysis included preparation and cooking techniques which
enabled the concentration of L to be extracted and then identified by HPLC. Highperformance liquid chromatography is a form of liquid chromatography to separate
compounds that are dissolved in a solution. HPLC instruments consist of a reservoir
of mobile phase, a pump, an injector, a separation column, and a detector [262].
Compounds are separated by injecting a plug of the sample mixture onto the column.
The different components in the mixture pass through the column at different rates
due to differences in their partitioning behaviour between the mobile liquid phase and
the stationary phase which is known as their retention time. The HPLC system then
produces a chromatogram image on the computer which displays a series of peaks
over different retention times for each compound. This is known as a calibration curve
and is a general method for determining the concentration of a substance in an
unknown sample by comparing it to a set of standard samples of known
concentration. For example, L concentrations within samples were quantified by
determining the peak area in the HPLC chromatogram calibrated against a known
amount of L standard. Standards of L were processed at different concentrations first
to produce the calibration curve which enabled the quantity within the sample to be
determined.

Figure 2.4: A schematic diagram representing the HPLC process.
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A portion of freshly harvested kale leaves were delivered from a main UK industrial
supplier (harvested and delivered within 24 hours, before its shelf life) over the
months of March (Spring), August (Summer), October (Autumn) and January
(Winter). Kale leaves were also purchased from a local UK supermarket, within its
shelf life constituency on the same day of each specific month. Within 24 hours of
delivery and purchase, the samples of freshly harvested and shop purchased kale
were prepared for analysis in the common manner, which included hard stems and
blemishes being removed.

Figure 2.5: Freshly harvested kale delivered from the farm within 24 hours ready for
preparation and L analysis by HPLC.
One sample of each kale variety was retained raw and the rest were processed in
various methods to determine the containing L stability via HPLC. These methods
included steaming, boiling, blanching, microwaving, frying and liquidising. Lutein
concentrations in kale samples were also quantified after a range of storage
treatments, which included conventional fridge and freezer storage over various
periods of time.

Each treatment was performed in four replicates to increase

reliability.

Figure 2.6: Kale samples equally weighed ready for processing in their labelled
containers.
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Method of processing techniques for kale samples
The first analyses were carried out in spring where L concentrations of raw kale of
each variety along with three common domestic cooking techniques (steaming,
boiling and frying) were determined. This pilot investigation was needed to identify
any potential issues with the methodology. During these initial stages frying was
performed using a conventional cooking method with a small amount of olive oil (2ml
per 1g sample). Due to lower than expected readings and difficulty measuring L within
the lipid structure, kale was fried without the use of oil in future analyses (summer,
autumn, winter). Technical issues with the steaming equipment were also noted
during the pilot investigation, thus future analyses using this process were not carried
out.

Additional methods for cooking and processing kale were included in the summer,
autumn and winter months. These included microwaving kale using three techniques
(micro 1: 1 minute with a dessert spoon of water, micro 2: 2 minutes with a dessert
spoon of water, micro 3: 2 minutes with a tablespoon of water) and liquidising kale
with a small amount of water (2ml per 1g sample). Blanching kale was investigated
as an alternative method to boiling kale in the winter to establish whether or not a
shorter duration of exposure to boiling water would be better at retaining L
concentrations. Blanching may be described as the process whereby vegetables are
immersed in boiling water and then removed after a brief, timed interval to halt the
cooking process. The ratios of water to kale were

Various fridge and freezer storage periods were also included in the post spring
analyses to determine the storage effects on L concentrations in kale.

After all

preparation and cooking techniques were completed, samples were ready for
extraction and analysis by HPLC.
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Fresh (spring,
summer, autumn,
winter)

Boiling (spring,
summer)

Steaming (spring)

Frying with oil (spring)

Within 24 hours of
collection, four
replicates of each
kale variety were
weighed in to 1g
samples and kept
fresh without
processing

Within 24 hours of
collection, four
replicates of each kale
variety were weighed
in to 1g samples and
placed in a container of
10ml of boiling water
for 3 and 5 minutes.
Each container was
covered to prevent
evaporation of water

Within 24 hours of
collection, four
replicates of each kale
variety were weighed
in to 1g samples and
steamed using a
conventional steamer
for 4 minutes over 4ml
of water

Within 24 hours of
collection, four
replicates of each kale
variety were weighed
in to 1g samples and
fried for 10 minutes in
2ml of olive oil. They
were then dabbed with
blotting paper to
absorb excess oil

Microwaving
(summer,
autumn, winter)

Frying no oil
(summer,
autumn, winter)

Liquidising
(summer, autumn,
winter)

Fridge storage
(summer,
autumn, winter)

Freezer storage
(summer,
autumn, winter)

Within 24 hours
of collection, four
replicates of each
kale variety were
weighed in to 1g
samples and
placed in a
microwavable
bowl for 1 minute
and 2 minutes
with a dessert
spoon of water
(micro 1 and 2)
and for 2 minutes
with a tablespoon
of water (micro
3). Each
container was
covered to
prevent water
loss due to
evaporation

Within 24 hours
of collection, four
replicates of each
kale variety were
weighed in to 1g
samples and fried
in a small pan on
a hot plate
without oil for 5
and 10 minutes

Within 24 hours of
collection, four
replicates of each
kale variety were
weighed in to 1g
samples and
liquidised for 1
minute with a 2ml
of water in a
conventional
smoothie maker

Within 24 hours
of collection,
four replicates of
each kale
variety were
retained raw
and weighed in
to 1g samples
ready for fridge
storage.
Samples were
placed in a bag
and sealed then
stored in a
fridge at 4°C for
four days and
seven days.

Within 24 hours
of collection,
four replicates of
each kale
variety were
retained raw
and weighed in
to 1g samples
ready for freezer
storage.
Samples were
placed in a bag
and sealed then
stored in a
freezer at -18°C
for seven days
and twenty-eight
days

Table 2.9: Spring, summer, autumn and winter L analyses: processing and storage
techniques.
Selection and modification of the extraction and HPLC technique
A review of the literature was carried out on the Web of Science, PubMed and Science
Direct databases to identify relevant studies that had investigated extraction and
HPLC analysis of L from food sources. Search terms used were 'lutein', 'HPLC' and
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'analysis'. We identified articles that reported on L quantification of vegetables through
extraction and HPLC analysis techniques published in peer-reviewed journals. The
chosen method for the extraction and HLPC technique was taken from a study by
Chung, H Rasmussen, H and Johnson, E (2004), as it was well cited in the literature
and fit best with the equipment we had available [96]. The only modification that was
made to the method was using micro bore columns for the injection process, thus the
sample weight and solvents were reduced proportionally to accommodate for the
present HPLC system.
Extraction process:
The first stage of extraction once the kale samples had been processed in the various
methods included incubating the samples in methanol overnight for 16 hours.
Carotenoids are lipid soluble molecules and therefore usually extracted from a plant
source with water-miscible organic solvents. To obtain a safe extract, elimination of
the residual solvents can be avoided by using food grade organic solvents such as
methanol [263]. Firstly samples were homogenised using a pestle and mortar until
ground down. 5ml of methanol was then added to each 1g of sample in a 50ml glass
vial. Sample containers were labelled and covered with tin foil and para fill and
incubated overnight for 16 hours in a fridge at 4°C.

Figure 2.7: Kale samples being grinded up ready for the additional of methanol
(solvent 1); kale samples after the first stage of extraction ready for incubation.

The second stage of extraction included the addition of the second solvent
tetrahydrofuran (THF). The incubated samples were centrifuged at 800xg for 10min
and then the methanol layer was removed into separate glass containers using a
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Pasteur Pipet. 5ml of THF was added to each vial, vortexed for 30 seconds and then
centrifuged at 800xg for 2 minutes. The THF layer was then added to each methanol
container. This extraction process with THF was repeated four more times adding a
THF layer to the methanol container each time. A sufficient amount of THF was added
to make the final volume up to 25ml. 10ml of each sample of mixed solvent was dried
under nitrogen to concentrate the sample and preserve the active ingredients. 100ul
of the mixed solvent was re dissolved in to a dried down sample. A pipette was used
to extract each re dissolved sample in to an amber vial. Samples were then ready to
inject on to the HPLC column.

Figure 2.8: Kale samples after the second stage of extraction; one sample upon
completion of the extraction process ready to be injected on the HPLC column.
HPLC analysis:
To adequately separate the L a HPLC system comprised of a Waters 600S controller
(Millipore), Waters 616 pump, Waters 717 autosampler, Wavelength 44nm
photodiode array detector, and C30 carotenoid column (3 μm, 150 × 4.6 mm, YMC)
was used. The HPLC mobile phase was methanol: MTBE: water (95:3:2, v/v, with
1.5% ammonium acetate in water, solvent A) and methanol: MTBE: water (8:90:2,
v/v, with 1.0% ammonium acetate in water, solvent B). The gradient procedure, at a
flow rate 0.4 mL/min (10 8C), was as follows: (1) start at 100% solvent A, (2) a 21‐
min linear gradient to 45% solvent A and 55% solvent B, (3) 1‐min hold at 45% solvent
A and 55% solvent B, (4) an 11‐min linear gradient to 5% solvent A and 95% solvent
B, (5) a 4‐min hold at 5% solvent A and 95% solvent B, (6) a 2‐min linear gradient
back to 100% solvent A, and (7) a 28‐min hold at 100% solvent A.. Lutein was
quantified by determining the peak area in the HPLC chromatogram calibrated
against a known amount of standard. Peak identification in samples was based on
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comparisons with retention time and absorption spectra of the carotenoid standard of
L.

Figure 2.9: HPLC system used in the study.
3.3 Results (effects of minimal processing and season)
The first section of results describes the variation in L content of raw kale sourced
from both the farm and supermarket. Freshly harvested kale was sourced from a farm
in Lincolnshire and delivered for analysis within 24 hours of harvest. The kale was
classified as being intact whole produce that had not been minimally processed, a
technique used for retail purposes which includes cutting, washing and modified
atmosphere packaging. Minimally processed kale was purchased from a retailer
which the same farm supplies to within its five-day shelf life constituency. Prior to
delivery to its retail outlets the kale was washed, sliced and packaged in 200g units
and sold within five days. Kale was delivered to the supermarket within 24 hours of
harvest. Four raw sample lots for each season (spring, summer, autumn and winter)
were collected at different times during the season and analysed individually. All
samples were analysed immediately after collection.
Shop
(mg/100g)
Spring

Summer

Autumn

Winter

13.41

10.64

10.54

11.74

13.39

10.65

10.5

11.73

13.41

10.63

10.54

11.73

13.40

10.63

10.54

11.73

13.40

10.64

10.54

11.73

0.004

0.010

0.004

0.003

Mean
SD
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Farm
(mg/100g)
Spring

Summer

Autumn

Winter

20.30

21.62

21.52

21.98

20.31

21.62

21.53

21.99

20.31

21.62

21.53

21.98

20.30

21.62

21.53

21.98

20.31

21.62

21.53

21.98

0.006

0.003

0.005

0.003

Mean
SD

Table 3.1: Lutein levels in mg/100g for raw kale sourced from both the supermarket
and farm during various times of the year.

Mean lutein concentrations for raw kale
25
20
15
Mean L
mg/100g

Shop

10

Farm
5
0
Spring

Summer

Autumn

Winter

Season

Figure 3.1: Difference in lutein levels between raw farm and shop kale upon various
times of the year using the mean values.
Table 3.1 and figure 3.1 display data on L levels in raw kale of each variety (farm and
shop) throughout different periods of the year. Four replicates of each HPLC
determination were performed for both kale varieties at these seasonal intervals and
the raw data is expressed in table 3.1. Figure 3.1 displays the L concentrations of raw
farm and shop kale expressed as mean values.

58

Statistical Analyses
Data for L levels in raw freshly harvested and minimally processed kale at different
times of the year were analysed in statistical software IBM SPSS version 20 (IBM UK
Ltd, Portsmouth, Hampshire) to draw comparisons between results using parametric
and non- parametric tests. Normality of data was evaluated using a KolmogorovSmirnov and Shapiro-Wilk Test. Mean values were considered significantly different
at p < 0.05. To determine the difference between L concentrations of raw minimally
processed and freshly harvested kale, a Mann- Whitney U test was used. It was found
that kale purchased from the supermarket within its shelf life constituency had
statistically significantly lower L concentrations (11.58 ± 1.12 mg/100g) compared to
kale sourced direct from the farm within 24 hours of harvest (21.4 ± 0.65 mg/100g), Z
= -4.826, p < 0.001.

The differences between the L concentrations of raw shop and farm kale at different
times of the year (spring, summer, autumn, winter) were detected by a two-way
ANOVA. There was a statistically significant main effect for kale source [F(1,429)=
27792837.4, p<0.001] and kale season [F(1,429)= 58614.2, p<0.001] and the effect
size was large for both factors (eta squared = 1.00). The interaction effect between
kale source and kale season was significant (season*source: sig.=<0.001), therefore
follow up statistical tests were used to explore this relationship further. The file was
split by kale source to investigate the effects of season separately by a one-way
ANOVA. A statistically significant difference was found between all four seasons for
shop kale (p<0.0001) and for farm kale (p< 0.0001). Despite this, the actual difference
in the mean values was very small, particularly for farm kale, as observed in the plot
graph. For example, the mean L values for farm kale were 20.31, 21.62, 21.53, and
21.98 mg/100g in spring, summer, autumn and winter respectively.
3.4 Results (effects of cooking and storage)
The second section of results describes the effects of various domestic processing
methods (boiling, steaming, stir frying, microwaving, blanching, liquidising) and fridge
and freezer storage on the L levels in freshly harvested and minimally processed kale.
Freshly harvested kale was sourced from a farm in Lincolnshire and delivered for
analysis within 24 hours of harvest. The kale was classified as being intact whole
produce that had not been minimally processed, a technique used for retail purposes
which includes cutting, washing and modified atmosphere packaging. Minimally
processed kale was purchased from a retailer which the same farm supplies to within
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its five-day shelf life constituency. Prior to delivery to its retail outlets the kale was
washed, sliced and packaged in 200g units and sold within five days. Kale was
delivered to the supermarket within 24 hours of harvest. Four replicates of each
treatment were performed and results were presented as mean values. All samples
were analysed immediately after collection.
Sample/Treatment

Spring
(n=4)
L
(mg/100g)

Summer
(n=4)
L
(mg/100g)

Autumn
(n=4)
L
(mg/100g)

Winter
(n=4)
L
(mg/100g)

Mean

Fresh

13.40

10.64

10.54

11.73

11.58

Steam

9.88

Boil 3 min

6.46

6.38

6.32

Boil 5 min

3.79

3.86

3.79

L
(mg/100g)
1.15

9.88

Blanch
Fried (oil)

SD

9.97
2.02

6.38

0.06

3.81

0.03

9.97

0.00

2.02

Fried (no oil) 5 m

4.76

4.70

4.83

4.76

0.05

Fried (no oil) 10 m

3.76

3.98

4.06

3.93

0.13

Micro 1

7.34

7.24

7.38

7.32

0.06

Micro 2

5.35

5.20

5.43

5.33

0.09

Micro 3

5.20

5.13

5.31

5.21

0.08

Liquidise

9.37

9.15

9.42

9.31

0.12

Fridge 4 days

6.20

6.16

6.20

6.19

0.02

Fridge 7 days

4.44

4.36

4.42

4.40

0.04

Freezer 7 days

7.20

6.98

7.34

7.17

0.15

Freezer 28 days

4.38

3.99

4.23

4.20

0.16

Table 3.2: Mean L concentrations in minimally processed kale after various
processing and storage procedures throughout different periods of the year.
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Sample/Treatment

Spring
(n=4)
L
(mg/100g)

Summer
(n=4)
L
(mg/100g)

Autumn
(n=4)
L
(mg/100g)

Winter
(n=4)
L
(mg/100g)

Mean

Fresh

20.31

21.62

21.53

21.98

21.36

Steam

11.50

Boil 3 min

6.64

6.79

6.74

6.72

0.08

Boil 5 min

3.94

3.89

3.83

3.89

0.05

L
(mg/100g)
0.73

11.50

Blanch
Fried (oil) 5 m

SD

11.69
2.57

11.69
2.57

Fried (no oil) 5 m

4.89

4.83

4.99

4.90

0.08

Fried (no oil) 10 m

3.89

4.07

4.29

4.08

0.20

Micro 1

9.63

9.52

9.73

9.63

0.11

Micro 2

6.83

6.70

6.84

6.79

0.08

Micro 3

6.33

6.28

6.34

6.32

0.03

Liquidise

16.81

16.60

16.73

16.71

0.10

Fridge 4 days

8.80

8.76

8.85

8.80

0.04

Fridge 7 days

5.04

4.98

5.33

5.11

0.19

Freezer 7 days

9.63

9.47

9.80

9.63

0.17

Freezer 28 days

6.25

5.99

6.29

6.18

0.16

Table 3.3: Mean L concentrations in freshly harvested kale after various processing
and storage procedures throughout various periods of the year.
Tables 3.2 and 3.3 display the mean L concentrations in minimally processed and
freshly harvested kale after each processing and storage treatment. Four replicates
of each analysis were performed and the data were presented as mean readings.
Further mean readings were reported of the L concentrations of kale samples across
the year. A pilot analysis was carried out in spring where raw kale of each variety
along was investigated in relation to three common domestic cooking techniques,
which included steaming, boiling and frying. During this pilot investigation, frying
which was performed using a conventional cooking method with a small amount of
olive oil (2ml per 1g sample) was found to be the most detrimental of the methods.
However, the values obtained should be taken with caution as L is a fat-soluble
molecule and it is likely that the low amounts reported were related to the active being
retained in the oil. Due to lower than expected readings and difficulty measuring L
within the lipid structure, kale was fried without the use of oil in future analyses.
Boiling, particularly for a longer duration of five minutes, also had negative effects on
L levels in both varieties of kale therefore blanching was used as an alternative
method of cooking in the winter analyses. Additional methods for cooking and
processing kale in the summer, autumn and winter periods included microwaving kale
using three techniques (micro 1: 1 minute with a dessert spoon of water, micro 2: 2
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minutes with a dessert spoon of water, micro 3: 2 minutes with a tablespoon of water)
and liquidising kale with a small amount of water (2ml per 1g sample) from raw.
Various fridge and freezer storage periods were also included in the post spring
analyses to determine the storage effects on L concentrations in kale.
Shop Kale

Mean L
mg/100g

% reduction of L from raw

Steam

9.88

14.80%

Boil 3 min

6.38

44.91%

Boil 5 min
Blanch

3.81

67.10%

9.83

15.11%

Fried (oil)

2.02

82.56%

Fried (no oil) 5 min

4.76

58.89%

Fried (no oil) 10 min

3.93

65.63%

Micro 1

7.32

36.79%

Micro 2

5.33

53.97%

Micro 3

5.21

55.01%

Liquidise

9.31

19.60%

Fridge 4 days

6.19

46.55%

Fridge 7 days

4.40

62.00%

Freezer 7 days

7.17

38.80%

Freezer 28 days

4.20

63.73%

Table 3.4: Percentage in reduction of L concentrations from raw supermarket sourced
kale after each processing and storage treatment.
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Farm Kale

Mean L
mg/100g

% reduction of L from raw

Steam

11.50

46.16%

Boil 3 min

6.72

68.54%

Boil 5 min

3.89

81.79%

Blanch

10.85

49.20%

Fried (oil)

2.57

87.97%

Fried (no oil) 5 min

4.90

77.06%

Fried (no oil) 10 min

4.08

80.09%

Micro 1

9.63

54.92%

Micro 2

6.79

68.21%

Micro 3

6.32

70.41%

Liquidise

16.71

21.77%

Fridge 4 days

8.80

58.80%

Fridge 7 days

5.11

76.08%

Freezer 7 days

9.63

54.92%

Freezer 28 days

6.18

71.07%

Table 3.5: Percentage in reduction of L concentrations from raw farm sourced kale
after each processing and storage treatment.
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Mean lutein concentrations of kale after processing
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Figure 3.2: Mean L concentrations of supermarket sourced and farm sourced kale
upon various processing procedures.
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Mean lutein concentrations of kale after storage
12
10
8
Mean L
mg/100g

Shop

6

Farm
4
2
0
Fridge 4 days

Fridge 7 days

Freezer 7 days Freezer 28 days

Figure 3.3: Mean L concentrations of supermarket sourced and farm and sourced
kale upon various storage procedures.
Statistical Analyses
Data for L levels after various cooking and storage procedures were analysed in
statistical software IBM SPSS version 20 (IBM UK Ltd, Portsmouth, Hampshire) to
draw comparisons between results using parametric and non- parametric tests.
Normality of data was evaluated using a Kolmogorov-Smirnov and Shapiro-Wilk Test.
Mean values were considered significantly different at p < 0.05. Statistical
comparisons were made between lutein levels in raw and cooked samples, and
between individual cooking and storage techniques. These differences were detected
by independent t-tests and Mann-Whitney U tests depending on the normality of data.
Differences were considered to be significant at p < 0.05.
3.5 Discussion (effects of minimal processing and season)
The study described here explored the L levels in raw freshly harvested kale sourced
from the farm along with minimally processed supermarket purchased kale, at various
times of the year. As a possible preventer of AMD, efforts to increase MP levels
through simple dietary methods such as increasing dark green leafy vegetables in the
diet are important. Gathering further information about the pre-and post-harvest
effects on the L levels in kale is needed, thus setting a precedent for this study.
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The L concentrations in mg/100g of kale as affected by source and season are shown
on table 2.3. Lutein levels differed significantly (p<0.001) between kale which had
been prepared for supermarket retailing and kale which was sourced directly from the
farm, which had not been minimally processed by cutting, washing or vacuum
packaging. Kale which was minimally processed contained 37%, 51%, 51%, and
47%, lower levels of L respectively, in the spring, summer, autumn and winter than
freshly harvested intact whole kale sourced direct from the farm. Possible
explanations for these variances are discussed below.

Fresh-cut vegetables and fruits are widespread throughout the fresh produce industry
and refers to the process whereby raw vegetables and fruits are cut, shredded,
peeled, abraded, or otherwise prepared to produce convenient ready-to-eat or readyto-cook portions [264-266]. Additionally, this includes the final stage of packaging
before being sold to supermarkets, restaurants, hotels and other smaller retail outlets.
In earlier literature this process is also referred to as ‘minimal processing’ [267].
Consumer demand for fresh fruits and vegetables coupled with a demand for
convenience is fuelling an interest in these minimally processed products. Since
thermal and other drastic processing conditions are not used, minimally processed
products are expected to retain fresh and be of superior nutritive quality. Low
temperature and modified atmosphere packaging techniques (low O2, high CO2) are
used which are intended to help retain freshness, extend shelf-life and limit the growth
of micro-organisms [268]. However, studies to demonstrate the effects of minimal
processing and modified atmosphere packaging on individual bioactive compounds,
particularly in leafy green vegetables are still limited.
In this study, the L values of minimally processed kale were found to be significantly
lower than that of freshly harvested kale (p <0.001) classified as being whole intact
produce. Previous data which has investigated L concentrations in raw kale has only
considered farmed kale or minimally processed kale separately [199, 202, 269], thus
this is the first study to examine the L differences between raw intact kale and its
corresponding fresh-cut kale commodities, grown from the same farm. The rapid
deterioration in L concentrations of kale sourced from the marketplace may be
attributed to several things. Firstly, fresh-cut vegetables deteriorate faster than intact
produce, which may be a direct result of the wounding associated with processing,
leading to a number of physiological and biochemical changes which differ from intact
commodities [267, 270, 271]. Nutrient losses are generally accelerated following
tissue wounding, which may allow for substrate–enzyme interactions. In addition,
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exposure of inner plant components, including carotenoids and phytochemicals to
oxygen during minimal processing enhances oxidative degradation [261].
The degradation in carotenoid concentrations may be further enhanced during kale
shelf-life in the supermarket. In this study, L levels were found to decrease by 37-51%
respectively, from farm to shelf throughout the year. Kale which is grown in the UK
typically has a shelf life of five days; and is stored under continuous retail lightening
at 8°C. Previous studies have found carotenoid concentrations in minimally
processed kale to reduce dramatically at temperatures above 4°C, with or without
light exposure. Kobori, et al (2011) found that at 11°C under light, L decreased in
minimally processed kale by 7.1%, and 24.1%, respectively, after 5 days and 10 days
on the shelf [272].
In terms of the seasonal or climatic effects on the carotenoid concentrations in kale,
although statistically significant, this study found only limited changes in L
concentrations in both kale varieties throughout various periods of the year. Minimally
processed kale sourced from the shelf had higher variations in L concentrations
through various seasons, where by L levels were significantly higher in the spring
than any other time of year (M=13.40mg SD 0.004 p<0.001). In freshly harvested kale
however, spring L levels were slightly lower than other seasons meaning the retention
of L in minimally processed kale in spring may be related to post-harvest rather than
pre-harvest climatic effects.
Two processes occur in photosynthetic tissues such as dark green leafy vegetables,
which have opposing effects on carotenoid levels. These are known as
caroteneogenesis and photo degradation. Exposure to sunlight and high temperature
enhances the biosynthesis of carotenoids (caroteneogenesis), but also promotes
photo degradation, which potentially lowers carotenoid concentrations. There is
evidence to suggest that vegetables including kale produced in greenhouses, or in
plots covered with plastic roofing, show higher carotenoid concentrations in the
summer as opposed to the winter, as the plants are protected from excessive sunlight
during the summer, thus favouring caroteneogenesis instead of photo degradation
[199, 258, 273]. In the present work, kale which hadn’t been subject to post-harvest
cutting or packaging had highest L levels in winter, indicating that the effect of sunlight
and high temperature on photo degradation prevailed in the spring, summer and
autumn. The kale used in this study was farmed in open fields for the majority of its
harvest life which gives added clarification to these findings. Two previous studies
have also found carotenoid concentrations to be higher in the winter than the summer
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for leafy green vegetables harvested in open fields, suggesting that sunlight and high
temperature may promote photo-degradation when vegetables are not protected by
roofing [202], [274].
3.6 Summary (effects of minimal processing and season)
This study adds to the small amount of information that is currently available
concerning the retention of antioxidant constituents such as L in raw kale during
handling and retail storage at different times of the year. These findings, as well as
previous literature on other varieties of fruits and vegetables, indicate that fresh-cut
produce has different properties to its corresponding intact vegetables, in that it has
an increased perishability of nutrients. This means that the knowledge accumulated
over many decades regarding the physiology and handling of commercial vegetables
may have to be re-examined and new understanding and information developed for
each fresh-cut produce item is needed. Further information and research is required
on the chemical and biochemical alterations that occur in post-harvest minimally
processed foods sold in supermarkets and on the improved maintenance of their
nutritional quality, particularly for food sources that have not previously been
addressed such as kale. In terms of climatic effects of caroteneogenesis, this study
is in agreement with previous findings which suggest that carotenoid concentrations
are higher in the winter than the summer for leafy green vegetables harvested in open
fields, as sunlight and high temperatures may promote photo-degradation when
vegetables are not protected by roofing or packaging.
3.7 Discussion (effects of cooking and storage)
The study described here explored the L levels in minimally processed retail prepared
kale, and kale freshly harvested from the farm, following various domestic processing
and storage procedures. Unlike fruits, most vegetables are commonly consumed after
being submitted to a cooking process. Cooking methods are used to improve
vegetables’ palatability by softening the tissues, and inactivating anti-nutritional
compounds, toxic substances and microorganisms. However, when comparing their
biological actions and antioxidant activities in vitro and in humans, there is no
consensus regarding the best way to consume them [204]. As a possible preventer
of AMD, efforts to increase MP levels through simple dietary methods such as
increasing dark green leafy vegetables are recommended. Therefore, gathering
further information about the post-harvest effects on the L levels in kale is important,
thus setting a precedent for this study.
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Kale L levels within this study were dramatically affected by cooking and storage, with
the notion that the longer the kale was cooked or stored the more L was lost. There
were less apparent changes in L concentrations upon processing procedures which
used shorter durations, lower temperatures and smaller concentrations of water such
as blanching, liquidising and steaming. Possible explanations for these variances are
discussed below.

Effect of cooking methods on the L concentrations in kale varieties
Steaming, boiling and stir-frying with oil:

Steaming, boiling and stir-frying are common domestic cooking methods in the UK,
therefore these were the first processing techniques to be analysed in the initial pilot
investigation in spring. As shown in tables 3.7 and 3.8, boiling for 3 and 5 min and stir
frying with a small amount of olive oil resulted in significant losses of L in both varieties
of kale. In both the shop and farm kale, the fried sample with oil showed the highest
degradation of total L relative to the raw samples (83% shop, 88% farm, p < 0.05).
Similarly, a recent study investigating certain phenolic compounds in kale after
boiling, steaming and stir-frying, found that stir-fried kale (4 min with soybean oil) had
the greatest decrease in L levels compared to all other cooking methods (4.66 ± 1.81
μg/g) [204]. Boiling for a longer duration of 5 min was more detrimental than boiling
for 3 min in both kale types (p < 0.05) although both techniques resulted in substantial
losses in L (boiling 3 min: 45% shop, 67% farm) (boiling 5 min: 69% shop, 89% farm).
In both shop and farm kale, steaming showed the lowest degradation of total L relative
to the raw samples amongst all processing techniques (14.8% shop, 46.6% farm) so
would be the optimal cooking technique for retaining L levels in kale. In the study
previously mentioned steaming kale was found to be more detrimental for L levels
than boiling kale. Raw kale contained 56.18 ± 2.9 μg/g of L, after boiling and steaming
this decreased to 6.9 ± 0.54 μg/g and 5.81 ± 1.14 μg/g respectively [204]. Other
studies investigating steaming, boiling and stir-frying effects on L concentrations in
kale are limited; therefore, further studies may be needed to support these findings.

Although freshly harvested raw kale was superior in L concentrations than minimally
processed raw kale within its shelf life constituency, upon processing, L levels
declined further in kale sourced from the farm. The reasons for this are likely to be
related to the effects of minimal processing. Fat-soluble nutrients such as the
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carotenoids (including L) are sensitive to heat, light, oxygen, and pH. Minimal
processing, such as cutting, or slicing is useful from a convenience standpoint,
however it causes injury to the plant tissues which initiates enzymatic changes, such
as ethylene production, respiration, accumulation of secondary metabolites and water
loss from tissues [275]. This increases susceptibility to microbial spoilage, which not
only compromises food safety, but alters chemical make-up and promotes loss of
nutrients [276]. Therefore, to preserve moisture and humidity as well as protect freshcut products, packaging is used. Packaging may help to preserve some nutrients in
fresh-cut products, particularly if done at the right time and under appropriate
conditions, mainly because it delays ripening and deterioration. Other techniques
such as modification of pH, irradiation, or chemical preservation (dips in ascorbic acid
and/or citric acid), a technique used in the kale sourced, may further prevent
deterioration of minimally processed vegetables [197, 277]. It seems freshly
harvested intact kale commodities may initially benefit from an enhanced nutrient
value in their raw state, but exposure to heat and oxygen without the added protection
of packaging and chemical preservation from acid washing may further increase their
carotenoid degradation upon processing.
Frying without oil, microwaving, blanching and liquidising

After the pilot investigation in spring, kale was stir-fried for both 5 and 10 minutes
without the use of oil. Previous studies investigating the use of stir-frying vegetables
have found that frying treatments cause loss of (all-E)-isomers of carotenoids [204,
278], which could be explained by the lipophilic nature of carotenoids with the
consequent leaching of these molecules into the oil. This may explain why L levels
were lower in the pilot investigation where oil was used. Recent human intervention
studies have shown that this leaching of carotenoids into oil may potentially improve
their bioavailability, since the bioavailability of lutein has found to be higher when
administered in oil [279-281]. Dietary fat increases carotenoid bioavailability by
providing a depot for the release of hydrophobic compounds from the food matrix,
stimulating the secretion of bile salts and pancreatic lipases for micelle formation, and
inducing chylomicron synthesis [282]. A study which explored L bioavailability in kale
found that approximately 5-10g fat in a meal was required for efficient absorption of
carotenoids in to the blood, although more fat was required when the diet contained
L esters instead of free L [283]. In the current study, dry fried kale samples without
the use of oil still showed a high degradation of total L relative to the raw samples
(59%-66% shop, 77-80% farm), with frying for a longer duration of 10 min being more
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detrimental. Frying with the addition of oil in the pilot investigation resulted in
significantly lower levels of total L than frying without oil (Mann-Whitney U test p
=0.001), giving further evidence to support the lipophilic nature of these molecules.

Microwaved kale for the longest duration with the highest amount of water showed L
degradation of 55% and 70% in shop and farm kale respectively, relative to the raw
sample, suggesting that shorter processing times and the use of minimal water during
microwaving kale would be preferred. To the best of my knowledge, this is the first
study which has investigated various microwaving techniques on the L concentrations
in kale. A small number of studies have investigated the effects of microwaving on
other predominant carotenoid containing vegetables. The levels of carotenoids in raw
and cooked (microwaved, boiled, steamed, stewed) green vegetables and tomatoes
were extensively studied by Khachick et al, (1992). It was shown that while the
epoxycarotenoids were somewhat sensitive to heat treatment, L and hydrocarbon
carotenoids such as neurosporene, a- and P-carotene, lycopene, (-carotene,
phytofluene, and phytoene) survived the heat treatments [284]. The effects of
induction boiling, conventional boiling and microwave steaming on the sensory
qualities and carotenoid retention of broccoli, carrots, green beans and sweet
potatoes were investigated by Nunn et al [285]. The L/Z content of microwavesteamed broccoli was significantly higher (p < 0.05) than that prepared by either of
the two boiling methods. The current study is in agreement with these findings, in that
the concentration of L in microwaved kale using minimal water for 1 min (Micro 1) was
significantly higher in both kale varieties than that prepared by boiling (p <0.001) or
frying (p <0.001) for the shortest durations.

Blanched kale exhibited similar effects on L levels than steaming kale, showing a fair
conservation of total L with a reduction of 15% and 50% for shop and farm kale
respectively. Although intact whole kale sourced fresh from the farm showed a higher
degradation than its minimally processed commodity, 100 g of blanched kale of this
variety would still provide 10.85 mg of L. Similarly 100 g of shop purchased kale would
provide a sufficient quantity of 9.83 mg. 10 mg of L per day has been associated with
a delay in the progression of AMD [10] and the most beneficial effects on MP levels
in the eye [98, 99]. The concentration of L in blanched kale of both varieties was not
significantly different than that prepared by steaming (Mann Whitney U test p = 0.92),
thus both methods may be considered as optimal cooking techniques for retaining L
levels in kale.
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Previous data in regard to blanching effects on kale are limited. One study which
investigated total carotenoid losses in kale after blanching found that blanching kale
leaves for 2.5 min did not significantly alter the level of total carotenoids and betacarotene from raw [286].

Furthermore, a study which investigated the effect of

blanching on Ethiopian and Indian green vegetables found that, blanching increased,
in general, neoxanthin, L and beta-carotene contents to a slight degree, explaining
their results with better extraction and quantification of these compounds from the
denatured plant tissue [287]. Even if heat may result in some loss of carotenoids, the
inactivation of oxidative enzymes by blanching may prevent higher losses of
carotenoids during holding before thermal processing, slow processing and storage
[288]. Akapap, et al. reported that blanching of fresh fluted pumpkin leaf, okra, African
spinach, and water leaf at 98 °C for 3 min caused total losses of carotenoids which
ranged from 29.5% in okra to 34.9% in both fluted pumpkin leaf and African spinach.
It was further reported that blanching the vegetables before storage at -10 °C slightly
improved the retention of nutrients, again because blanching possibility inactivated
the enzymes [289].
Of all the processing methods, liquidising kale from raw showed the best conservation
of total L in both kale varieties with a reduction of only 20% and 22% in shop and farm
kale respectively. Although L losses were similar in the two kale varieties, the
concentration of L in farm sourced kale after liquidising (M=9.31 mg/100g, SD= 0.12)
was significantly higher than that of shop sourced kale (M=16.71mg/100g, SD= 0.10)
(independent t test p = <0.001). Thus, it was evident that freshly harvested intact
whole kale was less susceptible to damage by a processing method which did not
require heat and therefore should be recognised as a superior source of L to minimally
processed kale prepared for retailing, if this is the desired method of consumption.

Effect of storage methods on the lutein concentrations in kale varieties
As reported in the previous chapter, vegetables such as kale are often the most
health-promoting when harvested and consumed at their peak maturity, before the
addition of post-harvest handling and processing. In westernised countries like the
UK, nowadays home-growing vegetables is outdated, and sourcing mass produced
minimally processed products available freely in supermarkets is a more convenient,
conventional consumer habit. Fruits and vegetables grown in the UK may spend up
to 2 days in transit following harvest before arriving at a retail outlet. At the retail store,
fruits and vegetables may spend a further 1–5 days on shelf display prior to being
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purchased by the consumer, who then may store them for up to 7 days prior to
consumption. This means that fresh fruits and vegetables may not be consumed for
a significant length of time following harvest, during which time nutrient degradation
may occur.

Due to continued respiration and enzymatic activity, fruits and vegetables suffer
changes in nutritional value and sensory quality including loss of texture, appearance
and flavour during storage [275], especially if factors such as temperature,
atmosphere and relative humidity are not well regulated [277]. In the current study, it
was found that fridge storage for the longest duration of 7 days showed a significantly
higher (p=<0.001) L degradation (47% shop and 58% farm) than fridge storage for 4
days (62% shop, 76% farm), relative to the raw samples. The trend that the
degradation of L levels increases further upon longer storage times is documented in
other studies. Bunea, et al. reported that in spinach, the carotenoids such as L and
beta-carotene were all affected by prolonged storage time and temperature. The
content of carotenoids was best preserved after storage for one day at 4°C [259]. A
study which investigated the effects of storage for four days at 7-9°C on the
carotenoid contents of kale found that all four carotenoids decreased significantly; L
(27%), violaxanthin (20%) neoxanthin (31%) and beta-carotene (14%). The authors
noted that the retention of the carotenoids could have been improved, by using
modified atmosphere packaging and a lower storage temperature [199]. Although
storage temperatures were lower in the current study, the losses observed may have
occurred due to longer storage durations and the use un-optimised packaging, as
minimally processed kale was removed from its original packaging and both kale
varieties were placed in simple sealable bags. Freezer storage also had detrimental
effects on L concentrations in kale; however, L preservation was slightly better than
that of fridge storage. Kale stored in the freezer for a longer duration of 28 days
showed a high L degradation of 64% and 71% in shop and farm kale respectively,
relative to the fresh samples, compared with 39% and 55% in freezer storage for
seven days.

3.8 Summary (effects of cooking and storage)
Processing and storage of foods have become integral parts of the modern-day food
chain. More emphasis should be given to increase consumer knowledge on the
depletion of important nutrients in vegetables due to the post-harvest processing and
storage techniques required for retail manufacturing or domestic processing.
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Domestic cooking, storage and preparation have substantial negative effects on the
content and bio-availability of carotenoids in foods. If domestic processing is to occur,
reducing processing/storage time and using cooking methods which require lower
processing temperatures and minimal amounts of water, improves L retention
significantly, regardless of kale source.
Furthermore, it may be beneficial to suggest the method of steaming kale rather than
boiling or stir-frying, and to advise more thoroughly on alternative methods to
conventionally cooking kale, such as liquidising and blanching, or better still
consuming kale raw. Although the use of oil may improve L bioavailability in the
addition of frying, alternative cooking techniques which involve the addition of fat
should be encouraged. Previous data suggests that blanching in particular may
prevent subsequent nutrient losses if performed before storage due to the inactivation
of certain enzymes. Blanched and pureed vegetables may result in increased
extractability of carotenoids in vegetables compared to the raw homogenized form;
however, there is paucity of information in this area. Loss of nutrients during fresh
storage may be more substantial than consumers realize, so consumers should be
educated about this. Fruits and vegetables should be consumed soon after harvest,
or postharvest handling conditions must be controlled such that nutrient degradation
does not occur. For example, shorter storage durations, exclusion of oxygen through
modified atmosphere packaging, protection from light and low temperature
diminishes carotenoid decomposition during storage.
In conclusion, L levels in kale which is both freshly cut and pre-prepared for retailing
are negatively affected by processing and storage conditions. The evidence suggests
that regardless of the method chosen, retention of L decreases with longer processing
or storage time and higher processing temperatures. The results of the study
described here can be used to enrich the current advice about kale consumption in
those who suffer with AMD, and provided evidence to support the design and
production of a novel intervention to improve diet in this population.
Limitations
These studies contain several limitations. Firstly, the processing and storage
treatments used were not consistent throughout the seasons; for example, in the pilot
analysis in spring alternative cooking methods were examined compared with
analyses in following seasons. This procedure was adopted to address any
methodological issues early on and to test various processing treatments in order to
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alter and identify the optimum requirements for retention of L in kale. However,
repeating the same analyses throughout every season would have provided more
data for statistical comparisons. Secondly, temperature during frying was not
measured and controlled which would have increased the reliability and repeatability
of results. The kale types used in the studies were curly kale, though other varieties
of kale are popular in the UK such as Cavalo Nero. It would have been useful to draw
comparisons of L concentrations between varied kale types to provide further data on
the optimum sources of L amongst dark green leafy vegetables grown and sourced
in the UK. Overall, further research is needed to support the carotenoid composition
of UK kale; comparisons with previous studies are difficult as variations are most likely
due to differences in cultivars and environmental factors. Although the present data
may provide new information to enrich the current advice about dietary L sources,
there are many uncontrollable inter-individual variations that regulate the digestion,
absorption, transport and eventual retinal uptake and maintenance of these nutrients
[93, 104, 279, 290, 291]. It is therefore important for studies to not only assess the
total L or carotenoid content of plants but also their stability along the food chain [292].
Chapter four will describe a qualitative study conducted to establish food choices and
preferences in AMD patients, the physical and psychological factors which may
influence eating habits and thus the potential barriers to dietary change. The
acceptability of ready meals specifically designed to support the nutritional needs of
AMD patients as a novel intervention for improving diet was also discussed with
subjects to help inform the design of a questionnaire to use in a larger cohort of
patients.
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Chapter 4: Use of a focus group to identify eating habits in AMD patients
4.1: Background and rationale
Lutein and Z consumption can improve MP levels in the ocular media [293], which
may be of benefit in the primary prevention of onset or progression of AMD. As L and
Z are not formed within the body and can only be obtained from our diet their dietary
intake is important in AMD patients [294], [81]. However, subjects who suffer with
AMD are presented with a wealth of nutritional information available from a variety of
sources such as magazines, newspapers and the internet. Conflicting information, a
lack of evidential research and aggressive marketing campaigns have led to
confusion among patients and practitioners in what supplements to take, and what
foods should be consumed in order to maximise absorption of these useful nutrients
[209].
Many patients turn to organisations for clarity of information such as the MS – the
only UK charity that is devoted to helping those with diseases of the macula. The MS
has 16,000 members, a busy helpline and counselling service and 235 local support
groups nationally [210]. They produce training programmes and information for
patients and health professionals. They also sponsor research into treatments, quality
of life issues, a cure and campaigns for access to treatments and services [295].
Members of the MS may be considered an ‘informed’ population as the society
provides patients with various educational tools to assist with increasing knowledge
on nutrition and AMD. These consist of nutrition leaflets, articles in their monthly
patient magazine ‘Side View’ and yearly health professional magazine ‘Digest’ all of
which are updated to keep abreast of current research. Members and non-members
also have access to a patient portal on the main website which includes detailed
information on all areas of nutrition including diet and supplementation advice [296].
Despite this wealth of nutritional information presented by the MS, dietary analysis
research within this population informs us that patients are not consuming enough
nutrients that are recommended for their condition. A previous study conducted by
our research group at Aston University and a follow up study addressed in chapter
two have found that average L/Z intakes in this population were much lower than the
recommended dosage for patients who suffer with AMD [211]. Participants also
consumed daily calories intakes significantly below the government DRV’s. Other
important nutrients consumed below the DRV’s included carbohydrates, fibre, and
vitamin D and potassium.
75

Although these cohorts were groups of highly motivated individuals who had taken
the initiative to contact the MS, the evidence does not suggest that the information
that participants had received from the MS or other sources modified their behaviour
[211]. There may be various reasons for this such as a dislike for the nutrient-rich
foods, lack of knowledge on how to cook or prepare them, misjudgement on the
amounts required per day, lack of control (family or caregivers cook food), and
difficulty in acquiring or preparing foods. Although the association between education
barriers in the visually impaired and diet-related health outcomes has not been
studied in depth, some studies have considered the above factors [210, 251].
A study which assessed the perceived health and vision states and awareness of
lifestyle factors of AMD patients looked further in to the barriers to why AMD patients
who seek the services of the MS are under consuming nutrients, by determining their
awareness of the relationship between nutrition and AMD. It documented that over
half (56%) of AMD subjects were able to acquire food themselves, and used a
supermarket as a primary source for acquiring food sources. However, the remaining
44% of patients were unable to shop for themselves. When considering patient’s food
choices, the largest influencer appeared to be preference (44%), with the next largest
(33%) being foods that the subjects believe would affect their health. The ability to
prepare the foods was a factor for 6% of subjects, and 3% said that the ability to
acquire the food was the predominant influencer [297]. Further research from
Douglas, et al’s survey into independent living for the RNIB [251] showed that
‘preparing a meal’ was one of the most commonly identified challenging task by
visually impaired people (33% respectively). Further information about how they
acquired their food revealed that 56% of the participants were able to go food
shopping; 28% relied on a family member, 3% had a friend and 2% had a caregiver
who went food shopping for them. A further 12% of subjects had another method of
acquiring food such as the internet, meals on wheels, etc.
Changing eating habits may be difficult in these older populated groups and requires
novel intervention methods. Effective health education for promoting nutrition literacy
among elderly people may only be the first step when encouraging dietary change.
Current research suggests that there are numerous factors which may play a part in
influencing AMD patient’s dietary habits [210]. It is therefore essential to design
effective measures for improving the diet of individuals with, or at risk of, AMD, which
consider underlying barriers to dietary change.
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The aim of this study was to design and conduct a focus group to discover what foods
patients like to eat and in more detail, what factors may influence their food choice
and preferences and the potential barriers to dietary change. The idea of ready meals
as a potential intervention for improving diet in AMD patients was also discussed. The
focus group method was selected for this study because it fostered open interaction
and discussion among group members which generated rich data related to the
individual needs of older adults living with visual impairment.
Ethics
This study was approved by the Aston University Ethics Committee (Ethics number
843). Verbal informed consent was obtained from all subjects and formally recorded.
Verbal informed consent was obtained from all subjects and formally recorded.
4.2: Method
Step by step scheme of work
1. Recruitment of AMD patients for focus group via a Macular Society local peer
support group meeting
2. Carry out focus group with AMD patients
3. Design questionnaire for larger cohort based on findings from the focus group
4. Carry out questionnaire in larger cohort
5. Design ready meals for AMD patients based on the findings from the focus
group and questionnaires.

Subjects of focus group
Patients of the MS who are members of a local peer support group were invited to
take part in a focus group to discuss their individual food choice and preferences and
possible physical and psychological barriers to dietary change. Six AMD patients
were invited to join the focus group. Inclusion criteria were subjects with either form
of AMD who were over 50 years of age.
Method
One focus group was conducted involving six AMD patients. The session was held at
a local peer support group for MS members, where participants were recruited from
the peer support group beforehand. The peer support group involves forty-five MS
members. Subjects who agreed to take part in the focus group were asked to stay
after their peer support group meeting to be involved in the 90-minute session. The
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focus group was conducted by a facilitator and assisted by a moderator who took
detailed notes throughout the discussion. The focus group was also transcribed by
the moderator where possible. Before the discussion session began, the facilitator
and moderator introduced themselves to the participants and started the ice-breaking
session in which each of the participants were asked to briefly introduce themselves
to the group. The session then proceeded with an introduction to the study where the
aims and objectives were explained and the confidentiality of the outcome from the
focus group. After the introduction, the discussion session was initiated by asking
semi-structured and open-ended questions to subjects. The semi-structured question
design was centred on the following topics: the way that participants choose and
prepare their daily foods, the factors influencing their food choices and eating habits
and possible barriers to not making appropriate dietary changes. This included
questions such as:
Which foods do you like to eat/ what is your favourite food?
Why do you like the food?
What foods do you not like to eat?
Why do you not like the food?
Do you eat more hot or cold foods?
What meals would you normally prepare?
Do you often make meals with dark green leafy vegetables such as kale?
How do you usually like to cook these foods?
If not, why do you not include these foods in your meals?
How do you feel about ready meals?
How do you feel about cooking home-made meals?
Where do you normally shop?
How much do you like to pay for an average dinner (ready meal/home cooked)?
How much would you spend on an average ready meal?
The sample consisted of one male and five females who were Caucasian and aged
above 50 years. All participants presented with some form of AMD. The themes that
78

emerged from the data focused on the food/meal likes and dislikes of patients, patient
cooking habits, patient’s opinion on ready meals, and perceived barriers of dietary
change.
Analysis of focus group
Data from the focus group was analysed using a Micro-interlocutor Analysis, which is
a relatively new method of analysis for focus group research, taken from an article by
Onwuegbuzie, et al (2009) [298]. Micro-interlocutor analysis goes beyond analysing
only the verbal communication of focus group participants and therefore increases
the rigor of focus group analyses in qualitative research. It may be described as a
process where meticulous information about which participant responds to each
question, the order in which each participant responds, response characteristics and
the nonverbal communication used is collected, analysed, and interpreted. A template
which allowed for the transcribing of this information was used to analyse and
interpret data (appendix 2). Themes that emerged from the focus group discussion
were identified and are highlighted below.
4.3 Results
Food/meal likes and dislikes of patients
All participants agreed that fish was the preferred choice of food to base around a
meal, with fish pie or fish accompanied by sides being mentioned as participants’
favourite food/meal. One subject revealed that this was primarily white fish. Other
favourite foods or meals consisted of lasagne (participant 1), chicken risotto, soup
(participant 2), stir fry (participant 3), soup (participant 4), chilli con carne, quiche,
curry (participant 5) chicken risotto (participant 6). Some of the reasons behind
subjects’ food preferences included taste, texture and digestibility. Food/meal dislikes
included tuna, pilchards (participant 1), and spicy food (participant 2-4). Two
participants indicated that they did not dislike any particular foods. Spicy food was
specified as causing issues with digestibility, and oily fish was considered to be
unsavoury.
Patient cooking/eating habits
All six participants enjoyed both hot and cold meals. Cold meals mentioned by all
participants as being particularly favourable included quiche, salads and cold fish.
Only two out of six subjects home cooked their meals on most days of the week. One
subject lived with a relative who regularly cooked for them. The remaining three
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subjects cooked two times a week, and on the other days of the week ate ready meals
– this included supermarket purchased meals and home delivered meals such as
Wiltshire Farm Foods (www.wiltshirefarmfoods.com). All three of these patients lived
alone and mentioned this as being one of the main reasons for not cooking as often.
The three participants who were most likely to home cook meals frequently included
dark green leafy vegetables such as kale in their dishes. Kale was predominantly
used as a side dish in a meal. Two of these subjects stated that they mostly enjoyed
stir frying kale with other vegetables. The three subjects who cooked less home-made
meals rarely added kale to their meals, despite them being aware it contained
nutrients important for their condition. This was mainly due to a lack of accessibility,
issues with food preparation and a dislike for food wastage. All participants were
unsure of ideal methods in which to prepare, store and cook kale for the retention of
important nutrients, but were particularly interested in knowing so. Two subjects
identified this lack of information to be an additional factor for not including kale in the
diet.
Participant’s opinion on ready meals
Two out of six subjects did not consume ready meals due to a perceived unpleasant
taste, a concern with the addition of additives and preservatives and high fat and
sugar contents. They also mentioned that they enjoy the concept of acquiring food
and cooking. These participants disclosed that if they were to consider ready meals
in the future they would have to be unrepresentative of the usual supermarket
convenience food that they deem as ‘unhealthy’. Other subjects enjoyed the idea of
ready meals because of the convenience and simplicity that they offer. One point that
was frequently mentioned by this group was the dislike for fresh foods going to waste
when they are only acquiring and cooking food for themselves. Subjects further
highlighted that acquiring, preparing and cooking foods were particularly difficult for
them without the added support of another person. When buying vegetables, these
subjects tend to choose frozen alternatives. All participants would not let price
influence their choice over a ready meal, with nutritional impact and taste being the
two key drivers for choice. All subjects agreed that if they were to be influenced by
price then between £2 and £4 or even above £4 would be reasonable.
Perceived barriers of dietary modification
Food wastage and storage concerns. ‘Kale comes in a large 200g bag with much
of it going to waste as I am only cooking for myself. This puts me off buying it despite
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knowing it is good for my eyes’, stated one participant. Other patients agreed with this
statement and said they would prefer to have access to more local independent
suppliers of kale where they could choose their own amounts of produce. For
example, one participant commented that ‘kale I buy from the supermarket tends to
go off very quickly when it is not used, I would like to be able to buy kale from local
producers where it is fresh and not pre-cut and packaged’. Another participant added
‘I would like to know if I could freeze the excess kale and then re-use it or would this
have an effect on its nutrients’. Most patients agreed with this query, two patients
stated that they prefer to purchase frozen vegetables as they last longer.
Acquiring, preparing and cooking foods. Only two out of six patients experienced
cooking their own meals on regular days of the week. One patient revealed ‘I live with
my son who cooks and prepares food for me; otherwise I would struggle to be
independent’. The remaining patients agreed with this statement, claiming that health,
mobility and visual impairment prevent them for acquiring, preparing and cooking
foods as much as they would like to. ‘When you are on your own you do not want to
prepare, and cook for one person, it is too much effort and food goes to waste so I
prefer to eat cold meals or heat up ready meals in the microwave’ said one elderly
man. Patients who lived on their own were in agreement with this statement,
preferring to opt for foods requiring limited preparation or cooking. ‘I use Wiltshire
Farm Foods to deliver my ready meals for the same reasons, however I have not
come across any ready meals they do which contain kale, that would be good’ another
woman stated. Patients that incorporated kale in to their meals had various opinions
and ideas on cooking methods. Two patients stated ‘stir fried kale is the tastiest and
you can add all sorts of other vegetables, oils or sauces’ another remarked ‘is this a
good way to cook kale?’ One patient had opposing opinions stating ‘I prefer to steam
my vegetables I have heard this method is best for retaining nutrition and keeping
flavour and texture’.
4.4: Discussion
Research has shown that AMD patients are not taking on board the recommendation
dietary advice for their condition [211]. The reasons for this are likely to be multifactorial. In a previous study within a similar cohort of patients, participants were
asked through the use of a survey what influenced or dictated their choice of food.
The largest influencer appeared to be preference (44%), with the next largest (33%)
being foods that the subject’s believe would affect their health. The ability to prepare
the foods was a factor for 6% of subjects, and 3% said that the ability to acquire the
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food was the predominant influencer [200]. Results from the focus group present
similar findings, a person’s food choices and preferences are very much individually
varied. Within this small cohort of AMD patient’s individual constraints to not
consuming a diet recommended to support the nutritional needs of their condition
were difficulty with acquiring, preparing and cooking foods, a dislike towards food
wastage and a lack of information regarding optimal cooking and storage methods for
vegetables such as kale. These barriers were further emphasised in those who lived
alone and lacked the support of family members or carers. Strategies to ensure that
nutritional information and interventions consider these multi-factorial barriers within
this vulnerable population may be needed.
Only two out of six patients experienced cooking their own meals on regular days,
acquiring and preparing food was noted as being an enjoyable factor in this. One
patient was solely dependent on a relative to do this for them and the remaining
subjects (half the cohort) opted for convenience food such as ready meals or meals
that required minimum preparation. Difficultly acquiring preparing and cooking foods
when living alone led to more interest in these food choices. Living alone can have a
tremendous impact on quality of life - The RNIB’s 2003 commissioned survey of 588
BT customers found that 63% of blind and partially sighted people live alone, which
is a much higher figure than the elderly population without sight impairment [15].
Participants were aware that dark green leafy vegetables contained important
nutrients to support eye health, however only half of the group incorporated kale in to
their meals on a regular basis. Food wastage was a concern with all patients who
were in agreement that the proportions of pre-packaged kale available in most
supermarkets were too large. There was significant confusion amongst subjects on
the best ways to cook and store kale and all patients anticipated further information
within this area. Frozen foods such as vegetables were particularly appealing to those
who were living in a single occupancy household and seeking convenience from their
meals.
Ready meals were a primary attribution to the diet of half of the patients within this
group. Participants who live alone and find it difficult to acquire, cook and prepare
foods benefit from the simplicity and convenience that these meals offer. However,
two out of six subjects had an aversion towards ready meals due to the ‘unhealthy’
connotation that surrounds them. Subjects were concerned with the notion that ready
meals contain additives and preservatives and likely high sugar and fat contents.
Subjects were also keen to gain added information about how they should cook,
prepare or store foods recommended for their condition, such as kale. Further
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information in this area may give patients more practical advice for encouraging
dietary change.
Limitations
One criticism of qualitative focus group analysis is that findings are usually not
generalisable beyond the local research participants as it typically involves
examination of data extracted from small, non-random samples [299, 300]. The
rationale for the small focus group size within this study stems from the goal that focus
groups should include enough participants to yield diversity in data provided, yet they
should not include too many participants because large groups can create an
environment where subjects do not feel comfortable sharing their thoughts, opinions,
beliefs, and experiences [301]. Krueger (1994) has endorsed the use of very small
focus groups, what he terms “mini-focus groups” where participants have specialised
knowledge and/or experiences to discuss in the group [302].
A distinct limitation to the current study may be the use of only one focus group to
collect data. The number of times a focus group meets can vary from a single meeting
to multiple meetings however, using multiple focus groups allows the assessment of
the extent to which saturation has been reached [303], [304]. Data saturation may
result when information occurs so repeatedly that the researcher can anticipate it and
whereby the collection of more data appears to have no additional interpretive worth;
or theoretical saturation when the researcher can assume that the emergent theory
is adequately developed to fit any future data collected [305]. The subjects used in
the current study are, of course, not a truly accurate representation of all patients
seeking services from the MS; however a more diverse group with a range of cultures
and socioeconomic levels would likely raise a range of viewpoints. This research also
solely focuses on AMD patients who are members of the UK charity the Macular
Society. It would also be important to find out the opinions of those with AMD who
have not sought support from non-professional organisations.
4.5: Summary
Ageing is characterized by a decrease in activity [306], a decline in lean body mass
[307], and loss of appetite [308] which may lead to poor dietary impacts in older adults.
This study indicates, however, that barriers to eating sufficient energy requirements
and following a healthy diet may include both the consequences of normal ageing for
the control of appetite, and changes in psychosocial circumstances which may
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exacerbate diminished appetite such as fewer social eating occasions, living alone,
and poor cooking skills. These barriers may be heightened in subjects who suffer with
sight loss who have additional physical barriers involving food preparation and eating.
It is evident that subjects recognise the importance of following a diet which contains
important nutrients to help slow the progression of AMD, yet altering dietary habits is
proven difficult when there are underlying individual barriers to change. Ready meals
which are nutritionally tailored to support the needs of these individuals may be a
promising intervention for improving the diet of AMD patients in the future. The results
of this study will inform the design of a questionnaire to use in a larger cohort of
subjects from the Macular Society to further determine AMD patient’s interest in the
design and production of such meals.
Chapter seven will describe the results of a survey which was designed to establish
AMD patient’s opinions and current usage of ready meals, their food likes and dislikes
and their future interest in ready meals nutritionally tailored to support the needs of
AMD. The survey generated rich data which aided with the design and production of
these meals.
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Chapter 5: Use of a survey to establish AMD patient’s usage and opinions on
ready meals
5.1: Background and rationale
It is evident that convenience plays a prominent role in the food choices of today’s
consumers. Demographic changes have produced an increasing demand for food
products which are regarded by many consumers as convenient and affordable [309].
Rapidly growing Westernised populations typically consume fewer home cooked
meals and more pre-prepared food products, such as ready meals and fast food. The
convenience food sector is expanding rapidly; currently the US and the UK are the
largest ready meal markets in the world, respectively valued at £7.2 billion [310] and
£2 billion [311]. In Western Europe, the size of the market is estimated at £3.9 billion
[312]. The majority of this is due to the UK market, which is expected to grow by 20%
by 2017 [313]. Convenience food now constitutes more than a third of the British food
market with approximately 8.8 kg of chilled and frozen ready-made meals consumed
per capita per year [314]. This makes UK citizens the largest consumer of readymade meals in Europe and the second largest worldwide (after the US); they are also
the largest consumers of chilled ready-made meals in the world [313].
This growth in demand for ‘convenience’ foods that requires little preparation can be
attributed to the population rise, increase in life expectancy, increase in single
occupant households, lack of cooking skills and the changing needs of modern
households including the shifting routines and rhythms associated with increased
female labour-force participation [315], [316]. These foods represent a quick and easy
alternative to home-prepared meals, as they are sold in a part or completely cooked
form and are ready to eat within minutes, requiring no further ingredients or
preparation other than heating [317]. Before reaching the consumer, ready-made
meals already undergo some form of processing to ensure food safety or hygiene or
to enhance palatability, texture or flavour. Processing may involve the addition of
other foods or ingredients, such as preservatives, as well as heating, cooling or
pressure-cooking. The distinction from raw or unprocessed foods or meals prepared
at home is that the consumer cannot control the nutritional quality of the basic
ingredients; therefore convenience foods are associated with palatable but less
healthy food options. This has given rise to serious concerns about public health, as
it has been argued that the consumption of convenience foods such as ready meals
are linked with the consumption of more energy, saturated fat, salt and fewer fruits
and vegetables [318], [319].
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In practice, however, the ‘convenience’ food sector is extremely diverse with a wide
array of foods in frozen, chilled and other formats. More than 90% of ready-meals
sold in the UK are supermarket own-brand products [320]. Most supermarkets ‘brand’
their own-brand products into premium or luxury, ‘healthier’, economy or value, and
standard ranges [321]. Fresh and frozen varieties of many ready meals are available
across these ranges. As well as supermarket sold ready meals, there are also many
food production companies which offer home delivered ready meal services.
Examples include Wiltshire Farm Foods, [322], Oakhouse Foods [323] and Lodge
Farm Kitchens [324]. These home delivered ready meal companies range from large
franchises to small family run businesses, so ready meals are expected to range in
quality, nutritional value and price.
As ready meals are often criticised for being ‘unhealthy’, the UK government’s
Change4Life initiative [325] advises against frequent consumption of ready meals, as
these food products, and diets high in these, tend to be more energy dense and higher
in fat, saturated fat, salt and sugar, and lower in fibre than is optimal for health [326],
[327], [328]. However, few studies have comprehensively examined the nutritional
content of ready meals sold in the UK market. Studies that have are focused solely
on ready meals purchased from supermarkets and are therefore not representative
of the entire market. A study which investigated the nutritional quality of one hundred
own brand ready meals sold by three leading UK supermarket chains found them to
be high in protein, fat, saturated fat, and sodium, yet low in carbohydrates, and within
the recommended range for sugar according to the World Health Organisation
nutritional guidelines for the avoidance of diet related diseases [329]. Similarly, a
recent study which investigated the nutrient and cost profile of 166 ready-meals from
forty-one UK stores found that overall; ready-meals were high in saturated fat and
salt, and low in sugar. One-fifth of meals were low in fat, saturated fat, salt and sugar,
including two-thirds of the ‘healthier’ option ready meals [330]. Interestingly, a study
which compared the nutritional properties and cost of the ten most frequently
purchased ready meals in a sample of Scottish households to equivalent meals
cooked from fresh ingredients found that in the ten most frequently purchased meals
(pizza, chicken curry, lasagne, macaroni cheese, cottage/shepherd’s pie, Chinese
chicken dishes, fish pie, spaghetti bolognaise, pasta and chicken bake and jacket
potatoes) there were no significant differences between the ready meals and home
cooked recipes for energy, macronutrients, fibre or sodium [331].
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There has been a strong need to assess salt in ready meals, hence the development
of these ‘healthier’ alternatives. The combination of food reformulation with improved
food labelling and initiatives to raise consumer awareness on unhealthy foods has
already led to successful national-wide salt reduction programmes, e.g. in Finland
and the UK [332], [333]. Although there are commercially available ‘healthier’
alternatives in the ready meal industry, problems associated with nutritional
imbalance of these meals is still apparent. Since the importance of convenient ready
meals is likely to persist, different ways of addressing the problem of nutritionally
unbalanced meals should be encouraged. Creating and offering consumers more
ready meals with appropriate energy content, balanced macronutrient distribution and
optimisation of nutritional value (such as the addition of vegetables), may have a
better impact on consumer health.
The relationship, existing between adequate health and fresh fruit and vegetable
consumption has been clearly documented, where regular consumption is associated
with the prevention of chronic diseases such as heart disease, cancer, and diabetes
[334-336]. The UK Department of Health have established a “five a day” programme
to improve access to, and increase consumption of, fruit and vegetables [337]. In
terms of AMD, there is evidence to suggest that increasing intake of certain nutrients
found in vegetables may be helpful in delaying the onset or progression of macular
degeneration [8, 10]. In the AREDS 2 trial 10mg of L per day was associated with the
most beneficial results in AMD patients [10, 98]. Other studies have suggested that
doses of 10mg/day of L or higher are associated with the most positive effects on MP
levels [98, 99]. In dietary terms this would equate to a 50-100 g serving of uncooked
kale per day (chapter four), depending on kale source. Despite this, AMD patients
who seek the services of the Macular Society are not taking on board the dietary
advice and recommendations related to AMD, which may in fact require novel
interventions [210, 211]. Results from the focus group suggest that educational tools
to improve patient’s knowledge on aspects of diet and AMD have so far been
unsuccessful; therefore, a more practical approach may be necessary.
It is clear that convenience has a significant impact on the food choices of today’s
consumers which may be particularly apparent in those suffering with sight conditions
that tend to have difficulty with acquiring and preparing foods. This suggests that food
products which offer more convenience may be deemed more preferable to these
consumers. Therefore, adding convenience traits to certain products considered
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healthy and/or beneficial, such as fresh fruits and vegetables, could increase the
consumption of these specific food items.
The aim of this research was to investigate the current usage and opinions of ready
meals in AMD patients and the potential interest in ready meals nutritionally tailored
to support the needs of their condition. Creating ready meals which contain important
food sources for AMD, which do not possess the ‘unhealthy’ traits of conventional
supermarket ready meals and are nutritionally balanced, may lead to an increased
consumption of these foods, and consequently, better ocular health for AMD patients.
Ethics
This study was approved by the Aston University Ethics Committee (ethics number
843). Verbal informed consent was obtained from all subjects and formally recorded.
5.2 Method
A literature search was unable to provide a similar survey to use as a template.
Therefore, a cross sectional survey was designed with both open and closed ended
questions which were created with the help of the outcomes of the focus group. The
survey was then piloted over the telephone on six AMD patients from the MS sight
impairment register who volunteered to take part. These volunteers were asked to
then validate the questionnaire at three weeks later. Each volunteer had an informal
discussion with a moderator – the survey questions were asked again to check if the
answers matched, and then the volunteers were asked to comment on how easy the
questions were to understand and opinions on the topics covered. The telephone
pilots were recorded and analysed to further refine the survey. The survey was then
administered to the cohort.
The cohort consisted of patients on the MS sight impairment register, members of a
local MS peer support group and MS members who participated in the previous
dietary analysis study (chapter 2). The initial questions covered demographic topics
such as age, gender and type of AMD. The following questions focused on the current
usage and opinions of ready meals, the foods they like to eat (in ready meals or
normal meals) and the potential interest in ready meals that were nutritionally tailored
to support the needs of their condition (questionnaire attached in appendix).
Inclusion criteria
The inclusion criteria included those aged over fifty-five who had been diagnosed with
a form of AMD; the exclusion criteria were the inability to hear and reply to questions
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in English over the telephone. There was no need to define and categorise the
amount of visual loss the participant had, as the objective was to assess typical
patients seeking the MS services.
Recruitment of subjects (MS sight impairment register)
People who were registered on the MS impairment list who suffered with some form
of AMD were invited by letter to complete the survey. The letter explained the study
procedure and protocol including the inclusion and exclusion criteria for those wishing
to be involved (attached in appendix). The letter included a telephone number and
email address that they could use to contact the investigator if they wished to
participate in the study. They were advised that the investigator would call them back
at a convenient time for them to conduct the short questionnaire. Before the telephone
survey began participants were made aware that the results of the questionnaire were
not to be used other than to aid the design of ready meals nutritionally tailored to
support the needs of AMD patients.
Recruitment of subjects (MS local peer support group)
Members of the MS who are members of a local peer support group were invited to
take part in the survey via email by their group leader. The peer support group
involves forty-five MS members. Like the letter, the email explained the study
procedure and protocol including the inclusion and exclusion criteria if they were
interested in participating. Patients were advised that if they wanted to take part in
the survey then they could contact the researcher by telephone or email to confirm
their interest. They were advised that the researcher would call them back at a
convenient time for them to conduct the short questionnaire. Alternatively, subjects
were given the option to fill out the questionnaire themselves at the next group
meeting.
Recruitment of subjects (MS patients who were previously involved in the dietary
assessment study)
Members of the MS who were involved in the previous dietary analysis study were
invited to take part in the survey over the telephone. Subjects were advised of the
study procedure and protocol including the inclusion criteria before they gave their
verbal consent. If subjects were happy to participate and met the inclusion criteria,
then the questionnaire was conducted. Before the telephone survey began
participants were made aware that the results of the questionnaire were not to be
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used other than to aid the design of ready meals nutritionally tailored to support the
needs of AMD patients.
5.3 Results
Table 3.6 displays the demographics of the included subjects. In total, there were fifty
AMD participants aged 56-83 (mean 72 ± sd 6 years). Of the cohort, 36% were male
and 64% were female. Dry AMD was more predominant within the cohort with 64%
of subjects diagnosed with this form, compared with 36% of subjects diagnosed with
wet AMD.
Characteristic

Characteristic

Percentage of AMD patients

Gender

Male

36%

Female

64%

Wet

36%

Dry

64%

AMD type

Table 3.6 Participant characteristics.

Ready meal consumption

13
Included in diet
Not included in diet
37

Figure 3.4: Ready meal consumption in participants.

Subjects current ready meal usage
The first and most important question on the survey was whether or not subjects
consumed ready meals currently. Thirteen out of a total of a total of fifty subjects did
not include ready meals in their diet and thirty-seven subjects did (figure 3.4).
Subjects who did not include ready meals in their diet were referred to later questions
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in the survey which were designed to find out if they would consider including ready
meals in their diet which contained kale and which were nutritionally tailored to
support the needs of their condition. Of the thirteen subjects who did not consume
ready meals, eleven would consider ready meals which contained kale. One subject
who opposed this idea mentioned that they take the medication ‘warfarin’ on a regular
basis so avoid large amounts of green leafy vegetables due to the high content of
vitamin K. Twelve of these subjects would however consider ready meals in their
future diet which were nutritionally tailored to support the needs of their condition.
The main reasons for not consuming ready meals amongst subjects were having a
spouse or relative who regularly cooks for them, a dislike towards their taste and a
disapproval of the ‘unhealthy’ conception which is associated with processed foods.
One subject revealed that they suffer with various allergies so avoid including preprepared foods in their diet. Convenience was the key driver for inclusion in the diet,
as the majority of those who included them listed in the open ended comment box.
Other reasons cited for inclusion in the diet included living alone, difficulty cooking,
dislike towards cooking and the general enjoyment of the taste of ready meals.

Frequency in ready meal consumption
5

1

Once a month

7

Once a fortnight
4

1-2 times per week
2-3 times per week

10

3-4 times per week
10

Everyday

Figure 3.5: Frequency in consumption of ready meals for subjects who included them
in their diet.
In regard to the frequency in consumption of ready meals, seven subjects consumed
them once a month; four subjects consumed them once a fortnight, ten subjects
consumed them 1-2 times per week, ten subjects consumed them 2-3 times per week,
five subjects consumed them 3-4 times per week and one subject consumed them
every day.
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Cost and source of ready meals in subjects
Twenty-seven out of the thirty-seven subjects who consumed ready meals would be
happy to pay over £4 for them. A total of eight subjects would prefer to pay between
£2 and £4 and one subject would prefer to pay under £2. All subjects used a
supermarket as the main source for acquiring their ready meals; however, five of
these subjects also used an online distributor to purchase meals over the phone or
via the corresponding website such as Oakhouse Foods (www.oakhousefoods.co.uk)
and Wiltshire Farm Foods (wiltshirefarmfoods.com).
Consideration of ready meals which contained kale and which were nutritionally
tailored to support the needs of AMD
All subjects who took part in the survey, including those who currently do not consume
ready meals, were asked if they would consider ready meals which contained kale
and ready meals that was tailored to support the needs of people with AMD. Out of a
possible fifty subjects, forty-seven would consider consuming ready meals which
contained kale. As previously mentioned one of the subjects in disagreement with
consuming kale who did not include ready meals in their current diet avoided dark
green leafy vegetables due to the high content of vitamin K which can have adverse
interactions with the medication Warfarin. Despite this, forty-eight subjects would
consider ready meals which were nutritionally tailored to support the needs of their
condition.
Food likes and dislikes
Fish, chicken, beef, lamb and pork were popular with all subjects in the cohort. Nine
subjects mentioned that they avoid frequent consumption of red meat so prefer fish
and chicken alternatives on a daily basis. There were no subjects who only consumed
vegetarian food options however most subjects did enjoy them. Some subjects
mentioned that they like a variety of fish and meat in their diet. Only fifteen out of the
total number of participants liked foods which you can eat without utensils for example
pasties and pies. Some of the feedback received during the survey about these food
items were that patients deem them as ‘unhealthy’. The majority of subjects did
however enjoy eating one pot meals such as soups and casseroles (48 out of 50
subjects ticked this box). Extra feedback drawn out from the survey revealed that
vegetable soups in particular were favourable with subjects. Some subjects cited that
they enjoy casserole dishes but do not cook them often due to long cooing durations
and the nature of the dish being large in size when home prepared, which inevitably
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leads to food wastage in those who live alone. Popular examples of what foods
subjects like to eat in ready meals or normal meals included soup, casseroles, fish
pie, pasta dishes, cottage pie, curry, and lasagne. The majority of those who gave
pasta as an example of a favourite or popular dish in their diet indicated that they
prefer a creamy sauce base to accompany it.
Foods or ingredients subjects find difficulty with due to sight impairment
The final question on the ready meal survey was designed to encourage patients to
give examples of any foods or ingredients that they may find difficulties with in their
diet due to being visually impaired. Thirty out of a total of fifty subjects did not have
any difficulties or aversions to certain foods. Of the remaining subjects, six indicated
that they did not like meat or fish with bones due to finding it problematic when
recognising them with impaired vision. Two subjects highlighted an important issue in
regard to meals being too mixed together, for instance in vegetarian meals or stirfries where there is an array of ingredients which are finely chopped together. This
makes it difficult for those with sight impairment to differentiate between the various
items in the meal and therefore be aware of what they are consuming. Other subjects
had individual aversions to certain food items such as liver and offal, starchy and
spicy foods.
5.4 Discussion
Within this cohort of fifty AMD subjects who are members of the MS, a total of thirtyseven included ready meals in their diet. The majority of these subjects (70%)
consumed these meals at least once per week however 19% of subjects consumed
them infrequently (once a month). Although recent population-representative data in
the UK on the frequency of consumption of ready meals is not available, in 2006 it
was estimated that around 40% of UK households ate such meals at least once per
week. Convenience was a major influence behind subject’s desire to include ready
meals in their weekly diet, this was further emphasised in those who lived alone and
lacked the support of family members or carers. Twenty-six out of a possible thirtyseven subjects lived alone and enjoyed the ease and simplicity that ready-made
meals have to offer. In the focus group discussion with MS members in the previous
chapter, four out of six members reported living alone to be a key barrier to achieving
a healthy diet. This is similar to the finding of the RNIB’s 2003 commissioned survey
of 588 BT customers [15] who ordered their bills in large print or braille, to examine
their living arrangements and quality of life. It documented that 63% of blind and
partially sighted people live alone – a higher figure than the ‘normal’ sighted elderly
93

population (32%). In further discussions subjects gave details about the difficulty and
inconvenience of preparing and cooking home cooked meals for one, and their
concerns with food wastage when regularly purchasing fresh fruit and vegetables. In
light of these findings, it may be proposed that frozen ready meals which require no
addition of added ingredients, which are easy to prepare and available in portion sizes
adequate for a single consumer, would be a suitable alternative to a home cooked
meal in those living with sight impairment.
Despite the majority of subjects enjoying the concept of ready meals in their current
diet, there were a small number of subjects who opposed this idea. Popular reasons
for this included a concern with the negative connotations which surround such meals,
a dislike towards their taste or having a spouse or relative that regularly cooks for
them. These findings are not surprising given the fact that ready meals are preprepared and the consumer cannot control the nutritional quality of the basic
ingredients or the amount of added salt, saturated fats or additives and preservatives
used. Inevitably, this leads to a belief that such foods contain unfavourable amounts
of these nutrients. A survey which collected nutritional data on 166 supermarket ownbrand chilled and frozen ready-meals available in branches of ten national
supermarket chains in one city in northern England, found that the nutritional content
of ready meals varied substantially according to meal range and type [338]. Overall,
meals were categorised as high in saturated fat and salt, and low in sugar according
to current UK guidance for front-of-pack nutritional labelling [339]. This may indicate
that maximum nutritional benefit is more likely to be derived from home cooking of
nutritionally balanced recipes primarily using raw ingredients, rather than relying on
manufactured ready meals which are created on a larger scale [340]. Other previous
work which has attempted to compare the absolute nutritional content of ready-meals
with nutritional standards for meals found that ready-meals often contain substantially
fewer calories than is recommended for a meal [341], [342]. Ready-meals are
perhaps more sensibly considered ‘ready-main-courses’ than complete meals, which
may explain why the total energy content is less than might be expected. This is an
important concept for this research as within previous dietary analysis data (chapter
2 and [211]) it has been revealed that AMD patients who seek the services of the MS
are consuming calorie intakes which are significantly below the government DRV’s.
As such, meals ought to be designed that are not calorie dense, yet still of high
nutritional quality and which incorporate a tasty, home-cooking style method using
freshly sourced ingredients. This may increase the desire for these products in this
population and also help consumers to achieve a more balanced diet.
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In total forty-eight subjects, would be interested in the idea of consuming ready meals
that were nutritionally tailored to support the needs of AMD by including ingredients
which are high in L and Z. When asked how much participants would be willing to pay
for a ready meal, over half responded that they would pay more than £4 per meal,
with the remaining participants willing to pay less than this amount. This is a promising
finding, despite a total number of thirteen subjects who did not consume ready meals
currently. It seems patients are keen to improve their diet, and ready meals which
contain adequate levels of L and Z through the supply of dark green leafy vegetables
may be a feasible way to do so. Popular examples of favourite meals included fish
pie, creamy pasta dishes, cottage pie, curry, and lasagne. Soups and casseroles
were also extremely popular dishes within this cohort, with many subjects revealing
that they do not cook them due to being large dishes which require lots of time and
preparation. This may be related to the large number of subjects who live alone, as
those that live alone are much more likely to find their visual impairment a hindrance
than those that live with other people. Perissinotto et al’s study into the functional
decline of the elderly (2012) found that loneliness was strongly associated with
functional decline; those who reported being lonely were more likely to have a decline
in activities of daily living, develop difficulties with ‘upper body tasks’, experience a
decline in mobility, and have difficulty in climbing stairs [343].
Certain concerns for those who are severely sight impaired must be taken in to
consideration when creating ready meals for this population. For example, a small
number of subjects had issues recognizing bones in foods, or differentiating between
various ingredients in a meal when they are too finely chopped or mixed together.
Limitations
Although the depth of detail provided from both open and closed ended surveys
provides strength to the methodology and suggests reliability of results, there are
obvious limitations in this study. Due to time constraints this was a small study, with
a relatively small sample of AMD subjects who were all members of the MS. Patients
who have sought the help of the MS could be considered an ‘informed’ population as
they have information available to them in the form of monthly magazines, written
material, a helpline and the Society’s website. Since the AMD cohort all had a form
of AMD, and were motivated to contact the MS for assistance, it may be presumed
that they were engaged and proactively interested in preventing the disease from
progressing. Therefore the results may not be generalisable to other populations,
such as those with AMD who may be managing alone, without the society’s support.
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Another limitation to the study was the lack of control or comparator group. Comparing
data to a cohort of age matched subjects without the condition would have provided
more reliable data on the barriers and facilitators of achieving a healthy diet within
visually impaired populations. Results indicated that 73% of those who consumed
ready meals would be happy to pay over £4 for them, however due to the selection
bias within the study; it is unknown whether these findings would be different in a
larger, more diverse cohort of subjects.
5.5 Summary
Ready meals are popular with subjects who suffer with sight impairment, who benefit
from the ease and convenience that these meals offer.

However, the general

perception of these meals is that they are ‘unhealthy’ and of lower standard to home
cooked meals which contain fresh produce and no addition of manufactured
ingredients such as additives and preservatives. AMD patients are keen to improve
their diet and ready meals which are nutritionally tailored to support the needs of their
condition by containing vegetables which provide high levels of L/Z may be a popular
tool to doing so. To increase overall interest in these ready meals it is required that
meals are produced with an improved nutritional profile compared with conventional
supermarket sold ready meals, which can be low in calories and high in other macronutrients.
What this study found


A large proportion of AMD patients currently eat ready meals due to the
convenience they offer



These benefits were further heightened in those who lived alone and struggled
with the concept of cooking with sight impairment



Those who did not consume ready meals are concerned with the ‘unhealthy’
connotation that surrounds them, however many of these subjects also had a
spouse or family member who cooks for them



Despite this, nearly all AMD subjects of this cohort would consume ready
meals that contained kale and/or that were nutritionally tailored to support the
needs of their condition
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Ready meals to create based on these findings


Recipes must have an improved nutritional profile which differs from
conventional supermarket sold ready meals



The majority of patients are happy to pay over £4 for a ready meal and usually
source them from the local supermarket



Recipes must include ingredients which contain adequate sources of L and Z
such as kale, an ingredient subjects are happy to have included in their meals



Consideration should be given to recipes that contain no additives or
preservatives, are not low in calories and are not classified as high in fat, salt,
or sugar



Fish, meat and vegetarian dishes were all popular with subjects – some
subjects did not like to eat red meat too often



Popular examples of such meals included soups, casseroles, fish pie, cottage
pie, lasagne, curry and creamy pasta dishes



A small portion of subjects had certain concerns with their meals due to
impaired vision such as meat or fish containing bones, or meals that had finely
chopped ingredients which are very mixed together.

In this chapter we found that the usage of ready meals in AMD patients is generally
high due to the convenience and simplicity that these meals offer. Patients expressed
a keen interest in the production of ready meals which are nutritionally tailored to
support the needs of their condition. Chapter six will describe the design of such
meals, and their evaluation and impact in a sample of AMD patients.
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Chapter 6: Production and evaluation of ready meals for AMD patients
6.1 Background and rationale
Collaboration

with

the

food

production

company

‘Lodge

Farm

Kitchen’

(http://www.lodgefarmkitchen.com/) was formed to enable the production of ready
meals which were nutritionally tailored to support the needs of those suffering with
AMD. Lodge Farm Kitchen were chosen as the ready meal manufacturer as they are
a small family run business who specialise in creating fresh, hand-prepared high
quality food. Located in a valley in rural Herefordshire, UK, the company grow many
of their own vegetables and herbs, or source them from local farmers to ensure
nutritious fresh produce without the addition of additives and preservatives. According
to their website they claim ‘our mission at Lodge Farm Kitchen is to provide customers
with convenient, tasty, nutritious frozen meals made from fresh ingredients sourced
locally whenever we can – all hand prepared with pride, passion & integrity’.
Once cooked by the team at Lodge Farm Kitchen the meals are blast frozen on the
same day to retain their nutrition and flavour. Flash or blast freezing refers to the
process in various industries whereby objects are frozen in a few hours by subjecting
them to cryogenic temperatures [344]. In the food industry this is used to prevent
perishing of food items [345]. Lodge Farm Kitchen are identified by their home cooked
meals which contain only ingredients used in conventional cooking and no addition of
additives, preservatives or other chemical enhancers used for taste and preservation.
The meals are convenient because they have a twelve-month shelf life from the date
cooked and can be heated and served from frozen in a matter of minutes. Lodge
Farm Kitchen supply wholesale ready meals to shops, delicatessen and
supermarkets, or personal ready meals delivered to individuals. The current product
range includes meat dishes such as casseroles, curries and pastas, fish dishes such
as fish pie and fish soup and vegetarian meals such as soups, lasagnes and curries.
6.2 Production of ready meals
Based on the results of the survey, the ready meals which were created for AMD
patients included various soup options such as a curried potato and kale soup, pea
and ham soup, and a leek, potato and kale soup. It is likely that soup was a
predominant choice of meal for AMD subjects as it easy to eat, easily digested and
does not contain a mixture of textures and food items that may be unrecognisable to
those with impaired vision. Other meals which were created to support the nutritional
needs of AMD patients based on the findings from the ready meal survey included a
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fish pie with spinach, cottage pie with kale, Normandy pork casserole, chicken ham
and leek casserole and a creamy kale and smoky bacon pasta. All meals contained
adequate amounts of additional food items high in L and Z such as eggs, kale, spinach
and other vegetables. Kale was added to the meals at the very end of their preparation
to ensure only minimal cooking occurred and to retain as much of its nutrient value
as possible. Within ready meal dishes this method of cooking kale would have been
similar to blanching, as found in the previous analytical studies (chapters 4 and 5)
retention of L was maximum with shorter cooking times, lower temperatures and
minimal amounts of water. A small amount of fat in the form of butter or olive oil was
also added to the meal recipes to improve the bioavailability of L.
The meals were created by the Lodge Farm Kitchen team after several meetings
where results of the qualitative (focus group and questionnaire chapters six and
seven) and quantitative (kale L analyses chapters four and five) were discussed. It
was decided that at least 5 mg of lutein per meal would be sufficient to support the
recommended daily amount of 10 mg per day to improve MP levels and visual
function in AMD patients [98, 99, 130-133], and delay the progression of AMD [10]
as found in one large scale epidemiological study. Results from the laboratory study
investigating L concentrations in kale upon various pre-and post-harvest factors
(chapters four and five) assisted with determining the amount of kale needed to
ensure adequate concentrations of L per meal, as this was the first study to
investigate the L concentrations from raw kale grown and sold in the UK (table 3.7).
Based on the HPLC laboratory findings 100g of raw minimally processed retailed kale
contained on average 12 mg of L, whereas freshly harvested kale contained on
average 21 mg of L. Therefore it was proposed that one third of these portions (33.3
g of kale) would provide at least 5 mg of L per meal. For spinach, average L
concentrations per 100 g of fresh weight were extracted from previous data. A study
which investigated the L content of vegetables and vegetable products, fruits as well
as eggs available on the Polish market using HPLC analysis, found that raw spinach
contained a mean L content of 8.95 mg/100 g [346]. Moreover, a recent study which
analysed the L content of a batch of fresh baby leaf spinach (Spinacia oleracea)
purchased from a local retailer in Migros, Switzerland found that the whole leaves
contained an average of 11.08 mg/100 g [347]. For the purpose of the ready meal
design, we attained from this data that on average 100 g of fresh raw spinach would
contain around 10 mg of L. This would mean that 20 g of raw spinach would contain
an average L concentration of 2 mg.
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Eggs are also considered a good source of L and Z, and may have enhanced
bioavailability of these carotenoids in this form because of the co-ingestion with fat in
which they contain [96]. The chicken egg yolk, a matrix composed of digestible lipids,
i.e., cholesterol, triglycerides, and phospholipids, contains L and Z along with other
fat-soluble micronutrients such as vitamin A, vitamin D, and vitamin E. A randomised
controlled trial found that in older adults over 60 years of age, five weeks of consuming
one egg per day significantly increased serum L (26% increase) and Z (38% increase)
concentrations

without

elevating

serum

lipids

and

lipoprotein

cholesterol

concentrations [348]. Two other reports examined the same human subjects (mean
age 62 y, range: 46–78 y) and showed a 28–50% increase in plasma L and a 114–
142% increase in plasma Z concentrations [349] following a diet supplemented with
1.3 eggs/day for 4.5 weeks. However, this increase was associated with an 8–11%
increase in plasma LDL cholesterol (LDL-C) concentrations [350].
In terms of MP levels, a study assigned twenty-four females, between 24 and 59
years, one of two egg treatments for 12 weeks. Individuals consumed six eggs per
week, containing either 331 mg (EGG 1) or 964 mg (EGG 2) of L and Z per yolk.
MPOD increased in both the EGG 1 (P = 0.001) and EGG 2 (P = 0.049) groups [102].
However, concentrations of L and Z in egg yolk are reported to be low in comparison
to dark green leafy vegetables. For instance, a study which investigated the L content
of vegetables and vegetable products, fruits as well as eggs available on the Polish
market using HPLC analysis found that the L content of egg yolk ranged from 0.71 to
2.82 mg/100 g and varied depending on the method of chicken farming. The mean L
content of egg yolk from battery hens was 1.07 mg/100 g whereas the mean L content
for hens bred on a rural farm were almost 50% higher at 2.08 mg/100 g [346]. The
results of this study are consistent with those of other authors (Leth et al., 2000 [351];
Ollilainen et al., 1989 [352]; O’Neill et al., 2001 [353]). A study carried out in Denmark
showed that egg yolks from the “organic farms” had more than a twofold higher
amount of L compared to yolks from battery hens and threefold higher in relation to
yolks from free – living hens 1320, 527 and 384 g/100 g, respectively) [351]. Although
the concentrations of L and Z in one egg yolk may be modest relative to other sources,
such as kale and spinach, their bioavailability to the serum and retina appears to be
high [102]. Therefore, both eggs and spinach, sourced from local organic farms were
used as additional ingredients in the ready meals to further increase L and Z
concentrations and their bioavailability from these food sources.
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Average Lutein

Amount Shop
Kale
100g
12mg
10g
1.2mg
30g
3.6mg
5g
0.6mg

Farm
Kale
21mg
2.1mg
6.3mg
1.05mg

Spinach
10mg
1mg
3mg
0.5mg

Table 3.7: Lutein quantifications for farm and shop kale based on the HPLC study;
lutein quantifications for spinach based on previous data.

8.3 Nutritional analyses of ready meals using Al la Calc
Normandy Pork
Casserole

Curried Soup
Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z

per 300g
serving
755
381
5.3

unit
kJ
kcal
g

2.9
35.5
12.2
8.1
6.1
1
384.34
1.2
3.2
2324
Trace
Trace
1.2
0.4
Trace
84.9
53
3.4

g
g
g
g
g
g
mg
mg
μg
μg
μg
IU
mg
mg
μg
μg
mg
mg

Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z
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per 350g
serving
1696
404
15.6

unit
kJ
kcal
g

5.5
24.1
8.5
4.1
40
1.8
700.96
6.3
55.7
3526.4
Trace
Trace
1.8
1.1
1.6
153.9
64.2
6.6

g
g
g
g
g
g
mg
mg
μg
μg
μg
IU
mg
mg
μg
μg
mg
mg

Kale & Smoky
Bacon Pasta
Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which
sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D
MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z

Pea and Ham
Soup
per 350g
serving
1903
451
16

unit
kJ
kcal
g

7.7
56.9

g
g

9.7
4.1
21.9
1.3
501.25
2.2
11.8
2629

g
g
g
g
mg
mg
μg
μg

0.4
16.5
1.4
0.3
1.6
101.4
42.9
4.3

μg
IU
mg
mg
μg
μg
mg
mg

Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which
sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D
MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z

unit
kJ
kcal
g

2.6
28.7

g
g

8.7
9
13.9
1.6
639.66
2.3
5.5
2575.3

g
g
g
g
mg
mg
μg
μg

0
0
0.9
0.5
0.3
149
82.9
6.4

μg
IU
mg
mg
μg
μg
mg
mg

Chicken Ham &
Leek Casserole

Cottage Pie
Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z

per 300g
serving
874
308
5.6

per 350g
serving
1142
370
4.1

unit
kJ
kcal
g

1.8
38.1
7.8
6.2
22.5
1.5
607.4
4.1
5.8
4237.7
0.4
14.9
2.2
0.8
1.5
110
98.4
3.1

g
g
g
g
g
g
mg
mg
μg
μg
μg
IU
mg
mg
μg
μg
mg
mg

Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z
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per 434g
serving
2339
554
15.6

unit
kJ
kcal
g

5.4
23.1
3.8
3.5
85.4
1.8
1508.15
3.6
40.7
3665.7
0.5
19.2
1.4
1.7
0.5
108.4
50
3.5

g
g
g
g
g
g
mg
mg
μg
μg
μg
IU
mg
mg
μg
μg
mg
mg

Fish Pie with
Spinach
Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z

Leek Potato &
Kale Soup
per 350g
serving
1928
458
16.5

unit
kJ
kcal
g

5.8
36.1
4.5
3.6
42.1
1.5
576.91
2
55.9
1725.8
3.7
147.4
3.3
0.7
5.2
127
32.5
3.3

g
g
g
g
g
g
mg
mg
μg
μg
μg
IU
mg
mg
μg
μg
mg
mg

Name
Energy
Energy
Fat
of which
saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Zinc
Selenium
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Vitamin B6
Vitamin B12
Folate
Vitamin C
L/Z

per 300g
serving
1126
368
12.7

unit
kJ
kcal
g

5.5
26.6
9.4
3.2
15.8
1.7
685.16
1.6
16.1
2442.2
1.9
76.8
2
0.5
2.8
130.5
52.8
3.8

g
g
g
g
g
g
mg
mg
μg
μg
μg
IU
mg
mg
μg
μg
mg
mg

Table 3.8: Nutritional analysis of each ready meal recipe using Al La Calc (Red Hot
Rails LLP, Doncaster, UK) dietary analysis software. Only key macro-nutrients and
nutrients important for AMD are included. Full Al La Calc results of these nutritional
analyses can be found in the appendices.

The ready meal recipes were nutritionally analysed using A La Calc, for numerous
nutrients, calorie values and other constituents using the USDA (United States
Department of Agriculture) SR25 food database (http://ndb.nal.usda.gov/). This
provided further data on the L/Z quantifications per meal and on the quantities of total
calories, total fat, of which saturates, carbohydrates, fibre, protein, salt, and
information on important vitamins and minerals for the eyes such as zinc, betacarotene, vitamin C, vitamin E, vitamin D, vitamin B6, vitamin B12, and folate. Al La
Calc recognised 100 g of spinach to contain 12 mg of L/Z, slightly higher than some
previous studies have reported. For kale, A La Calc recognised 100 g of fresh raw
kale to contain 8.9 mg of L/Z, slightly lower than our HPLC lutein study determined.
This information was taken in to consideration when interpreting the nutritional
analysis data on L/Z from Al La Calc; for instance meals which contained kale were
recognised as containing slightly more L/Z than the software suggested. For these
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purposes, information on L levels in kale as determined by the previous HPLC study
(chapter four) was used as a reference for estimating the L levels in the meals, as
this was the same kale sourced in the ready meals.
Ready
meal
CS

Kale
(g)

Spinach
(g)

Egg
(g)

L shop
(mg)

L farm
(mg)

L spinach
(mg)

L/egg
(mg)

Total L (mg)

35

0

0

4.2

7.35

0

0

4.2-7.35

NPC

0

50

0

0

0

5

0

5

KSBP

30

15

0

3.6

6.3

1.5

0

5.1-7.8

PHS

20

15

0

2.4

4.2

1.5

0

3.9-5.7

CP

35

0

0

4.2

7.35

0

0

4.2-7.35

CHLC

35

0

0

4.2

7.35

0

0

4.2-7.35

FP

10

20

60

1.2

2.1

3

2

6.2-7.1

LPKS

30

0

60

3.6

6.3

0

2

5.6-8.3

Table 3.9: Lutein amounts for each ready meal dependent on their ingredients and
kale source. (CS- Curried Soup, NPC- Normandy Pork Casserole, KSBP- Kale and
Smoky Bacon Pasta, PHS- Pea and Ham Soup, CP- Cottage Pie, CHLC- Chicken,
Ham and Leek Casserole, FP- Fish Pie, LPKS- Leek, Potato and Kale Soup).

Table 3.9 displays the content of kale, spinach and eggs in each ready meal and the
subsequent L concentrations from each food source. Total L concentrations of each
meal varied depending on whether or not the kale was sourced directly from the farm
or within its shelf life constituency purchased from a supermarket. All ready meal
recipes contained kale, spinach or eggs, or a combination of these food sources. The
amount of kale present in the meals varied and was dependent on the addition of
spinach and eggs. For instance, lower amounts of kale were found in the meals which
contained additional measures of these alternate food items. The resultant L amounts
in each meal were lower than the anticipated 5 mg per meal if the kale was sourced
from a local supermarket (3.6-6.2 mg per meal) therefore it was decided that all meals
would contain kale that was sourced within 24 hours of harvest from a local farm, as
this would increase the final L amounts to at least 7 mg per meal.
Nutritional profiles of the ready meals were compared with the UK government DRV’s
for males and females of those aged over 50 years [354], displayed in the following
table.
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Unit

DRV F >50

DRV M >50

Energy

Kcal

1840-2079

2294-2581

Fat

g

70

95

of which saturates

g

20

30

Carbohydrate

g

230

300

of which sugars

g

90

120

Fibre

g

24

24

Protein

g

53

53

Salt

g

6

6

Zinc

mg

7

9.5

Selenium

µg

60

75

Beta Carotene

µg

-

-

Vitamin D

IU

400

400

Vitamin E

mg

10

10

Vitamin B6

mg

1.2

1.4

Vitamin B12

µg

1.5

1.5

Folate

µg

200

200

Vitamin C

mg

40

40

Table 4.1: UK female and male DRV’s for important macro-nutrients and vitamins
and minerals associated with AMD research. There are currently no DRV’s for betacarotene.
Overall ready meals were categorised as being low in saturated fat and salt, and low
in sugar according to current UK guidance, front-of-pack traffic light nutritional
labelling [355]. This is unlike previous work, where it has found that ready-meals in
the UK tended to be high in saturated fat and salt [340]. All ready meals aside from
the kale and smoky bacon pasta (curried soup, Normandy pork casserole, pea and
ham soup cottage pie, chicken, ham and leek casserole, fish pie and leek, potato and
kale soup) contained below 6 g of saturated fat per whole portion size of 300-350 g.
This was substantially below the maximum recommended daily allowance of 20 g per
day. The kale and smoky bacon pasta contained approximately 6.7 g of saturated fat
per whole meal size of 350 g. The slightly higher levels of saturated fat in this recipe
may be attributed to the creamy nature of the dish, something subjects expressed
their liking towards in the ready meal survey (chapter seven). Evidence indicates that
saturated fat intake should be no more than 7% of total daily energy intake [356], this
is based primarily on the prediction of a progressive reduction in cardiovascular
disease risk associated with greater reductions in LDL cholesterol [357]. As 1 g of
saturated fat equates to 9 kcal, 7% of the average recommended 2000 kcal would be
15.5 g of saturated fat per day for females and 19.4 g of saturated fat per day for
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males requiring 2500 kcal per day. Given these findings, it seems reasonable to
suggest that all meals contained appropriate low amounts of saturated fat.
All eight meals included fewer than 2 g of salt per portion, which represents only 33%
of the recommended daily allowance of salt. There is an overwhelming body of
evidence to suggest that dietary salt is the major cause of hypertension and that a
reduction in salt intake lowers blood pressure, thereby, reducing blood pressurerelated diseases, [358] [359-361]. For instance, several lines of evidence including
population, and prospective cohort studies, as well as outcome trials, demonstrate
that a reduction in salt intake is related to a lower risk of cardiovascular disease [362368]. It was therefore of increased importance that all meals had a low salt profile. In
terms of calorie amounts, each meal contained between 300 and 600 kcal per whole
portion size, which are adequate values for one meal if consumers abide by the
general notion of three meals per day, plus snacks. All soups (curried soup, pea and
ham soup, leek potato and kale soup) were lower than other dishes in calories,
containing around 300 kcal per 300 g, as to be expected from a liquidised food source
such as soup which is typically accompanied by a carbohydrate food item as a side
dish. The chicken, ham and leek casserole was the highest in calories, containing
554 kcal per 350 g, which may be attributed to the two meats and small amount of
chicken fat in which it contained. Despite this, it encompassed only 5.5 g of saturated
fat per whole meal size of 350 g. This was substantially below the recommended
maximum limit of 20 g per day and therefore was considered balanced in its nutritional
profile.
Zinc levels were particularly high in the Normandy pork casserole (6.3 mg) and the
cottage pie (4.1 mg), providing over half of the DRV for both males and females. In
the previous diet analysis study within a sample of AMD patients (chapter two) male
and female zinc consumption was similar to the DRV. Zinc has been investigated with
regard to its potential preventative role in AMD. The AREDS group found a suggestive
reduction in the risk of progression of AMD in participants supplementing with 25 mg
zinc daily [10]. A small number of cohort studies assessing dietary intakes of zinc in
elderly subjects have also found an inverse relationship between high zinc intake and
the incidence of early AMD [150, 175]. All meals were additionally high in vitamin C
due to their increased quantities of vegetables. As well as typically being high in the
carotenoids L and Z, research has shown that dark green vegetables such as collard
greens (kale) and spinach also contain high concentrations of vitamin C [257, 369].
Seven out of eight meals contained concentrations of vitamin C which were above
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the DRV of 40 mg per day. This was a positive attribute to the meals given the
protective antioxidant properties of vitamin C in the human retina [370].
It is important to note that micronutrients do not feature in the FSA traffic light labelling
of food products and the DRV standards used are based on average intakes over
time rather than on individual meals. Therefore it is not necessarily the case that one
main course should meet these standards. However, in the absence of international
criteria for the nutritional content of individual meals, these standards are the best
currently available and have been used previously for assessment of individual
products [371], [372].
Overall, it was found that the ready-meals created for AMD patients were a healthier
alternative to conventional supermarket meals which are available within the readymeal sector. In particular, it was found that meals were rated as low in fat, saturated
fat and salt, and were therefore much more likely to achieve ‘low’ ratings of all four
front-of-pack nutrients. As well as this balanced supply of key macro-nutrients, most
importantly the ready meals contained substantial amounts of L and Z, as well as
antioxidant micro-nutrients such as zinc and vitamin C, which may be of benefit in the
primary prevention of the onset or progression of AMD.
Kale cup weights
According to the USDA National Nutrient Database for Standard Reference Release
26, the weight for one cup of raw, chopped kale is 67 grams - among the highest for
raw leafy vegetables. For spinach, the USDA reports that one cup of raw baby leaf
spinach is 30 grams [373]. Therefore, if we assume that there are 10 – 20 mg of L in
100g raw kale (chapter four: dependant on source) and that a cup of kale weighs 67
g, then one cup of raw kale should be enough to provide around 10 mg of L per day.
Moreover, if we assume that one cup of spinach weighs 30 g and that there is 10 mg
of L in 100 g of raw spinach then this should equate to 3 mg of L. However, during
creation of the ready meal recipes contradictions in these findings were apparent. To
ensure at least 30 g of kale per meal, kale and spinach were initially weighed in a
standardised measuring cup before being added to a recipe. The findings revealed
that one cup of raw, chopped kale with hard stems removed, weighed approximately
20 g. Interestingly, these findings correspond with a recent study to suggest that the
USDA recommendations are in fact not a true representation of kale cup sizes [374].
Based on the USDA data, one current dietary suggestion for AMD patients is to
consume at least one cup of kale per day to provide enough L to support the
prevention of onset or progression of AMD. However if 20 g of kale is a true
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representation of cup size, then our HPLC data indicates that this would only provide
3 mg of L, which may be insufficient for AMD patients. If patients were to try and
increase their dietary L intakes without the use of supplements, they would need to
consume just over three cups of shop purchased kale per day to ensure a sufficient
supply of L. Patient nutritional information resources such as those given out by the
MS may therefore need to be updated in connection with these findings. Further
research in regard to the quantification of L within other raw leafy green vegetables
sourced from the UK and verification of their cup weights may also be needed to
warrant realistic dietary recommendations for AMD patients.
6.4 Delivery and evaluation of ready meals
Once hand prepared by the team at Lodge Farm Kitchen, the ready meals were blast
frozen and then delivered to the corresponding research institute on the same day.
Once received by the researcher they were instantly transported for a taste testing
session with AMD subjects at a local MS peer support group. The MS peer support
group, located in Barnt Green, Birmingham, UK, included some of the same MS
members used in the focus group study. Forty-Five MS members were present at the
group during the taste testing session. All participants suffered with some form of
AMD. A brief introduction was given to the group before the ready meals were served,
to explain the research behind the ready meals, their nutritional quality, the company
Lodge Farm Kitchen and the aims and objectives of the study. Participants were made
aware that they would be required to give basic feedback on the meals during the
session and were therefore encouraged to try as many of the dishes as possible to
support the research.

Three to four meals of each recipe were cooked following the relevant instructions
and smaller samples of each dish were served to the group. Meals were cooked from
frozen using an oven and microwave. A list of ingredients and cooking instructions for
the meals was also given to each table of participants. Once participants had finished
tasting the meal samples, an organoleptic test sheet was given to each participant for
verbal completion with the help of a scribe. The test required participants to give a
mark out of five for appearance, smell, texture, and taste, as displayed in the below
figure. Only subjects who felt comfortable with their visual acuity were required to
score for appearance. At the end of the taste testing session a brief talk was given to
the participants. During the talk subject’s overall opinion of the meals was discussed,
where subjects were encouraged to speak out if they had something they would like
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to say about the meals. Samples of each ready meal in its original packaging and full
size were also given out to subjects to gain feedback on portion sizes and packaging.
Participants were asked whether or not each dish would be an adequate portion for
one meal and whether or not the packaging, cooking instructions and ingredient lists
were easy to comprehend. Points raised by the group were transcribed.

Organoleptic Test 1-5 (5 very good, 4 good, 3 average, 2 poor, 1 very poor)

Product

Visual

Smell

Texture

Taste

Comment

Chicken, ham & leek casserole

Curried potato apple & kale

Fish pie with spinach

Kale & smokey bacon pasta

Leek potato & kale soup

Normandy pork casserole

Pea and ham soup

Cottage Pie

Figure 3.6: Organoleptic test sheet used to gain patient feedback on the ready meals.
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Taste testing results

Number of
Tasters
Total
Score

Average
Score

Chicken
Casserole

Curried
Kale Soup

Fish
Pie

Kale
Pasta

Leek &
Kale Soup

Pork
Casserole

Pea
Soup

9

7

8

8

7

7

7

Visual

29

27

31

28

30

29

21

Smell

40

32

33

27

32

30

23

Texture

43

31

36

25

32

27

27

Taste

43

32

36

27

32

27

30

Chicken
Casserole

Curried
Kale Soup

Fish
Pie

Kale
Pasta

Leek &
Kale Soup

Pork
Casserole

Pea
Soup

Visual

3

4

4

4

4

4

3

Smell

4

5

4

3

5

4

3

Texture

5

4

5

3

5

4

4

Taste

5

5

5

3

5

4

4

Table 4.2: Results of the taste testing session with ready meals including total and
mean organoleptic scores per meal.

Mean organoleptic scores
6
5
4

Visual

3

Smell

2

Texture

1

Taste

0
Chicken Curried Fish Pie
Casserole Kale Soup

Kale
Leek &
Pork Pea Soup Cottage
Pasta Kale Soup Casserole
Pie

Figure 3.7: Mean organoleptic test scores for smell, taste and texture of each ready
meal.
Table 4.2 displays the results of the organoleptic test used to test the ready meals
created for AMD patients. The test was used in a group of forty-five AMD patients
from a local MS peer support group. The number of tasters for each meal is displayed
at the top of the table in red. Total and mean scores for appearance, smell, texture
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and taste are displayed for each meal. Figure 3.7 displays the mean results of the
organoleptic test for visual appearance, smell, texture and taste. Results showed that
the chicken casserole, curried soup, fish pie, leek soup and cottage pie all had the
highest mean score of 5 for taste, which represented the patient opinion of ‘very
good’. The pork casserole and pea soup had a mean score of 4 for taste which
represented ‘good’ and finally the kale and smoky bacon pasta had a mean score of
3 which represented an ‘average’ mark. The kale and smoky bacon pasta also had
the lowest scores for smell and texture out of all ready meals available. Many patients
made comments during the test to suggest that the pasta was slightly dry in taste and
texture which may justify these findings. The kale pasta was the only ready meal
which was cooked in the microwave as opposed to the oven, which may have
contributed to the dry texture. All meals may be oven or microwaved cooked from
frozen, however as we were preparing samples on a large scale both cooking
techniques were utilised to save time and space.

Aside from the kale and smoky bacon pasta, meals scored a 4 or above for texture
and taste which signified patient’s overall satisfaction with the meals. Comments from
patients about the ready meals in general were excellent, with many subjects giving
highly positive feedback in regard to taste and freshness. For smell, most ready meals
had an average score of 4 or above, aside from the kale pasta and the pea and ham
soup. Both the pea and ham soup and kale and smoky bacon pasta scored an
average of 3 for smell. Some patients stated that the slightly unpleasing smell did not
affect the taste of the meals.
For appearance, meals scored a 4 for ‘good’ aside from the kale and smoky bacon
pasta and the pea and ham soup. Only subjects who felt their vision was good enough
to judge a meal by its appearance gave a score for visual attributions. In regard to the
kale and smoky bacon pasta, some subjects gave comments that it appeared dry and
crispy in texture. Subjects also mentioned that the pea and ham soup appeared very
thick and gloopy. The dry appearance of the pasta again may be attributable to the
cooking method used.
Feedback for group questions after taste testing session:
Upon completion of the taste testing session, participants were asked to partake in a
group discussion in order to gain some oral feedback on the ready meals. Questions
relating to taste and enjoyment were propositioned to the group to gather a more
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rounded view. Feedback on portion sizes and whether or not the packaging, cooking
instructions and ingredient lists were easy to read and understand was also invited
from the group. Comments from participants about the ready meals in general were
excellent, with many subjects giving favourable responses. Subjects were in
agreement that the meals did not taste like standard supermarket purchased ready
meals and were more comparable in taste and flavour to home cooked meals.
Participants were enthused by the notion that meals contained no additives or
preservatives, were cooked using locally sourced fresh ingredients and methods
which ensured optimisation of their nutritional value.

Portion sizes of the meals were approximately 300g for the soup dishes and 350g for
all other meals. Whole meal samples in their original packaging were passed around
the group so subjects could get a better idea of portion size. All subjects were in
agreement that the portion sizes of the dishes were substantial for one whole meal.
Cooking instructions and ingredient lists for each meal were handed out with the
corresponding dish; a large clear bold text font in black was used on a yellow
background which enabled subjects to interpret the details with ease. This colour
contrast between text and background is used within all MS resources as a typical
black to white contrast may cause glare in those with visual impairments.

Limitations

One limitation to this study may be the possibility of response bias resulting from the
experimental design. A brief introduction was given to the group before the ready
meal analysis, which explained the research behind the ready meals, their nutritional
quality, the company Lodge Farm Kitchen and the aims and objectives of the study.
Such circumstances may have led to a nonrandom deviation of the answers from their
true value, as subjects may have believed to have understood the experiment and its
expected findings, so adapted their responses to suit. This may have prompted them
into giving answers skewed towards the researchers own opinions, prejudices and
values [375, 376]. This type of bias should have be factored into the experiment and
the amount of information given to the subjects restricted, which would have
prevented them from understanding the full extent of the research.
There are several limitations to using food composition databases (such as Al la Calc)
to accurately predict nutrient values in food sources. One of these may be the
variability in the composition of foods, as being biological materials foods exhibit
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natural variations in the amounts of nutrients contained [377]. A database is unlikely
to predict within narrow limits the composition of a particular sample of food, because
the limits will vary according to the source of food item and to the nutrient [378]. Al La
Calc quantified the levels of L and Z together, which made it difficult to use the HPLC
determination of L levels within kale (chapter 4) as a comparison for the ready meal
nutrient composition tables produced by Al La Calc. As the kale used in the ready
meals was sourced from the same farm investigated in the analytical study, estimates
for the L concentrations of these meals were derived from the calculations of this
study and not Al la Calc.
However, proposed L concentrations of these recipes should still be taken with
caution as this natural variability in the composition of foods is increased by different
methods of plant storage, processing and treatment. Processed foods such as ready
meals, despite being subject to quality control during production, may vary, in part
because of variations in the composition of ingredients but also because of changes
in formulation and production [276]. Kale was added to meals at the end of their
preparation to ensure only minimal cooking occurred and to retain as much of the
nutrient value as possible, as this was similar to the blanching method used the
previous analytical study where the retention of L was highest with shorter cooking
times, lower temperatures and minimal amounts of water. In this previous study
however, kale was analysed for L concentrations individually and not within the ready
meal source. Furthermore, the extent to which leaching occurred was not analysed
within the previous report. Determining the L content of the water after the cooking
process would have given further reliable information about the proposed L content
of these meals.
6.5 Summary

A taste testing session was conducted with a group of forty-five AMD patients from a
local Macular Society peer support group. All ready meals designed with the help of
Lodge Farm Kitchen were included in the evaluation session and subjects were
required to give scores out of five for appearance, taste, texture and smell using an
organoleptic test method. Oral feedback was gained from the subjects during a group
session after the testing to distinguish overall opinions of the meals and the suitability
of portion sizes. The ease at which subjects could comprehend the corresponding
ingredient lists and cooking instructions for meals was also discussed. Out of the total
number of eight ready meals, seven scored four (good) or above for taste, with the
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exception being the kale and smoky bacon pasta which scored a three (average). All
meals also scored a three or above for other factors such as appearance, smell and
texture and overall comments from study group members in regard to the meals were
excellent. To improve the taste and texture for the lowest scoring meal of the kale and
smoky bacon pasta it may be necessary to recommend oven cooking as opposed to
microwave cooking in order to prevent meal dryness.

Feedback from the group

discussion informed us that portion sizes were suitable for subjects and ingredient
lists and cooking instructions were easily read and understood. Subjects were further
enthused by the facts that meals contained no additives or preservatives, were
cooked using locally sourced fresh ingredients and methods which ensured
optimisation of their nutritional value. This evaluation study gives insight in to the use
of ready meals as a novel intervention to improve diet in those suffering with AMD.
The highly positive feedback gained from subjects during the session will be valuable
when exploring how to further develop these prototype meals and the next steps in
manufacturing them on a larger scale.
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Chapter 7: Discussion
Current knowledge suggests that nutrition through dietary modification or supplement
use may prevent the onset or progression of AMD [8, 10].

The investigations

described over the course of the previous chapters aimed to contribute new
information to the literature on nutrition and AMD, with the use of various qualitative
and quantitative studies which focus on optimising dietary modification for this
condition. There are various limitations to the studies constructed within this thesis
which need to be considered when interpreting the overall quality, validity and
generalisability of results reported. However, the problems and limitations
encountered provide valuable feedback to inform further development of research
methods in these populations and larger scale studies of such interventions.

The peer-reviewed literature in chapter one provided a detailed review on the pre-and
post-harvest effects of the carotenoid concentrations in leafy green vegetables.
These findings are important because they demonstrate that there is a paucity of
evidence that has investigated the pre and post-harvest processing and storage
effects of kale grown and retailed in the UK, thus setting a precedent for the study in
chapter three. Currently AMD patients are advised to include more dark green
vegetables such as kale in to the diet to increase their intake of L and Z, which are
implicated in the maintenance of retinal health and possible prevention of the onset
or progression AMD [379, 380]. Therefore, information regarding their stability during
domestic cooking and storage is crucial.
Notable and statistically significant findings were obtained in chapter three; L levels
in minimally processed kale prepared for retail were significantly lower than that of intact whole kale sourced freshly harvested from the farm (p<0.001). Domestic cooking
and storage were also found to have significant negative effects on the content of L
in these kale sources. Reducing processing/storage time and using cooking methods
which require lower temperatures and minimal amounts of water such as steaming,
blanching and liquidising, improved L retention significantly. These outcomes have
been reported in studies which have investigated the cooking and storage stability of
other predominant carotenoid containing foods, thus vegetables such as kale should
be consumed soon after harvest, or postharvest handling conditions must be
controlled such that nutrient degradation does not occur [199, 277]. Further research
is required to support the chemical and biochemical alterations that occur in postharvest minimally processed foods sold in supermarkets and on the improved
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maintenance of their nutritional quality, particularly for food sources that have not
been rigorously investigated such as UK kale.
The UK charity the MS advocates the use of vegetables high in L and Z within their
patients resources. However the dietary analysis data in chapter two indicated that
patients who seek their services are under consuming nutrients regarded as important
for their condition, such as L and Z [211]. The qualitative research in chapter four was
designed to follow up this work and gain and understanding of the dietary behaviour
of AMD patients and the possible barriers to dietary change. A focus group method
was selected as this approach fosters open interaction and discussion among group
members, which generated rich data related to the individual needs of older adults
living with visual impairment. Data revealed that patients recognised the importance
of following a diet which contains important nutrients to help slow the progression of
AMD, yet altering dietary habits is proven difficult when there are underlying individual
barriers to change. Chapter five expanded on this evidence by establishing, in more
detail, the food choices and preferences of AMD patients by use of an open ended
survey within a larger cohort. It was concluded that ready meals which are nutritionally
tailored to support the needs of these individuals, may be a promising intervention for
improving diet in these individuals.
The external validity of the results presented in the observational studies within this
report may be questioned due to the presence of small sample sizes. One criticism
of qualitative data analysis is that because it typically involves examination of data
extracted from small, non-random samples, findings are usually not generalisable
beyond the local research participants [375, 376]. However, what is a limitation for
one purpose is a strength for another purpose. Specifically, the examination of
relatively small samples allows qualitative researchers to collect maximally rich data
via the methods configured within these reports (e.g. focus groups, observations,
nonverbal communication and open ended surveys) [299]. This, in turn, makes it more
likely that as a result of the qualitative data analysis, verstehen will be achieved.
The subject samples used in the above studies, of course, are not a truly accurate
representation of all patients seeking services from the MS. More time and access to
information from more patients would have provided a more rounded and reliable
view. Furthermore, the overall health of subjects was not investigated within these
cohorts, suggesting that results relating to issues with visual impairment may have
been the cause of other contributing factors. As dietary habits are multi-factorial [381],
future research taking in to consideration other cofounding variables should be
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encouraged. This research solely focuses on AMD patients who are members of the
UK charity the MS. Since the AMD cohorts all had a form of AMD and were motivated
to contact or engage with the MS for support, it may be presumed that they were
interested in preventing the disease from progressing. Thus, future research should
aim to find out the opinions of those with AMD who have not sought support from
professional or non-professional organisations and therefore not considered an
‘informed’ population.
This PhD thesis contributes new evidence to the research base within nutrition and
AMD. The results were in aligning with previous studies that, in spite of advice being
given to patients by the MS, they primarily eat food they enjoy and are used to [211].
Changing eating habits therefore requires novel intervention methods [210]. This
project outlines the design of an effective and innovate measure for improving diet in
patients with, or at risk of, AMD. The ready meals were designed based on the food
likes and dislikes of AMD patients (chapter five) and on the optimum conditions for
acquirement and handling of kale (chapter four). Upon the success of a taste testing
session within an AMD cohort (chapter six), the MS agreed to endorse the ready
meals and assist with the marketing and promotion of them through their member
resources.

The ‘macular meals’ are now available for members of the public to

purchase through the Lodge Farm Kitchen website either online or via the telephone.
As a result, there has been a large interest in the ready meals amongst AMD patients
and other members of the public.

Results from the laboratory investigation within this report intend to enrich the current
dietary advice and information given to AMD patients. Indeed, 40–80% of medical
information provided by healthcare practitioners is forgotten immediately [382] and
the greater the amount of information presented, the lower the proportion correctly
recalled [383]. However, Ley's model on effective communication in medical practice
stresses the importance of memory next to factors such as the understanding of
information and satisfaction with the treatment [382]. Thus, providing further
understanding on the pre and post-harvest effects of L levels in kale will enable
precise suggestions for increasing retinal levels of these nutrients, which in turn, may
result in improved dietary habits. Though it is important to consider that modifying a
diet to include high amounts of L and Z may not have as much effect as one would
hope. The reasoning behind this uncertainty stems from the knowledge that there are
many uncontrollable inter-individual variations that regulate the digestion, absorption,
transport and eventual retinal uptake and maintenance of L and Z [279], which haven’t
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been explored here. Nevertheless, results of this report will hopefully support the
continued investigation of L and Z within AMD therapy.

In summary, this PhD project has enabled research to be taken from the laboratory,
conducting HPLC analysis to determine the lutein concentrations of kale upon various
pre-and post-harvest factors, to the patient, by producing evidence-based ready
meals to improve diet in people with macular degeneration. The evidence embedded
gives insight in to the use of ready meals as a novel intervention to improve diet in
those suffering with AMD and provides the foundations for the manufacturing of these
meals on a larger scale.

118

References

1.

RNIB. Age related macular degeneration: RNIB and RCOphth. 2010.
Available from:
http://www.rnib.org.uk/eyehealth/eyeconditions/conditionsac/pages/amd.asp
x.

2.

Owen, C., Z. Jarrar, R. Wormald, D. Cook, A. Fletcher, and A. Rudnicka,
The estimated prevalence and incidence of late stage age related macular
degeneration in the UK. British Journal of Ophthalmology, 2012. 96(5): p.
752-6.

3.

RNIB. Sight loss data tool. Available here: http://www.rnib.org.uk/knowledgeand-research-hub/key-information-and-statistics

4.

Cho, E., S.E. Hankinson, B. Rosner, W.C. Willett, and G.A. Colditz,
Prospective study of lutein/zeaxanthin intake and risk of age-related macular
degeneration. American Journal of Clinical Nutrition, 2008. 87(6): p. 18371843.

5.

Richer, S.P. and M. Gajjar, Pilot study: 3D threshold amsler grid (3D TAG) in
atrophic age related macular-degeneration with and without lutein.
Investigative Ophthalmology & Visual Science, 2005. 46.

6.

Richer, S., W. Stiles, L. Statkute, J. Pulido, J. Frankowski, D. Rudy, K. Pei, M.
Tsipursky, and J. Nyland, Double-masked, placebo-controlled, randomized
trial of lutein and antioxidant supplementation in the intervention of atrophic
age-related macular degeneration: the Veterans LAST study (Lutein
Antioxidant Supplementation Trial). Optometry (St. Louis, Mo.), 2004.
75(4): p. 216-30.

7.

Kuzniarz, M., P. Mitchell, V.M. Flood, and J.J. Wang, Use of vitamin and zinc
supplements and age-related maculopathy: The Blue Mountains Eye Study.
Ophthalmic Epidemiology, 2002. 9(4): p. 283-295.

8.

Age-Related Eye Disease Study Research, G., A randomized, placebocontrolled, clinical trial of high-dose supplementation with vitamins C and E,
beta carotene, and zinc for age-related macular degeneration and vision
loss: AREDS report no. 8. Arch Ophthalmol, 2001. 119(10): p. 1417-36.

9.

Klein, B.E.K., M.D. Knudtson, K.E. Lee, J.O. Reinke, L.G. Danforth, A.M.
Wealti, E. Moore, and R. Klein, Supplements and age-related eye conditions
- The Beaver Dam Eye Study. Ophthalmology, 2008. 115(7): p. 1203-1208.

119

10.

Chew, E.Y., T.E. Clemons, J.P. SanGiovanni, R. et al. Lutein plus
Zeaxanthin and Omega-3 Fatty Acids for Age-Related Macular Degeneration
The Age-Related Eye Disease Study 2 (AREDS2) Randomized Clinical Trial.
JAMA-JOURNAL OF THE AMERICAN MEDICAL ASSOCIATION, 2013.
309(19): p. 2005-2015.

11.

Pauleikhoff, D., C.A. Harper, J. Marshall, and A.C. Bird, Aging changes in
bruchs membrane - a histochemical and morphologic study. Ophthalmology,
1990. 97(2): p. 171-178.

12.

Curcio, C.A. and C.L. Millican, Basal linear deposit and large drusen are
specific for early age-related maculopathy. Archives of Ophthalmology,
1999. 117(3): p. 329-339.

13.

Algvere, P.V. and S. Seregard, Age-related maculopathy: pathogenetic
features and new treatment modalities. Acta Ophthalmologica Scandinavica,
2002. 80(2): p. 136-143.

14.

Bressler, N.M., S.B. Bressler, and S.L. Fine, Age-related macular
degeneration. Survey of Ophthalmology, 1988. 32(6): p. 375-413.

15.

Bressler, S.B., N.M. Bressler, S.L. Fine, P. McCormick, and C. Auer,
Subfoveal neovascular membranes in senile macular degeneration relationship between membrane size and visual prognosis. Retina-the
Journal of Retinal and Vitreous Diseases, 1983. 3(1): p. 7-11.

16.

Murphy, R.P., Age-related macular degeneration. Ophthalmology, 1986.
93(7): p. 969-971.

17.

Arnold, J.J. and S.H. Sarks, Extracts from "Clinical evidence" - Age related
macular degeneration. British Medical Journal, 2000. 321(7263): p. 741-744.

18.

Klein, R., B.E.K. Klein, and K.L.P. Linton, PREVALENCE OF AGERELATED MACULOPATHY - THE BEAVER DAM EYE STUDY.
Ophthalmology, 1992. 99(6): p. 933-943.

19.

Chopdar, A., U. Chakravarthy, and D. Verma, Age related macular
degeneration. British Medical Journal, 2003. 326(7387): p. 485-488.

20.

Friedman, D.S., J. Katz, N.M. Bressler, B. Rahmani, and J.M. Tielsch, Racial
differences in the prevalence of age-related macular degeneration - The
Baltimore eye survey. Ophthalmology, 1999. 106(6): p. 1049-1055.

21.

Klein, R. and B.E.K. Klein, The Prevalence of Age-Related Eye Diseases
and Visual Impairment in Aging: Current Estimates. Investigative
Ophthalmology & Visual Science, 2013. 54(14).

22.

Evans, J.R., Risk factors for age-related macular degeneration. Progress in
Retinal and Eye Research, 2001. 20(2): p. 227-253.
120

23.

Goldberg, J., G. Flowerdew, E. Smith, J.A. Brody, and M.O.M. Tso, FActors
associated with age-related macular degeneration - an analysis of data from
the 1st national-health and nutrition examination survey. American Journal of
Epidemiology, 1988. 128(4): p. 700-710.

24.

Hyman, L. and R. Neborsky, Risk factors for age-related macular
degeneration: an update. Current opinion in ophthalmology, 2002. 13(3): p.
171-5.

25.

Smith, W., J. Assink, R. Klein, P. Mitchell, C.C.W. Klaver, B.E.K. Klein, A.
Hofman, S. Jensen, J.J. Wang, and P. de Jong, Risk factors for age related
macular degeneration - Pooled findings from three continents.
Ophthalmology, 2001. 108(4): p. 697-704.

26.

Tamakoshi, A., Smoking and neovascular form of age related macular
degeneration in late middle aged males: findings from a case-control study
in Japan (vol 81, pg 901, 1997). British Journal of Ophthalmology, 1998.
82(2): p. 207-207.

27.

Seddon, J.M., W.C. Willett, F.E. Speizer, and S.E. Hankinson, A prospective
study of cigarette smoking and age-related macular degeneration in women.
Jama-Journal of the American Medical Association, 1996. 276(14): p. 11411146.

28.

Hyman, L.G., A.M. Lilienfeld, F.L. Ferris, and S.L. Fine, Senile macular
degeneration - a case-control study. American Journal of Epidemiology,
1983. 118(2): p. 213-227.

29.

Klaver, C.C.W., R.C.W. Wolfs, J.J.M. Assink, C.M. van Duijn, A. Hofman,
and P. de Jong, Genetic risk of age-related maculopathy - Population-based
familial aggregation study. Archives of Ophthalmology, 1998. 116(12): p.
1646-1651.

30.

Silvestri, G., P.B. Johnston, and A.E. Hughes, Is genetic predisposition an
important risk factor in age-related macular degeneration. Eye, 1994. 8: p.
564-568.

31.

Schachat, A.P., L. Hyman, M.C. Leske, A.M.S. Connell, and S.Y. Wu,
Features of age-related macular degeneration in a black-population.
Archives of Ophthalmology, 1995. 113(6): p. 728-735.

32.

Vingerling, J.R., I. Dielemans, M.L. Bots, A. Hofman, D.E. Grobbee, and P.
Dejong, Age-related macular degeneration is associated with atherosclerosis
- the Rotterdam study. American Journal of Epidemiology, 1995. 142(4): p.
404-409.

121

33.

Smith, W., P. Mitchell, S.R. Leeder, and J.J. Wang, Plasma fibrinogen
levels, other cardiovascular risk factors, and age-related maculopathy - The
Blue Mountains Eye Study. Archives of Ophthalmology, 1998. 116(5): p.
583-587.

34.

Pratt, S., Dietary prevention of age-related macular degeneration. Journal of
the American Optometric Association, 1999. 70(1): p. 39-47.

35.

Bernstein, P.S., New insights into the role of the macular carotenoids in agerelated macular degeneration. Resonance Raman studies. Pure and Applied
Chemistry, 2002. 74(8): p. 1419-1425.

36.

O'Connell, E.D., J.M. Nolan, J. Stack, D. Greenberg, J. Kyle, L. Maddock,
and S. Beatty, Diet and risk factors for age-related maculopathy. American
Journal of Clinical Nutrition, 2008. 87(3): p. 712-722.

37.

Berrow, E, Bartlett Eperjesi, H, Eperjesi, F & M.Gibson, J 2011, Risk factors
for age-related macular diseae. European Ophthalmic Review, vol. 5, no. 2,
pp. 143-153.

38.

Smiddy, W.E.; Fine, S.L. Prognosis of patients with bilateral macular drusen.
Ophthalmology 1984, 91, 271–277.

39.

Schmidt-Erfurth, U.M., G. Richard, A. Augustin, W.G. Aylward, F. Bandello,
B. Corcostegui, J. Cunha-Vaz, A. Gaudric, A. Leys, R.O. Schlingemann, and
Euretina, Guidance for the treatment of neovascular age-related macular
degeneration. Acta Ophthalmologica Scandinavica, 2007. 85(5): p. 486-494.

40.

Jabs, T., Reactive oxygen intermediates as mediators of programmed cell
death in plants and animals. Biochemical Pharmacology, 1999. 57(3): p.
231-245.

41.

Stephen, B., K. Hui-Hiang, M. Phil, H. David, and B. Michael, Articles: The
Role of Oxidative Stress in the Pathogenesis of Age-Related Macular
Degeneration. Survey of Ophthalmology. 45: p. 115-134.

42.

Schraufstatter, I., P.A. Hyslop, J.H. Jackson, and C.G. Cochrane, Oxidantinduced dna damage of target-cells. Journal of Clinical Investigation, 1988.
82(3): p. 1040-1050.

43.

Mylonas, C. and D. Kouretas, Lipid peroxidation and tissue damage. In Vivo,
1999. 13(3): p. 295-309.

44.

Beatty S, Koh H, Phil M, Henson D & Boulton M (2000): The role of oxidative
stress in the pathogenesis of age-related macular degeneration. Surv
Ophthalmol 45: 115–134.

122

45.

Cejkova, J., S. Stipek, J. Crkovska, T. Ardan, J. Platenik, C. Cejka, and A.
Midelfart, UV rays, the prooxidant/antioxidant imbalance in the cornea and
oxidative eye damage. Physiological Research, 2004. 53(1): p. 1-10.

46.

Samiec, P.S., C. Drews-Botsch, E.W. Flagg, J.C. Kurtz, P. Sternberg, R.L.
Reed, and D.P. Jones, Glutathione in human plasma: Decline in association
with aging, age-related macular degeneration, and diabetes. Free Radical
Biology and Medicine, 1998. 24(5): p. 699-704.

47.

Lyle, B.J., J.A. Mares-Perlman, B.E.K. Klein, R. Klein, and J.L. Greger,
Antioxidant intake and risk of incident age-related nuclear cataracts in the
Beaver Dam Eye Study. American Journal of Epidemiology, 1999. 149(9): p.
801-809.

48.

Sarna, T., Properties and function of the ocular melanin - a photobiophysical
view. Journal of Photochemistry and Photobiology B-Biology, 1992. 12(3): p.
215-258.

49.

Boulton, M., M. Rozanowska, and B. Rozanowski, Retinal photodamage.
Journal of Photochemistry and Photobiology B-Biology, 2001. 64(2-3): p.
144-161.

50.

Kijlstra, A., Y. Tian, E.R. Kelly, and T. Berendschot, Lutein: More than just a
filter for blue light. Progress in Retinal and Eye Research, 2012. 31(4): p.
303-315.

51.

Davis K: Oxidative damage and repair: Chemical, biological and medical
aspects Oxford/New York: Pergamon Press; 1991.

52.

Halliwell B: Reactive oxygen species in living systems: source,biochemistry
and role in human disease. Am J Med 1991, 91(Supp):14-22.

53.

Penn, J.S., M.I. Naash, and R.E. Anderson, Effect of light history on retinal
antioxidants and light damage susceptibility in the rat. Experimental Eye
Research, 1987. 44(6): p. 779-788.

54.

Woodford, B.J., M.O.M. Tso, and K.W. Lam, Reduced and oxidized
ascorbates in guinea-pig retina under normal and light-exposed conditions.
Investigative Ophthalmology & Visual Science, 1983. 24(7): p. 862-867.

55.

Weikel, K.A., C.J. Chiu, and A. Taylor, Nutritional modulation of age-related
macular degeneration. Molecular Aspects of Medicine, 2012. 33(4): p. 318375.

56.

Schleicher, M., K. Weikel, C. Garber, and A. Taylor, Diminishing Risk for
Age-Related Macular Degeneration with Nutrition: A Current View. Nutrients,
2013. 5(7): p. 2405-2456.

123

57.

Burton, G.W. and K.U. Ingold, Beta-carotene - an unusual type of lipid
antioxidant. Science, 1984. 224(4649): p. 569-573.

58.

Handelman, G.J., L.J. Machlin, K. Fitch, J.J. Weiter, and E.A. Dratz, Oral
alpha-tocopherol supplements decrease plasma gamma-tocopherol levels in
humans. Journal of Nutrition, 1985. 115(6): p. 807-813.

59.

Alvarez, R.A., G.I. Liou, S.L. Fong, and C.D.B. Bridges, Levels of alphatocopherol and gamma-tocopherol in human eyes - evaluation of the
possible role of irbp in intraocular alpha-tocopherol transport. American
Journal of Clinical Nutrition, 1987. 46(3): p. 481-487.

60.

Machlin, L.J., Basic and clinical nutrition vol. 1. Vitamin e a comprehensive
treaties, in Machlin, L. J. 1980. p. X+660P-X+660P.

61.

Lassen, N., W.J. Black, T. Estey, and V. Vasiliou, The role of corneal
crystallins in the cellular defense mechanisms against oxidative stress.
Seminars in Cell & Developmental Biology, 2008. 19(2): p. 100-112.

62.

Chiu, C.-J. and A. Taylor, Nutritional antioxidants and age-related cataract
and maculopathy. Experimental Eye Research, 2007. 84(2): p. 229-245.

63.

Golli, F. and A. Azzi, Present trends in vitamin E research. Biofactors, 2010.
36(1): p. 33-42.

64.

Bielski, B.H.J., Chemistry of ascorbic-acid radicals. Advances in Chemistry
Series, 1982(200): p. 81-100.

65.

Nishikimi, M., Oxidation of ascorbic-acid with superoxide anion generated by
xanthine xanthine oxidase system. Biochemical and Biophysical Research
Communications, 1975. 63(2): p. 463-468.

66.

Bodannes, R.S. and P.C. Chan, Ascorbic-acid as a scavenger of singlet
oxygen. Febs Letters, 1979. 105(2): p. 195-196.

67.

Department of Health (1991) Report 41. Dietary reference values for food
energy and nutrients for the United Kingdom. The Stationery Office

68.

Heinonen, O.P., J.K. Huttunen, D. et al. Effect of vitamin-e and betacarotene on the incidence of lung-cancer and other cancers in male
smokers. New England Journal of Medicine, 1994. 330(15): p. 1029-1035.

69.

Omenn, G.S., G.E. Goodman, M.D. Thornquist, J. Balmes, M.R. Cullen, A.
Glass, J.P. Keogh, F.L. Meyskens, B. Valanis, J.H. Williams, S. Barnhart,
and S. Hammar, Effects of a combination of beta carotene and vitamin A on
lung cancer and cardiovascular disease. New England Journal of Medicine,
1996. 334(18): p. 1150-1155.

124

70.

Pulido, J.S., Heart outcomes prevention evaluation-the ongoing outcomes
study, vitamin E, and age-related macular degeneration. Archives of
ophthalmology, 2006. 124(11): p. 1665-6.

71.

The Age-Related Eye Disease Study 2 Research, G., Lutein + Zeaxanthin
and Omega-3 Fatty Acids for Age-Related Macular Degeneration: The AgeRelated Eye Disease Study 2 (AREDS2) Randomized Clinical Trial. JAMA,
2013: p. 1-11.

72.

Sperduto, R.D., Antioxidant status and neovascular age-related macular
degeneration (vol 111, pg 104, 1993). Archives of Ophthalmology, 1993.
111(11): p. 1499-1499.

73.

Christen, W.G., R.J. Glynn, H.D. Sesso, T. Kurth, J. MacFadyen, V. Bubes,
J.E. Buring, J.E. Manson, and J.M. Gaziano, Vitamins E and C and Medical
Record-Confirmed Age-related Macular Degeneration in a Randomized Trial
of Male Physicians. Ophthalmology, 2012. 119(8): p. 1642-1649.

74.

Seddon, J.M., U.A. Ajani, R.D. Sperduto, R. Hiller, N. Blair, T.C. Burton,
M.D. Farber, E.S. Gragoudas, J. Haller, D.T. Miller, L.A. Yannuzzi, and W.
Willett, Dietary carotenoids, vitamin-a, vitamin-c, and vitamin-e, and
advanced age-related macular degeneration. Jama-Journal of the American
Medical Association, 1994. 272(18): p. 1413-1420.

75.

VandenLangenberg, G.M., J.A. Mares-Perlman, R. Klein, B.E.K. Klein, W.E.
Brady, and M. Palta, Associations between antioxidant and zinc intake and
the 5-year incidence of early age-related maculopathy in the Beaver Dam
Eye Study. American Journal of Epidemiology, 1998. 148(2): p. 204-214.

76.

Teikari JM, Laatikainen L, Virtamo J, et al. Six-year supplementation with
alpha-tocopherol and beta-carotene and age-related maculopathy. Acta
Ophthalmol Scand. 1998;76(2):224-229.

77.

Taylor, H.R., G. Tikellis, L.D. Robman, C.A. McCarty, and J.J. McNeil,
Vitamin E supplementation and macular degeneration: randomised
controlled trial. British Medical Journal, 2002. 325(7354): p. 11-14.

78.

Christen WG, Manson JE, Glynn RJ, et al. Beta carotene supplementation
and age-related maculopathy in a randomized trial of US physicians. Arch
Ophthalmol. 2007;125(3):333-339.

79.

Evans JR, Henshaw K. Antioxidant vitamin and mineral supplements for
preventing age-related macular degeneration. Cochrane Database Syst Rev.
2008;(1):CD000253

80.

Evans J. Antioxidant supplements to prevent or slow down the progression
of AMD: a systematic review and meta-analysis. Eye. 2008;22(6):751-760.
125

81.

Khachik, F., G.R. Beecher, M.B. Goli, and W.R. Lusby, Separation and
quantitation of carotenoids in foods. Methods in Enzymology, 1992. 213: p.
347-359.

82.

Khachik, F., F.F. de Moura, D.Y. Zhao, C.P. Aebischer, and P.S. Bernstein,
Transformations of selected carotenoids in plasma, liver, and ocular tissues
of humans and in nonprimate animal models. Investigative Ophthalmology &
Visual Science, 2002. 43(11): p. 3383-3392.

83.

Khachik, F., P.S. Bernstein, and D.L. Garland, Identification of lutein and
zeaxanthin oxidation products in human and monkey retinas. Investigative
Ophthalmology & Visual Science, 1997. 38(9): p. 1802-1811.

84.

Junghans, A., H. Sies, and W. Stahl, Macular pigments lutein and
zeaxanthin as blue light filters studied in liposomes. Archives of Biochemistry
and Biophysics, 2001. 391(2): p. 160-164.

85.

Ham, W.T., OCular hazards of light-sources - review of current knowledge.
Journal of Occupational and Environmental Medicine, 1983. 25(2): p. 101103.

86.

Alves-Rodrigues, A. and A. Shao, The science behind lutein. Toxicology
Letters, 2004. 150(1): p. 57-83.

87.

Woodall, A.A., S.W.M. Lee, R.J. Weesie, M.J. Jackson, and G. Britton,
Oxidation of carotenoids by free radicals: relationship between structure and
reactivity. Biochimica Et Biophysica Acta-General Subjects, 1997. 1336(1):
p. 33-42.

88.

Lakkaraju, A., S.C. Finnemann, and E. Rodriguez-Boulan, The lipofuscin
fluorophore A2E perturbs cholesterol metabolism in retinal pigment epithelial
cells (vol 104, pg 11026, 2007). Proceedings of the National Academy of
Sciences of the United States of America, 2008. 105(31): p. 11032-11032.

89.

Rattner, A. and J. Nathans, Macular degeneration: recent advances and
therapeutic opportunities. Nature Reviews Neuroscience, 2006. 7(11): p.
860-872.

90.

Sundelin, S.P. and S.E.G. Nilsson, Lipofuscin-formation in retinal pigment
epithelial cells is reduced by antioxidants. Free Radical Biology and
Medicine, 2001. 31(2): p. 217-225.

91.

Khachik, F., G.R. Beecher, M.B. Goli, and W.R. Lusby, Separation,
identification, and quantification of carotenoids in fruits, vegetables and
human plasma by high-performance liquid-chromatography. Pure and
Applied Chemistry, 1991. 63(1): p. 71-80.

126

92.

Bone, R.A., A. Cains, L.M. Friedes, J.T. Landrum, I. Vidal, and J. Zamor,
Distribution of the macular carotenoids zeaxanthin, meso-zeaxanthin and
lutein in the human retina. Investigative Ophthalmology & Visual Science,
1993. 34(4): p. 1199-1199.

93.

Maiani, G., M.J. Periago Caston, G. Catasta, E. Toti, I. Goni Cambrodon, A.
Bysted, F. Granado-Lorencio, B. Olmedilla-Alonso, P. Knuthsen, M. Valoti, V.
Boehm, E. Mayer-Miebach, D. Behsnilian, and U. Schlemmer, Carotenoids:
Actual knowledge on food sources, intakes, stability and bioavailability and
their protective role in humans. Molecular Nutrition & Food Research, 2009.
53: p. S194-S218.

94.

Sommerburg, O., J.E.E. Keunen, A.C. Bird, and F. van Kuijk, Fruits and
vegetables that are sources for lutein and zeaxanthin: the macular pigment
in human eyes. British Journal of Ophthalmology, 1998. 82(8): p. 907-910.

95.

Perry, A., H. Rasmussen, and E.J. Johnson, Xanthophyll (lutein, zeaxanthin)
content in fruits, vegetables and corn and egg products. Journal of Food
Composition and Analysis, 2009. 22(1): p. 9-15.

96.

Chung, H.Y., H.M. Rasmussen, and E.J. Johnson, Lutein bioavailability is
higher from lutein-enriched eggs than from supplements and spinach in
men. Journal of Nutrition, 2004. 134(8): p. 1887-1893.

97.

Hof, K.H.V., C.E. West, J.A. Weststrate, and J. Hautvast, Dietary factors that
affect the bioavailability of carotenoids. Journal of Nutrition, 2000. 130(3): p.
503-506.

98.

Hammond, B.R., E.J. Johnson, R.M. Russell, N.I. Krinsky, K.J. Yeum, R.B.
Edwards, and D.M. Snodderly, Dietary modification of human macular
pigment density. Investigative Ophthalmology & Visual Science, 1997. 38(9):
p. 1795-1801.

99.

Berendschot, T., R.A. Goldbohm, W.A.A. Klopping, J. van de Kraats, J. van
Norel, and D. van Norren, Influence of lutein supplementation on macular
pigment, assessed with two objective techniques. Investigative
Ophthalmology & Visual Science, 2000. 41(11): p. 3322-3326.

100.

Landrum, J., R. Bone, V. Mendez, A. Valenciaga, and D. Babino,
Comparison of dietary supplementation with lutein diacetate and lutein: a
pilot study of the effects on serum and macular pigment. Acta Biochimica
Polonica, 2012. 59(1): p. 167-169.

101.

Johnson, E.J., B.R. Hammond, K.J. Yeum, J. Qin, X.D. Wang, C.
Castaneda, D.M. Snodderly, and R.M. Russell, Relation among serum and

127

tissue concentrations of lutein and zeaxanthin and macular pigment density.
American Journal of Clinical Nutrition, 2000. 71(6): p. 1555-1562.
102.

Wenzel, A.J., C. Gerweck, D. Barbato, R.J. Nicolosi, G.J. Handelman, and J.
Curran-Celentano, A 12-wk egg intervention increases serum zeaxanthin
and macular pigment optical density in women. Journal of Nutrition, 2006.
136(10): p. 2568-2573.

103.

Weigert, G., S. Kaya, B. Pemp, S. Sacu, M. Lasta, R.M. Werkmeister, N.
Dragostinoff, C. Simader, G. Garhofer, U. Schmidt-Erfurth, and L.
Schmetterer, Effects of Lutein Supplementation on Macular Pigment Optical
Density and Visual Acuity in Patients with Age-Related Macular
Degeneration. Investigative Ophthalmology & Visual Science, 2011. 52(11):
p. 8174-8178.

104.

Bone, R.A., J.T. Landrum, L.H. Guerra, and C.A. Ruiz, Lutein and
zeaxanthin dietary supplements raise macular pigment density and serum
concentrations of these carotenoids in humans. Journal of Nutrition, 2003.
133(4): p. 992-998.

105.

Neuringer, M., M.M. Sandstrom, E.J. Johnson, and D.M. Snodderly,
Nutritional manipulation of primate retinas, I: Effects of lutein or zeaxanthin
supplements on serum and macular pigment in xanthophyll-free rhesus
monkeys. Investigative Ophthalmology & Visual Science, 2004. 45(9): p.
3234-3243.

106.

Mares, J.A., T.L. LaRowe, D.M. Snodderly, S.M. Moeller, M.J. Gruber, M.L.
Klein, B.R. Wooten, E.J. Johnson, R.J. Chappell, and C.M.P.S.G. I,
Predictors of optical density of lutein and zeaxanthin in retinas of older
women in the Carotenoids in Age-Related Eye Disease Study, an ancillary
study of the Women's Health Initiative. American Journal of Clinical Nutrition,
2006. 84(5): p. 1107-1122.

107.

Hammond, B.R., B.R. Wooten, and D.M. Snodderly, Cigarette smoking and
retinal carotenoids: Implications for age-related macular degeneration.
Vision Research, 1996. 36(18): p. 3003-3009.

108.

Hammond, B.R., K. Fuld, and D.M. Snodderly, Iris color and macular
pigment optical density. Experimental Eye Research, 1996. 62(3): p. 293297.

109.

Parisi, V., M. Tedeschi, G. Gallinaro, M. Varano, S. Saviano, S.
Piermarocchi, and C.S. Group, Carotenoids and antioxidants in age-related
maculopathy italian study: multifocal electroretinogram modifications after 1
year. Ophthalmology, 2008. 115(2): p. 324-333 e2.
128

110.

Hammond, B.R., J. CurranCelentano, S. Judd, K. Fuld, N.I. Krinsky, B.R.
Wooten, and D.M. Snodderly, Sex differences in macular pigment optical
density: Relation to plasma carotenoid concentrations and dietary patterns.
Vision Research, 1996. 36(13): p. 2001-2012.

111.

Johnson, E.J., Obesity, lutein metabolism, and age-related macular
degeneration: A web of connections. Nutrition Reviews, 2005. 63(1): p. 9-15.

112.

Gupta, A., R. Raman, S. Biswas, R. Rajan, V. Kulothungan, and T. Sharma,
Association between various types of obesity and macular pigment optical
density. Eye, 2012. 26(2): p. 260-265.

113.

Das, I., Raised c-reactive protein-levels in serum from smokers. Clinica
Chimica Acta, 1985. 153(1): p. 9-13.

114.

Northrop-Clewes, C.A. and D.I. Thurnham, Monitoring micronutrients in
cigarette smokers. Clinica Chimica Acta, 2007. 377(1-2): p. 14-38.

115.

Kritchevsky, S.B., A.J. Bush, M. Pahor, and M.D. Gross, Serum carotenoids
and markers of inflammation in non-smokers. Circulation, 1999. 99(8): p.
1108-1108.

116.

Seddon, J.M., G. Gensler, R.C. Milton, M.L. Klein, and N. Rifai, Association
between C-reactive protein and age-related macular degeneration.
Investigative Ophthalmology & Visual Science, 2004. 45: p. U122-U122.

117.

Nolan, J., O. O'Donovan, H. Kavanagh, J. Stack, M. Harrison, A. Muldoon, J.
Mellerio, and S. Beatty, Macular pigment and percentage of body fat.
Investigative Ophthalmology & Visual Science, 2004. 45(11): p. 3940-3950.

118.

Hammond, B.R., T.A. Ciulla, and D.M. Snodderly, Macular pigment density
is reduced in obese subjects. Investigative Ophthalmology & Visual Science,
2002. 43(1): p. 47-50.

119.

Kaplan, L.A., J.M. Lau, and E.A. Stein, Carotenoid composition,
concentrations, and relationships in various human organs. Clinical
Physiology and Biochemistry, 1990. 8(1): p. 1-10.

120.

Yeum, K.J., A. Taylor, G.W. Tang, and R.M. Russell, Measurement of
carotenoids, retinoids, and tocopherols in human lenses. Investigative
Ophthalmology & Visual Science, 1995. 36(13): p. 2756-2761.

121.

Olson, J.A., Serum levels of vitamin A and carotenoids as reflectors of
nutritional-status. Journal of the National Cancer Institute, 1984. 73(6): p.
1439-1444.

122.

Block, G., M. Dietrich, E.P. Norkus, J.D. Morrow, M. Hudes, B. Caan, and L.
Packer, Factors associated with oxidative stress in human populations.
American Journal of Epidemiology, 2002. 156(3): p. 274-285.
129

123.

Davi, G., A. Falco, M.T. Guagnano, G. Ciabbattoni, G. D'Annunzio, S. Basili,
M. Marinopiccoli, M. Nutini, S. Sensi, G. D'Annunzio, and C. Patrono,
Platelet activation in obese women: Role of inflammation and oxidant stress.
Circulation, 2002. 106(19): p. 466-467.

124.

Keaney, J.F., M.G. Larson, R.S. Vasan, P.W.F. Wilson, I. Lipinska, D.
Corey, J.M. Massaro, P. Sutherland, J.A. Vita, and E.J. Benjamin, Obesity
and systemic oxidative stress - Clinical correlates of oxidative stress in the
Framingham Study. Arteriosclerosis Thrombosis and Vascular Biology,
2003. 23(3): p. 434-439.

125.

Trevisan, M., R. Browne, M. Ram, P. Muti, J. Freudenheim, A.M. Carosella,
and D. Armstrong, Correlates of markers of oxidative status in the general
population. American Journal of Epidemiology, 2001. 154(4): p. 348-356.

126.

Drobek-Slowik, M., D. Karczewicz, and K. Safranow, The potential role of
oxidative stress in the pathogenesis of the age-related macular degeneration
(AMD). Postȩpy higieny i medycyny doswiadczalnej (Online), 2007. 61: p.
28-37.

127.

Mares-Perlman, J.A., et al., Lutein and zeaxanthin in the diet and serum and
their relation to age-related maculopathy in the Third National Health and
Nutrition Examination Survey. American Journal of Epidemiology, 2001.
153(5): p. 424-432.

128.

Moeller SM, Parekh N, Tinker L, et al. CAREDS Research Study Group
Associations between intermediate age-related macular degeneration and
lutein and zeaxanthin in the Carotenoids in Age-related Eye Disease Study
(CAREDS): ancillary study of the Women's Health Initiative. Arch
Ophthalmol. 2006;124:1151–1162.

129.

Tan, J.S.L., et al., Dietary antioxidants and the long-term incidence of agerelated macular degeneration - The Blue Mountains Eye Study.
Ophthalmology, 2008. 115(2): p. 334-341.

130.

Barker, F.M., Dietary supplementation: effects on visual performance and
occurrence of AMD and cataracts. Current Medical Research and Opinion,
2010. 26(8): p. 2011-2023.

131.

Stringham, J.M., E.R. Bovier, J.C. Wong, and B.R. Hammond, The Influence
of Dietary Lutein and Zeaxanthin on Visual Performance. Journal of Food
Science, 2010. 75(1): p. R24-R29.

132.

Sasamoto, Y., F. Gomi, M. Sawa, M. Tsujikawa, and K. Nishida, Effect of 1year lutein supplementation on macular pigment optical density and visual

130

function. Graefes Archive for Clinical and Experimental Ophthalmology,
2011. 249(12): p. 1847-1854.
133.

Olmedilla, B., F. Granado, I. Blanco, M. Vaquero, and C. Cajigal, Lutein in
patients with cataracts and age-related macular degeneration: a long-term
supplementation study. Journal of the Science of Food and Agriculture,
2001. 81(9): p. 904-909.

134.

Bartlett, H.E. and F. Eperjesi, Effect of lutein and antioxidant dietary
supplementation on contrast sensitivity in age-related macular disease: a
randomized controlled trial. European Journal of Clinical Nutrition, 2007.
61(9): p. 1121-1127.

135.

Bartlett, H.E. and F. Eperjesi, A randomised controlled trial investigating the
effect of lutein and antioxidant dietary supplementation on visual function in
healthy eyes. Clinical Nutrition, 2008. 27(2): p. 218-227.

136.

Nettleton, J.A., Omega-3-fatty-acids - comparison of plant and seafood
sources in human-nutrition. Journal of the American Dietetic Association,
1991. 91(3): p. 331-337.

137.

Harris, W.S., M. Miller, A.P. Tighe, M.H. Davidson, and E.J. Schaefer,
Omega-3 fatty acids and coronary heart disease risk: Clinical and
mechanistic perspectives. Atherosclerosis, 2008. 197(1): p. 12-24.

138.

Engler, M.B., Vascular effects of omega-3 fatty acids: possible therapeutic
mechanisms in cardiovascular disease. The Journal of cardiovascular
nursing, 1994. 8(3): p. 53-67.

139.

Whelton, S.P., J. He, P.K. Whelton, and P. Muntner, Meta-analysis of
observational studies on fish intake and coronary heart disease. American
Journal of Cardiology, 2004. 93(9): p. 1119-1123.

140.

He, K., Y.Q. Song, M.L. Daviglus, K. Liu, L. Van Horn, A.R. Dyer, and P.
Greenland, Accumulated evidence on fish consumption and coronary heart
disease mortality - A meta-analysis of cohort studies. Circulation, 2004.
109(22): p. 2705-2711.

141.

Lecomte, M., C. Paget, D. Ruggiero, N. Wiernsperger, and M. Lagarde,
Docosahexaenoic acid is a major n-3 polyunsaturated fatty acid in bovine
retinal microvessels. Journal of Neurochemistry, 1996. 66(5): p. 2160-2167.

142.

Fliesler, S.J. and R.E. Anderson, Chemistry and metabolism of lipids in the
vertebrate retina. Progress in Lipid Research, 1983. 22(2): p. 79-131.

143.

SanGiovanni, J.P. and E.Y. Chew, The role of omega-3 long-chain
polyunsaturated fatty acids in health and disease of the retina. Progress in
Retinal and Eye Research, 2005. 24(1): p. 87-138.
131

144.

Jeffrey, B.G., D.C. Mitchell, R.A. Gibson, and M. Neuringer, n-3 fatty acid
deficiency alters recovery of the rod photoresponse in rhesus monkeys.
Investigative Ophthalmology & Visual Science, 2002. 43(8): p. 2806-2814.

145.

Neuringer, M., W.E. Connor, D.S. Lin, L. Barstad, and S. Luck, Biochemical
and functional-effects of prenatal and postnatal omega-3-fatty-acid
deficiency on retina and brain in rhesus-monkeys. Proceedings of the
National Academy of Sciences of the United States of America, 1986.
83(11): p. 4021-4025.

146.

Hoffman, D.R., E.E. Birch, D.G. Birch, and R.D. Uauy, Effects of
supplementation with omega-3 long-chain polyunsaturated fatty-acids on
retinal and cortical development in premature-infants. American Journal of
Clinical Nutrition, 1993. 57(5): p. S807-S812.

147.

Hoffman, D.R., E.E. Birch, D.G. Birch, R. Uauy, Y.S. Castaneda, M.G.
Lapus, and D.H. Wheaton, Impact of early dietary intake and blood lipid
composition of long-chain polyunsaturated fatty acids on later visual
development. Journal of Pediatric Gastroenterology and Nutrition, 2000.
31(5): p. 540-553.

148.

Chong, E.W., A.J. Kreis, T.Y. Wong, J.A. Simpson, and R.H. Guymer,
Dietary omega-3 fatty acid and fish intake in the primary prevention of agerelated macular degeneration: a systematic review and meta-analysis. Arch
Ophthalmol, 2008. 126(6): p. 826-33.

149.

Chua, B., V. Flood, E. Rochtchina, J.J. Wang, W. Smith, and P. Mitchell,
Dietary fatty acids and the 5-year incidence of age-related maculopathy.
Archives of Ophthalmology, 2006. 124(7): p. 981-986.

150.

Tan, J.S.L., J.J. Wang, V. Flood, E. Rochtchina, W. Smith, and P. Mitchell,
Dietary antioxidants and the long-term incidence of age-related macular
degeneration - The Blue Mountains Eye Study. Ophthalmology, 2008.
115(2): p. 334-341.

151.

Augood, C., U. Chakravarthy, I. Young, J. Vioque, P.T.V.M. de Jong, G.
Bentham, M. Rahu, J. Seland, G. Soubrane, L. Tomazzoli, F. Topouzis, J.R.
Vingerling, and A.E. Fletcher, Oily fish consumption, dietary
docosahexaenoic acid and eicosapentaenoic acid intakes, and associations
with neovascular age-related macular degeneration. American Journal of
Clinical Nutrition, 2008. 88(2): p. 398-406.

152.

Delcourt, C., I. Carriere, J.-P. Cristol, A. Lacroux, M. Gerber, and P.S. Grp,
Dietary fat and the risk for age-related maculopathy: The POLANUT Study.
Annals of Nutrition and Metabolism, 2007. 51: p. 74-74.
132

153.

Cho, E., S. Hung, W.C. Willett, D. Spiegelman, E.B. Rimm, J.M. Seddon,
G.A. Colditz, and S.E. Hankinson, Prospective study of dietary fat and the
risk of age-related macular degeneration. American Journal of Clinical
Nutrition, 2001. 73(2): p. 209-218.

154.

Seddon, J.M., J. Cote, and B. Rosner, Progression of age-related macular
degeneration - Association with dietary fat, transunsaturated fat, nuts, and
fish intake. Archives of Ophthalmology, 2003. 121(12): p. 1728-1737.

155.

SanGiovanni, J.P., E.Y. Chew, E. Agron, T.E. Clemons, F.L. Ferris, III, G.
Gensler, A.S. Lindblad, R.C. Milton, J.M. Seddon, R. Klein, R.D. Sperduto,
and G. Age-Related Eye Dis Study Res, The relationship of dietary omega-3
long-chain polyunsaturated fatty acid intake with incident age-related
macular degeneration - AREDS report no. 23. Archives of Ophthalmology,
2008. 126(9): p. 1274-1279.

156.

Seddon, J.M., S. George, and B. Rosner, Cigarette smoking, fish
consumption, omega-3 fatty acid intake, and associations with Age-Related
Macular Degeneration - The US twin study age-related macular
degeneration. Archives of Ophthalmology, 2006. 124(7): p. 995-1001.

157.

Seddon, J.M., B. Rosner, R.D. Sperduto, L. Yannuzzi, J.A. Haller, N.P. Blair,
and W. Willett, Dietary fat and risk for advanced age-related macular
degeneration. Archives of Ophthalmology, 2001. 119(8): p. 1191-1199.

158.

Simopoulos, A.P., The importance of the omega-6/omega-3 fatty acid ratio in
cardiovascular disease and other chronic diseases. Experimental Biology
and Medicine, 2008. 233(6): p. 674-688.

159.

Simopoulos, A.P., The importance of the ratio of omega-6/omega-3 essential
fatty acids. Biomedicine & Pharmacotherapy, 2002. 56(8): p. 365-379.

160.

Patterson, E., R. Wall, G.F. Fitzgerald, R.P. Ross, and C. Stanton, Health
implications of high dietary omega-6 polyunsaturated Fatty acids. Journal of
nutrition and metabolism, 2012. 2012: p. 539426-539426.

161.

Maresperlman, J.A., W.E. Brady, R. Klein, G.M. Vandenlangenberg, B.E.K.
Klein, and M. Palta, Dietary-fat and age-related maculopathy. Archives of
Ophthalmology, 1995. 113(6): p. 743-748.

162.

Parekh, N., R.P. Voland, S.M. Moeller, B.A. Blodi, C. Ritenbaugh, R.J.
Chappell, R.B. Wallace, J.A. Mares, and C.R.S. Grp, Association Between
Dietary Fat Intake and Age-Related Macular Degeneration in the
Carotenoids in Age-Related Eye Disease Study (CAREDS) An Ancillary
Study of the Women's Health Initiative. Archives of Ophthalmology, 2009.
127(11): p. 1483-1493.
133

163.

Robman, L., H. Vu, A. Hodge, G. Tikellis, P. Dimitrov, C. McCarty, and R.
Guymer, Dietary lutein, zeaxanthin, and fats and the progression of agerelated macular degeneration. Canadian Journal of Ophthalmology-Journal
Canadien D Ophtalmologie, 2007. 42(5): p. 720-726.

164.

Fish and Shellfish. Department of Health NHS. Available from:
http://www.nhs.uk/Livewell/Goodfood/Pages/fish-shellfish.aspx

165.

King, J.C., Zinc: an essential but elusive nutrient. American Journal of
Clinical Nutrition, 2011. 94(2): p. 679S-684S.

166.

Siegel, E., F.A. Graig, M.M. Crystal, and E.P. Siegel, Distribution of 65Zn in
the prostate and other organs of man. British journal of cancer, 1961. 15: p.
647-64.

167.

Galin, M.A., H.D. Nano, and T. Hall, Ocular zinc concentration. Investigative
ophthalmology, 1962. 1: p. 142-8.

168.

Eckhert, C.D., Comparative-study of the concentrations of Ca, Fe, Zn, Cu
and Mn in ocular tissues. Federation Proceedings, 1979. 38(3): p. 872-872.

169.

Solomons, N.W., Assessment of zinc and copper nutriture in man. American
Journal of Clinical Nutrition, 1979. 32(4): p. 856-871.

170.

Turnland, J., F. Costa, and S. Margen, Zinc, copper, and iron balance in
elderly men. American Journal of Clinical Nutrition, 1981. 34(12): p. 26412647.

171.

Wagner, P.A., Zinc nutriture in the elderly. Geriatrics, 1985. 40(3): p. 111-&.

172.

Wagner, P.A., J.A. Jernigan, L.B. Bailey, C. Nickens, and G.A. Brazzi, ZINC
NUTRITURE AND CELL-MEDIATED-IMMUNITY IN THE AGED.
International Journal for Vitamin and Nutrition Research, 1983. 53(1): p. 94101.

173.

Huber, A.M. and S.N. Gershoff, Effects of zinc-deficiency on oxidation of
retinol and ethanol in rats. Journal of Nutrition, 1975. 105(11): p. 1486-1490.

174.

McClain, C.J., E.J. Kasarskis, and J.J. Allen, Functional consequences of
zinc-deficiency. Progress in Food and Nutrition Science, 1985. 9(1-2): p.
185-226.

175.

MaresPerlman, J.A., R. Klein, B.E.K. Klein, J.L. Greger, W.E. Brady, M.
Palta, and L.L. Ritter, Association of zinc and antioxidant nutrients with agerelated maculopathy. Archives of Ophthalmology, 1996. 114(8): p. 991-997.

176.

van Leeuwen, R., S. Boekhoorn, J.R. Vingerling, J.C.M. Witteman, C.C.W.
Klaver, A. Hofman, and P. de Jong, Dietary intake of antioxidants and risk of
age-related macular degeneration. Jama-Journal of the American Medical
Association, 2005. 294(24): p. 3101-3107.
134

177.

Newsome, D.A., A randomized, prospective, placebo-controlled clinical trial
of a novel zinc-monocysteine compound in age-related macular
degeneration. Current Eye Research, 2008. 33(7): p. 591-598.

178.

Newsome, D.A., M. Swartz, N.C. Leone, R.C. Elston, and E. Miller, ORAL
ZINC IN MACULAR DEGENERATION. Archives of Ophthalmology, 1988.
106(2): p. 192-198.

179.

Smith, W., P. Mitchell, K. Webb, and S.R. Leeder, Dietary antioxidants and
age-related maculopathy - The Blue Mountains Eye Study. Ophthalmology,
1999. 106(4): p. 761-767.

180.

Cho, E.Y., M.J. Stampfer, J.M. Seddon, S. Hung, D. Spiegelman, E.B.
Rimm, W.C. Willett, and S.E. Hankinson, Prospective study of zinc intake
and the risk of age-related macular degeneration. Annals of Epidemiology,
2001. 11(5): p. 328-336.

181.

Dunlap, W.M., G.W. James, and D.M. Hume, ANEMIA AND NEUTROPENIA
CAUSED BY COPPER DEFICIENCY. Annals of Internal Medicine, 1974.
80(4): p. 470-476.

182.

Leklem, J. (1988) Vitamin B6 metabolism and function in humans. In:
Clinical and Physiological Applications of Vitamin B6 (eds J. Leklem and R.
Reynolds), Alan R Liss, New York, pp. 3–28.

183.

Birch, T. (1938) The relation between vitamin B6 and the unsaturated fatty
acid factor. J. Biol. Chem. 124, 775–793.

184.

Bottomley, S. (1983) Iron and vitamin B6 in the sideroblastic anaemias. In:
Nutrition in Hematology (ed. J. Lindenbaum), Churchill Livingstone, New
York, pp. 203–223

185.

Rall, L. and Meydani, S. (1993) Vitamin B6 and immune competence. Nutr.
Rev. 51, 217–225

186.

Robson, L. and Schwarz, M. (1975) Vitamin B6 deficiency and the lymphoid
system. I. Effects on cellular immunity and in vitro incorporation of 3H-uridine
by small lymphocytes. Cellular Immunology 16, 134–144

187.

Stubbe, J. (1994) Binding site revealed of nature’s most beautiful cofactor.
Science 266, 1663–1664.

188.

Axer-Siegel, R., D. Bourla, R. Ehrlich, G. Dotan, Y. Benjamini, S. Gavendo,
D. Weinberger, and B.A. Sela, Association of neovascular age-related
macular degeneration and hyperhomocysteinemia. American Journal of
Ophthalmology, 2004. 137(1): p. 84-89.

189.

Kamburoglu, G., K. Gumus, S. Kadayifcilar, and B. Eldem, Plasma
homocysteine, vitamin B12 and folate levels in age-related macular
135

degeneration. Graefes Archive for Clinical and Experimental Ophthalmology,
2006. 244(5): p. 565-569.
190.

Seddon, J.M., G. Gensler, M.L. Klein, and R.C. Milton, C-reactive protein
and homocysteine are associated with dietary and behavioral risk factors for
age-related macular degeneration. Nutrition, 2006. 22(4): p. 441-443.

191.

Coral, K., R. Raman, S. Rathi, M. Rajesh, K.N. Sulochana, N. Angayarkanni,
P.G. Paul, and S. Ramakrishnan, Plasma homocysteine and total thiol
content in patients with exudative age-related macular degeneration. Eye,
2006. 20(2): p. 203-207.

192.

Lowering blood homocysteine with folic acid based supplements: metaanalysis of randomised trials. Homocysteine Lowering Trialists'
Collaboration. BMJ (Clinical research ed.), 1998. 316(7135): p. 894-8.

193.

Christen, W.G., R.J. Glynn, E.Y. Chew, C.M. Albert, and J.E. Manson, Folic
Acid, Pyridoxine, and Cyanocobalamin Combination Treatment and AgeRelated Macular Degeneration in Women The Women's Antioxidant and
Folic Acid Cardiovascular Study. Archives of Internal Medicine, 2009.
169(4): p. 335-341.

194.

Steluti, J., L.A. Martini, B.S.E. Peters, and D.M.L. Marchioni, Folate, vitamin
B6 and vitamin B12 in adolescence: serum concentrations, prevalence of
inadequate intakes and sources in food. Jornal De Pediatria, 2011. 87(1): p.
43-49.

195.

Watanabe, F., Y. Yabuta, T. Bito, and F. Teng, Vitamin B-12-Containing
Plant Food Sources for Vegetarians. Nutrients, 2014. 6(5): p. 1861-1873.

196.

Kurilich, A.C., G.J. Tsau, A. Brown, L. Howard, B.P. Klein, E.H. Jeffery, M.
Kushad, M.A. Wallig, and J.A. Juvik, Carotene, tocopherol, and ascorbate
contents in subspecies of Brassica oleracea. Journal of Agricultural and
Food Chemistry, 1999. 47(4): p. 1576-1581.

197.

Chiesa, A., Factors determining postharvest quality of leafy vegetables, in
Proceedings of the International Conference on Quality in Chains, Vols 1
and 2: An Integrated Viw on Fruit and Vegetable Quality, L.M.M. Tijskens
and H.M. Vollebregt, Editors. 2003. p. 519-524.

198.

Kopsell, D., D. Kopsell, and J. Curran-Celentano, Carotenoid variability
among kale and spinach cultivars. Hortscience, 2004. 39(2): p. 458-458.

199.

de Azevedo, C.H. and D.B. Rodriguez-Amaya, Carotenoid composition of
kale as influenced by maturity, season and minimal processing. Journal of
the Science of Food and Agriculture, 2005. 85(4): p. 591-597.

136

200.

Rodriguez-Amaya, D.B., Changes in carotenoids during processing and
storage of foods. Archivos Latinoamericanos De Nutricion, 1999. 49(3): p.
38S-47S.

201.

Schweigert, F.J. and J. Reimann, Micronutrients and their Relevance for the
Eye - Function of Lutein, Zeaxanthin and Omega-3 Fatty Acids. Klinische
Monatsblatter Fur Augenheilkunde, 2011. 228(6): p. 537-543.

202.

Mercadante, A.Z. and D.B. Rodriguezamaya, Carotenoid composition of a
leafy vegetable in relation to some agricultural variables. Journal of
Agricultural and Food Chemistry, 1991. 39(6): p. 1094-1097.

203.

Lefsrud, M., D. Kopsell, A. Wenzel, and J. Sheehan, Changes in kale
(Brassica oleracea L. var. acephala) carotenoid and chlorophyll pigment
concentrations during leaf ontogeny. Scientia Horticulturae, 2007. 112(2): p.
136-141.

204.

Murador, D.C., A.Z. Mercadante, and V.V. de Rosso, Cooking techniques
improve the levels of bioactive compounds and antioxidant activity in kale
and red cabbage. Food Chemistry, 2016. 196: p. 1101-1107.

205.

Ho, L., R. van Leeuwen, J.C.M. Witteman, C.M. van Duijn, A.G. Uitterlinden,
A. Hofman, P. de Jong, J.R. Vingerling, and C.C.W. Klaver, Reducing the
Genetic Risk of Age-Related Macular Degeneration With Dietary
Antioxidants, Zinc, and omega-3 Fatty Acids The Rotterdam Study. Archives
of Ophthalmology, 2011. 129(6): p. 758-766.

206.

Bone, R., J.T. Landrum, and L. Fernandez, Analysis of the macular pigment
by HPLC: retinal distribution and age study. Investigative Ophthalmological
Vision Science, 1988. 29: p. 843-849.

207.

Bartlett, H., O. Howells, and F. Eperjesi, The role of macular pigment
assessment in clinical practice: a review. Clinical and Experimental
Optometry, 2010. 93(5): p. 300-308.

208.

Raman, R., S. Biswas, A. Gupta, V. Kulothungan, and T. Sharma,
Association of macular pigment optical density with risk factors for wet agerelated macular degeneration in the Indian population. Eye, 2012. 26(7): p.
950-957.

209.

Kent, C., AMD and Nutrition: The Missing Message. Review of
Ophthalmology, 2007. 14(8): p. 31-37.

210.

Stevens, R., H.E. Bartlett, R. Walsh, and R. Cooke, Age-related macular
degeneration patients' awareness of nutritional factors. British Journal of
Visual Impairment, 2014. 32(2): p. 77-93.

137

211.

Stevens, R., H. Bartlett, and R. Cooke, Dietary analysis and nutritional
behaviour in people with and without age-related macular disease. 2015.
10(3): p. e112–e117.

212.

del Mar Bibiloni, M., M. Elisa Zapata, J.A. Aragon, A. Pons, J. Luis Olea, and
J.A. Tur, Estimation of antioxidants dietary intake in wet age-related macular
degeneration patients. Nutricion Hospitalaria, 2014. 29(4): p. 880-888.

213.

Vanstaveren, W.A., L. Degroot, Y.H. Blauw, and R.P.J. Vanderwielen,
Assessing diets of elderly people - problems and approaches. American
Journal of Clinical Nutrition, 1994. 59(1): p. S221-S223.

214.

Johansson, G., Å. Wikman, A.-M. Åhrén, G. Hallmans, and I. Johansson,
Underreporting of energy intake in repeated 24-hour recalls related to
gender, age, weight status, day of interview, educational level, reported food
intake, smoking habits and area of living. Public health nutrition, 2001. 4(04):
p. 919-927.

215.

Holmes, B., K. Dick, and M. Nelson, A comparison of four dietary
assessment methods in materially deprived households in England. Public
Health Nutrition, 2008. 11(5): p. 444-456.

216.

Johansson, G., Comparison of nutrient intake between different dietary
assessment methods in elderly male volunteers. Nutrition & Dietetics, 2008.
65(4): p. 266-271.

217.

Department of Health (1991) Report 41. Dietary reference values for food
energy and nutrients for the United Kingdom. The Stationery Office.

218.

Science Advisory Commitee on Nutrition (2011) Dietary Reference Values
for Energy. TSO, London. Available from:
https://www.gov.uk/government/uploads/system/uploads/attachment_data/fil
e/339317/SACN_Dietary_Reference_Values_for_Energy.pdf

219.

Bartlett H, Howells O, Eperjesi F. The role of macular pigment assessment
in clinical practice: a review. Clin Exp Optom 2010; 93 (5): 300 e8.

220.

Bone, R.A., J.T. Landrum, L.H. Guerra, and C.A. Ruiz, Lutein and
zeaxanthin dietary, supplements raise macular pigment density and serum
concentrations of these carotenoids in humans. (vol 133, pg 992, 2003).
Journal of Nutrition, 2003. 133(6): p. 1953-1953.

221.

Boyce, T. The Certification and Registration Processes; Stages, barriers and
delays. 2012; Available from:
http://www.rnib.org.uk/aboutus/Research/reports/2012/Certification_and_Re
gistration_Processes_Full_report.doc.

138

222.

RNIB. Age Related Macular Degeneration. 2010; Available from:
http://www.rnib.org.uk/eyehealth/eyeconditions/conditionsac/pages/amd.asp
x.

223.

Popescu ML, Boisjoly H, Schmaltz H, et al. Age-related eye disease and
mobility limitations in older adults. Invest Ophthalmol Vis Sci.
2011;52(10):7168–7174

224.

Willis JR, Jefferys JL, Vitale S, Ramulu PY. Visual impairment, uncorrected
refractive error, and accelerometer-defined physical activity in the United
States. Arch Ophthalmol. 2012;130(3):329–335.

225.

Lee JS, Kritchevsky SB, Tylavsky F, Harris TB, Ayonayon HN, Newman
AB.Factors associated with impaired appetite in well-functioning
communitydwelling older adults. J Nutr Elder 2007;26(1e2):27e43

226.

Brennan M, Horowitz A, Su YP. Dual sensory loss and its impact on
everydaycompetence. Gerontologist 2005;45(3):337e46.

227.

Reilly J, Corbett J, Given L, Gray L, Leyland A, MacGregor A, Marryat L,
Miller M, Reid S. (2009) The Scottish health survey 2008. Edinburgh: The
Scottish Government

228.

National Health Service (NHS) Information Centre (2010) Health Survey for
England - 2009 trend tables. The NHS Information Centre for health and
social care

229.

Poppitt SD, Swann D, Black AE, Prentice AM (1998) Assessment of
selective under-reporting of food intake by both obese and non-obese
women in a metabolic facility. Int J Obesity 22, 303-31

230.

Stephen AM, Teucher B, Bates BJ, Bluck LJ, Mander AP, (2007)UK National
Diet and Nutrition Survey: a study to decide the dietary assessment method
for the new rolling programme

231.

Rennie KL, Coward A & Jebb SA. (2007) Estimating under-reporting of
energy intake in dietary surveys using an individualised method. Br J Nutr
97, 1169-1176

232.

Westerterp, K & Goris, A. (2002) Validity of the assessment of dietary intake:
problems of mis-reporting. Current Opinion in Clinical Nutrition Metabolic
Care. 5, 489-493

233.

Archer, E., G.A. Hand, and S.N. Blair, Validity of US Nutritional Surveillance:
National Health and Nutrition Examination Survey Caloric Energy Intake
Data, 1971-2010. Plos One, 2013. 8(10).

139

234.

Saito, Y., Y. Yoshida, T. Akazawa, K. Takahashi, and E. Niki, Cell death
caused by selenium deficiency and protective effect of antioxidants. Journal
of Biological Chemistry, 2003. 278(41): p. 39428-39434.

235.

Urbach, C., K. Hickman, and P.L. Harris, Effect of individual vitamins A, C,
E, and carotene administered at high levels on their concentration in the
blood. Experimental medicine and surgery, 1952. 10(1): p. 7-20.

236.

Mosekilde, L. (2005). Vitamin D and the elderly. Clinical Endocrinology . 62
(3), 265–281

237.

Hollis BW. Circulating 25-hydroxyvitaminDlevels indicative of vitamin D
sufficiency: Implications for establishing a new effective dietary intake
recommendation for vitamin D. J Nutr. 2005;135:317–22.

238.

Brot C, Vestergaard P, Kolthoff N, Gram J, Hermann AP, Sorensen OH.
Vitamin D status and its adequacy in healthy Danish peri-menopausal
women: Relationships to dietary intake, sun exposure and serum parathyroid
hormone. Br J Nutr. 2001;86(Suppl 1):S97–103

239.

Patel, J.V., J. Chackathayil, E.A. Hughes, C. Webster, G.Y.H. Lip, and P.S.
Gill, Vitamin D deficiency amongst minority ethnic groups in the UK: a cross
sectional study. International Journal of Cardiology, 2013. 167(5): p. 21722176.

240.

Shaw, N.J. and B.R. Pal, Vitamin D deficiency in UK Asian families:
activating a new concern. Archives of Disease in Childhood, 2002. 86(3): p.
147-149.

241.

Holick MF, Chen TC. Vitamin D deficiency: A worldwide problem with health
consequences. Am J Clin Nutr. 2008;87:1080S–6S

242.

Heaney RP. Functional indices of vitamin D status and ramifications of
vitamin D deficiency. Am J Clin Nutr. 2004;80(6 Suppl):1706S–9S.

243.

Lips P, Hosking D, Lippuner K, Norquist JM, Wehren L, Maalouf G, et al.
The prevalence of vitamin D inadequacy amongst women with osteoporosis:
An international epidemiological investigation. J Intern Med. 2006;260:245–
54

244.

Parekh N., Chappell R.J., Millen A.E., Albert D.M., Mares J.A. Association
between vitamin D and age-related macular degeneration in the Third
National Health and Nutrition Examination Survey, 1988 through 1994. Arch
Ophthamol. 2007;125:661–669

245.

Millen A.E., Voland R., Sherie A. Vitamin D status and early age-related
macular degeneration in postmenopausal women. Arch Ophthalmol.
2011;129:481–489
140

246.

Seddon J.M., Reynolds R., Shah H.R., Rosner B. Smoking, dietary betaine,
methionine, and vitamin D in monozygotic twins with discordant macular
degeneration: epigenetic implications. Ophthalmology. 2011;118:1386–1394

247.

Holick, M. (2004). Vitamin D: importance in the prevention of cancers, type 1
diabetes, heart disease, and osteoporosis. American Journal of Clinical
Nutrition. 79 (3), 362-371.

248.

Souberbielle, J. (2001). Vitamin D Status and Redefining Serum Parathyroid
Hormone Reference Range in the Elderly. The Journal of Clinical
Endocrinology & Metabolism . 86 (7), 3086-3090.

249.

Klesges, R.C., L.H. Eck, and J.W. Ray, Who underreports dietary-intake in a
dietary recall - evidence from the 2nd national-health and nutrition
examination survey. Journal of Consulting and Clinical Psychology, 1995.
63(3): p. 438-444.

250.

Yarnell, J.W.G., A.M. Fehily, J.E. Milbank, P.M. Sweetnam, and C.L. Walker,
A Short dietary questionnaire for use in an epidemiological survey comparison with weighed dietary records. Human Nutrition-Applied Nutrition,
1983. 37(2): p. 103-112.

251.

Douglas, G., C. Concoran, and S. Pavey, Opinions and circumstances of
visually impaired people in Great Britain: Report based on over 1000
interviews., 2006.

252.

Nolan, J.M., J. Stack, E. O'Connell, and S. Beatty, The relationships
between macular pigment optical density and its constituent carotenoids in
diet and serum. Investigative Ophthalmology & Visual Science, 2007. 48(2):
p. 571-582.

253.

Hosseini, H.R.J., M. Mosallaei, and Z.A. Kalameh, The Effect of Nutrition
and Supplements on Ocular Health. Iranian Red Crescent Medical Journal,
2009. 11(1): p. 10-17.

254.

Sabour-Pickett, S., J.M. Nolan, J. Loughman, and S. Beatty, A review of the
evidence germane to the putative protective role of the macular carotenoids
for age-related macular degeneration. Molecular Nutrition & Food Research,
2012. 56(2): p. 270-286.

255.

Mangels AR, Holden JM, Beecher GR, Forman MR and Lanza E,
Carotenoid content of fruits and vegetables: an evaluation of analytical data.
J Am Diet Assoc 93:284–296 (1993).

256.

Goldman IL, Kader AA and Heintz CH, Influence of production, handling, and
storage on phytonutrient content of foods. Nutr Rev 57:S46–S52 (1999)

141

257.

Gil, M.I., F. Ferreres, and F.A. Tomas-Barberan, Effect of postharvest
storage and processing on the antioxidant constituents (flavonoids and
vitamin C) of fresh-cut spinach. Journal of Agricultural and Food Chemistry,
1999. 47(6): p. 2213-2217.

258.

de Azevedo-Meleiro, C.H. and D.B. Rodriguez-Amaya, Carotenoids of endive
and New Zealand spinach as affected by maturity, season and minimal
processing. Journal of Food Composition and Analysis, 2005. 18(8): p. 845855.

259.

Bunea, A., M. Andjelkovic, C. Socaciu, O. Bobis, M. Neacsu, R. Verhe, and
J. Van Camp, Total and individual carotenoids and phenolic acids content in
fresh, refrigerated and processed spinach (Spinacia oleracea L.). Food
Chemistry, 2008. 108(2): p. 649-656.

260.

Delchier, N., M. Reich, and C. Renard, Impact of cooking methods on
folates, ascorbic acid and lutein in green beans (Phaseolus vulgaris) and
spinach (Spinacea oleracea). Lwt-Food Science and Technology, 2012.
49(2): p. 197-201.

261.

Brecht, J.K., M.E. Saltveit, S.T. Talcott, K.R. Schneider, K. Felkey, and J.A.
Bartz, Fresh-Cut Vegetables and Fruits, in Horticultural Reviews. 2010, John
Wiley & Sons, Inc. p. 185-251.

262.

Hart, D.J. and K.J. Scott, Development and evaluation of an hplc method for
the analysis of carotenoids in foods, and the measurement of the carotenoid
content of vegetables and fruits commonly consumed in the UK. Food
Chemistry, 1995. 54(1): p. 101-111.

263.

Oroian, M. and I. Escriche, Antioxidants: Characterization, natural sources,
extraction and analysis. Food Research International, 2015. 74: p. 10-36.

264.

Gorny, J.R., A summary of CA and MA requirements and recommendations
for fresh-cut (minimally processed) fruits and vegetables, in Proceedings of
the 8th International Controlled Atmosphere Research Conference, Vols I
and Ii, J. Oosterhaven and H.W. Peppelenbos, Editors. 2003. p. 609-614.

265.

Verlinden, B.E. and B.M. Nicolai, Fresh-cut fruits and vegetables, in
Proceedings of the Xxv International Horticultural Congress, Pt 8, M.
Herregods, Editor. 2000. p. 223-230.

266.

Chiesa, A., D. Frezza, A. Fraschina, G. Trinchero, S. Moccia, and A. Leon,
Pre-harvest factors and fresh-cut vegetables quality, in Proceedings of the
International Conference on Quality in Chains, Vols 1 and 2: An Integrated
Viw on Fruit and Vegetable Quality, L.M.M. Tijskens and H.M. Vollebregt,
Editors. 2003. p. 153-159.
142

267.

Shewfelt, R.L., Quality of minimally processed fruits and vegetables. Journal
of Food Quality, 1987. 10(3): p. 143-156.

268.

Kader, A.A., D. Zagory, and E.L. Kerbel, Modified atmosphere packaging of
fruits and vegetables. Critical Reviews in Food Science and Nutrition, 1989.
28(1): p. 1-30.

269.

Nilsson, J., K. Olsson, G. Engqvist, J. Ekvall, M. Olsson, M. Nyman, and B.
Akesson, Variation in the content of glucosinolates, hydroxycinnamic acids,
carotenoids, total antioxidant capacity and low-molecular-weight
carbohydrates in Brassica vegetables. Journal of the Science of Food and
Agriculture, 2006. 86(4): p. 528-538.

270.

Brecht, J.K., Physiology of lightly processed fruits and vegetables.
Hortscience, 1995. 30(1): p. 18-22.

271.

Couture, R., M.I. Cantwell, D. Ke, and M.E. Saltveit, Physiological attributes
related to quality attributes and storage life of minimally processed lettuce.
Hortscience, 1993. 28(7): p. 723-725.

272.

Kobori, C.N., L.S. Huber, C.I.G.L. Sarantóoulos, and D.B. Rodriguez-Amaya,
Behavior of Flavonols and Carotenoids of Minimally Processed Kale Leaves
during Storage in Passive Modified Atmosphere Packaging. Journal of Food
Science, 2011. 76(2): p. H31-H37.

273.

Kimura, M. and D.B. Rodriguez-Amaya, Carotenoid composition of
hydroponic leafy vegetables. J Agric Food Chem, 2003. 51(9): p. 2603-7.

274.

Ramos, D.M.R. and D.B. Rodriguezamaya, Determination of the vitamin-a
value of common brazilian leafy vegetables. Journal of Micronutrient
Analysis, 1987. 3(2): p. 147-155.

275.

Shah, N.S. and N. Nath, Minimally processed fruits and vegetables Freshness with convenience. Journal of Food Science and TechnologyMysore, 2006. 43(6): p. 561-570.

276.

Goldman, I.L., A.A. Kader, and C. Heintz, Influence of production, handling,
and storage on phytonutrient content of foods. Nutrition Reviews, 1999.
57(9): p. S46-S52.

277.

Watada, A.E., N.P. Ko, and D.A. Minott, Factors affecting quality of fresh-cut
horticultural products. Postharvest Biology and Technology, 1996. 9(2): p.
115-125.

278.

Kao, F.J., Y.S. Chiu, M.J. Tsou, and W.D. Chiang, Effects of Chinese
domestic cooking methods on the carotenoid composition of vegetables in
Taiwan. Lwt-Food Science and Technology, 2012. 46(2): p. 485-492.

143

279.

Kostic, D., W.S. White, and J.A. Olson, Intestinal-absorption, serum
clearance, and interactions between lutein and beta-carotene when
administered to human adults in separate or combined oral doses. American
Journal of Clinical Nutrition, 1995. 62(3): p. 604-610.

280.

Castenmiller, J.J.M., C.E. West, J.P.H. Linssen, K.H. van het Hof, and
A.G.J. Voragen, The food matrix of spinach is a limiting factor in determining
the bioavailability of beta-carotene and to a lesser extent of lutein in humans.
Journal of Nutrition, 1999. 129(2): p. 349-355.

281.

van het Hof, K.H., I.A. Brouwer, C.E. West, E. Haddeman, R.P.M. SteegersTheunissen, M. van Dusseldorp, J.A. Weststrate, T. Eskes, and J. Hautvast,
Bioavailability of lutein from vegetables is 5 times higher than that of betacarotene. American Journal of Clinical Nutrition, 1999. 70(2): p. 261-268.

282.

Borel, P., Factors affecting intestinal absorption of highly lipophilic food
microconstituents (fat-soluble vitamins, carotenoids and phytosterols).
Clinical Chemistry and Laboratory Medicine, 2003. 41(8): p. 979-994.

283.

Kurilich, A.C., S.J. Britz, B.A. Clevidence, and J.A. Novotny, Isotopic labeling
and LC-APCI-MS quantification for investigating absorption of carotenoids
and phylloquinone from kale (Brassica oleracea). Journal of Agricultural and
Food Chemistry, 2003. 51(17): p. 4877-4883.

284.

Khachik, F., M.B. Goli, G.R. Beecher, J. Holden, W.R. Lusby, M.D. Tenorio,
and M.R. Barrera, Effect of food preparation on qualitative and quantitative
distribution of major carotenoid constituents of tomatoes and several green
vegetables. Journal of Agricultural and Food Chemistry, 1992. 40(3): p. 390398.

285.

Nunn, M.D., D.W. Giraud, A.M. Parkhurst, F.L. Hamouz, and J.A. Driskell,
Effects of cooking methods on sensory qualities and carotenoid retention in
selected vegetables. Journal of Food Quality, 2006. 29(5): p. 445-457.

286.

Korus, A., Effect of preliminary and technological treatments on the content
of chlorophylls and carotenoids in kale (brassica oleracea l. Var. Acephala).
Journal of Food Processing and Preservation, 2013. 37(4): p. 335-344.

287.

Addis, G., R. Baskaran, M. Raju, A. Ushadevi, Z. Asfaw, Z. Woldu, and V.
Baskaran, Effect of blanching and drying process on carotenoids
composition of underutilized ethiopian (coccinia grandis l. Voigt) and indian
(trigonella foenum-graecum l.) Green leafy vegetables. Journal of Food
Processing and Preservation, 2009. 33(6): p. 744-762.

144

288.

Dutta, D., U.R. Chaudhuri, and R. Chakraborty, Structure, health benefits,
antioxidant property and processing and storage of carotenoids. African
Journal of Biotechnology, 2005. 4(13): p. 1510-1520.

289.

Akpapunam, M.A., Effects of wilting, blanching and storage temperatures on
ascorbic-acid and total carotenoids content of some nigerian fresh
vegetables. Qualitas Plantarum-Plant Foods for Human Nutrition, 1984.
34(3): p. 177-180.

290.

Chandrika, U.G., B.M.L.B. Basnayake, I. Athukorala, P.W.N.M.
Colombagama, and A. Goonetilleke, Carotenoid Content and In Vitro
Bioaccessibility of Lutein in Some Leafy Vegetables Popular in Sri Lanka.
Journal of Nutritional Science and Vitaminology, 2010. 56(3): p. 203-207.

291.

Granado-Lorencio, F., B. Olmedilla-Alonso, C. Herrero-Barbudo, B. PerezSacristan, I. Blanco-Navarro, and S. Blazquez-Garcia, Comparative in vitro
bioaccessibility of carotenoids from relevant contributors to carotenoid
intake. Journal of Agricultural and Food Chemistry, 2007. 55(15): p. 63876394.

292.

Dekker, M. and R. Verkerk, Dealing with variability in food production chains:
a tool to enhance the sensitivity of epidemiological studies on
phytochemicals. European Journal of Nutrition, 2003. 42(1): p. 67-72.

293.

Landrum, J.T., R.A. Bone, K. Sprague, and L. Moore, A 1 year study on the
effect of supplementation with lutein on the macular pigment. Faseb Journal,
1997. 11(3): p. 2588-2588.

294.

Khachik, F., G.R. Beecher, and N.F. Whittaker, Separation, identification,
and quantification of the major carotenoid and chlorophyll constituents in
extracts of several green vegetables by liquid-chromatography. Journal of
Agricultural and Food Chemistry, 1986. 34(4): p. 603-616.

295.

Society, T.M. How we help. Available from:
.http://www.macularsociety.org/how-we-help

296.

Society, T.M. Nutrition patient portal. Available from:
http://www.macularsociety.org/about-macular-conditions/Nutrition

297.

Stevens, R. Walsh, R. Bartlett, H. Cooke, R. Age-related macular
degeneration patients’ awareness of nutritional factors. British Journal of
Visual Impairment, 2014, 32 (2): 77-93.

298.

Onwuegbuzie, A. Dickinson, W. Leech, N. Zoran, A. Qualitative Framework
for Collecting and Analyzing Data in Focus Group Research. International
Journal of Qualitative Methods, 2009. (8)3: p 1-21.

145

299.

Asbury, J.E., Overview of focus group research. Qualitative Health
Research, 1995. 5(4): p. 414-420.

300.

Carey, M.A., Concerns in the analysis of focus group data - COMMENT.
Qualitative Health Research, 1995. 5(4): p. 487-495.

301.

Krueger, R. A. (2000). Focus groups: A practical guide for applied research
(3rd ed.). Thousand Oaks, CA: Sage

302.

Krueger, R. A. (1994). Focus groups: A practical guide for applied research
(2nd ed.). Thousand Oaks, CA: Sage

303.

Morse, J. M. (1995). The significance of saturation. Qualitative Health
Research, 5, 147–149.

304.

Strauss, A., & Corbin, J. (1990). Basics of qualitative research: Grounded
theory procedures and techniques. Newbury Park, CA: Sage.

305.

Sandelowski, M., Real qualitative researchers do not count: The use of
numbers in qualitative research. Research in Nursing & Health, 2001. 24(3):
p. 230-240.

306.

Drewnowski, A, Warren-Mears, V. Does aging change nutrition
requirements? Journal of Nutrition, Health and Aging, 5 (2001), pp. 70–74

307.

Morley, J, Baumgartner, R, Roubenoff, R, Mayer, J, Nair Sarcopenia, S.
Journal of Laboratory and Clinical Medicine, 137 (2001), pp. 231–243

308.

Hetherington, M. Taste and appetite regulation in the elderly. Proceedings of
the Nutrition Society, 57 (1999), pp. 625–631

309.

Long-term changes in food consumption patterns. From:
www.fao.org/fileadmin/templates/esa/Global.../JSPStransition.pdf

310.

Sheely, M. Global adoption of convenience foods, SS-AAEA J. Agric. Econ.
(2008), pp. 1–13
http://ageconsearch.umn.edu/bitstream/113229/2/MeganSheely.pdf

311.

Key Note Ready Meals: Market Report Plus 2013. Key Note (2013)
www.keynote.co.uk/market-intelligence/view/product/10850/readymeals?medium=download

312.

Sheely, M. Global adoption of convenience foods, SS-AAEA J. Agric. Econ.
(2008), pp. 1–13
http://ageconsearch.umn.edu/bitstream/113229/2/MeganSheely.pdf

313.

Rivera, X.C.S., N.E. Orias, and A. Azapagic, Life cycle environmental
impacts of convenience food: Comparison of ready and home-made meals.
Journal of Cleaner Production, 2014. 73: p. 294-309.

314.

E. Millstone, T. Lang, The Atlas of Food: Who Eats What, Where, and Why.
Earthscan, London (2008)
146

315.

De Boer, M., McCarthy, M., Cowan, C., Ryan, I., The influence of lifestyle
characteristics and beliefs about convenience food on the demand for
convenience foods in the Irish market. Food Quality and Preference, 15 (2)
(2004), pp. 155–165

316.

Jabs, J., Devine, C., Time scarcity and food choices: An overview. Appetite,
47 (2) (2006), pp. 196–204

317.

S. Howard, J. Adams, M. White. Nutritional content of supermarket ready
meals and recipes by television chefs in the United Kingdom. Cross
sectional study. British Medical Journal (Clinical Research Ed.), 345 (2012),
p. e7607

318.

Rosenheck, R (2008) Fast food consumption and increased caloric intake: a
systematic review of a trajectory towards weight gain and obesity risk. Obes
Rev 9, 535–547

319.

Burns, C, Jackson, M, Gibbons, C, et al. (2002) Foods prepared outside the
home: association with selected nutrients and body mass index in adult
Australians. Public Health Nutr 5, 441–448.

320.

Ready meals market report plus 2013. Available from:
http://www.keynote.co.uk/market-intelligence/view/product/10850/readymeals/chapter/1/executive_summary (2013)

321.

D. Celnik, L. Gillespie, M.E.J. Lean. Time-scarcity, ready-meals, ill-health
and the obesity epidemic. Trends in Food Science & Technology, 27 (1)
(2012), pp. 4–11

322.

Wiltshire Farm Foods. Available from:
http://www.wiltshirefarmfoods.com/?source=aw&utm_source=AffiliateWindo
w&utm_medium=Affiliate&utm_campaign=85386&awc=2536_1455786418_
42cdeaf0227b6ddb99d0d721eaf76b20

323.

Oakhouse Foods. Available from:
http://www.oakhousefoods.co.uk/groceries-landing

324.

Lodge Farm Kitchens. Available from: http://www.lodgefarmkitchen.com/

325.

Department of Health. Change4Life marketing strategy. 2009. Available
from: www.nhs.uk/Change4Life/supporterresources/downloads/Change4Life_Marketing%20Strategy_April09.pdf.

326.

D. Celnik, L. Gillespie, M.E.J. Lean. Time-scarcity, ready-meals, ill-health
and the obesity epidemic. Trends in Food Science & Technology, 27 (1)
(2012), pp. 4–11 http://dx.doi.org/10.1016/j.tifs.2012.06.001

147

327.

Poti JM, Mendez MA, Ng SW, Popkin BM. Is the degree of food processing
and convenience linked with the nutritional quality of foods purchased by US
households? The American Journal of Clinical Nutrition. 2015.

328.

Moubarac J-C, Martins APB, Claro RM, Levy RB, Cannon G, Monteiro CA.
Consumption of ultra-processed foods and likely impact on human health.
Evidence from Canada. Public Health Nutr. 2013; 16(12):2240-8

329.

Howard, S., Adams, J., White, M., Nutritional content of supermarket ready
meals and recipes by television chefs in the United Kingdom: cross sectional
study. BMJ, 2012, 345:e7607

330.

Remnant, J., Adams, J.The nutritional content and cost of supermarket
ready-meals. Cross-sectional analysis. Appetite, 2015 (29), 36–42

331.

Naruseviciute, G,. Whybrow, S,. Macdiarmid, J,. McNeill, G,. Is “home
cooked” healthier and cheaper than ready meals? Proceedings of the
Nutrition Society, (2015), 74 (OCE1), E9.

332.

WebsterJL, DunfordEK, HawkesC et al.. (2011) Salt reduction initiatives
around the world. J Hypertens 29, 1043–1050

333.

HeFJ & MacGregorGA (2009) A comprehensive review on salt and health
and current experience of worldwide salt reduction programmes. J Hum
Hypertens 23, 363–384

334.

Van Duyn, M.S. and E. Pivonka, Overview of the health benefits of fruit and
vegetable consumption for the dietetics professional: Selected literature.
Journal of the American Dietetic Association, 2000. 100(12): p. 1511-1521.

335.

Steinmetz, K.A. and J.D. Potter, Vegetables, fruit, and cancer prevention: A
review. Journal of the American Dietetic Association, 1996. 96(10): p. 10271039.

336.

Aguilera, Y., M. Angeles Martin-Cabrejas, and E.G. de Mejia, Phenolic
compounds in fruits and beverages consumed as part of the mediterranean
diet: their role in prevention of chronic diseases. Phytochemistry Reviews,
2016. 15(3): p. 405-423.

337.

Department of Health. Five-a-day programme. Available from:
http://www.doh.gov.uk/fiveaday (accessed 3 February 2015)

338.

Remnant, J. and J. Adams, The nutritional content and cost of supermarket
ready-meals. Cross-sectional analysis. Appetite, 2015. 92: p. 36-42.

339.

M.K. Ahlgren, I.-B. Gustafsson, G. Hall. The impact of the meal situation on
the consumption of ready meals. International Journal of Consumer Studies,
29 (6) (2005), pp. 485–492

148

340.

Howard, S., J. Adams, and M. White, CHRISTMAS 2012: RESEARCH
Nutritional content of supermarket ready meals and recipes by television
chefs in the United Kingdom: cross sectional study. British Medical Journal,
2012. 345.

341.

Anderson, A. Wrieden, W. Tasker, S. Gregor, A.Ready meals and nutrient
standards. Challenges and opportunities. Proceedings of the Nutrition
Society, 2008. 67 (OCE4), p. E223

342.

Celnik, D., L. Gillespie, and M.E.J. Lean, Time-scarcity, ready-meals, illhealth and the obesity epidemic. Trends in Food Science & Technology,
2012. 27(1): p. 4-11.

343.

Perissinotto, C., I.S. Cenzer, and K. Covinsky, Loneliness in Older Adults: A
predictor of functional decline and death? JOURNAL OF THE AMERICAN
GERIATRICS SOCIETY, 2010. 58: p. 127-127.

344.

Dempsey, P. and P. Bansal, The art of air blast freezing: Design and
efficiency considerations. Applied Thermal Engineering, 2012. 41: p. 71-83.

345.

James, C., G. Purnell, and S.J. James, A Review of Novel and Innovative
Food Freezing Technologies. Food and Bioprocess Technology, 2015. 8(8):
p. 1616-1634.

346.

Hamulka, J., J. Koczara, and M. Gronek, Lutein content of selected Polish
foods and estimation of its intake. Polish Journal of Food and Nutrition
Sciences, 2005. 14(2): p. 201-206.

347.

Eriksen, J.N., A.Y. Luu, L.O. Dragsted, and E. Arrigoni, In vitro liberation of
carotenoids from spinach and Asia salads after different domestic kitchen
procedures. Food chemistry, 2016. 203: p. 23-7.

348.

Wilson, T.A., E. Goodrow, S. Houde, R. Vishwanathan, P. Scollin, G.
Handelman, and R.J. Nicolosi, Consumption of one egg per day increases
serum lutein and zeaxanthin concentrations in older adults without altering
serum lipid and lipoprotein cholesterol concentrations. Faseb Journal, 2007.
21(5): p. A48-A48.

349.

Handelman, G.J., Z.D. Nightingale, A.H. Lichtenstein, E.J. Schaefer, and
J.B. Blumberg, Lutein and zeaxanthin concentrations in plasma after dietary
supplementation with egg yolk. American Journal of Clinical Nutrition, 1999.
70(2): p. 247-251.

350.

Lichtenstein, A.H., L.M. Ausman, W. Carrasco, J.L. Jenner, J.M. Ordovas,
and E.J. Schaefer, Hypercholesterolemic effect of dietary-cholesterol in diets
enriched in polyunsaturated and saturated fat - dietary-cholesterol, fat-

149

saturation, and plasma-lipids. Arteriosclerosis and Thrombosis, 1994. 14(1):
p. 168-175.
351.

Leth, T., J. Jakobsen, and N.L. Andersen, The intake of carotenoids in
Denmark. European Journal of Lipid Science and Technology, 2000. 102(2):
p. 128-132.

352.

Ollilainen, V., M. Heinonen, E. Linkola, P. Varo, and P. Koivistoinen,
Carotenoids and retinoids in finnish foods - dairy-products and eggs. Journal
of Dairy Science, 1989. 72(9): p. 2257-2265.

353.

O'Neill, M.E., Y. Carroll, B. Corridan, et al. A European carotenoid database
to assess carotenoid intakes and its use in a five-country comparative study.
British Journal of Nutrition, 2001. 85(4): p. 499-507.

354.

Department of Health (1991) Report 41. Dietary reference values for food
energy and nutrients for the United Kingdom. The Stationery Office.

355.

Ahlgren, M. Gustafsson, I. Hall, G. The impact of the meal situation on the
consumption of ready meals. International Journal of Consumer Studies, 29
(6) (2005), pp. 485–492

356.

Lichtenstein AH, Appel LJ, Brands M, et al. Diet and lifestyle
recommendations revision 2006: a scientific statement from the American
Heart Association Nutrition Committee. Circulation 2006;114:82–96

357.

Mensink RP, Katan MB. Effect of dietary fatty acids on serum lipids and
lipoproteins: a meta-analysis of 27 trials. Arterioscler Thromb 1992;12:911–9

358.

Elliott, P,.et al. Intersalt revisited: further analyses of 24-hour sodium
excretion and blood pressure within and across populations. BMJ.
1996; 312: 1249–1253

359.

Chevarria, J., J. Carlos Sevilla, R. Garcia-Osuna, and S. Grp Estudio, Salt
intake in patients with hypertension and associated factors, population study.
Nephrology Dialysis Transplantation, 2016. 31: p. 123-123.

360.

Suckling, R.J., F.J. He, N.D. Markandu, and G.A. MacGregor, Modest Salt
Reduction Lowers Blood Pressure and Albumin Excretion in Impaired
Glucose Tolerance and Type 2 Diabetes Mellitus A Randomized DoubleBlind Trial. Hypertension, 2016. 67(6): p. 1189-1195.

361.

de Wardener, H.E. and G.A. MacGregor, Harmful effects of dietary salt in
addition to hypertension. Journal of Human Hypertension, 2002. 16(4): p.
213-223.

362.

Mente, A., M. O'Donnell, S. Rangarajan, G. Dagenais, et al. Investigator, E.
Investigator, and T.T. Investigator, Associations of urinary sodium excretion
with cardiovascular events in individuals with and without hypertension: a
150

pooled analysis of data from four studies. Lancet, 2016. 388(10043): p. 465475.
363.

Ito, K., Y. Hirooka, and K. Sunagawa, High salt Intake Superimposed On Left
Ventricular Hypertrophy Activates Brain Enac And Leads To Sympathetic
Hyperactivation And Ventricular Dysfunction. Circulation, 2008.
118(18): p. S359-S359.

364.

Kalogeropoulos, A.P., V.V. Georgiopoulou, R.A. Murphy, A.B. Newman, D.C.
Bauer, T.B. Harris, Z. Yang, W.B. Applegate, and S.B. Kritchevsky, Dietary
Sodium Content, Mortality, and Risk for Cardiovascular Events in Older
Adults The Health, Aging, and Body Composition (Health ABC) Study. Jama
Internal Medicine, 2015. 175(3): p. 410-419.

365.

Zoccali, C. and F. Mallamaci, Moderator's view: Salt, cardiovascular risk,
observational research and recommendations for clinical practice.
Nephrology, dialysis, transplantation : official publication of the European
Dialysis and Transplant Association - European Renal Association, 2016.
31(9): p. 1405-8.

366.

McCarron, D.A., Dietary sodium and cardiovascular and renal disease risk
factors: dark horse or phantom entry? Nephrology Dialysis Transplantation,
2008. 23(7): p. 2133-2137.

367.

Tuomilehto, J., P. Jousilahti, D. Rastenyte, V. Moltchanov, A. Tanskanen, P.
Pietinen, and A. Nissinen, Urinary sodium excretion and cardiovascular
mortality in Finland: a prospective study. Lancet, 2001. 357(9259): p. 848851.

368.

Wang, M., A.E. Moran, J. Liu, P.G. Coxson, J. Penko, L. Goldman, K.
Bibbins-Domingo, and D. Zhao. Projected Impact of Salt Restriction on
Prevention of Cardiovascular Disease in China: A Modeling Study. Plos
One, 2016. 11(2).

369.

Vanderslice, J.T., D.J. Higgs, J.M. Hayes, and G. Block. Ascorbic acid and
dehydroascorbic acid content of foods-as-eaten. Journal of Food
Composition and Analysis, 1990. 3(2): p. 105-118.

370.

Hsu, A.Y., N. Kumar, and R.D. Glickman, Protective effect of vitamins C and
E against photooxidative stress in human RPE cells. Investigative
Ophthalmology & Visual Science, 2005. 46.

371.

Adams J, Tyrrell R, White M. Do television food advertisements portray
advertised foods in a “healthy” food context? Br J Nutr2011;105:810-5.

151

372.

Adams J, White M. Socio-economic and gender differences in nutritional
content of foods advertised in popular UK weekly magazines. Eur J Public
Health2009;19:144-9.

373.

U.S. Department of Agriculture, Agricultural Research Service. 2013. USDA
National Nutrient Database for Standard Reference, Release 26.Nutrient
Data Laboratory Home Page, available from:
http://www.ars.usda.gov/ba/bhnrc/ndl

374.

Chenard, C.A., M.B. Zimmerman, K.L. Smith, P.F. Nonnie, and T.L. Wahls,
New Measured Weight for One Cup Raw Kale Reduces Nutrient Intake of
Individuals Following the Wahls(TM) Diet, in 38th National Nutrient Databank
Conference, D.C. Mitchell and E. Braithwaite, Editors. 2015, Elsevier
Science Bv: Amsterdam. p. 39-47.

375.

Daly, J. and J. Lumley, Bias in qualitative research designs. Australian and
New Zealand Journal of Public Health, 2002. 26(4): p. 299-300.

376.

Kennedy, F., Subjectivity, biases and the implications for qualitative
research. British Journal of Occupational Therapy, 2012. 75: p. 24-25.

377.

Finglas, P.M., R. Berry, and S. Astley, Assessing and Improving the Quality
of Food Composition Databases for Nutrition and Health Applications in
Europe: The Contribution of EuroFIR. Advances in Nutrition, 2014. 5(5): p.
608S-614S.

378.

Sacco, J. and V. Tarasuk, Limitations of food composition databases and
nutrition surveys for evaluating food fortification in the United States and
Canada, in 36th National Nutrient Databank Conference, P. Stumbo and S.
McNutt, Editors. 2013. p. 203-210.

379.

Sin, H.P., D.T. Liu, and D.S. Lam, Lifestyle modification, nutritional and
vitamins supplements for age-related macular degeneration. Acta
Ophthalmol, 2012.

380.

Broadhead, G.K., J.R. Grigg, A.A. Chang, and P. McCluskey, Dietary
modification and supplementation for the treatment of age-related macular
degeneration. Nutrition Reviews, 2015. 73(7): p. 448-462.

381.

Wu, S.-J., W.-H. Pan, N.-H. Yeh, and H.-Y. Chang, Trends in nutrient and
dietary intake among adults and the elderly: from NAHSIT 1993-1996 to
2005-2008. Asia Pacific Journal of Clinical Nutrition, 2011. 20(2): p. 251-265.

382.

Kessels, R.P.C., Patients' memory for medical information. Journal of the
Royal Society of Medicine, 2003. 96(5): p. 219.

152

383.

McGuire, L.C., Remembering what the doctor said: Organization and adults'
memory for medical information. Experimental Aging Research, 1996. 22(4):
p. 403-428.

153

Appendices
Appendix 1• Peer reviewed publication• Variation in carotenoid content of kale
and other vegetables A review of pre- and post-harvest effects.
Link to article:
https://pubs.acs.org/doi/10.1021/acs.jafc.5b03691

,.
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Pages 155-159 removed for copyright restrictions.

Appendix 2: Focus group data analysis sheet: Matrix for assessing level of
consensus in the focus group.
Focus Group
Question

Member 1

Member 2

Member 3

Member 4

Member 5

1

2
3
4

…

The following notations were entered in the cells:
A = Indicated agreement (i.e., verbal or nonverbal)
D = Indicated dissent (i.e., verbal or nonverbal)
SE = Provided significant statement or example suggesting agreement
SD = Provided significant statement or example suggesting dissent
NR = Did not indicate agreement or dissent (i.e., nonresponse).
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Member 6

Appendix 3: Ready meal questionnaire for AMD patients.
1) What is your gender?
2) How old are you?
3) Do you suffer with dry AMD or wet AMD? Dry

Wet

4) Do you eat ready meals?
Yes

No

If answer Yes go to Q3 if answer No go to Q2
5) Can you tell me the main reasons why you do not eat ready meals?
…………………………………………………………………………………………………… Go to Q8
6) Why do you eat ready meals?
……………………………………………………………………………………………………………………………
7) How often do you eat ready meals?
Once a month
Once a fortnight
week
3-4 times a week

1-2 times a week
Everyday

2-3 times a

8) How much would you willing to pay for a ready meal?
< £2

£2-4

> £4

9) Can you tell me which of the following outlets you access ready meals from?
Telephone

Supermarket

Website

Shopping channel

10) Would you consider eating a ready meal which contained kale?
Yes

No

11) Would you consider eating a ready meal that was tailored to suit the nutritional
needs of people with AMD?
Yes

No

12) What kinds of foods do you like to eat? (In ready meals or normal meals)
…………………………………………………………………………………………………………………………
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13) Which of the following types of food would you like to eat?
Fish

Chicken

Vegetarian meals

Beef

Lamb

Pork

Food that I can eat without utensils (e.g. a pasty)

One-pot meals such as soup or casserole
14) If you are visually impaired can you tell me about any foods that are particularly
difficult for you to eat?
……………………………………………………………………………………………………………………………
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Appendix 4: Letter inviting subjects of the Macular Societies sight impairment
register to partake in the ready meal survey.

9th December 2015
Dear Macular Society member
The Macular Society is working with Aston University to
develop ready meals suited towards people who are
visually impaired. We are looking for Macular Society
members to complete a simple questionnaire about the
foods that they like to eat. To take part you must be over
55 years old and be diagnosed with AMD. You must also
be able to hear and reply to questions in English over the
telephone.
If you are willing to take part, please contact Rachel
Walsh:

By phone: 0121 4511154 07572037342
By email: walshr1@aston.ac.uk
Rachel will call you back at a convenient time to
complete the questionnaire over the phone.
Thank you in advance.
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Appendix 5: Ingredient lists for each ready meal created.

Ingredients

Weight

Gram per portion

Onion

300g

36

Product
Curried potato and kale soup

Normandy pork casserole

Kale and smoky bacon pasta

Potato

48

Apple

28.5

Kale

35

Leek

24

Parsnip

12

Vegetable boullion

2

Curry powder

0.01

Apple cider vinegar

1.2

Water

180

Salt

0.02

Pepper

0.001

Apple juice

30

Honey

2

Coconut powder

10

Crème fraiche half fat

25

Bramley apple

350g

35.38

Olive oil

0.1

Butter

0.1

Onion

34.6

Shoulder of pork

184.6

Water

115.3

Marigold vegetable boullion

3.84

Apsall dry cider

38.46

Leeks

26.15

Red pepper

27.69

New potatoes

38.46

Spinach

50

Crème fraiche half fat

8

Cornflour

3.84

Pasta

350g

53.33

Olive oil

0.05

Smokey bacon lardons

26.66

Cream cheese low fat

40

Spinach

15

Butter

5

Milk semi skimmed

133.33

Flour

13.33
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Pea and ham soup

Cottage pie

Chicken ham and leek casserole

Fish pie with spinach

Kale

30

Seaweed

0.333

Peas

300g

120

Ham

26

Onion

20.2

Potato

37

Kale

20

Spinach

15

Water (from cooked ham)

128

Chicken boullion

2.4

Salt

0.02

Pepper

0.01

Butter

4.4

Minced beef

350g

74.4

Onion

26.66

Tinned tomato

66.66

Tomato puree

3.33

Red pepper

20

Beef boullion

3.33

Celery

14

Kale

35

Water

33.33

Carrot

18.66

Cornflour

1.66

Potato

133

Salt

0.02

Pepper

0.001

Water

350g

210

Chicken boullion

6

Chicken breast

120

Butter/chicken fat

4.5

Carrots

15.5

Kale

35

Leeks

30

Plain flour

8

Cooked ham

45

New potatoes

50

Haddock

350g

34.28

Salmon

34.28

Smoked haddock
Eggs

34.28
60

Flour

8.49
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Leek potato and kale soup

Butter

14.28

Milk
Spinach

67

Kale

10

Potatoes

150

Pepper

0.03

Salt

0.3

20

Leek

300g

65.62

Potato

45

Kale

30

Water

62.5

Vegetable boullion

4.375

Salt

0.01

Pepper

0.001

Butter

6.87

Milk

150

Eggs

60

Nutmeg
Arrowroot

2.08
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Appendix 6: Full nutrient analyses of ready meals from Al La Calc.
Curried Soup

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash

per
100g
177
42
1.2
0.7
8.3
2.9
1.9
1.4
0.2
89.85
11

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 300g
serving
755
381
5.3
2.9
35.5
12.2
8.1
6.1
1
384.34
47

unit
kJ
kcal
g
g
g of
g
g
g
g
mg
kcal

0.3

g

1.1

g

0.1
trace
0.1
87.6
trace
0
165.8
29.9
22.1
40.7
0.7
0.2
0.3
4.5
0.2
0.7
0.5
14
1.8
4.4
543.3
trace
trace
0.3
trace
trace
0.4
trace
0.1
trace
19.8
0.1
0.1
12.4
0.5

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g

0.4
0.1
0.3
374.5
0.2
0
709.2
127.8
94.5
174
2.9
1.1
1.2
19.4
0.9
3.2
2.3
60
7.8
18.9
2324
trace
trace
1.2
0.2
0.2
1.6
0.1
0.4
trace
84.9
0.5
0.4
53
2.1

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
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Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

0
18.8
18.8
2.7
961.8
60.1
7.5
0
781.6
61.3

μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

0
80.3
80.3
11.6
4113.7
257
32.1
0
3.343
262.1

Normandy Pork Casserole

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin

per
100g
376
90
3.5
1.2
5.4
1.9
0.9
8.9
0.4
155.64
31

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 350g
serving
1696
404
15.6
5.5
24.1
8.5
4.1
40
1.8
700.96
141

unit
kJ
kcal
g
g
g of
g
g
g
g
mg
kcal

1.4

g

6.3

g

0.4
trace
2
80.5
trace
27.5
282
26
22.7
100.4
1.1
0.1
1.4
11.1
0.2
12.4
0.5
6.3
0.4
1.2
783
trace
trace
0.4
0.4

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg

1.7
trace
8.8
362.7
0.2
123.9
1270.2
117.1
102.3
452.1
4.8
0.4
6.3
50
0.7
55.7
2.1
28.4
1.7
5.5
3526.4
trace
trace
1.8
1.8

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
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Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

0.2
2
trace
0.3
0.3
34.2
0.4
0.2
14.3
0.7
0
31.6
31.6
3.5
1351.5
72.9
30.1
0
1468
56.7

mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

0.7
9.2
0.2
1.1
1.6
153.9
1.9
0.9
64.2
3.3
0
142.3
142.3
15.8
6086.7
328.4
135.7
0
6.6114
255.3

mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

per
100g
613
145
5.2
2.5
18.3
3.1
1.3
7
0.4
161.53
46

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 350g
serving
1903
451
16
7.7
56.9
9.7
4.1
21.9
1.3
501.25
144

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

1.6

g

4.9

g

0.5
trace
13.5
67.1
0.9
18.3
236.4
96.3
22.7
117.6
0.8
0.3
0.7
199.5
0.3

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

1.7
0.1
41.9
208.2
2.9
56.9
733.7
298.9
70.5
364.8
2.3
1.1
2.2
619.1
0.8

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg

Kale & Smoky Bacon Pasta

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
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Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

3.8
12.1
32.2
17.3
5.2
847.2
0.1
5.3
0.5
0.1
0.2
2.3
1.1
0.1
0.5
32.7
0.6
1.8
13.8
0.5
0
25.2
25.2
2.5
1539.7
106.2
7.8
0
1382.2
91.7

μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

per
100g
234
56
1.5
0.7
7.7
2.3
2.4
3.7
0.4
171.48
13

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 300g
serving
874
308
5.6
2.6
28.7
8.7
9
13.9
1.6
639.66
49

unit
kJ
kcal
g
g
g of
g
g
g
g
mg
kcal

0.4

g

1.5

g

0.2
trace
1.7
85.4
0.3

g
g
g
g
g

0.6
trace
6.3
318.7
0.9

g
g
g
g
g

11.8
37.7
100
53.8
16.2
2629
0.4
16.5
1.4
0.4
0.5
7.1
3.4
0.3
1.6
101.4
1.9
5.7
42.9
1.6
0
78.1
78.1
7.7
4777.7
329.7
24.3
0
4.2891
284.5

μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

Pea and Ham Soup

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
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Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

6.6
205.7
24.6
20.9
71.9
0.8
0.2
0.6
79.8
0.2
1.5
0.5
7.9
trace
9.7
690.4
0
0
0.2
0.2
0.1
1.5
0.3
0.1
0.1
39.9
0.2
0.2
22.2
0.5
0
37.3
37.3
10.5
1188.4
66
4.3
trace
1727.1
65.4

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

24.5
767.3
91.7
78.1
268.1
2.9
0.6
2.3
297.5
0.8
5.5
1.7
29.5
trace
36
2575.3
0
0
0.9
0.6
0.3
5.6
1
0.5
0.3
149
0.6
0.9
82.9
1.8
0
139.3
139.3
39.2
4432.9
246.1
16.2
trace
6.4425
243.9

mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

per
100g
288
68
1
0.4
9.6
2
1.6
5.7

unit
kJ
kcal
g
g
g
g
g
g

per 350g
serving
1142
370
4.1
1.8
38.1
7.8
6.2
22.5

unit
kJ
kcal
g
g
g
g
g
g

Cottage Pie

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
of which sugars
Fibre
Protein

171

Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

0.4
153.1
9

g
mg
kcal

1.5
607.4
37

g
mg
kcal

0.4

g

1.7

g

0.1
trace
6.1
81.8
0.8
6.9
341.4
24.9
19.4
64.8
0.7
0.2
1
238.4
0.1
1.5
2.9
trace
69.8
169.3
1068.2
0.1
3.8
0.6
0.1
0.1
2.6
0.9
0.2
0.4
27.7
0.3
0.6
24.8
0.3
0
18.2
18.2
1.4
1879.9
103.8
31.8
292.9
785.1
65.4

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

0.4
0.2
24.1
324.7
3.3
27.5
1354.6
99
77.1
257.3
2.8
0.8
4.1
945.6
0.6
5.8
11.5
trace
277.1
671.7
4237.7
0.4
14.9
2.2
0.5
0.2
10.3
3.6
0.8
1.5
110
1.3
2.3
98.4
1.2
0
72.2
72.2
5.5
7458.1
411.7
126.4
1162
3.1147
259.6

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg
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Chicken Ham & Leek Casserole

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate

per
100g
539
128
3.6
1.2
5.3
0.9
0.8
19.7
0.9
347.5
32

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 350g
serving
2339
554
15.6
5.4
23.1
3.8
3.5
85.4
3.8
1508.15
139

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

1.3

g

5.8

g

0.5
trace
2.9
70.3
3.1
59.1
346.4
26.6
28.2
199.2
0.7
0.2
0.8
152.8
0.1
9.4
4.7
7
trace
128.5
844.6
0.1
4.4
0.3
0.2
0.1
11.4
3.7
0.4
0.1
25
1
1.5
11.5
0.3
0
16.5

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg

2.3
0.2
12.6
305
13.3
256.6
1503.5
115.4
122.5
864.3
3.1
0.8
3.6
663.3
0.5
40.7
20.3
30.2
trace
557.8
3665.7
0.5
19.2
1.4
0.8
0.5
49.5
15.9
1.7
0.5
108.4
4.5
6.4
50
1.2
0
71.6

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
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Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

16.5
1.2
1543.4
83
6.5
trace
801.6
60.6

μg
μg
IU
μg
μg
μg
mg
μg

per
100g
425
101
3.6
1.3
8
1
0.8
9.3
0.3
127.17
32

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 350g
serving
1928
458
16.5
5.8
36.1
4.5
3.6
42.1
1.5
576.91
147

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

1.2

g

5.6

g

0.6
trace
6.4
77.5
1.1
63.6
310
41.5
24
116.2
0.7
0.1
0.4
121
0.1
12.3
54.9
28.8
1.4
1.2
380.4
0.8
32.5
0.7
0.1
0.1
3.1

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg

2.7
0.1
29
351.8
5.2
288.4
1406.3
188.1
108.7
527.1
3
0.4
2
548.8
0.6
55.9
249.1
130.5
6.5
5.4
1725.8
3.7
147.4
3.3
0.7
0.6
14.1

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg
μg
μg
μg
μg
μg
IU
mg
mg
mg
mg

71.6
5.3
6698.5
360.1
28.4
0.2
3.479
263.2

μg
μg
IU
μg
μg
μg
mg
μg

Fish Pie with Spinach

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
of which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
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Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

1.4
0.2
1.1
28
0.6
3.3
7.2
0.2
0
12.8
12.8
8.1
732.9
60.8
1.8
trace
730
36.9

mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

6.5
0.7
5.2
127
2.6
15.2
32.5
1.1
0
58.2
58.2
36.5
3324.9
275.7
8.1
trace
3.3118
167.6

mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

per
100g
279
66
3.2
1.4
6.6
2.3
0.8
3.9
0.4
169.93
28

unit
kJ
kcal
g
g
g
g
g
g
g
mg
kcal

per 300g
serving
1126
368
12.7
5.5
26.6
9.4
3.2
15.8
1.7
685.16
113

unit
kJ
kcal
g
g
g of
g
g
g
g
mg
kcal

0.9

g

3.8

g

0.3
trace
1.9
84.7
0.5
56.7
195.1
68.2
16.5
75.4
0.8
0.1
0.4
65.6
0.2
4
17.2

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg

1.2
0.1
7.7
341.6
2.1
228.4
786.7
275.2
66.5
303.9
3.2
0.6
1.6
264.4
0.6
16.1
69.5

g
g
g
g
g
mg
mg
mg
mg
mg
mg
mg
mg
mg
mg
μg
μg

Leek Potato & Kale Soup

Name
Energy
Energy
Fat
of which saturates
Carbohydrate
which sugars
Fibre
Protein
Salt
Sodium
Calories from Fat
Fatty Acids
Monounsaturated
Fatty Acids
Polyunsaturated
Trans Fatty Acids
Starch
Water
Nitrogen
Cholesterol
Potassium
Calcium
Magnesium
Phosphorus
Iron
Copper
Zinc
Chloride
Manganese
Selenium
Iodine
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Retinol
Carotene
Alpha Carotene
Beta Carotene
Vitamin D MCG
Vitamin D IU
Vitamin E
Thiamin
Riboflavin
Niacin
Tryptophan/60
Vitamin B6
Vitamin B12
Folate
Pantothenic Acid
Biotin
Vitamin C
Ash
Folic Acid
Food Folate
Dietary Folate Equivalents
Choline
Vitamin A IU
Vitamin A RAE
Beta Cryptoxanthin
Lycopene
Lutein Zeaxanthin
Vitamin K

33.2
2.9
4
605.7
0.5
19
0.5
0.1
0.2
1
0.7
0.1
0.7
32.4
0.5
3.9
13.1
0.3
0
21
21
1.8
1129.6
84.4
6
trace
933.2
60.3

μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

133.9
11.7
16.2
2442.2
1.9
76.8
2
0.3
0.7
3.9
3
0.5
2.8
130.5
2
15.7
52.8
1.3
0
84.7
84.7
7.4
4554.5
340.3
24.3
trace
3.7626
243.1
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μg
μg
μg
μg
μg
IU
mg
mg
mg
mg
mg
mg
μg
μg
mg
μg
mg
g
μg
μg
μg
μg
IU
μg
μg
μg
mg
μg

