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Abstract: Age related Macular Degeneration (AMD) is the leading cause of blindness in developed
countries, such as Australia. Lutein and zeaxanthin are the only two carotenoids found in the
macular region of the eye. Studies have shown that intake of 10 mg and 2 mg per day of lutein and
zeaxanthin, respectively, can reduce the rate of progression of AMD. The supply of these
carotenoids can only be met through dietary sources or supplements, as these compounds cannot
be synthesized by humans. Although lutein is relatively abundant in dietary sources, zeaxanthin
has limited sources. In this study, eight orange and three red capsicum varieties were analyzed for
their carotenoid profiles by UHPLC-DAD-APCI-MS. It was observed that the principal carotenoid
for seven of the orange varieties was zeaxanthin, and capsanthin for the three red varieties. One
orange variety, which had a darker orange hue, had capsanthin and violaxanthin as its principal
carotenoids instead of zeaxanthin. Zeaxanthin concentration (the principal carotenoid) in the 7
orange varieties varied from 2.6 + 0.5 mg/100 g to 25.27 + 9.4 mg/100 g FW, suggesting that as little
as 7 g of high zeaxanthin line could meet the recommended daily dietary intake of 2 mg/person/day.
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1. Introduction

Among all the reasons behind blindness in old people in Australia, age related Macular
Degeneration (AMD) is one of the leading cause [10]. The macula of the eye is the central region of
the retina, thus the degeneration of macula leads to central blindness. At present, about one in seven
Australian or 1.29 million people over the age 50 have some evidence of this disease. It is estimated
that approximately 17% of these people (over 200,000) will experience vision impairment. Almost
15% of Australians over 80 years (around 160,000) have vision loss or blindness from AMD [2].

Lutein, zeaxanthin and meso-zeaxanthin (isomer of zeaxanthin) are carotenoid pigments
derived from plants that form the macular pigments [3]. They play a protective role in shielding the
retina from light damage and reducing progression of AMD [18]. Lutein constitutes 36%, zeaxanthin
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18%, and meso-zeaxanthin 18% of macular pigment [12]. The remaining 20% is constituted by the
oxidative metabolites such as oxo-lutein, (3-hydroxy-3,e-carotene-3"-one), epilutein, and ¢,e-carotene-
3,3'-dione, 9- and 13-Z isomers of both lutein and zeaxanthin [3]. The ratios and distributions of the
macular pigments are not uniform and can vary widely between individuals. The ratio of lutein:
zeaxanthin (including meso-zeaxanthin) is 1:2.4 in the central macula versus 2:1 in the periphery of
the human retina [5]. Lutein and zeaxanthin are yellow and orange, respectively, and absorb blue
light wavelengths of around 445 nm and 450 nm [12].

Dietary intake of 10 mg and 2 mg per day of lutein and zeaxanthin, respectively, has been
associated with reduced progression of AMD [6] and as these carotenoids cannot be synthesized by
humans, their supply through dietary sources or supplements is vital [15]. Green leafy vegetables
such as spinach and kale are good sources of lutein, however dietary zeaxanthin is much less
common, and is limited to a few orange coloured fruits and vegetables, such as orange capsicums
and sweet corn [16].

Various studies have determined the carotenoid content in red-colored capsicum fruit [8,11,13],
while only few studies have focused on orange colored capsicums [7]. Moreover, the carotenoid
profile of orange capsicums, which have been identified as a rich source of zeaxanthin, needs further
investigation to better understand the possible variation in zeaxanthin concentrations that may occur
across different varieties.

This current study is focused on characterizing the carotenoid profiles of eight orange and three
red capsicum varieties, in order to investigate the differences in carotenoid profiles and zeaxanthin
concentration between capsicums of similar appearance.

2. Materials and Methods

2.1. Plant Materials

Plants were grown from seeds collected from different seed companies (South Pacific Seeds,
Seminis, Rijk Zwaan, De Ruiter and Climbing Fig) in Australia. Seeds were sown into seed trays in
early August (ambient conditions 12 °C-22 °C) and after 12 weeks seedlings were transplanted into
UQ23 potting mix comprising of 70% composted pine bark and 30% coco peat and other augments
in a randomized block design. Basal fertilizer application was done with Osmocote® slow release
fertilizer. 165 plants were grown in greenhouse at UQ, Gatton, Australia. Capsicum fruits were
harvested in January-February (20 °C-30 °C) at the same maturity stage. Five plants per variety were
harvested for the carotenoid analysis. For each plant, three fruits were selected and were measured
for their hue angles using the Konica Minolta CR- 400 chromameter to ensure the same maturity
stage.

2.2. Carotenoid Analysis

The pericarp of each fruit was dissected in cold room and were milled in presence of liquid
nitrogen. A ‘MM400 Retsch Mixer Mill’ (Hann, Germany) was operated at 30 Hz for 60 s to achieve a
fine dry powder. This fine powder (1 g each) was then dissolved in 6 mL ethanol in a 50 mL falcon
tube and was vortexed for 20 s.

3 mL NaCl (5%) was added to the sample, followed by 10 mL extraction solvent (20:80
DCM:hexane). The solution was then centrifuged using an Eppendorf centrifuge (models 5804R and
5810R) at 4000 rpm for 5 min at 25 °C to separate layers. The supernatant was transferred to a new 50
mL falcon tube and pellet was re-extracted twice or until the pellet was colourless. Extracted solution
was put into a centrifugal evaporator (mi Vac Duo concentrator Genevac, model DUP-23050-H00)
fixed at 25-30 °C for 45 min or until dry. The carotenoids were then de-esterified using 15%
methanolic KOH for 10 min at room temperature in dark.

The extracted carotenoid samples (saponified and non-saponified) were reconstituted in
50:50 MeOH:MTBE (0.1% BHT). All the samples were analyzed in technical replicates of three to
ensure repeatability of the experiment. 5 uL of each sample was injected in the Waters AcquityTM
UHPLC-PDA System (Waters, Milford, MA, USA). The mobile solvents were methanol 0.1% formic
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acid (mobile phase A) and methyl tert-butyl ether (MTBE, mobile B). Column temperature hold was
at 25 °C with the flow rate of 0.6 mL/min on a YMC C30 Carotenoid Column, 3 um, 4.6 x 250 mm
(Waters, Milford, MA, USA). The gradient elution of 40 min was started with isocratic at 20% B
(mobile phase B: 0.1% formic acid in MTBE) for 1 min, from 20% B to 25% B in 20 min an 30% B in the
next of 10 min before increasing sharply to 70% mobile phase B in 3 min, followed by conditioning
for 1 min, and re-equilibrating for 6 min.

Identification of lutein, zeaxanthin, (3-carotene, capsanthin and capsorubin were determined by
using external standards and then the UV absorption spectrum [8]. A Shimadzu UHPLC-DAD-APCI-
MS system (Shimadzu, Kyoto, Japan, System 3) carried out on A Nexera X2 UHPLC system consisting
of a system controller (CBM-30A), three pumps (LC-30AD), an auto sampler (SIL-30AC), column
heater (CTO-20AC), diode-array detectors (DAD) detector (SPD-M30A) and two degassers (DGU-
20A3R and DGU-20A5R). The Nexera X2 UHPLC system coupled to a LCMS-8060 triple quadrupole
mass spectrometer (Shimadzu, Kyoto, Japan) and the APCI source was used to identify the molecular
mass and fragment ions of lutein, zeaxanthin, (-carotene, capsanthin, capsorubin and other
carotenoids without external standards. The mobile solvents and gradient elution were used the same
as the Waters Acquity™ UHPLC-PDA System. Standard curve dilutions were measured in the
UHPLC to identify retention times and peak areas. Lutein, zeaxanthin, capsanthin, a and (-
cryptoxanthin, a-carotene and [3-carotene from the sample extracts were identified and quantified by
comparison with the retention times and absorption spectra peaks from standards and their
molecular masses and fragment ions.

3. Results and Discussion

3.1. Carotenoid Profile of Varieties

Figure 1 depicts, the difference between the carotenoid profiles of orange and red capsicums
varieties. Seven of eight orange coloured capsicums had similar carotenoid profiles, with zeaxanthin
(50-75%) as their principal carotenoid (BP, 199-9, PS, Orandino, DSP, Daina, and Boogie). Zeaxanthin,
an orange colour carotenoid, supports the observed orange colour of these varieties. Red capsicums
(Hugo, Plato and Warlock) on contrast had capsanthin (50-70%) as their principal carotenoid. The
majority of red carotenoid pigments (capsanthin and capsorubin) in these varieties, supports the
observed red colour. Interestingly, the variety “179-8’, which was a darker orange hue than the other
orange capsicums, had violaxanthin (33%) and capsanthin (39%) as its major carotenoids. The
mixture of these yellow and red carotenoids namely violaxanthin and capsanthin respectively likely
explains the resultant darker hue observed in this variety.
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Figure 1. Percentage of carotenoids (after de-esterification) in different orange and red-coloured
capsicums.

Lutein was observed only in the seven orange capsicum varieties, and was absent in the red and
dark-orange varieties. Similar results for orange and dark-orange capsicums have been previously
reported by Rodriguez-Uribe et al. [17], with zeaxanthin (45-60%) being the major carotenoid in
orange capsicums, and violaxanthin (22%) and capsanthin (27%) being the major carotenoids in the
dark orange variety. Similar observations of the principal carotenoids were also reported in other
studies with regard to orange and red colored capsicums [4,11,14]. However, in a separate study
conducted by Guzman et al. [7], 3-carotene, an orange coloured carotenoid, was the principal
carotenoid in most of the orange colored capsicums. This is in contrast to the current study, where
beta-carotene was a minor carotenoid in all varieties assessed. Thus, it can be inferred from the past
and present studies that not all orange coloured capsicums are due to accumulation of zeaxanthin,
other carotenoids such as [3-carotene or a mix of yellow and red carotenoids can also lead to orange
colour in capsicums.

3.2. Zeaxanthin Concentration of Varieties

From Table 1, it can be calculated that the varieties requiring the lowest amount of tissue to be
ingested to meet the daily suggested intake of zeaxanthin are ‘Orandino’ and ‘Boogie’ (nearly 7 g),
whereas 25 g and 30 g tissue would be required to meet the same suggested intake for the “199-9” and
‘DSP’ varieties. Similarly, between 260-440 g of tissue would be required with the red capsicums to
meet the same daily zeaxanthin requirement. Interestingly, despite its intense orange colour, the dark
orange variety ‘179-8” had the lowest zeaxanthin concentration, so that as much as 900 g would be
required to meet the suggested zeaxanthin intake. Considering an average size of 400 g of capsicums
in Australian market, it would mean consumption of few slices of high zeaxanthin orange varieties
will be sufficient as compared to a whole capsicum in case of red lines to meet the recommended
zeaxanthin daily dietary intake.

Table 1. Zeaxanthin concentration (mg/100 g FW) and the tissue needed to meet a daily dietary intake
of zeaxanthin of 2 mg/per person/per day.

Variety Colour Total Carotenoid Conc. Zeaxanthin Conc. Tissue Needed (g)
Orandino Orange 40.0+12.3 28.0+8.5 7
Boogie Orange 50.3+22.5 27.0+9.4 7
PS Orange 29.1+13.7 20.5+10.3 10
Daina Orange 22.0+14.1 13.5+84 15
199-9 Orange 10.4+3.2 8.0£27 25
DSP Orange 93+1.5 6.2+1.0 30
BP Orange 24+0.1 1.9+0.1 100
179-8 Dark-Orange 3712 02+0.1 910
Hugo Red 75+1.3 0.8+0.2 260
Plato Red 95+20 0.7+0.3 300
Warlock Red 17.8+7.6 0.5+04 440

It is also worth noting that varieties with high percentage of zeaxanthin (Figure 1) do not
necessarily have high zeaxanthin concentration for instance variety “BP” has the highest percentage
of zeaxanthin (80%) among all the varieties but its zeaxanthin concentration is only 1.9 + 0.1 mg/100
g FW, which is significantly less than the highest zeaxanthin concentration of “Orandino and Boogie”
(28.0 = 8.5 and 27.0 + 9.4 mg/100 g FW respectively). This observation suggests, that zeaxanthin
production relative to FW, not relative to total carotenoids produced, is an important consideration
in the dietary value of various cultivars.

4. Conclusions
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From the present study, it can be concluded that although orange capsicums are a considerably
better source of zeaxanthin compared to red capsicums, and had similar carotenoid profiles to each
other, there was still considerable variation in zeaxanthin concentration between the orange varieties.
It is also worth noting that orange colour does not necessarily indicate high zeaxanthin concentration
for instance in the dark orange variety investigated in this study, rather it was due to a mixture of red
(capsanthin and capsorbin) and yellow (violaxanthin) carotenoids. Thus, depending on the
zeaxanthin concentration, different capsicum varieties will have different dietary value in meeting
the suggested daily dietary requirement of zeaxanthin.

Funding: This study was funded in part by ‘Naturally Nutritious” (Hort Innovation, project HN15001).
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