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Abstract: Marigold flowers (Tugetes patula and Calendula officinalis) were chosen for analysis because they
are the most often used source of lutein and its isomer zeaxanthin for the production of food supplements
on the Czech market. Direct extraction and extraction with alkaline hydrolysis were compared to detect
free or bound carotenoids. For carotenoid separation, C18 and C30 columns were used. A new method for
determination of carotenoid content in food supplements in form of capsules has been developed and
validated. All matrices were analysed by high-performance liquid chromatography with diode array detection
(HPLC-DAD). It has been found that alkaline hydrolysis is required for both Marigold flowers and food
supplements to release lutein from ester bonds to fatty acids. In Calendula officinalis lutein in the concentration
of 807—1472 mg - kg™ of dry matter was detected. Tagetes patulahas been identified as a better lutein source with
the content of 5906—8677 mg - kg™ of dry matter. It has been found that the content of lutein and zeaxanthin
in commercial food supplements (Lutein Complex Premium and Occutein Brillani) is consistent with the declared
quantity. Linearity of the HPLC-DAD method ranged from 0.1—20 pg-mL™" with the limit of quantification
(LOQ) of 1.7 mg- kg™ for lutein in Marigold flowers and 200 mg-kg™' in food supplements. Repeatability was

2.3 % for lutein in all tested matrices.
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Introduction

Carotenoids are ubiquitous organic compounds,
mainly of yellow, orange and red colour, soluble
in fats and organic solvents (Watkins and Pogson,
2020). Currently, more than 1100 carotenoids are
known (Yabuzaki, 2017). Several of these pigments
are retinoids because of their vitamin A activity
(Becerra et al., 2020; Watkins and Pogson, 2020).
From the chemical point of view, these compounds
are predominantly tetraterpenes composed of eight
isoprene units. In their chain, they have a conju-
gated double bond system representing a light-
absorbing chromophore that gives carotenoids
their characteristic colour (Rodriguez-Amaya,
2019). Carotenoids are identified from their visible
absorption spectrum (Saini et al., 2015).

HOY

Carotenoids are divided into two basic groups —
carotenes and xanthophylls. Carotenes are formed
by a hydrocarbon chain (lycopene, o-carotene,
B-carotene) while xanthophylls are oxidized deriva-
tives of carotenes (B-cryptoxanthin, lutein, zeaxan-
thin) (Becerra et al., 2020).

Lutein (Fig. 1) and its isomer zeaxanthin (Fig. 2)
are natural pigments of yellow colour.

These substances are labile and they easily isomerize
and degrade in the presence of light, heat and oxy-
gen; thus, preventive procedures have to be taken to
adapt both storage and processing conditions (Saini
et al., 2015; Becerra et al., 2020). Human bodies
are not able to synthesize carotenoids themselves,
so they have to take them in food or food supple-
ments (Woodside et al., 2015). The most important
sources of xanthophylls include fruits, vegetables,
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Fig. 2. Structural formula of zeaxanthin.
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and some plant species such as Marigold flowers
(Lin et al., 2015; Watkins and Pogson, 2020). Tugetes
erecta is the most often used source of lutein and
zeaxanthin for food supplements production on the
Czech market. A typical example is Lutein PLUS
(Walmark), Lutein Premium (Generica), Lutein-z
(Jamieson) or ProVision (Vitaland). Lutein is present
in free form or bound to fatty acids via an ester
bond (Abdel-Aal and Rabalski, 2015). It is used as
a food colourant (E 161b) but also as an additive in
fodder for hens or in the food industry as a food
supplement mainly for its antioxidant properties
(Ree, 2006; Marounek and Pebriansyah, 2018). A
link between lutein intake and its positive effect
on vision has been shown many times. The central
part of retina, called macula lutea (yellow spot), is re-
sponsible for high visual acuity and it is composed
of lutein, zeaxanthin and meso-zeaxanthin, in
common called macular pigment (Bernstein et al.,
2016), which plays an important role in protecting
the eye from UV and phototoxic blue light (Peng
et al., 2016). Scientists conducted an experiment
in the eyes of monkeys proving that those lacking
xanthophylls in the diet do not have these pigments
detectable in serum. However, when lutein and
zeaxanthin were incorporated in their diet despite
lifetime deficiency, the macular pigment quickly
returned to normal levels (Tsao et al., 2007). Lu-
tein has a preventive effect against diseases such as
cataract or age-related macular degradation (AMD)
(Bernstein et al., 2016; Nwachukwu et al., 2016).
The major risk factor affecting AMD is oxidative
stress. Taiwanese scientists have found that if peo-
ple with early stage AMD receive 12 mg of lutein
and 2 mg of zeaxanthin daily for five months, anti-
oxidant activity improves. This study also claims
that long-term consumption can suppress oxidative
stress and thereby avoid AMD (Peng et al., 2016).
Lutein is also involved in the skin protection from
UV radiation, positively affects cognitive functions,
helps reducing the risk of cardiovascular disease
and also strengthens immunity (Mares-Perlman
et al., 2002; Nwachukwu et al., 2016; Buscemi
et al., 2018). Despite their many beneficial effects,
the European Food Safety Authority (EFSA) has
not approved any health claims concerning lutein
and zeaxanthin. There is not enough evidence to
prove a cause and effect relationship between the
consumption of lutein and subsequent normal vi-
sion (EFSA Panel on Dietetic Products, Nutrition
and Allergies, 2010). The recommended daily dose
is not specified.

For the determination of carotenoids in plant matri-
ces and food supplements, the most frequently used
method is HPLC-DAD (or UV/VIS) (Aman et al.,
2004; Abdel-Aal and Rabalski, 2015; Bernstein

etal., 2016). In the past, mainly normal phase HPLC
was used, while nowadays reverse phase HPLC with
analytical columns C18 and C30 are used for their
separation (Amorim-Carrilho et al., 2014; Fratianni
et al., 2015). C18 column is not capable to separate
structural and geometrical isomers so it cannot be
used for the separation of lutein and zeaxanthin
due to their co-elution. Column C30 is the best
choice for efficient separation of isomers even
though their retention times are similar (Amorim-
Carrilho et al., 2014). Carotenoid identification is
also possible using tandem mass spectrometry (de
Rosso and Mercadante, 2007; Tsiaka et al., 2018;
Zhang et al., 2019) or thin layer chromatography
(TLC) combined with UV/VIS visualization and
densitometry (Altemimi et al., 2015).

Materials and Methods

Chemicals and standards

Standard of lutein (purity 95 %) was purchased
from Labicom (Czech Republic) and B-carotene (pu-
rity 2 99 %) from Sigma-Aldrich (Germany). Sodium
hydroxide and sodium sulphate were obtained from
Lach-Ner s.r.o. (Czech Republic), ethanol, metha-
nol, n-hexane and methyl tert-butyl ether (MTBE)
from Merck KGaA (Germany), acetonitrile, tert-
butyl-hydroxytoluene (t-BHT) from Sigma-Aldrich
(Germany) and acetone from Penta Chrudim (Czech
Republic). Water was purified using a Milli-Q
Ultrapure water purification system from Millipore
(Germany).

Sample preparation

The first group of analysed samples consisted of
Marigold flowers used commonly as carotenoid
source for food supplement preparation. Calendula
officinalis and Tagetes patula, specifically their blooms
from the Institute of Botany in Prague, were stored
in a freezer (-20 °C) before the analysis and Calendula
officinalis tea from blooms manufactured by Mediate,
s.r.0. was also analysed. The samples were thoroughly
homogenized in a mortar without using a solvent.
Half a gram of each sample was weighed into a 15 ml
plastic cuvette wrapped in aluminium foil.

Food supplements, more specifically capsules (Lutein
Complex Premium, Ocutein Brillant), available on the
Czech market were analysed for carotenoid content,
weighed — first the whole capsule and then just the
dried shell purified with hexane, cut with a sharp
scalpel and 3—5 mg of the sample was transferred
into a 50 ml cuvette wrapped in aluminium foil.

Standard preparation
The stock solution of lutein for carotenoid analysis
was prepared at the concentration of 100 pg-mL™,
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concentrations of the working solution in ethanol
(0.2 % t-BHT)/acetone (6:4; v/v) solvent mixture
ranged from 0.1 to 20 pg-mL™. The working
solution was always prepared fresh using the stock
solution stored in a freezer (-20 °C).

Determination of dry matter
Homogenised flower samples were dried to a con-
stant weight at 105 °C.

Extraction of lutein, zeaxanthin and B-carotene

The first method used was direct extraction
for blooms of Calendula officinalis and Tagetes
patula. First, 2 ml of the mixture of ethanol
(0.2 % t-BHT)/n-hexane — 4:4 (v/v) were added
to the weighed sample. The cuvette was capped,
coated with parafilm and shaken for 30 minutes on
a shaker. Then, 2 ml of deionised water were used
to separate the layers and the mixture was centri-
fuged (6000 RPM, 5 °C, 5 min). Subsequently, the
upper hexane layer was removed into a 50 ml heart
flask and re-extraction of the ethanol portion was
repeated with another 4 ml of n-hexane (followed
by shaking, centrifugation and removal of the up-
per hexane layer). The re-extraction was carried
out until the upper hexane layer was colourless.
All hexane extracts were combined and evapo-
rated on the evaporator at 30 °C, followed by slow
evaporation to dryness in a stream of nitrogen gas.
The residue was reconstituted in a 10 ml mixture
of ethanol (0.2 % t-BHT)/acetone — 6:4 (v/v)
and filtered through a microfilter on a centrifuge
(10000 RPM, 5 °C, 3 min) to obtain approximately
1 ml of solution which was transferred to an amber
vial and prepared for HPLC analysis.

The second extraction method for blooms of
Calendula officinalis and  Tagetes patula involved
alkaline hydrolysis. First, 2 ml of the mixture of
ethanol (0.2 % t-BHT)/acetone — 6:4 (v/v) and
2 ml of n-hexane were added to the weighed sam-
ple followed by vortexing for 5 min. Then, 6 ml of
n-hexane and then 5 ml of the mixture of ethanol
(0.2 % t-BHT)/acetone — 6:4 (v/v) were added and
vortexing was repeated for another 5 min. After-
ward, 5 ml of methanolic potassium hydroxide
(conc. 20 g-1"") were added to saponify the whole
suspension. Cuvettes covered in aluminium foil
and filled with nitrogen gas (to maintain inert
atmosphere in the cuvette) were kept at room
temperature (approx. 23 °C) overnight. The next
day, 10 ml of n-hexane and 10 ml of a solution
of Na,SO, in deionized water (conc. 100 g-1") were
added to the mixture. The cuvette covered with
parafilm was intensively hand-shaken for 2 min and
then centrifuged (10000 RPM, 5 °C, 5 min). The
upper hexane layer was removed into a 50 ml heart

flask and then the procedure was exactly same as in
direct extraction.

Direct extraction and alkaline hydrolysis extraction
were used also for the analysis of food supplements.
The procedures were almost identical to the extrac-
tion methods for Marigold flowers, the only dif-
ference was the use of hexane/acetone — 1:1 (v/v)
with the addition of t-BHT (0.2 g per 100 ml solu-
tion) as an extracting agent.

HPLC-DAD determination

High-performance liquid chromatography cou-
pled with a diode array detector (HPLC-DAD)
was used for chromatographic separation and
sample analysis (Agilent Technologies 1200 se-
ries, Santa Clara, CA, USA). The separation of
carotenoids was carried out using analytical
column Poroshell 120 EC-CI18 (2.1 x 100 mm;
2.7 pm) at the column temperature of 30 °C and
the flow rate of 0.5 ml-min™'. The mobile phase
was composed of 100% acetonitrile (A) and 90 %
acetonitrile in deionized water (B). Gradient elu-
tion was used (0—2 min for 100 % B, 5—28 min for
0 % B, 28.5—30 min for 100 % B). The injection
volume was 3 pL. As lutein and zeaxanthin are
not separated in the C18 column, the C30 column
(3.0 x 100 mm; 3 pm, YMC, Japan) was also used
to determine the ratio of lutein and zeaxanthin in
all matrices. Column temperature was 35 °C, flow
rate was 0.4 ml-min™', injection volume was 3 pl
and mobile phase consisted of MeOH/MTBE/
H,O in the ratio of 81:15:4, v/v/v(A) and MeOH/
MTBE/H,0, 7:90:3, v/v/v (B). Gradient elution
was also used (0—10 min for 0 % B, 45 min for
56 % B, 50 min for 100 % B, 55—60 min for 0 % B).
Carotenoids were detected at the wavelengths of
444 nm — lutein and zeaxanthin, and 450 nm —
B-carotene. The identification was performed by
comparing the retention times of chromatograms
and spectra of the measured samples with the
standards of lutein and B-carotene. The external
calibration method was used for quantification.
Zeaxanthin was quantified on the lutein standard.

Methods performance characteristics

Response of the detector in the used calibration
range of 0.1—20 pg-ml™ was linear. Detection limit
(LOD) for lutein and B-carotene in Marigold flowers
and food supplements was 0.1 pg-ml™, determined
as the lowest point on the calibration line. Repeat-
ability was expressed as a relative standard deviation
(RSD). For the finally used method with alkaline
hydrolysis, RSD values were 2.3 % for lutein and
5.1 % for B-carotene in Marigold flowers and 2.3 %
for lutein in food supplements. Limit of quantifica-
tion (LOQ) was recalculated per kilogram of the
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sample according to the weight and performed
extraction procedure to be 1.7 mg - kg™ for lutein and
7.3 mg-kg™ for B-carotene in Marigold flowers. In
case of food supplements, LOQ) was quite high, spe-
cifically 200 mg - kg™ for lutein, which corresponds to
0.25 mg per one Lutein Complex Premium capsule
weighing approximately 1.27 g.

Results and discussion

The performed experiments aimed to determine
the content of free and bound lutein/zeaxanthin
in matrices used for the production of food supple-
ments (Calendula officinalis, Tagetes patula) and the
content of these xanthophylls in food supplements
as well as to compare the determined levels with the
producer’s declaration. Supplements Lutein Com-
plex Premium and Ocuttein Brillant were chosen
for the analysis. These food supplements are very
popular and often used by the Czech population,
which is the main reason why the analysis was fo-
cused on them.

The first analysed matrices were dried and frozen
blooms of Calendula officinalis. In both cases, satisfac-
tory extraction yields were achieved using minimum
three repeated extractions, both for direct extrac-
tion and for the alkaline hydrolysis process. Dried
blooms of Calendula officinalis purchased as tea had
very low water content of approximately 7 %. The
water content of frozen flowers varied between
81—86 %. To compare results obtained in differ-
ent matrices, the carotenoid content was expressed
on the dry matter of the sample. C18 column was
sufficient for the determination of total lutein and
zeaxanthin content as the time needed for separa-
tion is significantly shorter, approximately twice,
compared to the G30 column separation. It has been
found that in case of Calendula officinalis, the inclu-
sion of an alkaline hydrolysis step is necessary. In
dried flowers used for tea preparation, lutein content
was determined to be 11.9 mg- kg™ of dry matter by
direct extraction. After alkaline hydrolysis, the con-
tent increased approximately three times compared
to the direct extraction method, to 46.0 mg-kg™' of
dry matter. The overall relatively low detected
content of this xanthophyll was probably due to its
degradation during flower drying. Based on the
determined content it can be claimed that Calendula
officinalis tea is not a very good source of xantho-
phylls. Lutein content in frozen flowers ranged from
807 to 1472 mg-kg™ of dry matter. In comparison
with literature data, the content was also expressed
on fresh matter ranging from 122 to 253 mg-kg™'.
Lower, but also similar xanthophyll contents were de-
termined by Romanian scientists who analysed four
different varieties of Calendula officinalis. The lutein

content ranged from 40 to 256 mg - kg™ (Pintea et al.,
2003). On the other hand, Brazilian scientists have
determined in Calendula officinalis lutein content
of 298 mg-kg' (Manke Natchigal et al., 2010). In
literature, a significant difference between the lowest
and highest concentration of lutein can be observed,
which is probably due to various varieties, different
geographical and climatic growth conditions or
different way of storage. During our experiment,
Calendula officinalis extracts were also analysed on a
C30 column and the approximate lutein to zeaxan-
thin ratio was found to be 14:3. After the inclusion of
the alkaline hydrolysis step, there was no significant
increase in the B-carotene content. However, the
used method included alkaline hydrolysis for all
determined carotenoids. In Calendula officinalis dried
blooms, the content of B-carotene was determined
to be 13.8 mg-kg™' of dry matter, in frozen flowers
it ranged from 220—904 mg-kg™ of dry matter, ex-
pressed on fresh matter it was 32—155 mg-kg™'. The
measured data were compared with the available
literature. The content determined by Romanian
scientists ranged from 23—460 mg - kg™ (Pintea et al.,
2003). It was found that the concentration range is
wide, in Romanian varieties bought in specialized
stores in France it is even wider than that determined
in this study.

Another plant matrix analysed was frozen flowers
of Tagetes patula with the water content of approxi-
mately 84—86 %. In this case, three extractions
were also needed for the two tested extraction pro-
cedures. The inclusion of alkaline hydrolysis for
extraction has been proven to be essential for this
analysis. Fig. 3 shows chromatograms document-
ing the increase in the xanthophyll content after
the inclusion of the alkaline hydrolysis step in-
cluding the separation of isomers. Figure 4 shows
the UV/VIS spectra of lutein and zeaxanthin.
The combined content of lutein and zeaxanthin
ranged from 5906 to 8677 mg-kg™' of dry matter.
Literature data for a Tagetes erecta cultivar harvested
on Bali and called Mega Orange show lutein and
zeaxanthin range from 8950 to 14550 mg-kg™ of
dry matter. The content we determined was lower
as well as that of another cultivar called Mega Gold
also from Bali (2560—3730 mg-kg™' of dry matter)
(Kurniawan et al., 2019). The determined xantho-
phyll content was also expressed on fresh matter for
comparison with the published literature data. Bra-
zilian scientists determined lutein content in brown
flowers of Tagetes patula to be 12306 mg-kg™and in
yellow flowers it was 597 mg - kg™ (Manke Natchigal
et al.,, 2010). We determined higher lutein con-
centrations in comparison with the cited levels in
yellow flowers, but lower than published for brown
flowers. Lutein content in our samples ranged from
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Fig. 3. Chromatograms of the Tagetes patula sample, comparison of direct extraction method (dashed
line) and extraction with alkaline hydrolysis (solid line); C30 column, A =444 nm.
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Fig. 4. UV/VIS spectra of lutein and zeaxanthin in Tagetes patula.

850-1362 mg - kg™ of fresh matter. When separated
on the C30 column, the lutein:zeaxanthin ratio of
24:1 was determined for Tagetes patula flowers. The
average content of B-carotene was 467.5 mg - kg™ of
dry matter in frozen flowers of Tagetes patula.

Due to its high lutein content, approximately six
times higher than in Calendula officinalis, Tagetes
patula is widely used for the production of food
supplements. The advantage of this raw material is
its good availability, low price and also high yields
in cultivation.

Food supplements in form of capsules were also
analysed within the experiments and an analytical
method for their extraction has been developed
and validated. The alkaline hydrolysis extraction
procedure for plant matrices has been found to be
unsuitable for food supplements in form of capsules

10

since it results in lower yields than the extraction
procedure based on the published article (Aman
et al., 2004). In our case, the vortex was replaced
by a shaker (1800 RPM) mentioned in the article, a
mixture of BHA and BHT was recommended as an
antioxidant but only BHT was used. Due to the lack
of accurate information in the experimental part,
the procedure was linked to the alkaline hydrolysis
extraction procedure for plant matrices mentioned
in the experimental part. The resulting modified and
subsequently validated method for food supplements
is described in details in the experimental part.

In order to optimize the extraction procedure with
alkaline hydrolysis, a sample of 50 mg was initially
selected but the carotenoid content was too high
and no decolourisation of the extracted sample
was achieved even after nine re-extractions. At
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Fig. 5. Comparison of declared amounts of lutein and zeaxanthin with the values determined in the food
supplements by direct extraction and extraction with alkaline hydrolysis.

the sample weight of 13 mg and, seven repeated
extractions provided the amount of lutein and
zeaxanthin of 15.9 mg - capsule™ (declared amount
17.5 mg - capsule™) on the C18 column and the sam-
ple had to be diluted ten times prior to the analysis
because the concentration was out of the linear
range of the method. Reduced sample weight was
used in other experiments and 3-5 mg proved to
be an ideal weighed-in portion. Because of the
homogeneous consistency of the sample, it can be
casily weighed on an analytical balance, and it is
sufficient to repeat the extraction step three to four
times for the quantitative extraction of analytes.
For the Lutein Complex Premium samples, the
repeatability of the method, calculated as Relative
Standard Deviation (RSD), was determined based
on six parallel measurements performed.

Lutein content of 26.1 mg-capsule” (declared
value 15 mg-capsule™”), zeaxanthin content of
4.9 mg - capsule™ (declared value 2.5 mg - capsule™)
and B-carotene content of 6.6 mg-capsule™ (de-
clared 2 mg-capsule™”) were detected using the
C30 column for separation. Application of an
extraction method without the alkaline hydrolysis
step yielded approximately the same amount
of lutein (26.3 mg-capsule™) and zeaxanthin
(4.3 mg-capsule) but the extraction procedure
was more difficult and the sample had to be ex-
tracted more times to achieve its discolouration. For
this reason, alkaline hydrolysis was also included in
the analysis of the capsules. Carotenoid levels were
analysed in food supplements with an expiration
date of more than two years. It is likely that the
manufacturer tries to ensure sufficient carotenoid
content in the capsules at the end of the expiration
date. The Lutein Complex Premium declaration
states that lutein is present in the capsule in form of
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20 % marigold extract.

The Ocutein Brillant food supplement analysed
was also gel-like but with harder coating. In this
sample, the extraction method without hydrolysis
was not sufficiently effective as the matrix is very
concentrated and despite the low sample weight it
was not possible to extract carotenoids (until the
sample was discoloured) even by multiple extrac-
tions. Therefore, a validated alkaline hydrolysis
method described in the experimental part was
used for both food supplements analysed with
three to four extraction steps required to completely
decolour the upper hexane layer. Experimen-
tally, 27 mg-capsule™ of lutein (declared amount
of 22 mg-capsule”’) and 7.6 mg-capsule” of
zeaxanthin (declared 3 mg-capsule™) were deter-
mined. The expiration date for Ocutein Brillant
capsules was more than two years after purchase at
the store. The source of xanthophylls has not been
reported for this food supplement.

A comparison of the declared and experimentally
determined xanthophyll content of food supple-
ments is summarized in Fig. 5.

Conclusion

For the determination of carotenoids in Marigold
flowers (Tagetes patula and Calendula officinalis) as
well as in food supplements, an analytical method
including an alkaline hydrolysis step to release
bound carotenoids from the matrix has been
developed and validated. Lutein content deter-
mined by this method for Calendula officinalis was
807—1472 mg - kg of dry matter and that for Tugetes
patula was 5906—8677 mg-kg™'. For the separation
of lutein and zeaxanthin, C30 analytical columns
were used.
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Marigold flowers, especially Tagetes patula, are
considered to be a good source of carotenoids for
the production of food supplements for eye health
but also as a suitable addition to feed for laying
hens. The amount of xanthophylls was determined
in food supplements, specifically capsules, and
the levels were compared with the manufacturer’s
declaration. Food supplements manufacturers
maintain the declared amounts and ensure that the
product contains enough carotenoids throughout
the expiration period.
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