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Abstract—Specific features of chromatographic determination of xanthophyll esters are studied using an
example of marigold f lower lutein diesters under reversed-phase HPLC conditions. The developed two-col-
umn method made it possible to establish that, in samples with a low solubility of carotenoids in the used sol-
vent and on a chromatography column in using a mobile phase with a low solubility of carotenoids, the pre-
cipitation of diesters is possible, which detrimentally affects the accuracy of the chromatographic determina-
tion. A critical factor in this case isì temperature: the storage of samples (solutions) in a refrigerator is not
always advisable, because freezing of the main components is possible. It was shown that the use of a mobile
phase containing from 0 to 10 vol % acetonitrile in acetone at a temperature not lower than 20°C is acceptable
for the separation of all-trans-lutein diesters from cis-derivatives of lutein and zeaxanthin derivatives on
“monomeric” C18-phases.
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According to the type of functional groups, carot-
enoids are divided into carotenes, including hydrocar-
bons and their epoxides, and xanthophylls, containing
OH groups (or keto groups). Xanthophylls in natural
sources are most often esterified with several different
higher fatty acids [1]. This significantly complicates
the separation of individual carotenoids by reversed-
phase HPLC [2]; therefore, the common practice is
the saponification of xanthophyll esters before their
subsequent determination [3, 4].

Among the economically important sources of
xanthophyll esters, plants of the genus Tagetes (mari-
golds) with orange f lower petals can be distinguished
[5, 6]. Xanthophylls (mainly lutein) of this plant are
used in pharmacy to prevent age-related macular
degeneration, in bird feeding, as a food additive, and
as dyes for the food industry [5]. The uniqueness of
marigold f lower petals lies in the biosynthesis of lutein
diesters in high concentrations. Several examples of
using reversed-phase HPLC [6–11] for the control of
xanthophylls in dried marigold f lower petals have been
described, although a more detailed study of marigold
carotenoids was presented in [12]. Additional infor-
mation on the composition of lutein diesters was
obtained using the “polymeric” C30 stationary phase
instead of the “monomeric” C18 [13, 14]. However, a
number of issues related to the chromatographic
determination of xanthophyll diesters remain unex-
plored. This became especially important after the

publication of [15], in which it was found that there
may be a discrepancy between the results of HPLC
determinations of carotenoids on a number of com-
mercial chromatography columns and the amount of
the injected sample, the reasons for which remain
unclear.

The discrepancies noted in [15] stimulated the
present study of the chromatographic behavior of xan-
thophyll esters under reversed-phase chromatography
conditions with the assessment of the degree of the
discovery (the ratio of the amount of the found sub-
stance to the amount of the substance added to the
column) of carotenoids using the two-column method
developed in this work.

EXPERIMENTAL

We used extracts of marigold (Tagetes erecta), orna-
mental physalis (Physalis alkekengi), and rowan ber-
ries (Sorbus aucuparia) grown in Belgorod in 2022.
Marigold petals, physalis calyx, blister-like inflated
with fruits, and rowan berries were dried without
access to direct sunlight. Extraction was carried out by
rubbing the plant material under a layer of an extract-
ant (acetone) in a porcelain mortar until the last por-
tion of the extractant became discolored; all portions
of the extract were mixed in a measuring vessel and the
volume was brought to the mark with acetone.
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To determine the concentration of xanthophyll
diesters, a Shimadzu UV-VIS spectrophotometer with
quartz cells was used. After an appropriate dilution of
the filtrate with acetone, it was passed through a
packed filter with a pore diameter of 0.2 μm. The
molar absorption coefficient of 144500 L mol–1 cm–1 at
456 nm was used for calculations [16]. It was found
that the linear dependence between the concentration
of carotenoids and the absorbance of solutions was
preserved, at least in the range of absorbances from 0.1
to 1.1.

For chromatographic separation, we used extracts
diluted with acetone to a concentration of no more
than 1.5 × 10–4 M with respect to the main xantho-
phyll. Such extracts can be stored at a temperature not
lower than 20°C for up to 3 days in a dark place.
Refrigeration should be avoided.

For separation, we used chromatography columns
4.6 × 250 mm Kromasil 100-5C18, 4.6 × 250 mm
Kromasil 150-5C18, 4.6 × 100 mm Kromasil 100-
5C18 and a Kromasil C18 guard column using an Agi-
lent 1200 Infinity chromatograph with a diode array
detector. Chromatograms were recorded at 445 nm,
stored and processed using the Agilent ChemStation
software.

RESULTS AND DISCUSSION

In determining xanthophyll esters in extracts of
marigold petals, it is desirable to separate lutein and
zeaxanthin derivatives, because not only lutein deriva-
tives, but also zeaxanthin derivatives are necessary
for the prevention of age-related macular degenera-
tion [17]. The determination of zeaxanthin diesters
(ZE) against the background of lutein diesters (LE) is
not an easy task, because LE can be present not only
as all-trans-lutein derivatives, but also as a mixture of
cis isomers, later eluting on “monomeric” C18-sta-
tionary phases (as well as ZE). However, according to
our experience, in freshly prepared samples, the con-
centration of cis isomers is noticeably lower than the
concentration of ZE, which is confirmed by the elec-
tronic absorption spectra of the corresponding chro-
matographic peaks. Therefore, for an approximate
assessment of the level of the accumulation of zeaxan-
thin derivatives, one can use the area of peaks eluting
immediately after the peaks corresponding to all-trans
LE isomers. At that, it is necessary to separate zeaxan-
thin derivatives from lutein derivatives, one of radicals
in the structure of which belongs to unsaturated
acids [12]. It is known that the retention of triacylglyc-
erols decreases when the palmitic acid radical is
replaced by the oleic acid radical [18]. By analogy, the
alkyl octadecenoate ester of the all-trans isomer of
lutein will elute before the corresponding alkyl palmi-
tate.

To control the separation of complex mixtures for a
given “monomeric” stationary C18 phase, one can use
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a change in the type of organic components of the
mobile phase, their concentration, or temperature.
In [19], by changing the components of the mobile
phase, it was possible to avoid the superposition of the
peaks of diesters of capsanthin, bearing one carbonyl
group in the structure, and capsorubin, bearing two
carbonyl groups in the molecule.

Effect of the type of mobile phase components. Both
the extractant and the mobile phase for separating
carotenoids should dissolve these compounds well. In
acetonitrile and methanol (component 1, C1), as in
the most commonly used mobile phase components,
the solubilities of β-carotene are equal and rather low,
10 mg/L [16]. In this regard, the mobile phase should
contain a solvent with a higher solubility of carot-
enoids in it as the main component (C2), and the
number of such solvents from the list commonly used
in HPLC is limited [16]. Figure 1 shows chromato-
grams of marigold extract in four types of eluents con-
taining acetonitrile (C1) and four different compo-
nents (C2), the concentrations of which (based on
preliminary studies) were selected so that the reten-
tions of basic diesters were close for all four compo-
nents. One can see that the same order of elution of
lutein diesters was observed in all chromatographic
systems. The retention of LE increased with an
increase in the number of carbon atoms (ΣNC) in two
fatty acid radicals, because the affinity of the station-
ary C18 phase to them increased. After each all-trans-
lutein derivative (for example, 5 in Fig. 1), there
appeared a mixture (5a) containing all-trans-zeaxan-
thin and the sum of cis-lutein isomers with a similar
ΣNC. They were followed, if possible, by the diester of
all-trans-lutein (6b), in which the palmitoyl radical
was replaced by an octadecenyl radical (presumably an
oleic acid radical) with ΣN(C + 2).

The same elution order for four different additions
to acetonitrile to the mobile phase is not surprising,
because lutein and zeaxanthin derivatives are isomers
with the same set of functional groups. Therefore, for
the case under consideration, acetone, isopropanol,
ethyl acetate, and methyl tert-butyl ether had approxi-
mately equal selectivities.

Effect of the concentration of an organic modifier in
the mobile phase. As the concentration of C2 in the
mobile phase increased, the retention of analytes
decreased with an increase the number of dispersion
interactions (or the number of carbon and hydrogen
atoms) between the sorbate and the components of the
mobile phase. In this case, the degree of separation of
pairs of diesters of types 5a and 6b will decrease, which
is confirmed experimentally (Fig. 2).

The data in Fig. 2 indicate that the lower the con-
centration of C2 in the mobile phase, the better the
separation of the mixture components. However, a
decrease in the concentration of C2 is associated with
another problem, i.e., with a decrease in the solubility
of carotenoids in the mobile phase.
F ANALYTICAL CHEMISTRY  Vol. 78  No. 6  2023
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Fig. 1. Separation of marigold f lower extract carotenoids in four types of eluents: (a) 70 vol % acetone and 30 vol % acetonitrile;
(b) 52 vol % propanol-2 and 48 vol % acetonitrile; (c) 49 vol % ethyl acetate and 51 vol % acetonitrile; (d) 34 vol % methyl tert-
butyl ether and 56 vol % acetonitrile, 0.8 mL/min. Column: 150 × 4.6 mm Kromasil 100-5C18, 30°C. Substances: (1) lutein,
(2) and (3) two regioisomers of lutein myristate and palmitate; lutein diesters: (4) laurate-myristate, (5) dimyristate, (6) myri-
state-palmitate, (7) dipalmitate, (8) palmitate-stearate, (9) distearate; the letter a denotes the corresponding derivatives of zea-
xanthin, the letter b denotes esters containing octadecenoic acid radicals. 
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Effect of sample solvent on the shape of the chro-
matogram. It was shown in [20] that, in the separation
of anthocyanins, the concentration of acetonitrile in
the sample solvent can lead to artifacts distorting the
chromatogram. To test the effect of sample solvent on
the separation of carotenoids, two samples were pre-
pared with equal concentrations of carotenoids using
acetone (S1) as a solvent in the first sample, and a
mixture of acetone (70 vol %) with acetonitrile (S2) in
the second sample. The chromatograms of both sam-
ples recorded in the day of sample preparation were
almost identical, which indicated a possibility of using
samples in a solvent with a higher dissolving power,
which is convenient for sample preparation. However,
in the second day, the differences were significant
(Fig. 3). In the S2 chromatogram, peak areas
decreased (relative to peak areas for S1) with an
increase in the retention of diesters, i.e., with a
decrease in their solubility in the sample solvent: from
~80% for lutein laurate-myristate and dimyristate to
~50, ~40, and ~30% for lutein dipalmitate, palmitate-
stearate and distearate, respectively. The reason for
this phenomenon became clear after the discovery of a
precipitate on the bottom of the container containing
the second sample.

Therefore, the most important reason for the
appearance of artifacts in the chromatography of
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N
carotenoids may be their insufficient solubility both in
the sample solvent and in the mobile phase.

A precipitate forms at the insufficient solubility of
carotenoids in the sample solvent. When solutions are
stored at low temperatures, solubility decreases; i.e.,
one should carefully store sample solutions in a refrig-
erator.

The insufficient solubility of carotenoids in the
mobile phase, according to our experience, can also be
detected by a change in pressure values during chro-
matography: with the spontaneous crystallization of
components during chromatography, a gradual
increase in pressure with jumps was observed. In
studying the solubility of anthocyanins [21], the for-
mation of precipitates was observed even in eluents
with high eluting capacities. The fact is that in chro-
matography, the sum of substances (e.g., diesters) is
separated into individual components, and the proba-
bility of crystallization increases; the melting point
also increases.

Two-column method of the control of chromato-
graphic processes. A specific feature of the chromato-
graphic determination of a mixture of substances, even
in the presence of standard samples, is that we do not
know beforehand the shape of the chromatogram (in
terms of peak areas). The problem is easily solved
using the following method. We record the chromato-
o. 6  2023
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Fig. 2. Separation of marigold f lower extract carotenoids in four mobile phases of acetone–acetonitrile composition containing:
(a) 100 vol % acetone; (b) 95 vol % acetone; (c) 90 vol % acetone; (d) 85 vol % acetone; (e) 80 vol % acetone, 0.8 mL/min. Col-
umn: 250 × 4.6 mm Kromasil 100-5C18 with pre-column Kromasil C18, 30°C. Lutein esters: (1) laurate-myristate,
(2) dimyristate, (3) myristate-palmitate, (4) dipalmitate, (5) palmitate-stearate, (6) distearate. 
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gram several times (e.g., three times) using column
No. 1 and find the average values of peak areas and
their sums. Then we attach column No. 2 in series and
again record the chromatogram three times. The pro-
cessing of chromatogram areas in both cases makes it
possible to estimate the losses or their absence on col-
umn No. 2 in comparison with the first one. Then one
can swap the columns and evaluate the properties of
the first column.

In a number of studies on the proposed method, it
was found that, with a relatively weak elution strength
of the mobile phase, the degree of discovery of carot-
enoids can be significantly below 100% (Table 1).
However, in going to extraction with 100% acetone,
the loss of carotenoids within the experimental error
(of the order 1–1.5%) cannot be detected (Table 2).
Moreover, a certain increase in the areas of peaks in
Table 2 may be due to errors in determining the areas
of the incompletely separated peaks (Rs < 1), which
are more accurately determined in chromatograms
with the better separation of the components. In addi-
tion, as was mentioned above, a stable pressure line at
the column inlet provides an evidence for the absence
of artifacts. Therefore, the reason for a decrease in the
degree of discovery of carotenoids may be the forma-
tion of a precipitate either in the sample (when stored
JOURNAL O
at low temperature) or in the column during chroma-
tography. It can be added that there is another reason
for a decrease in the discovery of analytes in chroma-
tography, i.e., the diffusion of analyte molecules into
gallery pores [22]. This effect ismost probably also
present, but it cannot be detected because of the non-
transparent walls of the column. However, according
to our experience, in solid-phase extraction of carot-
enoids on DIAPAK C18 cartridges, the complete
washing of the cartridge from the yellow color (in the
back extraction of carotenoids) is very problematic.

Conditions for the determination of lutein diesters
and the results of the determination of carotenoids of
marigold flowers. It was experimentally found that, at
19–20°С, a precipitate did not form in samples with
concentrations of lutein diesters lower than 0.0003 M
dissolved in acetone, but in storage in a household
refrigerator, a precipitate appeared after two days at a
concentration of 2.8 × 10–4 M.

It was found that eluent composition of 10 vol. %
acetonitrile and 90 vol. % acetone could also be used
to separate xanthophyll diesters without problems with
precipitation in separating at a temperature not lower
than 20°C on a 250 × 4.6 mm Kromasil 100-5C18 col-
umn protected by a Kromasil C18 guard pre-column,
at a mobile phase rate of 0.5 mL/min or on two col-
F ANALYTICAL CHEMISTRY  Vol. 78  No. 6  2023
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Fig. 3. Separation of carotenoids of two samples of the extract of marigold f lowers in the eluent composition 49 vol % ethyl acetate
and 51 vol % acetonitrile for samples S1 (A1) and S2 (A2). Column 150 × 4.6 mm Kromasil 100-5С18, 30°С, 0.8 mL/min. Peak
numbering is as in Fig. 1. 
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umns 100 × 4.6 mm Kromasil 100-5C18 and 250 ×
4.6 mm Kromasil 100-5C18 connected in series using
the same mobile phase at the same temperature;
moreover, under these conditions, there was no need
in reducing the f low rate of the mobile phase (below
1 mL/min) (Fig. 4).

The type of fatty acid radicals in lutein diesters is
usually identified by mass spectrometry [7, 12], but for
diesters of marigold f lowers, one can use information
available from the literature [12] on the formation of
esters mainly by myristic and palmitic acids with a
JOURNAL OF ANALYTICAL CHEMISTRY  Vol. 78  N

Table 1. Peak areas and degrees of discovery of xanthophyll e
tert-butyl ether 65 vol % acetonitrile

C1 is column 100 × 4.6 mm Kromasil 100-5C18; C2 is column 150 

Lutein diester
Column or series-c

C1

Dimiristate 719 ± 20

Myristate palmitate 1688 ± 43

Dipalmitate 2241 ± 53

Myristate palmitate 790 ± 46

Distearate 121 ± 19

Sum of peak areas 5768 ± 200
smaller contribution of stearic and lauric acids. Then
it is sufficient to use an extract of ornamental physalis,
containing zeaxanthin dipalmitate as the main com-
ponent [23], to determine lutein dipalmitate, followed
by assignment of compounds eluted earlier and later.
The incremental approach [12, 24] ensures the detec-
tion of lutein dilaurate in a group of closely eluted
compounds. The chromatogram reveals another
group of peaks with electronic absorption spectra cor-
responding entirely to trans-lutein, and according to
the results of monitoring the position of convergence
o. 6  2023

sters (n = 3) in an eluent of the composition 35 vol % methyl

× 4.6 mm Kromasil 100-5C18; α is the degree of discovery.

onnected columns
α, %

C1 + C2

502 ± 11 70

1099 ± 10 65

1471 ± 19 66

462 ± 38 58

48 ± 9 40

3760 ± 25 65
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Table 2. Peak areas of lutein diesters in the separation on a 150 × 4.6 mm Kromasil 100-5C18 (C1) column and on two suc-
cessively connected columns 150 × 4.6 mm Kromasil 100-5C18 (C1) and 250 × 4.6 mm Kromasil 100-5C18 (C2) ) in 100%
acetone at different temperatures (n = 3)

Lutein diester
C1

C1 + C2, 20°С
30°С 25°С 20°С

Dimiristate 1223 ± 12 1238 ± 4 1256 ± 10 1271 ± 15

Myristate palmitate 1858 ± 16 1887 ± 20 1907 ± 19 1907 ± 20

Dipalmitate 1672 ± 16 1697 ± 17 1719 ± 18 1738 ± 11

Myristate palmitate 503 ± 6 502 ± 7 513 ± 8 523 ± 5

Distearate 64 ± 2 60 ± 5 72 ± 4 71 ± 3

Sum of peak areas 5320 ± 50 5384 ± 42 5467 ± 35 5510 ± 52
points [24] of diesters formed with the participation of
another monounsaturated acid; peaks of this group of
substances are indicated by the addition of letter c.

Table 3 presents the results of determining the
molar fraction of the types of lutein diesters by peak
areas in five samples (of different geni) of marigold
flowers. The presented data indicate the high reliabil-
ity of determining the fatty acid composition of
diesters under the conditions used. Other compounds
were also found in the chromatogram, including lutein
JOURNAL O

Fig. 4. Separation of carotenoids of marigold f lower extract in th
(a) column 250 × 4.6 mm Kromasil 100-5С18 with pre-column
4.6 mm Kromasil 100-5C18 and 250 × 4.6 mm Kromasil 100-
Fig. 1, (10) lutein dilaurate. Additional letters denote all-trans-l
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itself (peak 1), the concentration of which in the
extract was in the range 0.1–1.0%, lutein monoesters
(peaks 2 and 3), 2.0–2.6%; a mixture of diesters of
zeaxanthin and cis isomers of lutein 7.7–9.8%; there-
fore, diesters of all-trans lutein accounted for 84.1–
84.8%.
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Table 3. Conditional fatty acid composition of lutein diesters (according to peak areas on chromatograms) of five samples
of dried marigold petals

Designations of diesters: L2 is dilaurate; LM is laurate-myristate; M2 is dimyristate; MP is myristate palmitate; P2 is dipalmitate; PS is
palmitate-stearate; S2 is distearate.

Sample Concentration 
of carotenoids, M

Proportion of diesters of lutein, mol %

L2 LM М2 MP P2 PS S2

1 2.8 × 10–4 1.9 5.1 16.5 28.7 33.1 12.5 2.2

1.4 × 10–4 2.0 5.1 16.6 28.6 33.0 12.5 2.3

5.7 × 10–5 2.2 5.4 16.5 28.6 32.8 12.4 2.2

3.1 × 10–5 2.0 4.9 16.5 28.6 33.0 12.7 2.2

1.2 × 10–5 2.2 5.1 16.6 28.7 33.0 12.4 2.2

Average 2.0 5.1 16.5 28.6 33.0 12.5 2.2
2 3.4 × 10–5 0.5 2.8 11.2 24.5 39.3 17.74 4.0

3 2.7 × 10–5 0.6 4.2 15.6 28.9 34.2 13.51 3.0

4 3.6 × 10–5 0.7 5.4 16.3 27.3 32.3 14.33 3.6

5 4.4 × 10–5 0.9 4.9 17.6 30.2 33.4 11.4 1.7
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