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The main carotenoid in Tagetes erecta petals is lutein, wich is found either free
or esterified to one or two fatty acids. Column and thin-layer chromatographic methods
are described for the separation of the different lutein species, and compared to other,
previously published, techniques. In addition, fatty acid distributions are given for whole
marigold plants, crude carotenoid extracts and purified mono and diesterified luteins
obtained from fresh petals as well as from commercial powdered petal preparations.

The powdered petals of marigold (Ta
getes erecta) constitute a good source of
carotenoid pigments. This cheap prep
aration has found considerable applica
tion in aviculture where it is used as an
additive in order to give a yellow-orange
colour to the poultry eggs and fat (2).
Up to seventeen different carotenoids have
been isolated from marigold petals,
although lutein constitutes about 90 % by
weight (10). Lutein in it is found esterified
to one or two fatty acids (1). These ester
bonds are unusually alkali-stable, and
relatively strong conditions are required
for their hydrolysis (9).

The study of the different forms of
lutein, free and esterified, is relevant from
the physiological point of view since the
pigment can only be absorbed after hydro
lysis of the esterified forms (5). Thus, a 

convenient method for separating the free,
mono and diesterified forms of lutein is
essential for the study of carotenoid ab
sorption.

With respect to the nature of the fatty
acids esterified to lutein, previously pub
lished results appear inconsistent (1, 10).
This could be due to the fact that fatty
acids are altered by auto-oxidation (12)
during the commercial preparation of
marigold petal powders.

The purpose of this paper is, then, to
describe preparative and analytical meth
ods for the separation of free, mono and
diesterified luteins having some advantages
over previously published techniques as
well as to establish the fatty acid distribu
tion of the different marigold petal powder
preparations.
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Materials and Methods

Marigold (Tagetes erecta) plants were
purchased from commercial sources, where
they are sold for ornamental purposes.
The commercial marigold petal powder
was a kind gift from Coronado, S. A.,
Bilbao (Spain). Total lipids were extracted
fom the whole plant according to Bligh
and Dyer (3). Carotenoids were extracted
cither from the plant or the powdered
preparation by the method of Quacken
bush (8) with the modification of Quac
kenbush and Miller (10).

Column chromatography was performed
by a modification of the method of Quac
kenbush in columns 20 mm I.D. Silica-
gel H, 3 g, and diatomaceous earth, 3 g,
were mixed and transferred to the column
without any solvent. The stationary phase
was dry packed under reduced pressure
until the effective column height was of
about 5 cm. Anhydrous sodium sulfate
was then added until the total column
height was of about 7 cm. The carotenoid
mixture was applied in a minimum volume
of hexane. The column was eluted with
the following solvent mixtures: a) hexane
acetone (96:4), 10 ml; b) hexane-acetone
(90:10), 20 ml; c) hexane-acetone (80:20),
25 ml; d) hexane-acetone-methanol (80:
10:10), 20 ml. The different fractions
contained respectively: a) the diesterified
fraction; b) the monoesterified lutein;
c) the unesterified lutein; d) polyoxypig-
ments. The whole experiment took place
under reduced pressure in 4-5 minutes.
The column was easily regenerated by
eluting first with acetone (10 ml) and then
with pure hexane (10 ml).

Thin-layer chromatography was carried
out in silicagel G plates, 0.25 mm thick.
Three different solvent systems were suc-
ccsful in separating the free, mono and
diesterified lutein, namely: a) petroleum
ether-bcnzene-acctone (2:2:1); b) ethyl
cther-hexane-formic acid (25:74:1); c)
ethyl ethcr-hexane (7:3). The carotenoids
were easily identified by their bright 

yellow colour; the Rf decreased in the
order: diesterified >- monoesterified >
free lutein. Luteins for fatty acid analysis
were purified by thin-layer chromatogra
phy using solvent system C. The contam
ination by sterol esters or glycerides in
the lutein preparations was discarded after
rechromatography of the eluted yellow
spots in various solvents.

The fatty acyl residues were converted
to the corresponding methyl esters with
14 % BF3 in methanol, as described by
Morrison and Smith (7). Fatty acid
methyl esters were then analyzed by
gas-liquid chromatography in a 5120A
Hewlett-Packard chomatograph. The ap
paratus was equipped with a dual flame
ionization detector. Stainless steel columns
(1.80 m X 3 mm) packed with 5 % PEGA
were used. Carrier gas was N2, at 40 ml/
min. The oven temperature was 180°,
isothermal.

Results and Discussion

The elution process of the chromato
graphic column took about five minutes,
when working under reduced pressure,
which is less than half the time required by
the procedure of Quackenbusch et al. (11),
although the resolution was at least as
good. Moreover the use of relatively wide
(2 cm I.D.) dry-packed columns, as pro
posed by us, makes it easier to obtain
perfectly horizontal bands, which in turn
improve resolution and prevent remixing

Table I. Rf values for free, mono and dies
terified lutein separated on silicagel G with
the solvent systems A, petroleum ether-
benzene-acetone (2:2:1); B, ethyl ether-hexane
formic acid (25:74:1), and C, ethyl-ether-

hexane (7:3)

A
Rf values

B C

Free lutein 0.91 0.77 0.95
Monoesterified lutein 0.56 0.23 0.70
Diesterified lutein 0.23 0.10 0.30
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Table II. Percent distribution of fatty acids in the whole lipid contents of marigold (Tage-
tes erecta) and in various carotenoid preparations obtained thereof.

A. Total lipid extract.
B. Carotenoid extracts from fresh marigold petals: Bn total carotenoid extract; B;, pure

monoesterified lutein; B3, pure diesterified lutein.
C. Carotenoid extracts from commercial petal powders: C„ total carotenoid extract; C3, pure

esterified lutein; C3, pure diesterified lutein.

Fatty acid
N.o of

carbon atoms

Mole %

A B1 B2 B3 ci C2 C3

Lauric 12:0 trace trace 7.8 8.3 3.0 4.3 3,0
Myristic 14:0 7.1 12.0 12.0 12.7 14.4 10.2 6.3
Pentadecanoic 15:0 — trace trace 1.0 — — —
Palmitic 16:0 38.2 53.7 34.0 36.7 37.7 41.4 40.9
Stearic 18:0 12.6 17.1 38.1 32.2 21.4 41.4 42.3
Oleic 18:1 17.1 9.5 8.1 6.3 18.8 3.0 7.4
Linoleic 18:2 25.7 7.6 — 2.3 4.4 — —

Total unsaturated — 42.8 17.1 8.1 8.6 23.2 3.0 7.4

of the different components. Finally, the
possibility of regenerating the column did
not exist in the previously published meth
od (11), but was very feasible in ours,
as it constitutes an additional advantage.

Table I lists the Rf values for the free,
mono and diesterified lutein in the three
chromatographic systems mentioned under
«Materials and Methods» as A, B and C.
In all three cases the plates were developed
in 35-40 minutes. No particular advantage
was associated with any of these three
procedures, but all of them proved very
superior in resolution to the systems pub
lished previously by Bolliger and Kb-
nig (4).

The fatty acid distribution of several
lipid preparations from Tagetes erecta is
shown in Table IL When examining the
total lipids of the whole plant (column A),
it can be seen that palmitic is the most
abundant of the fatty acids but consid
erable amounts of unsaturated, oleic and
linoleic, fatty acids are also found, as
expected in plant tissues. The results
shown in column B correspond to the
fatty acids esterified to carotenoids ex
tracted from fresh intact marigold petals.

The fatty acid distribution of total carot
enoid extract (Bl), pure monoesterified
(B2) and pure diesterified (B3) lutein are
included. In general it can be said that the
degree of unsaturation is much lower than
in the total lipid extract. This is especially
true in the case of the purified luteins. The
mono and diesterified luteins do not differ
considerably in their fatty acid content,
except for the small amounts of pentadec
anoic and linoleic acids in the diesterified
form, which are not found in the monoes
terified lutein. In both cases, palmitic and
stearic acids are present in nearly equal
proportions. The total carotenoid extract
differs from the purified luteins mainly
because of the lower relative content of
lauric and stearic acid and the higher
content of palmitic and linoleic acid.
These differences can be due to the in
fluence of fatty acids esterified to carote
noids other than lutein, or else to the
presence of triglycerides in the carotenoid
extract.

The fatty acid distribution of carote
noids extracted from commercial marigold
petal powders are shown in Table II, col
umn C. Again the results corresponds tn
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to total carotenoid extract, and purified
mono and diesterified lutein are given. The
commercial powder is prepared from
marigold flowers which are dried in the
sun and then powdered. Apparently, not
only petals, but also other parts of the
flower are dried and powdered so that a
direct comparison of the total carotenoid
extracts from column B and C is not
feasible.

However, the fatty acid distribution of
the purified luteins can be compared. In
both cases, the nearly equal proportion of
palmitic and stearic acids is maintained,
but there is an increase of the relative
amounts of saturated over unsaturated
fatty acids. This can be easily explained
on account of fatty acid auto-oxydation
(12) in the process of drying and storage
of the commercial preparation.

Thus, it can be stated that palmitic acid
is the main fatty acid in the whole of
marigold lipids, as well as in the total
carotenoid extracts of fresh petals and
dried powders. However, in the pure
luteins there are equal amounts of palmit
ic and stearic acids. Appreciable amounts
of unsaturated acids are also found. The
significance of the fatty acids with respect
to the absorption of carotenoids is dis
cussed in a further paper (5).

Resumen

El principal carotenoide de los petalos de
Tagctes erecta es la luteina, que se presenta
libre o esterificada a uno o dos acidos grasos.
Se describen metodos de cromatografia en co- 

lumna y en capa delgada para separar las dis-
tintas formas de luteina, y se comparan con
tdcnicas publicadas con anterioridad. Ademas,
se describen la distribution porcentual de Aci
dos grasos en las plantas enteras, extractos cru-
dos de carotenoides y luteinas mono y diesteri-
ficada obtenidas de petalos frescos y de prepa-

raciones comerciales pulverizadas.
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