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AN IMPROVED HPLC METHOD FOR THE
SEPARATION OF FOURTEEN CAROTENOIDS,
INCLUDING 15-/13- AND 9-CIS-g-CAROTENE

ISOMERS, PHYTOENE AND PHYTOFLUENE

F. GRANADO, B. OLMEDILILA,

I. BLANCO, AND E. ROJAS-HIDALGO
Nutrition Service
Clinica Puerta de Hierro
¢/ San Martin de Porres, 4
28035 Madrid, Spain

ABSTRA!

The isocratic separation of 14 carotenoids, as
well as retinol, retinyl acetate, retinyl palmitate,
a-tocopherol and tocopherol acetate, is accomplished in
12 minutes, using a Spheri-5-0DS column and acetoni-
trile:dichloromethane:methanol (70:20:10) as mobile
phase, with two-channel, programmable multiwavelength
detection. The carotenoids separated are as follows:
lutein/zeaxanthin, canthaxanthin, pB-apo-8'carotenal,
B-cryptoxanthin, echinenone, 1lycopene, y-carotene,
a-carotene, pf-carotene, 9-cis-f-carotene, 15-cis-/13-
cis-B-carotene, phytoene and phytofluene. The separa-
tion of lutein and zeaxanthin is obtained simply by
changing the mobile phase to acetonitrile:methanol
(85:15).

The separation of the cis-isomers of g-carotene is
maintained, in spite of changes in the proportions and
even after 250 hours of analysis. This chromatographic
separation is not dependent on temperature (within a
range of 15-37°C), on the injection solvent (THF, EtOH
or the mobile phase) or flow rate (in a range of 1.3-
2.5 ml/min).
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The identification of these compounds has been
assayed in both vegetable samples and serum.

I ODUCTION

The continual advances in carotenoid analysis by
chromatography are affording the separation of an in-
creasing number of carotenoids, as well as several iso-
meric forms, in standards, vegetable samples and serum
(1-15) .

The accurate determination of qualitative and
quantitative data for these classes of compounds, in-
cluding the amounts of various isomers of individual
carotenoids in foods and serum, is important for sever-
al reasons, among which should be considered their
anticarcinogenic potential, the vitamin A activity of
different compounds, their antioxidant capacity and
colorant properties.

Although cis-isomerism is a widely recognized
property of the carotenoids, only a few of them occur
naturally in cis~form. The presence of these cis-
isomers has been reported by different authors both in
processed foods (1,8,16) and in serum (10,15,17).

For the purpose of broadening and improving the
system of chromatographic separation of ten carotenoids
previously reported by us (13), we have achieved, after
different assays, the separation of several cis-isomers
of trans-f-carotene (9-cis-f-carotene and 13-cis- or
15-cis~f-carotene), efficiently and continuously for
250 hours of column life, as well as that of phytoene
and phytofluene.

MATERIA

All-trans-p-carotene, lycopene, all-trans-a-
carotene, all-trans-retinol, retinyl acetate, retinyl
palmitate, d-a-tocopherol and d-a-tocopherol acetate
standards were obtained from Sigma Chemical Co. (St.



09: 56 25 January 2011

Downl oaded At:

SEPARATION OF FOURTEEN CAROTENOIDS 2459

Louis, Mo.). 15-cis-f-carotene, 9-cis-B-carotene, 13-
cis-pB-carotene, phytoene, y~carotene, canthaxanthin,
B-cryptoxanthin, echinenone, lutein and zeaxanthin were
gifts from Hoffmann-La Roche (Basel, Switzerland).
B-apo-8'carotenal was obtained from Fluka Chemie AG
(Switzerland). Stabilized tetrahydrofuran (THF), hy-
droxybutyl-toluene (BHT) and dichloromethane were pur-
chased from Carlo Erba (Spain). Methanol, ethanol,
n-hexane and acetonitrile were supplied by Merck
(Spain).

METHODS

Preparation of standards

Stock solutions of each carotenoid were prepared
by dissolving 2-5 mg of the compound in 50 ml of THF.
Standards were stored at -20°C, under nitrogen atmo-
sphere and protected from light. These solutions were
further diluted to provide working standards.

Concentrations were calculated on the basis of
the published absorptivity value (E 1% 1 cm) in hexane,
ethanol or petroleum ether (18). Values used, and the
wavelength maxima, were: phytoene, 1250 at 285 nm; fg-
carotene, 2592 at 453 nm; lutein, 2550 at 445 nm; can-
thaxanthin, 2200 at 466 nm; f-apo-8'carotenal, 2640 at
457 nm; pB-cryptoxanthin, 2386 at 452 nm; echinenone,
2158 at 458 nm; lycopene, 3450 at 472 nm; zeaxanthin,
2540 at 450 nm; a-~-carotene, 2800 at 444 nm; y-carotene,
3100 at 462 nm; and 15-cis-f-carotene in hexane was
2340 at 450 nm (data from Hoffmann-La Roche, Basel).
The concentrations of 9-cis-f-carotene and 13-cis-g-
carotene was not spectrophotometrically corrected as
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the absorptivity value was unknown. The concentrations
of the stock solutions were recalibrated monthly.

Liquid chromatographic system

High performance liquid chromatography was carried
out in an ALC/GPC chromatograph (model 201, Waters As-
sociates, Milford, Mass.) equipped with a model 6000 A
pump, dual reciprocating piston heads, model U6K sep-
tumless injector and programmable multiwavelength de-
tector (model 490 E, Waters Associates). The detector
signals were recorded on a M730 data module (Waters
Associates) and an Omniscribe recorder.

The chromatographic conditions were as follows: a
5 um Spheri-5-0DS, 220 x 4.6 mm column (Brownlee Labs,
Kontron Analytic) with a guard column of Aquapore ODS
type RP-18, 15 x 3.2 mm, 7 um. Solvent, acetonitrile:
:dichloromethane:methanol (70:20:10); flow rate, 1.8
ml/min.

To separate lutein and zeaxanthin, the mobile
phase was changed to acetonitrile:methanol (85:15)
(13).

The detection of the different compounds was
performed at 450 nm (carotenoids), 450 and 340 nm (cis-
p-carotenes), 370 nm (phytofluene), 286 nm (phytoene),
294 nm (tocopherol and tocopherol acetate), 325 nm
(retinyl palmitate) and 313 nm (retinol and retinyl
acetate). The identification of the peaks for the dif-
ferent samples was based on retention times, maxplot,
340/436 nm ratio, Q-ratio (absorbance at maximum/absor-
bance at cis-peak) and stop-flow scan at the top of the
peak.

RESULTS AND DISCUSSION

By using a Spheri-5-0DS column (polyfunctional)
rather than the Spheri-5-RP-18 column (monofunctional),



09: 56 25 January 2011

Downl oaded At:

SEPARATION OF FOURTEEN CAROTENOIDS 2461

) [ 12 min
A B Channel 2
v
3 9
1
2
9
1 5 6 10
2 1] 4
3
10
y 7 Y
6
8
4 10 U
7 -
Lty by L" Channel 1
0 g 12 0 s 12
min min

FIGURE 1. Separation of carotenoid standards: a) on
Speri-5-RP-18; and b) on Spheri-5-0DS. Mobile phase:
acetonitrile:dichloromethane:methanol (70:20:10). Flow
rate: 1.8 ml/min.

Channel 1, detection at 450 nm (x0.01 AUFS); channel 2,
detection at 340 nm and 286 nm (at minute 10) (x0.004
AUFS) .

Peak identification: 1, lutein; 2, canthaxanthin; 3,
B-apo-8'-carotenal; 4, p-cryptoxanthin; 5, echinenone;
6, lycopene; 7, vy-carotene; 8, a-carotene; 9, gf-
carotene; 10, 15-cis-f-carotene; and 11, phytoene.
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with which we had carried out the separation of ten
carotenoids reported previously (fig. la) (13), we have
extended the analytical separation of carotenoids to
the identification of 13-cis o 15-cis-f-carotene and
phytoene (fig. 1b), as well as 9-cis-f-carotene and
phytofluene.

The chromatographic constants for the carotenoids
studied in a Spheri-5-0DS column (Brownlee) are given
in Table 1. When these constants are compared with
those obtained for the same carotenoids (except 15-cis-
B-carotene) in a Spheri-5-RP-18 column (Kontron Analyt-
ic) (13), at the same flow rate and using the same mo-
bile phase (acetonitrile:dichloromethane:methanol) (70:
:20:10), we can observe a marked increase in the reso-
lution (R), which becomes more evident for the apolar
carotenoids, as well as a decrease in the separation
factor (a), which becomes more pronounced as the polar-
ity of these compounds diminishes.

The selectivity and resolution for the mixture of
B-carotene and 15-cis-f-carotene were assessed periodi-
cally over the course of more than 1000 injections (ap-
proximately 250 hours) (figure 2).

The chromatographic constants for phytoene are not
included in Table 1, although this substance appears in
figure 1b, due to the anomalous width of the peak.
Nonetheless, the absorption spectrum for this standard
corresponds to that reported in the referenced litera-
ture (12,18). Nor were the chromatographic constants
calculated for phytofluene as there is no available
standard.

With respect to 9-cis and 13-cis-f-carotene, re-
ceived during the preparation of this manuscript, pre-
liminary studies were performed to assay them chroma-
tographically, together with all-trans-f-carotene and
15-cis-f-carotene. Figure 3 shows the chromatographic
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FIGURE 2. Evolution of the chromatographic parameters,
selectivity ( ) and resolution (+) for a mixture of
B-carotene and 15-cis-f-carotene, on a spheri-5-0DS
column.

separation of all-trans-f-carotene from its isomers,
9~cis and 13-cis or 15-cis (the latter two isomers co-
elute) using a new Spheri-5-0ODS column. In a column
that has has been in use for more than 250 hours, this
separation is maintained. The isomers 9-cis and 13-
cis-f-carotene are injected together with B-carotene in
different proportions. The monitoring of channel 2 at
a wavelength of 340 nm is useful as it permits a better
separation of the isomer peaks at certain analysis con-
centrations.

The selectivity and resolution of 9-cis and 13-
cis-p-carotene with respect to f-carotene is summarized
in Table 2. These parameters were calculated using a
proportion of p-carotene:9-cis-f-carotene:l3-cis-g-
carotene of 1:0.6:1.6, which are the optimum conditions
for the separation of these peaks (figure 3c).
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carotene (a),

Spheri-5-0DS column.

(x0.02 AUFS);
AUFS) .
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Separation of a mixture of all-trans-g-

9-cis-g-carotene (b) and 13-cis-B8-
carotene (c) in different proportions (see text) on a

Channel 1, detection at 450 nm

channel 2, detection at 340 nm (x0.008

More complete chromatographic studies were carried
out with pg-carotene and 15-cis-f~-carotene. Solutions

were prepared using different proportions, in which
B-carotene represented from 6 to 95%. The correlation
coefficient was 0.960 - 0.999 for 15-cis-f-carotene and

0.900

0.999

for p-carotene,

after applying several
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TABLE 2

9-cis- 13-cis~-
p-carotene p-carotene B-carotene

Selectivity (a)

f-carotene — 1.05 1.10
9-cis-

p-carotene 0.65 — 1.04
13-cis-

B-carotene 1.03 0.45 —

Resolution (R)

calibration curves and with attenuations ranging from
x 0.003 to 0.05.

Figure 4 shows the chromatograms corresponding to
the separation of f-carotene and 15-cis-f-carotene in
the following proportions: 1.3:1 (figure 4a); 0.24:1
(figure 4b); and 10.7:1 (figure 4c). When the propor-
tion of 15-cis-B-carotene is less than 5%, the correla-
tion coefficient for the cis-isomer diminishes, al-
though the separation of the two compounds is main-
tained. Channel 2 of these analyses was monitored us-
ing windowplot (at a ratio of 340:436 nm and in a range
of 0.20 - 5), revealing a single peak corresponding to
15-cis-f-carotene (ratio 0.52), the height of which is
proportional to the amount of the isomer present in the
mixture,

A good resolution of the mixture of g-carotene and
15-cis-f-carotene is obtained whether THF, ethanol or
the mobile phase is used as the injection solvent. The
chromatographic separation, at the proportions assayed
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FIGURE 4. Separation of all-trans-g-carotene (a) and
15-cis-B-carotene (b) in mixtures at different propor-
tions (see text) on a Spheri-5-0ODS column. Channel 1,
detection at 450 nm; channel 2, windowplot (ratio 340/
/436 nm; range 0.2-5).

here, does not depend on the column temperature (within
a range of 15 to 37°C), although the best resolution
and most suitable retention time are obtained at 23°cC,
When the injection volume surpasses 25 ul, the
resolution of f-carotene and 15-cis-f-carotene depends
on their proportions in the mixture. Thus, when the
concentration of p-carotene is greater than that of
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15~cis, they do not separate at a detection setting of
450 nm, but do separate when read at 340 nm.

The variation coefficient for the mixtures of B-
carotene and 15-cis-f-carotene injected within the same
day was 2.5% for 15-cis-f-carotene at 340 nm and 1.9%
at 450 nm, and 7.2% for B-carotene at 450 nm. The var-
iation coefficient between days for this mixture was
not determined because of the risk of spontaneous iso-
merizations in the mixture being studied (14).

The detection limit of the different carotenoids
has been determined by calculating the mean of those
obtained in a new Spheri-5-0DS column and in another
after approximately 200 hours of use. The detection
limits for standards injected into 5 pul of THF were:
0.1 ng of canthaxanthin and B-apo-8'-carotenal; 0.2 ng
of lutein; 0.3 ng of B-cryptoxanthin, echinenone, +~-
carotene, a-carotene and fg-carotene. 15-cis-pg~carotene
and lycopene were detectable from 0.7 and 0.8 ng, re-
spectively, while phytoene was detectable from 2.4 ng
on. The detection limits for 9-cis-g-carotene and 13-
cis~B-carotene could not be calculated because neither
the absorptivity values nor amounts sufficient for
their determination were available. This parameter is
not included for phytofluene either because of a lack
of the standard.

The presence of cis-isomers both in standards,
mostly in trans- form, and in samples can be detected
by ratio monitoring (6,19). In the case of f-carotene
standards, monitoring the ratio at 340/436 nm, we ob-
tained values under 0.20 for all-trans-f-carotene and
0.52-0.56 for 15-cis-f-carotene. For the isomers 13-
cis-f~carotene and 9-cis-B-carotene, the ratio values
were 0.45-0.50 and 0.31-0.36, respectively. Using the
Q-ratio, the values obtained were very similar to those
reported by Quackenbush (6), that is, 2.4-2.6 for 13-
cis~-p-carotene, 7.5-8 for 9-cis-f-carotene, over 12 for
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FIGURE 5. A) Chromatogram of cooked carrot extract.
Channel 1, detection at 450 nm (x0.003, at 3 min x0.05
AUFS) ; channel 2, detection maxplot (340 - 370 - 286 -
450 nm) (x0.02 AUFS).

Peak identification: a, lutein; b, a-carotene; c, g-
carotene; d, 13-cis-f-carotene; e, phytofluene; and
f, phytoene.

B) Chromatogram of raw tomato ("pear" variety) extract.
Channel 1, detection at 450 nm (x0.01, at 3 min x0.05,
at 6 min x0.003, at 7.30 min x0.01 AUFS); channel 2,
detection maxplot (340 - 370 - 286 - 450 nm) (x0.02, at
7.30 min x0.004 AUFS).

Peak identification: 1, lutein; 2, lycopene; 2', cis-
isomer of lycopene; 3, y-carotene; 4, f-carotene;

5, phytofluene; and 6, phytoene.
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FIGURE 6. Stop-flow scan of A) phytofluene, and
B) phytoene in the HPLC mobile phase, under the condi-
tions described in the text.

all-trans-f-carotene and less than 2 for 15-cis-~f-caro-
tene.

This chromatographic system was applied to the
analysis of vegetable and serum samples. Figure 5a
depicts a chromatogram of an extract of cooked carrot;
in channel 1 are detected, at 450 nm, the presence of
lutein (the absence of zeaxanthin was confirmed when
acetonitrile:methanol (85:15) was employed as the mo-
bile phase), a-carotene, f-carotene and a peak identi-
fied as 13-cis-~f-carotene (on the basis of the reten-
tion time, 340/436 ratio of 0.46 and Q-ratio of 2.30).
In channel 2, monitored at 340-370-286-450 nm: a and S
carotene are detected, a peak tentatively identified as
phytofluene (with maximum absorption at 350 nm, the
scan is shown in figure 6a); the peak identified as
13-cis-B-carotene; and phytoene (with absorbance at 286
nm; the stop-flow scan of the latter appears in Figure
6b) .

Figure 5b corresponds to the chromatogram of an
extract of raw tomato ("pear" variety). 1In channel 1,
monitored at 450 nm, lutein, lycopene (and a lycopene
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Channel 2
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Channel 1

min.

FIGURE 7. Chromatogram of serum extract from a control
subject. Channel 1, detection at 450 nm (x0.01, at 3
min x0.003, at 6.5 min x0.01 AUFS):; channel 2, detec-
tion at 313 nm (x0.01 AUFS, retinol and retinyl ace-
tate), 294 nm (x0.01 AUFS, tocopherol and tocopherol
acetate), 325 nm (x0.003 AUFS, retinyl palmitate).

Peak identification: 1, lutein + zeaxanthin; 2, pre-g-
cryptoxanthin; 3, pB-cryptoxanthin; 4, lycopene;

4', 4'', cis-isomers of lycopene; 5, a-carotene; 6, f-
carotene; 6', cis-isomer of pB-carotene (13- and/or
15-cis-B-carotene); a, retinol; b, retinyl acetate;
c, tocopherol; d, tocopherol acetate. The dotted lines
indicate the positions of retinyl palmitate (e) and
phytoene (f).
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isomer in the down-slope of the peak), y-carotene and g
carotene are identified. In channel 2, monitored at
340-370-286-450 nm, we detect phytofluene and phytoene,
without interfering with the p-carotene. The presence
of phytoene and phytofluene has been demonstrated by
several authors in vegetable and fruit samples (16,20,
21).

Figure 7 represents a serum extract (extracted
with hexane and injected into THF) from a healthy sub-
ject. In channel 1, monitored at 450 nm, we determine
the presence of lutein + zeaxanthin, pre-g-cryptoxan-
thin, B-cryptoxanthin, lycopene, a-carotene, fB-carotene
and a cis-isomer of f-carotene (probably 13 or 15-cis--
B-carotene). Channel 2 was monitored at 313 nm (for
retinol and retinyl acetate), 294 nm (for tocopherol
and tocopherol acetate) and 325 nm (for retinyl palmi-
tate).

In all the sera analyzed to date, the peak corre-
sponding to lycopene shows two peaks in the down-slope,
which we consider must correspond to isomers of lyco-
pene, the presence of which in serum has been reported
by other authors (10,17).

When the serum corresponding to figure 7 was con-
centrated three-fold, the presence of phytoene, phyto-
fluene and retinyl palmitate was detected, although in
very small amounts. The presence of phytoene and phy-
tofluene in serum has been mentioned previously by
other groups (10,22).

With this study, we have increased the number of
carotenoids previously separated by us (13), and have
further improved their resolution and detection limits.
It has become possible to separate the cis-isomers of
B-carotene, detect the presence of two isomers in lyco-
pene, as well as to separate simultaneously phytoene
and phytofluene. The analysis of fourteen carotenoids,



09: 56 25 January 2011

Downl oaded At:

SEPARATION OF FOURTEEN CAROTENOIDS 2473

retinal, tocopherol, retinyl palmitate, retinyl and
tocopherol acetate takes 12 minutes, and its applica-
bility has been assayed in vegetable samples as well as
in serum.

Given the broad range of carotenoids that can be
determined, this method should provide interesting
areas for further research on the changes produced dur-
ing the processing of foods, as well as another means
to study the influence of seasonal changes, ripeness,
storing conditions and horticultural varieties. On the
other hand, with respect to the analysis in serum, it
provides the possibility to broaden the epidemiologic
studies that relate these compounds to different
diseases.
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