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A method for the determination of â-carotene, lutein, and zeaxanthin including their cis-isomers and
R-carotene in commercial dietary supplements by HPLC has been developed. The study comprises
11 oral dosage forms, including 9 soft gelatin capsules, 1 dragée, and 1 effervescent tablet formulation.
The capsule content was extracted with an acetone-hexane mixture, and the gelatin shell was
digested with papain to release carotenoids that had migrated into the coat. Sample preparation for
tablets and dragées was carried out as described for the capsule content. Extraction recoveries
exemplified for all-trans-â-carotene and all-trans-lutein were 95 ( 5% and 93 ( 2%, and 95 ( 2%
and 79 ( 5% after enzymatic treatment, respectively. Apart from all-trans-â-carotene, its 9-cis- and
13-cis-isomers were detected in all samples, whereas no evidence for cis-isomerization of lutein and
zeaxanthin could be obtained. Migration of carotenoids into the shells was only observed in the case
of â-carotene. With the exception of one preparation, the â-carotene contents determined exceeded
the dosage specified on the label by up to 48%, which results from stability overages necessary to
compensate for losses during storage.
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INTRODUCTION

About 100 of the 600 naturally occurring carotenoids are
nutritional constituents of the human diet. Although carotenes
and xanthophylls are accumulated in human plasma and tissues
equally well, only 20 carotenoids have been detected in human
beings (1). The major carotenoids of human plasma are
â-carotene, lycopene,â-cryptoxanthin, lutein,R-carotene, and
zeaxanthin (2). Apart from their function as provitamin A,
carotenoids are excellent scavengers of singlet oxygen and other
reactive oxygen species. Numerous epidemiological studies
suggest an inverse correlation of carotene ingestion and
degenerative diseases. In particular, protective effects against
several types of cancer and cardiovascular and other diseases
associated with aging have been described (3-8).

As a consequence of these studies the U.S. National Cancer
Institute (NCI) implemented the so-called “5 A Day for Better
Health” program in 1991 to increase the number of daily
servings of fruits and vegetables to about 600-700 g. Although
later surveys revealed an increased consumption of fruits and
vegetables, intakes of dark green and cruciferous vegetables,
which are considered particularly beneficial, still remained low
(9). Therefore, dietary supplements and food fortification may

be an alternative route to the consumption of organic micro-
nutrients that may provide health benefits (10). Functional foods
and supplements represent a rapidly growing segment of the
overall food market, owing to the loss of consumers’ confidence
in the modern diet, the aging population, a growing trend toward
self-medication, and an overall increase in health awareness and
disease prevention among customers (11).

Although a number of carotenoids are obtained by synthesis,
extraction from plant material is still in use. Natural carotenoids
predominantly occur in theirall-trans form. During technolog-
ical treatment and processing,all-trans-carotenoids are partially
converted into theircis-isomers. Nutritional consequences of
these conversions are changes in bioavailability and physiologi-
cal activity (12-15). In human beings and some animalsall-
trans-â-carotene is more efficiently absorbed than itscis-isomers
(16-19), while in the case of lycopene and astaxanthin the
absorption of cis-isomers seems to be favored (20, 21).
Therefore, the knowledge of carotene isomerization in dietary
supplements is of essential importance.

Dietary supplements are commonly marketed as oral dosage
formulations such as dragées, tablets, capsules, or powders
which are very similar to pharmaceutical products. Due to their
lipophilic character carotenoids are mostly applied in an oily
carrier enclosed in soft gelatin capsules providing sufficient
protection from light and oxygen. Despite a great number of
methods reported for the determination of carotenoids in food
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(22), quantitative studies on the carotenoid stereoisomer profile
and content uniformity of dietary supplements and functional
foods are very limited. Our own investigations of commercial
vitaminized drinks (23,24) and studies reported by others (25)
have revealed considerable discrepancy between determined
carotenoid contents and those specified on the label. For the
consumer the problem arises that the amounts of carotenoids
ingested via food supplements cannot be exactly calculated. In
the view of adverse effects observed after intake of high doses
of isolatedâ-carotene (26,27), however, accurate quantification
of carotenoids in dietary supplements is a prerequisite. In the
case of nutraceuticals based on gelatin capsules, migration of
carotenoids into the shells also needs to be taken into consid-
eration since it may affect both the extraction yield and
quantification. Therefore, the objective of the present study was
to establish a method for the extraction and HPLC determination
of carotenoid stereoisomers from commercial dietary supplement
formulations.

MATERIALS AND METHODS

Materials. All chemicals used were purchased from VWR (Darm-
stadt, Germany) and were of reagent grade. HPLC solvents were of
gradient grade. Ultrapure water was used for HPLC analysis and sample
preparation.all-trans-â-Carotene was obtained from Sigma-Aldrich
(Taufkirchen, Germany).all-trans-R-Carotene was isolated from a
carotenoid mixture from carrots (the ratio ofâ- to R-carotene is
approximately 2:1) purchased from Sigma-Aldrich by preparative
chromatography.all-trans-Lutein andall-trans-zeaxanthin were sup-
plied by Hoffmann-La Roche (Basel, Switzerland). Eleven commercial
dietary supplements were obtained from local drugstores. Papain was
purchased from VWR.

Isolation of all-trans-r-Carotene by Preparative Chromatogra-
phy. The separation was carried out on a 250 mm× 10 mm i.d.
semipreparative 5µm C30 reversed-phase column (YMC, Wilmington,
MA). The HPLC system (Bischoff, Leonberg, Germany) consisted of
an LC-CaDI 22-14 system controller, two 2250 solvent delivery HPLC
compact pump modules, and an SPD-10AVvp UV/vis detector (Shi-
madzu, Kyoto, Japan). All data were processed by the McDAcq32
Control software (version 2.0) (Bischoff, Leonberg, Germany). The
chromatographic runs were monitored at 445 nm.

The carotenoid mixture (5 mg) was weighed into a flask, dissolved
in a few drops of toluene, and made up to a volume of 5 mL with
2-propanol. Aliquots of 500µL of the solution were used for HPLC.
After injection of the solutionall-trans-R-carotene was eluted isocrati-
cally with methanol/tert-butyl methyl ether (MTBE)/water (62:35:3,
v/v) at ambient temperature for 30 min. The flow rate was set at 4
mL/min.

Sample Preparation. The commercial preparations investigated
comprised nine soft gelatin capsule formulations, one dragée, and one
effervescent tablet.

Carotenoids dissolved in the excipient (vegetable oil) of the capsules
and in the gelatin shells were determined separately. Capsules were
cut with a scalpel. To avoid degradation and isomerization, amber
glassware was used and processing was developed under dim light
conditions. The carotenoids were extracted with a mixture of acetone
and hexane (1:1, v/v) containing butylated hydroxytoluene (BHT) (62.5
mg/100 mL) and butylated hydroxyanisole (BHA) (62.5 mg/100 mL)
as antioxidants, and the solution was made up to a volume of 200 mL.
Aliquots of 4-10 mL depending on the carotenoid content and 50 mL
of the extraction mixture were transferred into an amber glass separatory
funnel. The solution was washed with 50 mL of sodium chloride
solution (10 g/100 mL) and twice with 50 mL of water to remove
acetone. The aqueous phase was reextracted with ethyl acetate until it
was colorless. The pooled organic phases were dried with sodium sulfate
(2 g) and evaporated in vacuo (T < 30 °C). The residue was dissolved
in 2-propanol and made up to a volume of 10-25 mL depending on
the carotenoid content.

The extracted gelatin shells were transferred into an amber glass
separatory funnel. After addition of 10 mL of water and papain (the

ratio of shell to papain is 1:1, w/w) the shells were incubated at ambient
temperature for 1 h. The resulting digest was treated with 50 mL of
sodium chloride solution (10 g/100 mL) and extracted with 50 mL of
the extraction mixture. The aqueous phase was discarded, and the
organic phase was washed twice with 50 mL of water. After the organic
phase was dried with sodium sulfate (2 g), the extract was evaporated
in vacuo (T< 30 °C). The residue was dissolved in 2-propanol and
made up to a volume of 5-50 mL depending on the carotenoid content.

Tablets and dragées were gently ground in a mortar. An aliquot was
dissolved in 50 mL of sodium chloride solution (10 g/100 mL) in a
separatory funnel. Further steps of sample preparation corresponded
to those described for the capsules. Sample preparation was performed
in triplicate, and HPLC analyses were carried out in duplicate.

Recovery Studies.For stability and recoveryall-trans-â-carotene
andall-trans-lutein were selected as representatives of carotenes and
xanthophylls. Studies were assessed for the extraction of capsule
contents and after enzymatic digestion of carotene-free soft gelatin
capsules. For this purpose, aliquots of 1 mL of prepared carotenoid
solutions (0.5 mg of carotenoid/25 mL of hexane) were extracted as
described above. All determinations were performed in triplicate.

Separation of Carotenoid Stereoisomers by HPLC.HPLC analy-
ses were performed on a model 2690 Waters separation module
equipped with an autosampler injector, a model Jetstream 2 plus Waters
column oven, and a model 2996 Waters UV/vis photodiode array
detector controlled by a Millennium 32 (version 3.20) workstation
(Waters, Milford, MA). The separation of carotenoid stereoisomers was
carried out using a 250 mm× 4.6 mm i.d., 5µm, analytical scale C30

reversed-phase column (YMC) at a column temperature of 20°C and
a flow rate of 1 mL/min. For the separation ofâ-carotene isomers and
R-carotene, eluent A consisted of methanol/MTBE/water (81:15:4, v/v/
v), and eluent B of MTBE/methanol/water (90:6:4, v/v/v). A linear
gradient from 100% A to 44% A within 50 min was used. Lutein and
zeaxanthin stereoisomers were separated within 80 min using a linear
gradient from 100% A (methanol/MTBE/water, 92:4:4, v/v/v) to 12%
B (MTBE/methanol/water, 90:6:4, v/v/v). The injection volume was
20 µL. The carotenoids were detected at the wavelengths of maximum
absorption in the mobile phase:all-trans-R-carotene, 445 nm;all-trans-
â-carotene, 452 nm; 9-cis-â-carotene, 445 nm; 13-cis-â-carotene, 445
nm; all-trans-lutein, 445 nm; 9-cis-lutein, 438 nm; 9′-cis-lutein, 438
nm; 13-cis-lutein, 438 nm; 13′-cis-lutein, 438 nm;all-trans-zeaxanthin,
450 nm; 9-cis-zeaxanthin, 445 nm; 13-cis-zeaxanthin, 445 nm.

Identification and Quantification of Carotenoids. Standards of
cis-isomers were obtained by iodine-catalyzed photoisomerization of
all-trans-â-carotene,all-trans-lutein, andall-trans-zeaxanthin (28) and
were recovered by preparative HPLC. The separation ofâ-carotene
isomers was carried out as described for the isolation ofall-trans-R-
carotene. Major xanthophyll stereoisomers were isolated isocratically
with acetone/water (89:11, v/v) at a flow rate of 4 mL/min. Predominant
chromatographic peaks were identified by LC-MS (APCI+ mode) and
HPLC-NMR spectroscopy (1D and 2D NMR spectra were recorded
in the stopped-flow mode). Carotenoids extracted from dietary supple-
ments were identified by comparison of their retention times and
absorption spectra with those of authentic standards. Concentrations
were based on linear calibration curves. Concentrations of stock
solutions were determined spectrophotometrically on the basis of
published data (29). Specific absorption coefficients and wavelength
maxima used were as follows:all-trans-R-carotene, 2710 at 445 nm
(hexane);all-trans-â-carotene, 2592 at 450 nm (hexane);all-trans-
lutein, 2550 at 445 nm (ethanol);all-trans-zeaxanthin, 2540 at 450
nm (ethanol). Concentrations ofcis-isomers were calculated using the
calibration curves of the correspondingall-trans-carotenoids.

RESULTS AND DISCUSSION

Samples. Eleven commercial dietary supplements were
investigated for their carotenoid profile. The carotenoid prepara-
tions comprised nine soft gelatin capsule formulations (Table
1, preparations 1-9) containing a vegetable oil as excipient.
Two preparations (preparations 10 and 11) without any gelatin
cover were an effervescent tablet and a dragée, covered with
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shellac, respectively. According to the labeled specification, the
predominant excipients of the dragée were calcium hydrogen
phosphate, sucrose, vitamin C, magnesium oxide, calcium
carbonate, potassium chloride, and cellulose, and the matrix of
the effervescent tablet mainly consisted of citric acid, calcium
carbonate, sorbitol, and dextrose. Whereas isolated carotenoids
were obviously used as supplements to preparations 1, 2, 6, 7,
9, and 10, in the case of preparations 3, 4, 5, 8, and 11, more
complex carotenoid mixtures originating from plant extracts
were used. The amount ofâ-carotene was specified on the label
of all products investigated (Table 1), ranging from 0.25 mg
(preparation 11) to 25.0 mg (preparation 1). In contrast,
R-carotene was exclusively labeled on preparation 5, whereas
lutein was specified in preparations 9 and 11. For zeaxanthin
no specification was provided. Although the shelf lives of
preparations 6 and 8 had already expired by 26 and 36 months,
respectively, both supplements were included in this study to
obtain information about the long-term stability of carotenoids.

Methodology. In contrast to functional foods, dietary supple-
ments are very similar to pharmaceutical products. Therefore,
routine methods used in food analysis could not be applied for
the extraction of carotenoids from soft gelatin capsules since
potential migration of analytes into the shells had to be
considered. As a consequence, after extraction of the fatty
excipient, gelatin capsules were digested with papain for
complete release of the active ingredients. In a preliminary study
Pronase N was also found to be a suitable proteolytic enzyme;
however, due to lower costs of papain, the latter was given
preference in the present study. With both enzyme preparations
complete degradation of the gelatin matrix was accomplished
within 1 h.

Reproducibility of the extraction methods was found to be
very good. Forall-trans-â-carotene andall-trans-lutein recover-
ies of 95( 5% and 93( 2% were determined when extracted
from the capsule contents. After carotenoid-free gelatin capsules
were spiked withall-trans-â-carotene andall-trans-lutein and
enzymatic degradation with papain, recoveries amounting to 95
( 2% and 79( 5% were found, respectively. The lower
recovery of lutein may be attributed to its higher lability
compared with those of other carotenoids (30, 31). However,
since migration of lutein into the cover was not observed in
any of the samples investigated, further optimization of the
extraction parameters was not considered necessary.

Application of r-Carotene and â-Carotene in Dietary
Supplements.FromTable 1 it becomes evident thatall-trans-
â-carotene was detected in all preparations, as could be expected
from the label. In contrast,all-trans-R-carotene was found in

eight supplements, although at very low levels in preparations
10 and 11. The three preparations (2, 6, and 9) which were
devoid ofR-carotene contained carotenoids obviously added as
isolated compounds.

With the exception of product 9, overages ofâ-carotene
ranging from 1% to 48% were generally found in the dietary
supplements investigated. Even after the date of expiration,
preparations 6 and 8 showedâ-carotene contents exceeding the
specified dosage by 23% and 36%. Since the declaration of the
vitamin content has to be guaranteed during the whole shelf
life of dietary supplements, stability overages were added to
compensate for losses of the active ingredients during storage.
The standardization of plant extracts may pose another problem,
giving rise to discrepancies between analyzed and specified
carotenoid contents. For a more accurate calculation of caro-
tenoid dosages that are ingested via supplements, admissible
deviations from the product specification should be fixed. The
Association of German Chemists recommended that a deviation
of (30% for vitamin A should be tolerated. Overages of 50%
of the specified content, however, should not be accepted (32).

While R-carotene was not detected in any of the shells,
migration of â-carotene was observed in three soft gelatin
formulations (2, 3, and 9). The extent of migration was
obviously not dependent on theâ-carotene content since the
highest amount was found in the shell of product 9 having a
very low carotenoid content, whereas no migration was observed
for sample 1. Also storage time apparently did not affect
migration ofâ-carotene since none of the shells contained this
carotenoid after expiration of their shelf lives (preparations 6
and 8).

Carotenoids to be used as food ingredients can be obtained
either by synthesis or by extraction of plant material. At present,
only eight carotenoids are synthesized on an industrial scale,
among themâ-carotene, lycopene, and zeaxanthin (33). In
contrast to the stereochemically pure carotenoids, the active
ingredients recovered from plants may also containcis-isomers.
From Table 1 it can be seen that 13-cis- and 9-cis-â-carotene
were present in all supplements. Carotene applied in dietary
supplements often originates from microalgae, e.g.,Dunaliella
salina containingall-trans-â-carotene and 9-cis-â-carotene at
a ratio of about 60% to 40% (34). Samples containing extracts
from D. salina(preparations 4 and 11), as specified on the label,
showed an increased amount of 9-cis-â-carotene (approximately
23%) compared to other preparations (2-13%). Relatively large
amounts ofcis-isomers ofâ-carotene found in preparation 5
may also originate from palm oil extracts, which are known to
contain up to approximately 40%cis-isomers ofâ-carotene (35).

Table 1. Specified and Determined Amounts (Milligrams per Capsule, Dragée, and Effervescent Tablet) of all-trans-R-Carotene and â-Carotene
Stereoisomers in Commercial Dietary Supplements (A, Content; B, Shell)

all-trans-R-carotene all-trans-â-carotene 13-cis-â-carotene 9-cis-â-carotene

preparation A B A B A B A B
total â-carotene,

A + B
specified
amount

1 0.12 −a 26.14 − 1.13 − 0.62 − 27.89 25.00
2 − − 22.53 0.02 0.72 − 0.45 − 23.72 18.00
3 1.02 − 9.21 0.13 0.71 0.01 1.35 − 11.41 10.00
4 1.24 − 7.65 − 1.04 − 2.63 − 11.32 9.98
5 8.95 − 7.11 − 0.87 − 2.82 − 10.80 8.60
6 − − 6.98 − 0.24 − 0.18 − 7.40 6.00
7 0.35 − 4.65 − 0.50 − 0.80 − 5.95 5.00
8 0.41 − 3.85 − 0.31 − 0.35 − 4.51 3.30
9 − − 0.36 0.57 0.16 0.02 0.10 0.01 1.22 2.00
10 0.03 b 4.01 b 0.72 b 0.13 b 4.86 4.80
11 0.05 b 0.24 b 0.05 b 0.08 b 0.37 0.25

a Dash indicates not detectable (<0.001 mg). b Product 10 was an effervescent tablet; product 11 was a dragée.
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Besides naturally occurringcis-stereoisomers, extraction and
formulation of carotenoids may causetrans-cis-isomerization.
Our previous investigations on the presence ofâ-carotene
stereoisomers in vitaminized drinks had shown relatively high
amounts (up to 30.8%) ofcis-isomers in drinks exclusively
supplemented with syntheticâ-carotene (23). The observation
of enhancedâ-carotene isomerization after hot dissolution of
â-carotene has recently been confirmed (36). Carotenoidcis-
isomers have also been demonstrated to occur in fresh green
vegetables, and their proportion may be increased by processing,
especially by canning (unpublished results). In the case of dietary
supplements,cis-isomers which were detected in all products
investigated may be due to technological preparation of capsules.

Application of Lutein and Zeaxanthin in Dietary Supple-
ments. Among the xanthophylls, lutein was specified in two
dietary supplements, whereas zeaxanthin was not included in
their specifications. According to the label, products 9 and 11
should contain 2 and 0.25 mg of lutein per capsule or drage´e,
respectively. However,all-trans-lutein could only be detected
in product 9 (3.11 mg), accompanied by a low level ofall-
trans-zeaxanthin (0.16 mg). Both xanthophylls were also found
in sample 4 (0.23 and 0.08 mg per capsule), although not
specified on the label. No evidence for the presence ofcis-
isomers of lutein and zeaxanthin was obtained. Since no lutein
was detected in sample 11, it is concluded that it has been
supplemented in its esterified form. Lutein used as a food and
feed ingredient is often recovered from the petals ofTagetes
erectacomposed primarily of lutein esters (37). Since differing
bioavailability has been reported for free and esterified xan-
thophylls (38), a more accurate specification would be desirable.

In the present study an efficient method for the extraction
and determination of carotenoid stereoisomers in commercial
dietary supplements has been established. Although only small
amounts of carotenoids have been shown to migrate into the
gelatin shells, enzymatic digestion of the gelatin capsules is
strongly recommended to ensure complete extraction and
accurate quantification, especially when carotenoids are present
in low quantities, as shown for preparation 9. In view of the
rapidly growing market of dietary supplements, the method
presented here may find application both in the food and
pharmaceutical industries and by food inspection authorities.
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Birkhäuser Verlag: Basel, Switzerland, 1995; pp 13-62.

(30) Kimura, M.; Rodriguez-Amaya, D. B.; Godoy, H. T. Assessment
of the saponification step in the quantitative determination of
carotenoids and provitamin A.Food Chem.1990,35, 187-195.

(31) Rodriguez-Amaya, D. B.A Guide to Carotenoid Analysis in
Foods; ILSI Press: Washington, DC, 2001; p 20.

(32) Anonymous. Empfehlungen zu Toleranzen fu¨r Nährstoff-
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