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Pigments, such as carotenes, xanthophylls and chlorophylls, were extracted from both
vegetables and their industrial products by using a 2:1 (v/v) dichloromethane/methanol solution.
To separate and quantify the components in the extraction mixture, a HPLC analysis on reversed
phase C30 column and binary gradient, made of methanol/water solution and dichloromethane,
was employed. This gradient appears to have some advantages over other reported methods, which
utilize reversed phase C30 column, in terms of resolution and analysis time. The linearity range of
the detection response, the chromatographic resolution of a standard mixture constituted of lutein,
zeaxanthin, trans-β-apo-8’-carotenal, β-cryptoxanthin, chlorophyll-b, α-carotene, chlorophyll-a,
β-carotene, lycopene and the conditions for the complete extraction of those substances from the
vegetable matrix were investigated. Both retention time and peak area reproducibility showed an
average variation coefficient of about 2% for all the analyzed compounds. As a consequence of
the good chromatographic separation of chlorophylls from carotenoids, sample saponification was
found unnecessary when analyzing green vegetable products. Finally, to illustrate the applicability
of the method, the presence of carotenoid esters in tomato and orange products was examined.

Keywords: carotene, carotenoids and HPLC, chlorophyll, lycopene, tomato, orange
products

Carotenoids represent a wide class of natural pigments which have received
considerable attention in the last years for their possible role in the prevention of many
human diseases. The carotenoids can be classified in two main groups, i.e. carotenes,
which are unsaturated hydrocarbons, and their oxygenated derivatives, xanthophylls (or
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oxycarotenoids). From biological point of view, one of the main properties attributed to
carotenoids is that of being anti-oxidant. This arises from the high number of conjugated
double bonds in these molecules which quench singlet oxygen atoms, thus inhibiting the
peroxide formation in the cellular membrane lipids. It has been found that carotenoid
pigments can prevent or slow down the growth of induced skin tumors and it has been
reported that the risk of cancer in human beings may be inversely correlated both with
the level of retinol in blood and with the dietary intake of β-carotene (PETO et al., 1981;
STAHL & SIES, 1996). Another important carotenoid function is that of being
physiological precursors of vitamin-A. However, for this function the precursor
carotenoid has to have an unsubstituded β-ionone ring and uncharged side-chain. Chain
lengthening decreases the provitamin activity. β-Carotene, the most widespread
provitamin-A, with two β-ionone rings, shows the highest precursor activity and one
molecule could generate two molecules of vitamin-A through the central cleavage.
Many carotenoids found in fruits result vitamin-A precursors. Noticeably, lycopene,
which is particularly abundant in tomato products, does not possess provitamin-A
activity. However, among the natural carotenoids, lycopene is the most efficient singlet
oxygen quencher (DI MASCIO et al., 1989; CONN et al., 1991) and more active than β-
carotene in suppressing cell proliferation (LEVY et al., 1995). Many chromatographic
methods for the analysis of carotenoids in vegetable matrices, which utilize either
isocratic or gradient elution, have been developed. The isocratic systems have a lower
resolving power and can be useful to separate carotenoids which are in a rather narrow
range of polarity (FISHER & ROUSEFF, 1986; QUACKENBUSH & SMALLIDGE, 1986;
GUILLOU et al., 1993). Gradient systems have a wider range of applications and have
been used for carotenoid analysis in vegetable sources such as orange juices (ROUSEFF

et al., 1996), olive oil (PSOMIADOU & TSIMIDOU, 1998) or other biological samples
(FERRUZZI et al., 1998). In this paper a simple and efficient chromatographic procedure,
that employs a binary gradient made of methanol/water solution and dichloromethane, is
reported. This method can be useful in food industry quality control for the
determination and quantification of the principal carotenoid compounds.

1. Materials and methods

1.1. Reagents and standards

Potassium hydroxide, sodium hydroxide, anhydrous sodium sulfate, butylated
hydroxytoluene (BHT) and triethylamine (TEA) were purchased fron Sigma-Aldrich,
Italy, as well as methanol, methylene chloride, diethyl ether and chloroform which were
of HPLC grade. Standards of lycopene, β-carotene, α-carotene, trans-β-apo-8’-
carotenal, chlorophyll-a and chlorophyll-b were obtained from Sigma-Aldrich, Italy;
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lutein (xanthophyll) from Fluka, Italy; zeaxanthin and β-cryptoxanthin were from
Extrasynthese, France. The standard solutions were prepared by dissolving the
substances in chloroform containing 0.1% (w/v) BTH and, when stored under nitrogen
at –20 °C, they were found stable for at least 15 days. Chlorophyll-a and chlorophyll-b
standard solutions were prepared as above but with the addition of a known amount of
β-carotene, as a further protection against light and oxidation. Because of the carotenoid
instability and tendency to undergo stereomutation, photo and thermolability and
easiness toward oxidation, all analytical operations were carried out under dim light and
at temperatures not higher than 35 °C. The sample and the standard solutions were
stored at –20 °C under nitrogen. Solvents contained 0.1% BTH (w/v).

1.2. Sample extraction

Ten ml of non-concentrated orange juice, or 10 ml of tomato puree, or 5.0 g of
tomato paste were generally subjected to the extraction procedure. Instead, in the case
of orange juice beverages, 50 ml of product was previously concentrated to a volume of
10 ml and then subjected to the extraction procedure. The samples of green mandarin
essential oil were analyzed directly without extracting, after filtration with 0.45 µm
nylon filters. When extracting carotenoids from Spirulina alga, 1 g of starting material
was found sufficient for the successive analyses.

The samples were introduced into a 250 ml separator funnel and added with
30 ml of dichloromethane/methanol 2:1 (v/v). After shaking, the underlying organic
layer was separated. This procedure was repeated until the starting material was
colorless. The pooled organic layers were evaporated to dryness at a temperature not
higher than 35 °C. When it was necessary to obtain saponification of the carotenoid
esters, the residue was suspended in 6 ml of ethyl ether, made up with 6 ml of 10%
KOH in methanol and allowed to stand for 20 h in the dark at room temperature.
Afterwards, the mixture was transferred into a 250 ml separator funnel, made up with
20 ml of diethyl ether and then with 100 ml of 10% (w/v) aqueous NaCl. After shaking,
the aqueous layer was discarded and the ether layer was washed with water until the
washes became neutral to phenolphthalein. Finally, the ether layer was desiccated over
anhydrous sodium sulfate and evaporated to dryness.

1.3. HPLC analysis

The dried samples obtained from the extraction procedure were dissolved in
different volumes of chloroform and filtered through 0.45 µm nylon filter immediately
before the chromatographic analysis. The HPLC analyses were performed on a Waters
Alliance chromatograph equipped with photodiode array detector (PDA) mod. 996. The
data were collected by a computer and processed by the Waters Millennium software,
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which operated on the data collected at 450 nm when analyzing carotens and
xanthophylls, and at 428 nm for the chlorophylls. The analyses were made on a reversed
phase column YMC-Pack C30 (250×4.6 mm i.d.) filled with 5 µm average particle size.
The column was thermostated at 30±0.1 °C. The elution was performed at a flow rate of
1 ml min–1. The injection volume was 10 µl. The elution was performed with a linear
gradient of solvent A (methanol-water, 95:5, v/v, containing BHT 0.1% and TEA
0.05%) and solvent B (methylene chloride, containing BHT 0.1% and TEA 0.05%). The
gradient, starting at sample injection, was from 5% B in A to 70% B in A in 35 min.

2. Results and discussion

Many procedures for extracting carotenoids from a vegetal matrix, in which the
cloroplasts of the vegetal cells are predominant, have been reported (for a comparative
study see TAUNGBODHITHAM et al., 1998). In these methods different organic solvents,
such as tetrahydrofuran (THF), petroleum ether, methanol, acetone, either alone or in
mixtures, were employed with or without previous pulp precipitation. Carotens, being
highly hydrophobic substances, are better dissolved in apolar solvents such as THF. On
the contrary, xanthophylls are better dissolved in more polar solvents, such as methanol.
A 2:1 (v/v) dichloromethane/methanol mixture was employed, which is known to extract
both neutral and polar lipids with high efficiency (CHEN et al., 1981) and we observed
that the vegetal matrices employed were rapidly decolorized by this solution. In fact, in
the case of tomato pulp, which strongly retains its pigments, it was observed that two
successive treatments with this solvent extracted 98.4% of the pigments. Also in the
case of tomato juice two extractions were sufficient to completely decolorize the
product. To avoid the oxidation of carotenoids, which are easily oxidized after
extraction from vegetal matrix, 0.1% BHT was added to the extraction solvent (HART &
SCOTT, 1995).

To estimate the extraction recovery, we used tomato puree with the following
carotenoid composition (mg/100 ml): lutein 0.06, α-carotene 0.03, β-carotene 0.24,
lycopene 28.9. To three identical aliquots of this sample different amounts of lutein, α-
carotene, β-carotene and lycopene were added as reported in Table 1. Each
measurement was repeated three times. The recovery was 99.1% for lutein, 99.3% for
α-carotene, 98.7% for β-carotene and 101.5% for lycopene.

The extraction mixture, soon after filtration through a 0.45 µm nylon filter, was
analyzed by HPLC, as reported in Materials and methods chapter, using a reversed
phase C30 column with elution gradient made of methanol-water and dichloromethane.
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Table 1

Scheme of the carotenoid addition (mg/100 g) to tomato puree samples
for the recovery estimate

Sample 1 2 3

Lutein 0.05 0.08 0.10
α-carotene 0.05 0.08 0.10
β-carotene 0.10 0.15 0.20
Lycopene 5.00 10.0 15.0

This elution gradient was previously employed to separate ergosterol from a complex
lipid matrix (DE SIO et al., 2000). Figure 1 reports the chromatograms obtained from the
analysis performed on the mixture of the standard compounds. In Fig. 2, a typical
chromatogram obtained from a sample of dried tomato is reported. In chromatogram “b”
of Fig. 2, peaks 1, 2, 3 and 4 correspond to lutein, zeaxanthin, α-carotene and
β-carotene in the tomato sample. In chromatogram “a” of Fig. 2, the analysis for the
quantification of the lycopene (peak 5) in the same tomato sample is reported. This
analysis was conducted on the same solution, whose analysis is reported in
chromatogram “b”, and was diluted to 1:30. Lycopene, in fact, is so abundant in tomato,
in which it represents about 85% of the total carotenoids (LEONI, 1993), that a strong
dilution is necessary to make its chromatographic peak quantifiable. Unfortunately, the
dilution necessary for lycopene analysis is excessive for the other compounds, thus, for
the correct quantification of all components, two analyses of the same sample at
different dilution are necessary. On the other hand, we found that, especially for
lycopene, a suitable dilution is also necessary inasmuch as a marked deviation from the
linearity of the instrumental response as a function of lycopene concentration was
observed. This is probably due to high light scattering of lycopene solutions also at
relatively low concentration. For this reason, only solutions with lycopene concentration
lower than 15 ppm were analyzed. Up to this concentration, in fact, the instrumental
response was found linear.

As it can be seen in Fig.1, the standard compounds are analyzed with complete
resolution in less than 35 min. Due to the rather fast elution gradient employed, another
advantage of this chromatographic analysis is that also the most retained compounds,
such as lycopene, emerge as sharp peaks. As a consequence, a noticeable increase in the
sensitivity ensues. This advantage was already observed when a similar gradient was
used for the chromatographic analysis of phospholipids (SERVILLO et al., 1997).
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Fig. 1. Reversed phase HPLC separation of carotenoid standard mixture. Peak 1: lutein; peak 2: zeaxanthin;
peak 3: trans-β-apo-8’-carotenal; peak 4: β-cryptoxanthin; peak 5: chlorophyll-b; peak 6: α-carotene; peak 7:
chlorophyll-a; peak 8: β-carotene; peak 9: lycopene. Chromatographic conditions are reported in

Materials and methods chapter

Fig. 2. Reversed phase HPLC analysis of the pigments extracted from a dried tomato sample. The starting
solution (chromatographic analysis in chromatogram “b”), was diluted 1:30 to determine lycopene. The
chromatogram of the diluted solution is reported in chromatogram “a”. The analysis of the starting solution,
reported in chromatogram b, was interrupted before the elution of the peak 5, corresponding to the most
abundant lycopene, in order to maintain the other components in the same scale. Peak 1: lutein;
peak 2: zeaxanthin; peak 3: α-carotene; peak 4: β-carotene; peak 5: lycopene. The component quantification

is reported in Table 2
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It is worth to note that, with the gradient we used, the analysis time is noticeably
reduced, with no loss of resolution, with respect to the method reported by ROUSEFF and
co-workers (1996). They used a reversed phase C30 column and a rather complex
gradient made of methanol, water and MTBE to analyze saponified orange juices
carotenoids. In this analysis, the lutein retention time is about 19 min and β-carotene
retention time is about 39 min. With the gradient we use, the lutein and β-carotene
retention times are about 14 min and 24 min, respectively. Moreover, in our analysis,
lycopene retention time is about 33 min and, although ROUSEFF and co-workers (1996)
did not report the analysis of this compound, it is very likely that, with the gradient they
used, the lycopene would emerge from the column as a highly retained broad peak.

Table 2 shows the content of carotenoids in several sources such as vegetables,
vegetable industrial products, the blue alga Spirulina and the green mandarin essential
oil, measured with the analyses performed as described before.

In order to determine the chromatographic repeatability, the standard mixture
(Fig. 1), with the exclusion of the chlorophylls, was injected ten times within two weeks.
The chlorophylls were injected five times by preparing the standard solutions just before
the analysis. The results are reported in Table 3. The percent standard deviation (% s)
calculated for the retention times (tr) shows very close values with a maximum of 6.6%
for lycopene, which is the farthest peak and perfectly resolved from the other peaks. The
variation coefficient (% CV), calculated for each peak area, was always lower than 2%.
In the case of the peaks corresponding to the two chlorophyll standards, because of the
high degradation rate observed for these compounds after dissolution, the % CV was not
determined. Instead, a good stability of the peak corresponding to chlorophyll-a from a
sample of the blue alga Spirulina was observed. For this sample, a content of
128.9 mg/100 g with CV of 1.64% was calculated from the results of five
chromatografic analyses performed over a nine-day period. The same good stability of
chlorophyll-a and -b was found for a sample of mandarin essential oil, which gave a CV
of 1.96% for five analyses over a six-day period. The high instability of the pure
standards of chlorophyll-a and -b was also observed after dissolving these compounds in
other solvents such as ethyl ether or hexane, besides chloroform and dichloromethane.
In fact, in the course of successive analyses, a rapid decrement of peak area was
observed with a concomitant appearance of new peaks with lower retention times and
with absorption spectra different from those of chlorophyll-a and -b. An increment in the
stability of the standard chlorophyll solutions was obtained by adding, besides BHT, a
known amount of β-carotene that seemed to exert a protective action.

Generally, when analyzing carotenoids, the sample extraction is followed by a
saponification step. This is done in order to hydrolyze carotenoid esters and to remove
chlorophylls. However, if the chromatographic procedure separates the chorophylls from
the  carotenoids  of  interest,  the  saponification  is  unnecessary  (HART  &  SCOTT,  1995).
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Table 2

The carotenoid content of various sources (mg/100 g)

Lutein Zeaxanthin β-Cryptox. α-Carotene β-Carotene Lycopene Chlorophyll-b Chlorophyll-a

Artichokes 0.15 0.02 0.01 0.00 0.03 0.00 0.09 <0.01

Vegetables 0.38 0.05 0.01 1.44 2.57 0.00 0.98 0.00
cocktail

Eggplants and 0.70 0.13 0.21 0.40 0.96 0.02 0.65 3.39
peppers

Dried tomatoes 0.55 0.04 0.00 0.01 1.17 35.1 0.00 0.00

Tomato puree 0.06 <0.01 0.00 0.03 0.24 28.9 0.00 0.00

Spirulina 0.00 5.27 0.37 0.12 9.99 0.00 0.00 128.9
blue alga

Peaches <0.01 0.01 0.02 0.06 0.17 0.00 0.00 0.00

Peaches canned <0.01 0.01 0.01 <0.01 0.12 0.00 0.00 0.00

Olive oil 0.10 0.01 0.01 0.00 0.00 0.00 0.00 0.00

Yellow orange 0.03 0.04 0.05 <0.01 0.03 0.00 Not Not
juice (0.06) (0.06) (0.07) (0.01) (0.03) (0.00) determined determined

Orange based 0.05 0.08 0.05 0.01 0.04 0.00 Not Not
beverage A (0.09) (0.11) (0.08) (0.01) (0.04) (0.00) determined determined

Orange based 0.04 0.06 0.15 <0.01 0.19 0.00 Not Not
beverage B (0.07) (0.10) (0.21) (<0.01) (0.17) (0.00) determined determined

Figure 3, in fact, shows the chromatographic analysis performed on a green mandarin
essential oil. The good resolution of chlorophylls-a and -b peaks from the other
carotenoid peaks can be easily seen. However, we employed the saponification step
according to ROUSEFF and co-workers (1996) to investigate the possible differences in
chromatograms of samples treated with and without the saponification procedure,
especially regarding the peak area of lutein, α-carotene, β-carotene and lycopene for
tomato products and of zeaxanthin and β-cryptoxanthin for orange derivatives.
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Table 3

Repeatability of the retention time (% s) and reproducibility of the peak area (% CV)
of the standard carotenoid mixtures

tR Peak area
(% s) (% CV)

Lutein 2.08 1.62
Zeaxanthin 2.64 1.67
β-Apo-8’-carotenal 2.63 1.24
β-Cryptoxanthin 1.53 1.47
Chlorophyll-b 2.52 –a

α-Carotene 1.55 1.04
Chlorophyll-a 2.50 –a

β-Carotene 1.53 1.81
Lycopene 6.56 1.53
Mean 2.62 1.48

a Not measured.

Fig. 3. Reversed phase HPLC analysis of green mandarin essential oil. Peak 1: lutein; peak 2: zeaxanthin;
peak 3: β-cryptoxanthin; peak 4: chlorophyll-b; peak 5: α-carotene; peak 6: chlorophyll-a; peak
7: β-carotene. The essential oil was injected without any treatment. The component quantification is reported 

in Table 2
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In the case of tomato puree and tomato paste the chromatograms of saponified and non-
saponified samples were found substantially identical. For orange juice and other
beverages based on orange juice, after saponification, a mean increment of 100% for
lutein and 50% for zeaxanthin and β-cryptoxanthin was found. A similar observation
was already reported by WINGERATH and co-workers (1996).

3. Conclusions

The procedure described in this paper allows a rapid and sensitive HPLC
separation of the main carotenoids present in vegetables. The analysis time appears
lower than other reported methods which utilize reversed phase column with elution
gradient and, also highly hydrophobic compounds, such as lycopene, are eluted as sharp
a peak with rather low retention time. The good resolution obtained with this procedure
the chlorophylls from caroteinoids could also allow, in favorable cases, to skip the
saponification step of the extracts from the green vegetables to be analyzed for their
carotenoid content.

*
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