JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

J. Agric. Food Chem. 2004, 52, 2203-2212 2203

Identification and Quantification of Carotenoids Including
Geometrical Isomers in Fruit and Vegetable Juices by Liquid
Chromatography with Ultraviolet—Diode Array Detection
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A method was established for the identification and quantification of carotenoids including geometrical
isomers in fruit and vegetable juices by liquid chromatography with an ultraviolet—diode array detector,
using a C;g Vydac 201TP54 column. The mobile phase used was the ternary methanol mixture (0.1
M ammonium acetate), tert-butyl methyl ether and water, in a concentration gradient, and a
temperature gradient was applied. Retinol palmitate was added as an internal standard. An extraction
process (ethanol/hexane, 4:3, v/iv) was performed, followed by saponification with diethyl ether/
methanolic KOH (0.1%, w/v, BHT) (1:1, v/v) for 0.5 h at room temperature. Seventeen different (cis
and trans) carotenoids were identified by UV—vis spectra and retention times in HPLC in the juices
analyzed. The analytic parameters show that the method proposed is sensitive, reliable, accurate,
and reproducible.

KEYWORDS: Carrot juice; cis—trans carotenoids; citric juice;  Citrus sinensis ; food analysis; liquid
chromatography

INTRODUCTION same vitamin activity as the all-trans isomers. This is vital for
éhe accurate determination of the dietary intake of these

of the primary objectives of orange juice producers, so that for micronutrients and in the development of comprehensive food

some years these manufacturers have been producing juices witIIiables (9,10). ) ) _ .

mild pasteurization, marketed in refrigerated conditions and with ~Health professionals consider the consumption of fruit and
limited shelf life. New products are being produced in this line Vegetables to be of great importance as a means of protection
with juice mixtures that provide increased quality (nutritive @dainst illnesses such as cancer and coronary heart disease,
value, color, etc.), this being the factor that contributes most to partially because of their high content of antioxidant vitamins,

consumer acceptance and an increase in the value added to thgUch as vitamins C and E, phenolic compounds, and carotenoids
product. (10). Vitamin A is an essential nutrient for man and all

Citrus is a complex source of carotenoids, with the largest mamma]ign spgcies because it cannot bg synthesi'zed within t.he
number of carotenoids found in any frult)( About 700 kinds body. Citric fruits such as oranges contain a certaln'caro.tenmd
of carotenoids have been isolated in nat@e The carotenoids ~ NuUmber, but not all of them are precursors of vitamin A.
present in citrus are a complex mixture ofl15 natural However, garotgnmds are important in the prevention of certain
substances (3). Various carotenoids, includiagcarotene, degenerative diseases including coronary heart disease and
p-carotene, angs-cryptoxanthin (Figure 1), have provitamin ~ CanCers.

A activity, being transformed into retinal by mammals. The  Various procedures have been described for the determination
xanthophylls (oxocarotenoids) lutein and zeaxantRigire 1) of carotenoids. High-performance liquid chromatography (HPLC)
are also known to provide protection against macular degenera-is considered to be the method of choice for the separation,
tion connected with age, through their ability to capture free identification, and quantification of carotenoids found in
oxygen and blue light in the reting)( Carotenoids have a range  biological tissues{1—14). On the other hand, determination
of important and well-documented biological activities. They of the complete carotenoid composition is complicated, costly,
are potent antioxidants and free radical scavendgysuid they and time-consumingl&). The best separation of carotenoids is
modulate the pathogenesis of cancé&;s7) and coronary heart — achieved with Gg columns (11,14, 16—20). The reasons for
disease (B The application of various industrial treatments can choosing the & package include compatibility with many
lead to the formation of cis isomers, which do not have the solvents, usability for the complete polarity range of carotenoids,
and wide commercial availability. The good separation of

* Corresponding author (telephore84-96-354-49-55: fax-34-96-354- geometrical isomers of carotenoids by the polymeric phases of
4954; e-mail ana.frigola@uv.es). Cig is evident R1, 22). Many authors have used aub?

Adapting to new trends and consumer demands has been on
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Figure 1. Structures of internal standard and carotenoids.

polymeric Ggcolumn, a Vydac 201TP54£28—29). Historically, In the selection of the mobile phase gradient, it is necessary
the efficiency of the separation has been improved by using to take into account the fact that the main solvent should be
smaller particle sizes, changing the shape of the particles fromslightly organic and have low viscosity; it should also allow
irregular to spherical, ensuring uniform particle size, and making suitable solubility of carotenoids and permit the work to be
the columns more reproducible. The advantages of a small performed in low-pressure conditions. These criteria limit the
particle size include high efficiency and low consumption of choice to acetonitrile and methanol. There have been reports
solvents because shorter columns are used. The disadvantag#at in most columns solvents based on methanol provide greater
is the decrease in column life as a result of obstruction and therecovery of carotenoids than those based on acetonitrile, and
use of high pressure. This disadvantage can be reduced byhey also have a lower cost and toxicity1( 32).
filtering the samples and by using precolum@s, (25, 29). Carotenoids are fat soluble but because of the high moisture
Diode array detectors (DAD) were used commonly for the content of plant tissues, a preliminary extraction solvent miscible
identification of carotenoids in citrus and vegetables due to the with water is generally necessary to allow for penetration of
specific spectral data of many of these pigmef46, 18, 30). the solvent. Methanol is often used as an initial extractant (
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Table 1. Extinction Coefficients of Various Standards Theworking solutiorwas prepared each day from the stock solution
of each of the standards. To do so, we took 25, 150, 90, and«100
compound solvent A (nm) E of S-carotene, lutein, zeaxanthin, and retinol palmitate, respectively,
lutein ethanol 445 2550 evaporated them with Nand diluted them with 1 mL of methanol/
zeaxanthin ethanol 452 2480 TBME (70:30, v/v). The concentration of each solution was checked
B-carotene ethanol 453 2620 by its extinction coefficient.
retinol palmitate ethanol 328 975 Instrumentation. The LC system consisted of a series 1050

chromatograph with a quaternary pump system, a diode array detector
. L . (Hewlett-Packard, 1100 series), a column thermostat (Agilent 1100
Water-immiscible solvents can be used after the sample is series), an on-line degassing system, and a ChemStation (series A.06.03)
dehydrated; however, it has been found that more efficient gata system (Hewlett-Packard, Waldbronn, Germany).
extractants are composed of a slightly polar solvent in addition A vydac 201TP54 column with a particle size ofdn, 250 x 4.6
to the nonpolar solvent (33). mm, reverse phase;§£and a precolumn (guard column) Vydac 201TP
Saponification is used to evaluate the presence of carotenoid(4.6 mm i.d. cartridge with %em particles) (Hesperia, CA) were used.
esters, because the saponification of esterified carotenoids with
fatty acids gives rise to their hydroxycarotenoid derivatives, RESULTS AND DISCUSSION
considerably simplifying the chromatogram profil20j. Sa- )
ponification causes a clear transformation of the carotenoid = M€thod Development and Evaluation A number of factors
profile, with considerable loss of carotenoids, especially xan- that affect the chromatographic responses of carotenoids and
thophylls (L9). Saponification of carotenoid extracts may be contrlputg to analytlcgl varlatlpns and inaccuracies in thelr
necessary to remove neutral fats, chlorophylls, and chlorophyl quantitative det(_ermlnatlon are discussed and solutions provided.
derivatives that interfere in the spectrophotometric assay of 1€ following gives the result of our method development and
carotenoids and in the release of esterified xanthophg/|i34). assesses the “robustness” of the method. _
Various compounds are normally used as internal standard: Selection of the Internal Standard. The incorporation of

B-apo-8'-carotenal (trans) (386), Sudan | (2029), cantha- an internal standard is highly recommended because for the
(42), orall-trans-retinol palmitate (43—45). into account losses due to incomplete recovery, evaporation,

determination of the various (trans and cis) carotenoids in a Should not be present in the sample to be determined, but it
fresh orangecarrot JU|Ce mixture and in fresh orange ]u|ce in Sh0U|d have a Slml|al’ structure and, therefore, behave S|m||ar|y

order to evaluate their nutritive qualities. to the compound that it is desired to extract. Also, it should not
appear at a retention time that could interfere with other
MATERIALS AND METHODS Components present in the Sample.

) . Retinol palmitate was selected as the internal standrégdie
Reagents. -Carotene,all-trans-retinol palmitate, andert-buty| 1), and it also served to indicate whether saponification was
hydroxytoluene (BHT) (special grade) were purchased from Sigma ~”’

(Steinheim, Germany). Lutein and zeaxanthin were provided free as complete, because it is transformed into retinéig@re 1),

standard substances by Roche (Basel, Switzerland). Ammonium acetatdVhich appears at much lower retention timés) Figure 2
(HPLC grade), petroleum ether, hexane (HPLC grade), potassium Shows the chromatogram before and after saponification of the

hydroxide (85%), andert-butyl methyl ether (TBME) (HPLC grade)  internal standard, retinol palmitate & 350.8 nm).

were purchased from Scharlau (Barcelona, Spain); acetonitrile (special Extraction and Saponification of Carotenoids.When we
grade) and magnesium hydroxide carbonate-@8?) from Panreac  applied the extraction and subsequent saponification proposed
(Barcelona, Spain); and ethanol, diethyl ether, methanol, and sodiumpy Rouseff et al. 1), we observed the separation of distinct
chloride (special grgde) from Baker (Deventer, The Netherlands). chromatographic peaks, with a clear identificatiofBafarotene,
Chloroform was obtained from Merck (Darmstadt, Germany). although there was baseline drift. To avoid precipitation with

Samples.Natural orange juice (produced fro@itrus sinensis) and C ¢ d th f sol t trol th d
an orange—carrot juice mixture (80:20, v/v) were provided by the arrez reagents an e use of solvents (petroleum ether an

manufacturer involved in the project. The juices were packaged @C€tone) with oxidant power, we applied and modified the
aseptically and frozen at40 °C until the time for their analysis. We  €xtraction method proposed by Taungbodhitham e#&). (Ve
verified that their vitamin profiles did not change during the storage increased the sample size to 25 g of juice and added BHT (0.19%,
period. w/v), 100 uL of internal standard, 0.05 g of magnesium
Preparation of Stock Standard Solutions.To prepare the stock hydroxycarbonate, and 35 mL of ethanol/hexane (4:3, v/v). We
standard solution, 12.5 mg @Fcarotene, 4 mg of lutein, 5.2 mg of  studied several agitation times (5, 15 and 30 min), obtaining
zeaxanthin, and 35 mg of retinol palmitate were weighed and dissolved the pest results with a time of 15 min (undes &hd protected
in 25 mL of chloroform with 0.1% BHT (w/v). They were stored in o the light), and filtered in a low-pressure. The residue was
sealed amber vials underNat the lowest temperature possibfe washed with 35 mL of ethanol/hexane (4:3, v/v) and filtered.

20 °C), for use over an extended period. . . .
The precise concentration of each of the standards was checkedThe residue was washed twice with 12.5 mL of ethanol and

periodically by its extinction coefficient. To do this, 100 of the finally with 12.5 mL of hexane (until it was colorless). All of
stock standard solution gf-carotene, lutein, zeaxanthin, and retinol ~ the liquid filtrates were combined and washed twice with 50
palmitate was taken and evaporated withahd in each case the result ML of 10% NaCl in an amber decanting funnel and then with
was redissolved with 10 mL of the appropriate solvent (Eakle 1) 50 mL of water (three times). The organic phase was evaporated
for subsequent spectrophotometric measurement after filtration of the at 40 °C in a rotary evaporator (Eyela NE-1). We saponified
solution (40). The concentration of each standard was calculated by the residue obtained and varied the volumes of diethyl ether
applying eq 1 (5, 10, and 15 mL) and methanolic KOH (5, 10, and 15 mL)
_ 1% added for the saponification, because completion of saponifica-
C (ug/mL) = A x 107E 1 tion varied with the kind of juice (orangecarrot, plain orange,
whereC is concentrationA is absorbance, anB'* is the extinction etc.), and finally we added 10 mL of diethyl ether and 10 mL
coefficient. of (0.5 M) methanolic KOH with 0.1% BHT (w/v) and left it
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Figure 2. Chromatogram before (2) and after (1) saponification of the internal standard, retinol palmitate (1 = 350.8 nm).

overnight at room temperature protected from the light. To avoid chromatographic peaks and at the same time a better recovery
possible alterations (oxidations) and reduce the time for of them.
saponification, we studied various saponification times: 0.5, TBME encourages elution of the more apolar compounds,
1, 3, and 24 h. We verified that saponification was complete and therefore it was introduced in a small proportion in the first
after 30 min, and so this was the time selected. We performed minutes and gradually increased to 25% in the final minutes of
the saponification in an inert atmosphereXN the chromatogram. We observed that in the first minutes the
At the end of this time we added 20 mL of diethyl ether and chromatographic peaks did not resolve correctly, and therefore
extracted twice with 50 mL of 10% NaCl (w/v). The ether phase We decided to add a small percentage eOHluring the first
was washed three times with 50 mL of® until a neutral pH 10 min, taking care not to have water and TBME at the same
was obtained. It was filtered in the presence of anhydrous Na time (to avoid formation of small bubbles). In the end we
SOy, but we observed that in some of the samples there were Selected the introduction of 5% water with 95% methanol during

remains of water in the ether phase. Therefore, to ensure thathe first 3 min, after which the water was eliminated and we
the water was totally eliminated, we added 10 mL of absolute €luted with methanol. TBME was then introduced and gradually
ethanol (after testing various volumes: 2, 5, and 10 mL), and increased to 25% at 15 min, after which it was decreased so as

in some samples it was necessary to add a further 5 mL to to have 100% methanol at the end of the chromatogfiahle

achieve dryness, evaporating at’ds The residue was dissolved 2 Shows the mobile phase gradient selected. _
with 4 mL of diethyl ether and placed in an amber glass flask, 1he influence of ambient temperature on the elution of
the solvent was evaporated undex Aind the residue was stored carotenoids was standardized by selecting a temperature gradient

at —20 °C until time for chromatographic determination (we (0 min, 20°C; 6 min, 30°C; 22 min, 20°C). Some authors use
verified that the results remained invariable up to 4 days after COlumn temperatures from 20 to 4G (10, 29, 38, 39, 41, 50,

extraction).Figure 3 shows a diagram of the final extraction 51), but ak_)ove 40°C, the separation ofx-carotene and
process. pB-carotene is poor, where a curvature aroun8Ci® caused

The carotenoid extract was reconstituted with 1 mL of MeOH/ by a phase change of polymeric ODS from solid-like state to

. S liquid-like state (22).
TBME (70:30, v/v) at the moment of injection. Figures 4 and 5 show the chromatograms obtained by

Some authors employ 2, 3, 5, and 6 h (8% 42,47, and  applying the method established for the separation of carotenoids
30 respectively) to carry out the saponification process in the jn orange—carrot juice mixtures and orange juices. The most
dark at room temperature. Other authors emptdy h (1, 22, common retention times and wavelengths are showFainle
24,37,38,49-51). We have checked that 30 min was adequate 3
to carry out the saponification, the same time used by Wingerath |gentification and Quantification of Carotenoids. Basically
et al. (52). because of the lack of commercial standards of carotenoids,

Mobile Phase.Carotenoids may undergo losses or degrada- especially of cis isomers, we used various identification
tion on the column. Studies have indicated that compounds techniques employed by many authors, including the following:
which act as modifiers improve the recovery of carotenoids from  The UV—vis spectra and the maximu values of the
the column and reduce or eliminate on-column degradation. carotenoids were compared, which indirectly indicates the
Ammonium acetate has also been reported to improve columngreater or lesser conjugation between their bonds, because the
recovery. Addition of ammonium acetate to MeOH used in the greater the conjugation, the higher the maximuwalues are.
mobile phase increased the recovery from all colunids32). The polarity of the carotenoids was examined because in
First, methanol was chosen, and ammonium acetate was addedeverse phase liquid chromatography the retention times follow
to it in various concentrations of 0.05, 0.1, and 0.2 M. The best the order from greater to lesser polarity.
results were obtained with a concentration of 0.1 M, as there Various spectral fine structural values were determined,
was an increasing improvement in the separation of the differentincluding the following:
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Figure 3. Diagram of extraction of carotenoid pigments.

%II1/11 is the percentage of the quotient between band Il
and band Il (normallylmay), taking the trough between the two
bands as the baseline. It is used to identify carotenal8s-(
51,53, 54).

%Dg/D), is the percentage of the quotient between the cis
peak band and band Il (normallynay. It is used to identify
the different cis isomers of carotenoids 81, 32,40, 43, 46).

The Q ratio= Dymax/Dg is the quotient between band I
(normallyAmax and the cis peak band. This is also used to identi-
fy the different cis isomers of carotenoid®3(-25,47, 55).

With all of these techniques, it was possible to identify the
most characteristic carotenoids in orange and oracgerot
juices.

Table 2. Mobile Phase Gradient for Determination of Carotenoids by

HPLC
time (min) MeOH + AA? (%) H20 (%) TBME (%)
0 95 5 0
3 100 0 0
5 95 0 5
10 86 0 14
15 75 0 25
22 95 0 5
23 100 0 0

2AA, 0.1 M ammonium acetate.

Lutein and zeaxanthin (peaks 6 and 7, respectively) are
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Figure 4. Chromatogram of orange—carrot juice mixture at A = 450 nm (A) and A = 290 nm (B).

usually very difficult to resolve as they differ only in the position The chromatogram was separated into three parts; all of the
of a single bond in one of the terminal rings (Figure 1), and carotenoids up to and including lutein were quantified as such,
some authors cannot resolve the®5,38), but they are and the remaining xanthophylls were quantified as zeaxanthin.
completely resolved with this chromatographic system. How- The carotenes were quantified @sarotene.

ever, 9-cis-violaxanthin is not completely resolved from neo-  Each carotenoid was quantified in accordance with whether
xanthin (peak 2). The coelution of these peaks is due to the its maximumi was close to 290, 350, 430, or 450 nm. The
similar structures (Figure 1) and therefore similar spectral content of each carotenoid in micrograms per 100 g of sample
characteristics (Table 3). The chromatographic purity of this Was determined by applying eq 2:

incompletely resolved carotenoid pair is showrFigure 6. ¢ dardx 100/
Table 4 shows the chromatographic and spectral character- (Asampidhys) x g of standardc 100/(Ayanaardiys) <
g of sample (2)

istics of carotenoids obtained in orange juices. Comparative
chromatographic and spectral characteristics of carotenoids in(IS is internal standard)
orange juice obtained from the literature are showmable 5. Analytical Parameters. To check the reliability and useful-

For the quantiﬂcation of the various carotenoids identified ness of the proposed method’ the ana|ytica| parameters were
in the samples studied, we quantified the different carotenoids determined for the carotenoids for which commercial standards
in accordance with their similarity in terms of chemiecal were available: lutein, zeaxanthin, afiecarotene.
structural behavior and polarity with respect to the validated The responses were linear in the following ranges and
standards for which we had a calibration curve: lutein, equations: 2.0256.55ug/mL (n = 7) with an equatiory =
zeaxanthin, an@-carotene. Accordingly, for the quantification  0.022x+ 0.0425 ¢ = 0.991) for lutein, 2.56-:51.29ug/mL (n
we proceeded as follows: = 7) with an equatiory = 0.026x— 3 x 107° (r = 0.992) for
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Figure 5. Chromatogram of orange juice at A = 450 nm (A) and A = 290 nm (B).

Table 3. Wavelengths and Retention Times of Orange—Carrot Juice
Mixture and Orange Juice — - /
ot viomantia— |
ts?(min) + SD / \\
peak carotenoid A(nm)  orange—carrot orange
1 valenciaxanthin 430 3.78+0.01 3.86+0.03 |
2 9-cis-violaxanthin + 430 5.75+0.04 5.88 + 0.06
neoxanthin
3 cis-antheraxanthin 430 NDP 6.46 +0.04
4 antheraxanthin 450 7.01+0.03 7.13+0.05
5 mutatoxanthin 430 720£001 ND
6 lutein 450 7.54 +0.02 7.71+£0.05
7 zeaxanthin 450 7.96 +0.04 8.23+0.08
8 o-cryptoxanthin 450 9.53+0.03 9.61+0.06
9 p-cryptoxanthin 450 10.45+0.04 10.49 £ 0.05 <
10 9-cis-o.-carotene 430 12.06 £0.04 1212+00 (T
11 a-carotene 450 12.63 £ 0.03 12.89 £ 0.03 R A LA U W U W U B AN RN
12 phytoene + phytofluene 290 13.06+0.02  13.44+0.03 300 326 350 375 400 425 450 475 500 525 nm
13 f-carotene 450 13.28+003  1357+0.03 Figure 6. Absorbance spectra for 9-cis-violaxanthin and neoxanthin (peak
14 9-cis-/3-carotene 450 ND 13.77 £0.04 2) (A = 430 nm).
15 C-carotene 430 14.28 £ 0.04 ND

concentration of carotenoids in all samples is included in the
atg, retention time. ® ND, not detected. studied concentration interval.

The limit of detection was calculated by preparing five reagent

zeaxanthin, and 5.541776.15g/mL (n = 7) with an equation standard solutions and applying the quotient between 3 times

y = 0.0034x+ 0.7654 (r = 0.989) for 5-carotene. The the standard deviation and the slope of the calibration curve
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Table 4. Chromatographic and Spectral Characteristics of Carotenoids Table 6. Range of Instrumental Relative Standard Deviation (RSD%)
in Orange Juice and Relative Standard Deviation of the Method for Orange Juice and
Orange—Carrot Juice Mixture
peak carotenoids Adis A A2 A3 Qratio %l
1 valenciaxanthin 372 392 414 149 514 precision (RSD%)*
2 O-cis-violaxanthin 328 414 436 464 11.03 951 peak carotene instrumental method
2 neoxanthin 414 436 464 11.00 79.7 - -
3 cisantheraxanthin 330 (418) 438 464 214 222 1 valenciaxanthin . 311-586 314832
4 antheraxanthin 10 442 468 10.50 509 2 9l-C|s—V|oIaxamh|rl1 + neoxanthin 1.72-4.06 2.62-4.41
5 mutatoxanthin (404) 428 452 1147 557 §  cisanheraxanthin 213481 247501
6 lutein (424) 444 470 590 546 4 antheraxanthln 2.52-3.01 2.59-3.68
7 zeaxanthin (422) 444 472 1008  3L0 5 mutatoxanthin 321-7.14  4.23-7.87
8  a-cryptoxanthin (416) 438 466  7.06 595 6 luem SR o
9 p-cryptoxanthin (430) 450 478 2620 252 zeaann £9-3.3 31-6.53
10 Ocis-o-carotene 328 414 436 464 640 766 8 a-cryptoxanthin 1.73-3.88 2.28-4.24
11 o-carotene 424 46 474 2707 556 9 P-cryptoxanthin 2.17-440 251526
12 phytoene (76) 286  (298) 9.9 10 9-cis-a-carotene 2.13-5.54 2.84-6.33
11 o-carotene 1.08-4.64 2.78-4.85
12 phytofluene 332 348 368 89
13 B-carotene 424) 446 472 1203 263 12 phytone + phytofluene 4.32-5.65 4.81-5.83
14 9cisfcaotene 330 (422) 442 470 885 265 13 p-carotene 1.98-304  7.16-10.74
15 ¢-carotene 380 400 426 14.70 96.2 14 9-cis-f-carotene 2.47-4.44 2.68-6.30
15 g-carotene 1.99-2.83 4.07-8.05
an==a6

Table 5. Chromatographic and Spectral Characteristics Obtained from
the Literature of Carotenoids in Orange Juice

and j-carotene, respectively. Instrumental precision was also

carotenold A A 4 A Qraio %Il refs checked from six consecutive injections of a sample extract
\éal‘?nc!afamh;ﬂ, 8 iﬁ igg igg 05 1-05 ‘112 53 51 56 (Table 6). The precision of the method was determined by
-CIS-violaxantnin - 1 53;51; . . . ..
neoxanthin 415 437 465 80-85  42.53 57 preparing six aliquots of the same sample of orange juice and
cis-antheraxanthin 416 438 464 38 six aliquots of the same sample of orargarrot juice. In both
antheraxanthin 421 443 471 524-60  32;42;53 cases, precision was expressed as a coefficient of variation. The
mutatoxanthin 406 427 451 40.9-50  1;42;53 results obtained are shown Frable 6
lutein 424) 444 470 115 50-60  25;42;53 _ ‘ -
zeaxanthin (424) 449 477 26-312 38:42: 53 It can bg seen that the mstrumer}tal and method precision
a-cryptoxanthin 421 443 41 60 38; 53 levels obtained are acceptable both in standards and in sample
g'g_gypt‘)g:rf;ttfg:e j‘é‘; ﬁg 32; 53 27-28.8 %g42; 53 (orange—carrot juice) for the carotenoids studied.
-CiS-o , _ S
o-carotene 404 445 473 55 1.53 Analytical parameters are similar to those found by Chen et
phytoene 277 287 298 10 42,58 al. (24), Hart et al.40), and Konings et al.2(), highlighting
2hyt°fltlene (igg) 431331 i% . g;—gg 1:2453 ” that the linearity interval studied is wider in this work.

-carotene . — ) 99, H

ocisfcarotene 342 (421) 444 471 87 24 Figures 4and5 show the chromatograms of the two types

&-carotene 379 399 425 85.9-95  1:42 of samples that we analyzed: an orangarrot juice mixture

and orange juice, respectively. The differences between the two
samples can be seen clearly: the mixed juice has a greater
(LOD = 3 x S,-1/m). The detection limits were 0.0196, 0.0166, quantity of carotenoids, especially af and s-carotene, but
and 0.1404ug/mL for lutein, zeaxanthin, ang-carotene, the most representative carotenoidsc{®violaxanthin, neo-
respectively. The limit of quantitation corresponds to the xanthin, antheraxanthin, lutein, zeaxanthin, and 5-crypto-
minimum quantity with which it is possible to quantify without ~ xanthin, 9eis-o-carotene, phytoene, and phytofluene) are present
uncertainty (LOQ= 10 x S,—i/m). The limits of quantitation in both juices. The most common retention times and wave-
were 0.0652, 0.0552, and 0.4680/mL for lutein, zeaxanthin,  lengths are shown ifiable 3. A slight variation can be seen in
and -carotene, respectively. To calculate the LOD and LOQ the retention times obtained for the sample of oranggrot
parameters, we used the slope of the external calibration curvejuice mixture and the sample of orange juice, because they are
and the standard deviation based on the maximum peaks of thedifferent matrices. It must also be emphasized that not all of
reagents standard solutions at 450 nm. the cis isomers were found in all of the samples analyzed, and

The detection and quantification limits described above show the particular isomers obtained depended on each matrix and
that the method is very sensitive for the carotenoids studied. on their different conservation treatments.

Accuracy was estimated by means of recovery assays. A The contents of the various carotenoids identified in ac-
sample (16.69, 14.14, and 17.08 for lutein, zeaxanthin, and  cordance with the proposed method in orange juice and in an
[-carotene, respectively) to which known amounts of standard orange—carrot juice mixture are shownTable 7.
lutein, zeaxanthin, an@-carotene (38.30, 30.32, and 12,33, Conclusions.The utilization of photodiode array detection
respectively) had been added was subjected to the entireis a valuable tool for characterization afis- and trans-
extraction and determination process. The recovery percentagesarotenoids in vegetable and citric juices (orange juice and an
obtained were 94.0, 89.2, and 92.8 for lutein, zeaxanthin, and orange-carrot juice mixture). Using the rapid procedure
pB-carotene, respectively. described, the major carotenoids have been characterized from

Instrumental precision was checked from six consecutive spectral and retention time data obtained with authentic standards
injections of a standard solution, and the relative standard or literature values. Major carotenoids were separated within
deviations (RSDs) obtained were 0.55, 0.34, and 5.33% for 22 min with ternary gradient elution. The low toxicity and
lutein, zeaxanthin, angb-carotene, respectively. When the danger of most of the reagents and products used during the
standard solution was prepared and measured on alternate daygxtraction and separation of carotenoids do not call for special
the RSD values were 0.57, 0.51, 5.67% for lutein, zeaxanthin, safety measures in the laboratory. As the analytical parameters
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Table 7. Quantification of Carotenoids in Orange—Carrot Juice Mixture
and in Orange Juice

19/100 g + SD?
peak carotenoid orange—carrot orange
1 valenciaxanthin 2157 +0.94 14.44 +1.27
2 9-cis-violaxanthin + 164.52 £ 1.45 738.96 + 2.65
neoxanthin

3 cis-antheraxanthin NDP 26.88 +3.40
4 antheraxanthin 61.98 + 0.05 236.89 £ 1.31

5 mutatoxanthin 16.38+1.21 ND
6 lutein 38.56 + 1.69 53.55 + 4.69
7 zeaxanthin 3244 +1.98 35.09+3.39
8 a-cryptoxanthin 3054 +2.14 4229 £2.34
9 -cryptoxanthin 36.80+2.18 118.31 £ 3.61
10 9-cis-a.-carotene 149.68 + 8.59 41.45+193
11 a-carotene 867.62 £ 8.65 2241 +3.25
12 phytoene + phytofluene 423.15+3.95 36.54 +2.61
13 [3-carotene 2253.27 £ 13.55 20.63 £3.12

14 C-carotene 205.50 + 6.25 ND
15 9-cis-[3-carotene ND 22.72£1.74

a gD, standard deviation. ® ND, not detected.

show, the proposed method permits determinationi®f and

trans-carotenoids in vegetable juices, because the method is

sensitive, reliable, accurate, and reproducible.

ACKNOWLEDGMENT

We thank Roche (Basel, Switzerland) for providing free standard
substances.

LITERATURE CITED

(1) Rouseff, R.; Raley, L.; Hofsommer, H. J. Application of diode-
array detection with a C30 reversed-phase column for the
separation and identification of saponified orange juice caro-
tenoids.J. Agric. Food Chem1996,44, 2176—2181.

(2) O'Neal, A.; Schwartz, S. J. Chromatographic analysis of cis/
trans carotenoid isomers. Review. Chromatogr.1992, 624,
235—252.

(3) Klaui, H.; Bauernfeind, J. CCarotenoids as Colorants and
Vitamin A Precursors; Bauernfeind, J. C., Ed.; Academic
Press: New York, 1981; Chapter 2, p 47.

(4) Landrum, J. T.; Bone, R. A. Lutein, Zeaxanthin and the Macular
Pigment.Arch. Biochem. Biophy001,385, 28-40.

(5) Grassmann, J.; Hippeli, S.; Elstre, E. F. Plant’'s defence mech-
anism and its benefits for animal and medicine: role of phenolics
and terpenoids in avoiding oxygen stréBnt Physiol Biochem
2002,40, 471-478.

(6) Van Poppel, G.; Goldbohm, R. A. Epidemiological evidence for
p-carotene and cancer preventidm. J. Clin. Nutr. 1995,62,
1493—-1503.

(7) Giovannucci, E. Tomatoes, tomato-based products, lycopene and

cancer: areview of the epidemiological literatureNatl Cancer
Inst. 1999,91, 317—331.

(8) Kritchevsky, S. B -carotene, carotenoids and the prevention
of coronary heart diseasé. Nutr. 1999,129, 5-8.

(9) Souci, S. W.; Fachmann, W.; Krant, Hood Composition and
Nutrition Tables; Wissenschaftliche Verlagsgessellschaft: Stut-
tgart, Germany, 1987.

(10) Burns, J.; Fraser, P. D.; Bramley, P. M. Identification and
quantification of carotenoids, tocopherols and chlorophylls in
commonly consumed fruits and vegetabRisytochemistr003
62, 939—947.

(11) Bushway, R. J. Determination af andf-carotene in some raw
fruits and vegetables by high-performance liquid chromatogra-
phy. J. Agric. Food Chem1986,34, 409—412.

(12) Barua, A. B.; Kostic, D.; Olson, J. A. New simplified procedures
for the extraction and simultaneous high-performance liquid

J. Agric. Food Chem., Vol. 52, No. 8, 2004 2211

chromatographic analysis of retinol, tocopherols and carotenoids
in human serumJ. Chromatogr.1993,617, 257—264.

(13) van Breemen, R. B.; Schmitz, H. H.; Schwartz, S. J. Continuous-
flow fast atom bombardment liquid chromatography/mass spec-
trometry of carotenoidesAnal. Chem.1993,65, 965—969.

(14) Emenhiser, C.; Simunovic, N.; Sander, L. C.; Schwartz, S. J.
Separation of geometrical carotenoid isomers in biological
extracts using polymeric C30 column in reversed-phase liquid
chromatographyd. Agric. Food Chem1996,44, 3887—3893.

(15) Kimura, M.; Rodriguez-Amaya, D. B. A scheme for obtaining
standards and HPLC quantification of leafy vegetable caro-
tenoids.Food Chem2002,78, 389—398.

(16) Cano, M. P. HPLC separation of chlorophyll and carotenoid
pigments of four kiwi fruit cultivarsJ. Agric. Food Chem1991,

39, 1786—1791.

(17) Biacs, P. A.; Daood, H. G.; Huszka, T. T.; Biacs, P. K.
Carotenoids and carotenoid esters from new cross-cultivars of
paprika.J. Agric. Food Chem1993,41, 1864—1867.

(18) Chen, B. H.; Chen, Y. Y. Stability of chlorophylls and caro-
tenoids in sweet potato leaves during microwave cookihg.
Agric. Food Chem1993,41, 1315—1320.

(19) Cano, M. P.; de Ancos, B. Carotenoid and carotenoid ester
composition in mango fruit as influenced by processing method.
J. Agric. Food Chem1994,42, 2737—2742.

(20) Cano, M. P.; de Ancos, B.; Lobo, M. G.; Monreal, M. Carotenoid
pigments and colour of hermaphrodite and female papaya fruits
(Carica papayal.) cv. Sunrise during post-harvest ripenildg.
Sci. Food Agric.1996,71, 351—358.

(21) Craft, N. E.; Sander, L. C.; Pierson, H. F. Separation and relative
distribution of all-trans-3-carotene and itscis isomers in
[-carotene preparationd. Micronutr. Anal. 1990,8, 209—221.

(22) Jinno, K.; Lin, Y. Separation of carotenoids by high-performance
liquid chromatography with polymeric and monomeric octade-
cylsilica stationary phase€hromatographial995,41, 311—
317.

(23) Saleh, M. H.; Tan, B. Separation and identification of cis/trans
carotenoid isomerg. Agric. Food Chem1991, 39, 1438-1443.

(24) Chen, T. M.; Chen, B. H. Optimization of mobile phases for
HPLC of cis-trans carotene isomer€hromatographial 994,

39, 346—354.

(25) Chen, B. H.; Peng, H. Y.; Chen, H. E. Changes of carotenoids,
color, and vitamin A contents during processing of carrot juice.
J. Agric. Food Chem1995,43, 1912—-1918.

(26) Chen, H. E.; Peng, H. Y.; Chen, B. H. Stability of carotenoids
and vitamin A during storage of carrot juideood Chem1996,

57, 497—-503.

(27) Konings, E. J. M.; Roomans, H. S. Evaluation and validation of
an LC method for the analysis of carotenoids in vegetables and
fruit. Food Chem1997,59, 599—603.

(28) Ben-Amotz, A.; Fishler, R. Analysis of carotenoids with emphasis
on 9-cisp-carotene in vegetables and fruits commonly consumed
in Israel.Food Chem1998,62, 515—520.

(29) Pupin, A. M.; Dennis, M. J.; Toledo, M. C. F. HPLC analysis
of carotenoids in orange juicEood Chem1999 64, 269-275.

(30) Khachik, F.; Beecher, G. R.; Lusby, W. R. Separation, identifica-
tion, and quantification of the major carotenoids in extracts of
apricots, peaches, cantaloupe, and pink grapefruit by liquid
chromatographyd. Agric. Food Chem1989,37, 1465—1473.

(31) Craft, N. E. Carotenoid reversed-phase high performance liquid
chromatography methods: Reference compendiurividthods
in Enzymology; Academic Press: New York, 1992; pp-185
205.

(32) Epler, K. S.; Craft, N. E.; Ziegler, R. G. Liquid chromatographic
method for the determination of carotenoids, retinoids and
tocopherols in human serum and in foddChromatogr.1993,

619, 37-48.

(33) De Ritter, E.; Purcell, A. E. Carotenoid analytical methods. In
Carotenoids as Colorants and Vitamin A PrecursdBauern-
feind, J. C., Ed.; Academic Press: London, U.K., 1981; Chapter
10, pp 815—923.



2212 J. Agric. Food Chem., Vol. 52, No. 8, 2004

(34) Lesellier, E.; Tchapla, A. Analysis of carotenoids by high-
performance liquid chromatography and supercritical fluid chro-
matography.J. Chromatogr.1993,633, 9-23.

(35) Noga, G.; Lenz, F. Separation of Citrus Carotenoids by Reversed-
Phase High-Performance Liquid Chromatograj@tyomatograph-
ia 1983,17, 139—142.

(36) Marx, M.; Schieber, A.; Reinhold, C. Quantitative determination
of carotene stereoisomers in carrot juices and vitamin supple-
mented (ATBC) drinks. Food Chem 2000 70, 403-

408.

(37) Matus, Z.; Deli, J.; Szabolcs, J. Carotenoid composition of yellow
pepper during ripening: isolation gfcryptoxanthin 5,6-epoxide.
J. Agric. Food Chem1991,39, 1907—-1914.

(38) Mouly, P. P.; Gaydou, E. M.; Corsetti, J. Characterization of
paprika (Capsicum annuum) extract in orange juices by liquid
chromatography of carotenoid profile$. Agric. Food Chem.
1999,47, 968—976.

(39) Scott, K. J.; Hart, D. J. Further observations on problems
associated with the analysis of carotenoids by HPLC-2: Column
temperatureFood Chem1993,47, 403—405.

(40) Hart, D. J.; Scott, K. J. Development and evaluation of an HPLC
method for the analysis of carotenoids in foods, and the
measurement of the carotenoid content of vegetables and fruits
commonly consumed in the UKcood Chem1995,54, 101—
111.

(41) Mdller, H. Determination of the carotenoid content in selected
vegetables and fruit by HPLC and photodiode array detection.
Z. LebensmUnters. ForschA 1997,204, 88-94.

(42) Khachik, F.; Beecher, G. R. Application of a C-A&arotene
as an internal standard for the quantification of carotenoids in
yellow/orange vegetables by liquid chromatographyAgric.
Food Chem1987,35, 732—738.

(43) Oliver, J.; Palou, A. Chromatographic determination of caro-
tenoids in foodsJ. Chromatogr.A 2000,881, 543—555.

(44) Olmedilla, B.; Granado, F.; Blanco, |.; Rojas-Hidalgo, E.
Determination of nine carotenoids, retinol, retinyl palmitate and
o-tocopherol in control human serum using two internal stan-
dards.Food Chem1992,45, 205—213.

(45) Granado, F.; Olmedilla, B.; Blanco, |.; Rojas-Hidalgo, E.
Carotenoid composition in raw and cooked spanish vegetables.
J. Agric. Food Chem1992,40, 2135-2140.

(46) Taungbodhitham, A. K.; Jones, G. P.; Wahlqvist, M. L.; Briggs,
D. R. Evaluation of extraction method for the analysis of
carotenoids in fruits and vegetablé®od Chem1998,63, 577—
584.

Cortés et al.

products by liquid chromatography. 1. Quantification of caro-
tenoids and related esters by HPLICAgric. Food Chem1988
36, 929—-937.

(49) Mercadante, A. Z.; Britton, G.; Rodriguez-Amaya, D. B.
Carotenoids from yellow passion fruit (Passiflora edulig).
Agric. Food Chem1998,46, 4102—4106.

(50) Lee, H. S. Characterization of carotenoids in juice of red navel
orange Cara carg. J. Agric. Food Chem 2001, 49, 2563-
2568.

(51) Lee, H. S.; Castle, W. S.; Coates, G. A. High-performance liquid
chromatography for the characterization of carotenoids in the
new sweet orange (Earlygold) grown in Florida, USA.
Chromatogr.A 2001,913, 371—-377.

(52) Wingerath, T.; Stahl, W.; Kirsch, D.; Kaufmann, R.; Sies, H.
Fruit juice carotenol fatty acid esters and carotenoids as identified
by matrix-assisted laser desorption ionization (MALDI) mass
spectrometry. J. Agric. Food Chem 1996 44, 2006-
2013.

(53) Britton, G. UV/Visible spectroscopy. I@arotenoids; Britton,

G., Liaaen-Jensen, S., Pfander, H., Eds.; Birkhduser Verlag:
Boston, MA, 1995; Vol. 1B, Spectroscopy, pp 13—62.

(54) Psomiadou, E.; Tsimidou, M. Simultaneous HPLC determination
of tocopherols, carotenoids, and chlorophylls for monitoring their
effect on virgin olive oil oxidationJ. Agric. Food Chem1998,

46, 5132—-5138.

(55) Tsukida, K.; Saiki, K.; Takii, T.; Koyama, Y. Separation and
determination of cis/trang-carotenes by high-performance liquid
chromatographyJ. Chromatogr.1982,245, 359—364.

(56) Phillip, D.; Molnar, P.; Toth, G.; Young, A. J. Light-induced
formation of 13-cis-violaxanthin in leaves Bfordeumuulgare.

J. PhotochemPhotobiol.B: Biol. 1999,49, 89-95.

(57) Chen, B. H.; Yang, S. H. An improved analytical method for
the determination of carotenes and xanthophylls in dried plant
materials and mixed feedsood Chem1992,44, 61-66.

(58) Simpson, K. L.; Tsou, S. C. S.; Chichester, C. O. Carotenes. In
Methods Vitamins Assayith ed.; Augustin, J., Klein, B. P.,
Becker, D., Venugopal, P. B., Eds.; Forte Association of Vitamin
Chemists; Wiley: New York, 1985.

(59) Chandler, L. A.; Schwartz, S. J. HPLC separation of-tians
carotene isomers in fresh and processed fruits and vegetables.
J. Food Sci.1987,52, 669—672.

Received for review December 23, 2003. Revised manuscript received

(47) O'Neil, C. A;; Schwartz, S. J.; Catignani, G. L. Comparison of  Fepruary 20, 2004. Accepted February 23, 2004. This work was financed

liquid chromatographic methods for determination of-disns
isomers ofs-caroteneJ. AssocOff. Anal. Chem.1991,74, 36—
42.

(48) Khachik, F.; Beecher, G. R. Separation and identification of

by a PETRI research and technological development project (PTR 1995-
0592-0OP-03-03). C.C. holds an award from the Generalitat Valenciana
(Spain).

carotenoids and carotenol fatty acid esters in some squash JF035505Y



