6628 J. Agric. Food Chem. 2007, 55, 66286635 JOURMNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Identification and Quantification of Xanthophyll Esters,
Carotenes, and Tocopherols in the Fruit of Seven Mexican
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A liquid chromatography—mass spectrometry (LC-MS) method was developed to simultaneously
identify and quantify carotenoids and tocopherols in the fruit of seven mango cultivars grown in Mexico.
Fruit maturity was characterized objectively, and carotenoids and tocopherols were isolated by solvent
extraction and analyzed by HPLC coupled to a Cj stationary phase and diode array, fluorescence,
and mass (time-of-flight) detectors. All cultivars had a similar carotenoid pattern, in which all-trans-
[-carotene and dibutyrates of all-trans-violaxanthin and 9-cis-violaxanthin were the most abundant.
The content of all-trans-3-carotene ranged between 0.4 and 2.8 mg/100 g, and ‘Haden’ and ‘Ataulfo’
mangoes had the highest amount. The amounts of all-trans-violaxanthin and 9-cis-violaxanthin (as
dibutyrates) ranged between 0.5 and 2.8 mg/100g and between 0.4 and 2.0 mg/100 g, respectively.
The content of a-tocopherol was low (200—500 ©g/100 g). The results of this study indicate that
all-trans-3-carotene, all-trans-violaxanthin, and 9-cis-violaxanthin are the most abundant carotenoids
in mango grown in Mexico.

KEYWORDS: Mangifera indica L.; carotenoids; xanthophyll esters; vitamin E; vitamin A; carotenoid
stereoisomers

INTRODUCTION The most abundant carotene of mangaligrans-g-carotene,
whereas the most important xanthophylls seem to be violaxan-
thin and its isomers (11,2). Mercadante et al. (13) quantified
several carotenoids in saponified extracts of ‘Keitt’ mangoes
and concluded that the most predominant xanthophylls were

Mango (Mangifera indical.) is a popular fruit in many
countries due to its exotic flavor, attractive appearance, and
nutritional value. Mexico is the fourth largest producer and the
biggest exporter of mango; more than 58 different cultivars of

this fruit are cultivated in Mexicol). The per capita consump- all-trans-violaxanthin and Sis-violaxanthin, accounting for 38
tion of mango in Mexico is hight() ' and therefore this fruit is and 18% of total carotenoid content, respectively, although other

an important source of several important nutritional and health X@nthophylis can be more important depending on the type of
components such as dietary fiber (2), polyphenols (3), ascorbiccultivar (14—16).
acid (4), and carotenoids (5). The yellow-orange color of this  For carotenoid analysis, a cool or hot saponification step is
fruit is caused by its high content of carotenoids, which are usually used to remove unwanted compounds and for hydrolyz-
lipid-soluble compounds, correlated with protective health ing xanthophyll esters. However, this step may cause transfor-
effects, such as against some types of cancer (6), age-relateghations and losses of carotenoid’), so further analysis of
macular degeneration (7), and heart disea8gslif addition,  crude extracts is needed to study their natural forms. Several
some carotenoids, such a-trans-f-carotene, are precursors  esters of violaxanthin and neolutein were tentatively identified
of vitamin A. Vitamin A has many positive effects on human , crude extracts of ‘Alphonso’ mangd§). Burns et al. 18)
health §), and its deficiency is still causing problems, especially fond three violaxanthin esters in mango from Costa Rica, but
for children, in many countries around the worltDj. no identification was provided. The predominant xanthophyll
esters in crude extracts of ‘Kent’ mangoes were identified as
* Author to whom correspondence should be addressed (telephone/fax dibutyrates ofall-trans- and 9eis-violaxanthin by LC-(APcf)-
52:442-2281416; e-mail yahia@uaq.mx). MS analyses 19). However, the amounts ddll-trans-viola-
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given. Information on the tocopherol content in mango is very
scarce, but it seems to be very low8).

The objective of this study was to develop a LC-MS method
to simultaneously identify and quantify tocopherols and the most
important carotenoids in crude extracts of the fruit of seven
mango cultivars grown in Mexico.

MATERIALS AND METHODS

Chemicals and SolventsHigh-performance liquid chromatography
(HPLC) grade methanol, acetomehexane, 2-propanol, reactive grade
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between 200 and 500 nm (each 2 nm). Peak purity, which indicates
the mean purity value of all spectra, was determined automatically by
DAD. Individual signals for Scis-violaxanthin,all-trans-violaxanthin,

and all-trans-f3-carotene were monitored at 436, 439, and 452 nm,
respectively. The FLD was set at excitation and emission wavelengths
of 294 and 326 nm, respectively, for tocopherol detection. The HPLC
system was equipped with a 1504.6 mm i.d., 3um Cso reversed-
phase column (YMC Inc., Milford, MA), which was kept at 2&.
After pilot studies, the most appropriate mobile phase was found to be
composed of water (A), methanol (B), and MTBE (C) with the
following gradient program: 4% A, 95.2% B, and 0.8% C at 0 min,

benzene, anhydrous granular sodium sulfate, calcium carbonate, andi€creasing to 4% A, 55.3% B, and 40.7% C within 78 min at a flow

NaS,0; were purchased from J. T. Baker (Baker Mallinckrodt,
Mexico). 2,6-Di-tert-butyl-4-methylphenol (BHT) was obtained from
Merck KGaA (Darmstadt, Germany). Diethyl eth&grt-butyl methyl
ether (MTBE) HPLC grade, a mixture afl-trans-o/f3-carotene (purity

= 95%) from carrots, and- andd-tocopherol (purity= 95 and 90%,
respectively) were from Sigma-Aldrich (St. Louis, MO), aalttrans-
violaxanthin (purity= 95%) was from CaroteNature GmbH (Lupsingen,
Switzerland). HPLC grade water was prepared by a Milli-Qplus
purification system (Millipore Corp., Bedford, MA).

Plant Material. Fresh mango fruit of the cultivars ‘Ataulfo’,
‘Manila’, ‘Criollo’, ‘Paraiso’, ‘Haden’, ‘Kent’, and ‘Tommy Atkins’
at ripe stage were obtained from a local market in Querétaro, Mexico.
Fruits were selected for uniform size and color and freedom from
blemishes and defects and were maintained &28nd 50% relative
humidity until analysis.

Indicators of Fruit Physiological Maturity. The physiological
maturity stage of the fruit was determined by total soluble solids content
(°Brix) and objective color measurementBrix was measured in the
juice obtained from a representative portion of each fruit, using a hand
refractometer (Atago Co. Ltd., Osaka, Japan). Color was measured with
a Minolta spectrophotometer (Minolta Co. Ltd., Osaka, Japan), which
was calibrated with the white pattern during each sampling time.
External color was longitudinally determined on three points of each
flat side of the fruit (six points for each fruit). For flesh (internal) color
a big slice from a flat side of each fruit was obtained, and color was
determined longitudinally on three equidistant points. a*, b*, C*,
andh® values were recorded.

Preparation of Samples.The extraction procedure of carotenoids
and tocopherols was carried out as described by Pott et al. (20) with
slight modifications (21). Fresh mango pulp from each fruit (6 g) was
ground by a homogenizer (lka Works Inc., Wilmington, NC) in the
presence of calcium carbonate (0.2 g) and methanol (15 mL). The
homogenate was filtered through a filter paper, adding methanol until
retained solids became colorless. The methanolic extract was mixed
with 50 mL of a mixture of hexane/acetone (1:1, v/v) containing 0.1%
of BHT. After vigorous stirring, 40 mL of 10% sodium sulfate was

rate of 0.75 mL/min.

Mass spectra of mango carotenoids were obtained using the
chromatographic system described above (without FLD), fitted to an
6210 time-of-flight (TOF) mass spectrometer (Agilent, Palo Alto, CA)
equipped with an atmospheric pressure chemical ionization (APcl
interface and Mass Hunter manager software (A.02.01). The "APcl
MS system was operated in positive ion mode. High-purity nitrogen
(99.999%) was used as nebulizing (20 psi) and drying gas (5 L/min).
Other APcl'-MS parameters were as follows: gas and vaporizer
temperatures, 325 and 33C, respectively; corona, capillary, frag-
mentor, and skimmer voltagesu#, 3000, 200, and 60 V, respectively.

Carotenoids were identified by comparing their retention time and
UV—vis data with those obtained with reference standards as well as
cochromatography with added standards and using their mass spectra
(m/z 100—1200). Quantitative data fer-tocopherol andrans caro-
tenoids were obtained by calibration curves constructed with pure
compounds. Quantification of cis isomers of carotenoids was based on
calibration curves of their pareirians carotenoids.

Statistical Analysis. The Tukey—Kramer honestly significant dif-
ference test was used as a comparison of statistical significance. All
data analyses were performed using JMP statistical software (SAS
Institute Inc., Cary, NC).

RESULTS AND DISCUSSION

Fruit Ripening Characteristics. Color and other fruit quality
parameters are shown ifable 1. Fruits of all cultivars had
excellent external appearance and were ripe according to their
taste (°Brix) (23,24). ‘Manila’ and ‘Ataulfo’ fruit exhibited a
uniform yellow-orange peel color, whereas ‘Criollo’, ‘Haden’,
‘Paraiso’, and ‘Kent’ had yellow-orange with some pink, purple,
or reddish regions. ‘Tommy Atkins’ mangoes had slight greenish
regions on the peel. In contrast to the peel, the flesh of all mango
cultivars presented a uniform orange-yellow color. ‘Ataulfo’ and
‘Haden’ mangoes had the deepest pigmentation and the lowest

added for phase separation. The upper layer was separated, washetiue (h°) values in flesh, whereas ‘Paraiso’ mangoes exhibited

several times with water, and evaporated in a rotavapor 4C3%or
saponification, the residue was dissolved in 30 mL of diethyl ether,
0.2 mL of 40% methanolic KOH were added, and the mixture was
kept for 16 h in the dark at room temperature. After completion of the
saponification step, the extract was washed with water and evaporate
as described above. Saponified and unsaponified residues were dissolve
in 2 mL of 2-propanol, filtered through a polyethylene membrane of
0.45um pore size (Millipore Corp., Bedford, MA), and 28_ was
injected onto the HPLC system.

|-Catalyzed Photoisomerization of CarotenoidsCis isomers of
violaxanthin were generated for identification purposes according to
the method of Molnar et al. (22). A quantity of 0.11 mgaiktrans-
violaxanthin was dissolved in 1 mL of benzene containing 0.002 mg
of I,. The solution was exposed to daylight until equilibrium was
reached within 40 min. The reaction mixture was then washed with
5% N&aSO; (50 mL), evaporated at reduced pressure {83, and
redissolved in 2-propanol (2 mL) prior to HPLC analysis.

HPLC-MS Analytical Conditions. Samples containing carotenoids
and tocopherols were automatically injected into an HP 1100 series
HPLC system (Hewlett-Packard GmbH, Waldbronn, Germany) equipped
with an online degasser, a diode array detector (DAD), and a
fluorescence detector (FLD). Spectra for all peaks were recorded

4

the highesth® values. Theh® values of the peel of ‘Manila’,
‘Ataulfo’, and ‘Haden’ mangoes were similar to those of the
pulp, and therefore this measurement of external color might
be used as a reliable nondestructive indicator of maturity of
ese cultivars. On the other hand, ‘Ataulfo’ and ‘Haden’
angoes had the higheat values in flesh. Higha* values
and low h° values in flesh have been correlated with high

p-carotene content (5, 25).

Separation and Identification of Carotenoids from Mango
Tissue Using Diode Array DetectionSeveral solvent systems
were tried in pilot studies. The best results were obtained when
the ternary system (described above) composed of methanol/
MTBE/water was employed. These solvents along withza C
column have been successfully applied for carotenoid analysis
from foods and human serum and tissu26)( allowing for
separation of polar and nonpolar carotenoids, as well as
geometric and positional isomers. Existing methods for caro-
tenoid analysis in fruit by HPLC commonly use room (uncon-
trolled or controlled) temperatures in the range of35 °C
(27, 28). In our study, good separation af-tocopherol,
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Figure 1. Typical chromatographic patterns at 452 nm of crude extracts of fruit of ‘Manila’ (A), ‘Ataulfo’ (B), ‘Haden’ (C), ‘Tommy Atkins' (D), ‘Paraiso’
(E), ‘Criollo’ (F), and ‘Kent’ (G) mangoes. For precise peak assignment see Table 2.

Table 1. Fruit Quality Parameters of Mango Cultivars?

cultivar
variable Manila Ataulfo Criollo Haden Kent Paraiso Tommy Atkins
weight (g) (n = 4) 2433+58 269.3+24.4 139.4 £ 4.0 3204 +£9.7 350.3+26.0 569.5 +11.4 407.4+£20.0
°Brix (n=8) 21.3+03 16.4+0.6 17.7+04 183+05 164+ 0.6 128+0.3 136+0.2
peel
L* (n=24) 714+06 68.6 + 0.4 60.7£0.7 55.7+13 473+14 60.2+12 545+0.7
a*(n=24) 109+0.2 18.1+05 214+0.8 193+11 236+13 19.87£1.0 98+15
b* (n= 24) 38.2+05 438+04 325+09 26.6+2.0 21.0+24 29.6+1.6 263+11
C* (n=24) 39.8+05 474+0.3 39.3+0.3 343+1 332+17 36.6+0.8 29.14+1.0
h° (n=24) 740+03 67.5+0.6 56.5+1.7 51.9+37 39.6+4.1 55.1+27 705+33
pulp
L*(n=12) 59.6+12 66.0 + 0.6 584+14 59.1+13 59.3+13 60.2+2.1 60.1+0.7
a(n=12) 17408 23.7+05 18.1+09 24605 2031 159+06 21707
b* (n=12) 50.8+2.3 503+11 50.0+1.3 39.2+19 454+2.1 51.1+16 58.8+0.9
C*(n=12) 53.8+22 556+ 1 53.3+1.3 46.4+19 49.8+22 53.6+1.6 62.7+1.0
h° (n=12) 709+0.7 64.7+0.7 701+1 57.5+09 65.8+0.8 72.6 0.6 69.8+05

2 Data represent the mean of several measurements of the peel or pulp of mangoes + standard error.

carotenes, and free and esterified xanthophylls from mango wasPeaks 16, 21, and 22 (Figurednd Table 2) were identified

achieved at 18C, probably due to the fact that at low temper-

as isomers gfi-carotene on the basis of their elution order and

ature an increased selectivity is presented as a consequence afpectral maxima: 443, 452, and 446 nm forcd8-5-carotene,

the population of the ordered trans conformations gf &ky!

all-trans-f3-carotene, and 8is-3-carotene (31). Peaks 3, 4, and

chains exceeds the population of disordered gauche conforma-8 (Figure 1 andTable 2) were not clearly identified.

tions, as has been described by Alb28)( The chromatographic

When crude extracts were subjected to saponification, peaks

carotenoid pattern in all seven cultivars showed 25 common 6 and 10 Figure 1 andTable 2) along with other small peaks

carotenoids (Figure Jand Table 2). The initial identification

disappeared, but two intense peaks (peaks 1 and EWgire

of such peaks was carried out by comparing their spectral char-2) with spectroscopic characteristics typical &l-trans- and
acteristics with those previously reported using a similar mobile 9-cis-violaxanthin were visible in the polar region of the
phase (water/methanol/MTBE). Several peaks were tentatively chromatogram. This demonstrates that these xanthophylls are

identified asall-trans-violaxanthin and S%is-violaxanthin con-
taining compounds (Figure and Table 2), according to the
UV—vis data reported by Pott et alLg) for such xanthophylls.

If maximum absorption wavelengths falt-trans- (439 nm) and
9-cis-violaxanthin (436 nm) are compared, a difference of 3
nm can be noted, which is a typical characteristic that
distinguishes these isomefs3]. The spectral maximum for peak
13 (Figure 1andTable 2) was similar to that reported fais-
fp-cryptoxanthin 27). Peak 18 Kigure 1 and Table 2) was
assigned tall-trans-neoxanthin on the basis of the YVis
data (415, 438, and 467 nm) reported for this caroten®dy. (

the most important in mangoes. Additionally, as a consequence
of the saponification step, another unidentified peak (peak 26
in Figure 2), having maxima at 417, 441, and 469 nm, was
observed at 12.7 min. Peaks 4, 13, 16, 21, andR2gufes 1
and 2 and Table 2) were unaffected by saponification, and
therefore these compounds were considered to be unesterified.
To further investigate the identity of the important caro-
tenoids, reference compounds were employed. Due to the
unavailability of reference material for&s-violaxanthin it had
to be prepared starting from its trans isomer. Thermal and iodine-
catalyzed photoisomerization methods are commonly used for
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Figure 2. Typical chromatographic pattern at 452 nm of saponified extract of ripe ‘Manila’ mango. Peak 26 represents an unknown compound; peaks
1 and 27 correspond to free all-trans-violaxanthin and 9-cis-violaxanthin, respectively. Tentative identification data for peaks are shown in Table 2.

Table 2. Tentative Identification Data of Carotenoids in Mango

cis peak,
R Amaxt, Amaxll e purity
peak? (min) Amaxti? (NM) (%) (%) APcI*-MS data (m/z)? compound
1 14.6 328 (3.0), 416, 439, 469 92 945 601 (100)%,° 583 (31), 534 (38), 429 (35), 39760 (22) free all-trans-violaxanthin
2 21.7 328 (1.5), 417, 439, 469 94 95.8 671 (100)*, 653 (44), 583 (4), 565 (7) all-trans-violaxanthin butyrate
3 26.3 329 (5.1), 411, 434, 462 52 100 601 (26), 427 (100), 409 (58), 339 (18) not identified
4 275 328 (1.9), 417, 439, 469 97 100 427 (9), 409 (34), 395 (100) all-trans-violaxanthin derivative
5 27.9 328 (1.0), 414, 436, 465 91 903 671 (100)%, 653 (40), 583 (2), 565 (7) 9-cis-violaxanthin butyrate
6 30.8 328 (22.5), 416, 439, 469 93 99.9 741 (100)*, 723 (69), 653 (7), 635 (11), 565 (2), 547 (3) all-trans-violaxanthin dibutyrate
7 32.8 328(0.7),413, 436, 465 87 100 741 (89)*, 723 (66), 613 (23), 583 (4), 534 (2), 9-cis-violaxanthin ester
443 (32), 149 (100)
8 34.3 328 (2.36), 407, 432, 460 20 100 545 (100)*, 529 (5), 411 (16), 397 (16) not identified
9 35.8 329 (2.36), 415, 439, 469 91 99.6 769 (100)*, 751 (76), 663 (8), 635 (6), 411 (16), 397 (17) all-trans-violaxanthin butyrate-
caproate
10 36.8 328 (18.2), 413, 436, 465 89 100 741 (100)*, 723 (57), 653 (5), 635 (9), 565 (1), 547 (2) 9-cis-violaxanthin dibutyrate
11 4.7 328 (1.9), 413, 436, 465 89 100 705 (10), 661 (12), 617 (13), 567 (35), 545 (100), 9-cis-violaxanthin ester
411 (14), 397 (17)
12 45.8 328 (1.3), 413, 436, 465 87 86.2 797 (12)*, 661 (12), 650 (15), 632 (64), 617 (13), 9-cis-violaxanthin ester
411 (11), 397 (16)
13 48.3 331(1.2), 419, 445, 474 58 99.8 553 (100)*, 535 (18), 395 (14) free cis-f-cryptoxanthin
14 54.2 328 (0.8), 416, 439, 469 93 100 664 (100)*, 646 (78), 409 (21) all-trans-violaxanthin ester
15 56.2 328 (1.3), 416, 439, 469 % 99.7 853 (100)*, 835 (87), 621 (18), 409 (14) all-trans-violaxanthin ester
16 57.2 340 (18.9), NA, 443, 468 16 100 537 (100)*, 529 (4), 457 (5), 409 (11), 397 (3), 391 (7) 13-cis-f3-carotene
17 59.8 328 (1.3), 418, 439, 469 94 99.4 907 (100)*, 889 (91), 877 (51), 853 (14), 749 (76) all-trans-violaxanthin ester
18 60.6 328 (1.4), 416, 438, 468 73 100 863 (100)*, 781 (1), 660 (2) all-trans-neoxanthin ester
19 64.2 328(2.2), 418, 439, 469 90 99.6 881 (100)*, 863 (89), 793 (4), 771 (5), 653 (4), 635 (5) all-trans-violaxanthin ester
20 67.7 328 (1.2), 414, 436, 465 92 100 881 (88)*, 863 (64), 775 (4), 674 (7) 9-cis-violaxanthin ester
21 69 340 (18.6), 427, 452, 478 21 100 537 (100)*, 457 (8), 397 (4), 391 (9) all-trans--carotene
22 721 340 (3.6), 426, 446, 472 33 99.8 537 (100)%, 457 (6), 409 (41), 397 (47), 391 (7), 383 (19)  9-cis-B-carotene
23 74.1 328 (1.5), 418, 439, 469 93 96.8 909 (100)*, 891 (87), 803 (6), 635 (5) all-trans-violaxanthin ester
24 76.2 NA, 415, 436, 465 91 100 855 (100)* 9-cis-violaxanthin ester
25 772 NA, 414, 436, 465 88 89.9 987 (100)* 9-cis-violaxanthin ester

aNumbered according to chromatogram in Figure 1. Intensity (mAU) of cis peak given in parentheses. ¢ Spectral fine structure obtained according to the method of
Lee et al. (32). 9 Fragment ion, corresponding percentage of relative intensity (in parentheses). €*, quasimolecular ion ((M % HJ*). NA, not available.

the generation of cis isomers of carotenoids. Violaxanthin 21 in crude and saponified extracts of mangm(res 1and2
thermal isomerization induces mainly the 13-cis isomer, whereasand Table 2).
iodine-catalyzed photoisomerization favors the generation of the  The spectral fine structures (% IlI/ll) of peaks from standard
9-cis isomer (22). When thall-trans-violaxanthin standard  compounds ofall-trans-violaxanthin (95), 9-cis-violaxanthin
compound was injected, an intense peak with maximum absorp-(92), and all-trans-S-carotene (24) were similar to those
tion wavelengths at 416, 439, and 469 nm and a peak purity of observed in mango samples, although some slight variations
100 was observed at 14.6 mirigure 3A). In samples subjected  were observed, probably due to the fact that the purity of some
to the isomerization process one additional peak (peak 27) with peaks was less than 100%aple 2). In general, % I/l values
maximum absorption wavelengths at 413, 436, and 466 nm found in this study are in agreement with the values found in
appeared at 21.7 mifrigure 3B). The retention times and UV the literature (3233).
vis data of both compounds coincided with those observed for ~ Separation and Identification of Tocopherols from Mango
peaks 1 and 27 in saponified extracts of mangigyre 2). Flesh Using Fluorescence DetectiorSuitable HPLC methods

A mixture of all-trans-o/f-carotene was used for the iden- for the separation of tocopherols commonly use normal phases,
tification of peak 21. Retention time (69 min) and spectroscopic because with reversed phases it is hardly possible to separate
characteristics (427, 452, and 478 nm) of reference material for 8- and y-tocopherols 34), although some other reports have
all-trans-$-carotene were identical to those observed for peak indicated the opposite3b, 36). Strohschein et al3¢) have
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Figure 3. HPLC chromatograms obtained with standard compounds of carotenoids. Samples of all-trans-violaxanthin before (A) and after (B) iodine-

catalyzed photoisomerization were recorded at 439 nm. Peaks 1 and 27 correspond to free all-trans-violaxanthin and 9-cis-violaxanthin. Unnumbered
peaks were not studied.
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Figure 4. HPLC separation of tocopherol isomers using (A) authentic standard compounds or (B) crude extract of ‘Tommy Atkins’ mango at 4 (excitation)
= 294 nm and A (emission) = 326 nm. Peaks 28 and 29 correspond to ¢- and a-tocopherol, respectively.

demonstrated that the separation®fand y-tocopherols is which corresponds to the molecular mass of protoned vio-
possible with a polymeric £ column. With the method laxanthin. Although the UV—vis data of peak 3 were similar
developed in this study standards af/6-tocopherol were to those reported for 18is-violaxanthin (38), its mass spectra
separated (peaks 28 and 2%igure 4A). The retention times  and elution order did not allow its adequate identification.
for o-tocopherol ando-tocopherol were 11.2 and 15.7 min, The protoned molecule of peak 4 was not identified; how-
respectively. However, in mango samples alfocopherol was ever, because its UWvis data corresponded to tlad-trans-
detected (Figure 4B). violaxanthin (9) and because only ions wfz below 601 were
Mass Spectrometry of Mango CarotenoidsMass spectro- observed in its mass spectra, we believe that peak 4 was an
metric analysis was performed for crude extracts of mango all-trans-violaxanthin derivative. The absorption spectra of
(Table 2). The APct-MS conditions used allowed a good carotenoids depend on the number and configuration (cis/trans)
fragmentation pattern (protonated ions) of unesterified caro- of their conjugated double bound39), so it can be assumed
tenoids and carotenoids esters of low molecular weighz(  that peak 4 resulted from mass losses from the rings of
< 741). Peaks 1 and 3 presented different fragmentation violaxanthin but that the conjugated double bounds of the
patterns but the same quasimolecular ion (601,4VH]™), skeleton are intact. Undoubtedly, the loss of oxygen from
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fragmentation pattern of carotenoid monoesters and diesters from crude
mango extracts. Fragments belonging to the main fragmentation pathway
are labeled.
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the rings of violaxanthin could lead to a less polar compound.
This could explain the higher retention time for peak 4 than
that observed foall-trans-violaxanthin. The former ion afi/z
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Figure 6. Content of selected carotenoids in the pulp of several mango
cultivars. Error bars indicate the standard error of the mean of eight
individual observations for each cultivar.

were the main esters of violaxanthin in crude extracts of ‘Kent’
mangoes.

The mass spectrum for peak 9 showed that the quasimolecular
ion (M/z769, [M + H]*) lost water (m/Z751), leading after
that to two daughter ions, indicating the loss of butyric acid
(m/z663) and caproic acid of 116 Dan(z635). However, the
ion corresponding to the loss of the two fatty acids without loss
of water was not found in the mass spectrum. Peak 9 was
identified as butyrate—caproate all-trans-violaxanthin.

The mass spectra for other peaks were not clear, and they
were identified as esters doll-trans/9-cis-violaxanthin or
neoxanthin on the basis of their UV—vis data and the fact that

553 in the mass spectra of peak 16 confirmed the presence ofthey disappeared after the saponification step.

protonateqs-cryptoxanthin, whereas the quasimolecular ion for
peaks 16, 21, and 22 (537, [M H]*) led to the identification

Quantitative Analysis of Carotenoids and Tocopherols.
Three carotenoidsa(l-trans-/3-carotene andall-trans/9-cis-

of B-carotene isomers. The presence of cis/trans isomers ofViolaxanthin dibutyrates) were predominant in the carotenoid
violaxanthin 8-cryptoxanthin, ang-carotene has been reported  Pattern of all seven mango cultivars studied. Because two of

for some mango cultivars (123, 25). these_ _car(_)tenoids were esters, r_lative extracts were usgq for
quantification, to avoid errors possibly caused by the saponifica-
tion process. The most abundant carotenoid in the fruits of
‘Ataulfo’, ‘Crillo’, and ‘Haden’ was all-trans-g-carotene,
whereas in the other cultivagdl-trans-violaxanthin (as dibu-
tyrate) was predominant. The contentadiftrans-violaxanthin
was higher than that of 9-cis-violaxanthin (as dibutyrates) in
all cultivars Figure 6). ‘Haden’ mangoes had high contents of

Some monoesters and diesters of violaxanthin were identified.
Mass spectra for peaks Eigure 5A) and 5 showed the same
qguasimolecular ion (m/@71, [M + H]™), which successively
lost water (m/653) and one molecule of butyric acid of 88 Da
(m/z565). The ion resulting from the loss of butyric acid from
the quasimolecular ion without the loss of water£583) was

observed for both peaks. Thus, peaks 2 and 5 were tentativelyy,q three carotenoids, and é-trans-3-carotene concentration

identified as butyrates @ll-trans/9-cis-violaxanthin. Cano and
de Ancos (6) identified some violaxanthin monoesters in
‘Alphonso’ mango fruit according to their HPLC behavior and
UV—vis spectra, but the fatty acid involved in such esters was
not identified. The mass spectra for peakd=&@re 5B) and

10 exhibited the same quasimolecular iomZ741 [M + H] ™),
which showed the successive loss of watafz(723) from the
epoxy or hydroxyl groups, one neutral molecule of butyric acid
(m/z635), and the loss of another molecule of butyric aaitz(

was highest compared to those of all other cultivars. ‘Ataulfo’
mango had a high amount afi-trans--carotene but the lowest
amount of xanthophylls compared to the other cultivars. Godoy
and Rodriguez-Amaya4() have demonstrated that generally
the most important carotenoid of mangalktrans-5-carotene,
representing 4884% of the total carotenoid content, depending
on cultivar and fruit maturity staget®). The contents odll-
trans-g-carotene in ‘Tommy Atkins’ and ‘Kent’ mangoes were
similar to those reported by Pott et aR0). The amounts of

547). In addition, the mass spectra of both peaks revealed theg||-trans- and 9eis-violaxanthin in all of the studied cultivars

sequential loss of the two molecules of butyric acid from the
quasimolecular ionnyz 653 and 565, respectively) without loss
of water. This fragmentation pattern for diesters of violaxanthin
has been previously reported in potatoes and mahgp4Q).
Thus, peaks 6 and 10 were identified as dibutyratesldgfans-
violaxanthin and 9-cis-violaxanthin. Our findings are in agree-
ment with those generated by Pott et d19), who concluded
that dibutyrates odll-trans-violaxanthin and Sis-violaxanthin

were similar to those reported in ‘Keitt’ mangoes by Mercadante
et al. (13), but higher than those found in Taiwanese mangoes
(12). These findings are in accordance with those reported by
Mercadante et al.13), who demonstrated that in general the
most abundant carotenoids in mango alletrans-S-carotene
andall-trans- and 9-cis-violaxanthin, although the exact content
and composition depend on the cultivar and the physiological
stage of the fruit41, 42).
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Figure 7. Content of a.-tocopherol in the pulp of several mango cultivars.
Error bars indicate the standard error of the mean of eight individual
observations for each cultivar.

‘Haden’ and ‘Tommy Atkins’ mangoes had the highest
a-tocopherol contents (Figure 7); however, the content of this
vitamer in all mango cultivars was considerably higher than
those reported for Costa Rican mango&8)(

The results shown in this study confirm thall-trans-g-
caroteneall-trans-violaxanthin, and @is-violaxanthin are the

most abundant carotenoids in mango, and the levels of these

compounds and af-tocopherol in Mexican mangoes are high
in comparison with those of mangoes of other geographical
origins.
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