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Qualitative and Quantitative Differences in Carotenoid
Composition among  Cucurbita moschata , Cucurbita maxima
and Cucurbita pepo
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Squashes and pumpkins are important dietary sources of carotenoids worldwide. The carotenoid
composition has been determined, but reported data have been highly variable, both qualitatively
and quantitatively. In the present work, the carotenoid composition of squashes and pumpkins currently
marketed in Campinas, Brazil, were determined by HPLC-DAD, complemented by HPLC-MS for
identification. Cucurbita moschata ‘Menina Brasileira’ and C. moschata ‘Goianinha’ had similar profiles,
with -carotene and a-carotene as the major carotenoids. The hybrid ‘Tetsukabuto’ resembled the
Cucurbita pepo ‘Mogango’, lutein and 5-carotene being the principal carotenoids. Cucurbita maxima
‘Exposicdo’ had a different profile, with the predominance of violaxanthin, followed by -carotene
and lutein. Combining data from the current study with those in the literature, profiles for the Cucurbita
species could be observed. The principal carotenoids in C. moschata were 3-carotene and a-carotene,
whlereas lutein and S-carotene dominate in C. maxima and C. pepo. It appears that hydroxylation is
a control point in carotenoid biosynthesis.

KEYWORDS: Carotenoids; Cucurbita moschata ; Cucurbita maxima, Cucurbita pepo ; compositional
variation; carotenoid profile

INTRODUCTION the other carotenes were determined<dt ug/g. Arima and
¢ Rodriguez-Amayal(1) quantified 14 carotenoids @. moschata
‘Menina Brasileira” of whichj-carotene andw-carotene were

moschata) are important food sources of carotenoids worldwide. (€ Principal carotenoids. 18. maximadExposico’ f-carotene,
They are rich in carotenoids and are widely available year-round. lutein, and violaxanthin were the major carotenoids of 15
They have good postharvest quality, allowing storage at ambientcarotenoids |.den_t|f|ed. Luteln arfticarotene predqmlnated over
conditions during several months. 17 carotenoids in the hybrid ‘Tetsukaboto’. Arima and Rod-

The carotenoids of squashes and pumpkins have beenriguez-An?ayg 2 al§o determined 19 carotenoids .
investigated for some time, but the studies were mostly limited M0SchataBaianhinha’, f-carotene andy-carotene being the

to provitamin A carotenoids, principally-carotene ang-car- principal carotenoids. I€. maximaJerimum Caboclo’, lutein
otene, and sometimeg-cryptoxanthin (1—7). Godoy and an_dﬁ-carotene were the major carote_n0|ds of 11 identified. In
Rodriguez-Amaya (8) and Ben-Amotz and Fishlej @eter- spite of the Iargg nu_mberof car_oten0|ds encounter(_ad, only two
mined only the provitamins A, but quantified ti&Z-isomers to four carotenoids in each Cl_JItlvar showed appreciable levels,
separately. With more recent roles attributed to carotenoids in Whereas the other carotenoids presented trace or very small
terms of human health, that is, reduction of the risk of @mounts (<3«g/g) These three studies were all done by open

degenerative diseases such as cancer, cardiovascular diseasé®!umn chromatography and spectrophotometric measurement.
cataracts, and macular degeneration, not related to the provitamin Matsuno et al. 13) isolated and elucidated the structures of
A activity, the importance of determining the vitamin A-inactive two new carotenoids ii€. maxima, called cucurbitaxanthin A
carotenoids became evident. and cucurbitaxanthin B, employing nuclear magnetic resonance
Lee et al. (10) quantified nine carotenes (i.e., hydrocarbon and mass spectrometry. Khachik and Beecher (14), using high-
carotenoids) in six cultivars of winter squash. Ofigarotene  performance liquid chromatography (HPLC) with g€olumn
showed appreciable concentrations in the winter squash, whereagnd a combination of isocratic and gradient elution, separated
and identified carotenoids and carotenoid esters in acorn
* Author to whom correspondence should be addressed (telephone 55-squash (C. pepo) and in three varieties of baby food squash
19-3521-4013; fax 55-19-3521-2153; e-mail delia@fea.unicamp.bn). ~ (C. maxima). The chromatographic pattern differed markedly
Present address: Departamento de Tecnologia de Alimentos, Instituto among the varieties. Although complex mixtures of esters were

de Tecnologia,Universidade Federal de Rio de Janeiro, BR 465, Km 07, ' . ; )
2890-000 Seropédica, RJ, Brazil. observed, only eight carotenoids were found. Lutein predomi-

Native to tropical and subtropical America, squashes an
pumpkins (Cucurbita pepd;ucurbita maxima, an€ucurbita
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nated in two varieties o€. maxima, whereas-carotene and method, without the saponification step, was validated with a certified
B-carotene were the major carotenoids of another variety of this reference material (CRM 485, lyophilized vegetable magrores of
same specie<. pepohad 5-carotene as principal carotenoid. =1 were obtained for those carotenoids with certified values and total
Ten carotenoids were identified in an Argentinian squash ( uncertain_ty (aII—E—a_nd totala-caroteneall-E- and total5-carotene,
moschaty, but only S-carotene a-carotene, and lutein were total lutein), attesting to excellent method performant®&).( Our
p . ! ’ . saponification procedure was evaluated previously (19).

quantified (15). Murkovic et al.16) analyzed a wide range of ) . ) )
squashes and pumpkins commercially available in Austria and The method consisted of extraction with cold acetone (four to five

. - times), partition to petroleum ether, overnight saponification with 10%
found the carotenoid concentrations ranged from 0.6 tog/¢ methanolic KOH, washing, concentration in a rotary evaporator, and

for 5-carotene, fr_om 0 to 7hg/g for a-carotene, and from 0 to evaporation of the solvent to dryness under nitrogen. Prior to injection,
170 ug/g for lutein. the carotenoids were dissolved in LC grade acetone. All of the necessary
Considering the substantial qualitative and quantitative varia- precautions were taken to avoid alterations or losses of the carotenoids
tion reported for carotenoid composition of squashes and and other errors during analysis (20).
pumpkins, more data are needed. It is imperative to ensure The LC system consisted of a Waters separation module, model 2690
carotenoids are conclusively identified and that the quantitative (Milford, MA), equipped with a quaternary pump, an autosampler
variations observed are natural, and not from analytical vari- injector, a degasser, a photodiode array (DAD model 996), and electron
ability. The present work had a twofold objective: (a) determine impact mass (Waters Integrity System with Thermabeam interface)
the carotenoid concentrations in squashes and pumpkins curdetectors, controlled by a Millenium workstation (version 2010).
rently marketed in Brazil; and (b) verify the possible existence Detection with DAD was at the wavelengths of maximum absorption
of carotenoid profiles itCucurbitaspecies. Two of the Brazilian (max plot). . )
Cucurbitaceae had been previously analyzed with an open The column was monomericiCSpherisorb ODS2, am, 4.6 x

| h hi hod (11). Th vzed 150 mm. The mobile phase consisted of acetonitrile (containing 0.05%
column chromatographic method (11). They were reanalyzed ¢ yiethylamine), methanol, and ethyl acetate, used at a flow rate of

in this work, using modern methods, along with three others g 5 mi/min. ForC. moschataMenina Brasileira’, a concave gradient

that were not previously studied. (curve 10) was applied from 95:5:0 to 60:20:20 in 20 min, maintaining
this proportion until the end of the run. For the other samples, which
MATERIALS AND METHODS were rich in xanthophylls, the gradient started from 98:2:0, which was
also altered to 60:20:20 in 20 min. Reequilibration in both cases took

Sample Collection and Preparation.The following Cucurbitafruits 15 min.

were analyzedC. moschataultivars ‘Menina Brasileira’ and ‘Goian-

. h S . ntification w xternal standardizati rotene standar
inha’, C. maximaExposicao’, C. pepo‘Mogango’, andC. maximax Quantification was by external standardizatiarCarotene standard

c hatawbrid ‘Tetsukabuto. All | hased f was isolated from carrot, and those of the other carotenoids were isolated
- moschataybrid “Tetsukabuto’. All samples Were purchased Irom g, 5 leafy vegetable (roquette or water cress) by open column

supermarkets in Campinas, SP, Brazil. For each variety, five samplesChrornatography on MgO:Hyflosupercel (1:1, activated for 2 h at 110
of mature squash or pumpkin were taken at random at different times °C) packed to a height of 20 cm in a 2.5 cm ix’jSO cm glass column
during the_ secon_d semester of 2001 to the firs_t semester of 2002 andThis column was developed with increasing amounts of ethyl ether
analyzgd in duplicateC. moschataMgmna Br_aSIIelra IS 5(_}71 cm and acetone in petroleum ethdr7( 20); the purity of the carotenoid
long, with an 18-27 cm transverse dl_ameter in the cyllr_1dr|cal portion e jates was monitored by HPLC. The mean purity of the standards
and a 26-32 cm transverse diameter in the bulbous portion, and weighs was 94% for neoxanthin, 98% for violaxanthin, 96% for lutein, 97%

6.6-10.7 kg. I.t has a cream or light orange exterior with large dark -carotene, and 92% fgi-carotene. The concentrations of the standard
green longitudinal stripes, a smooth surface, and dark orange pulp, ancg

2 M . : ; X olutions were corrected accordingly.
it is cylindrical, slightly curved with an enlarged bulb-like section at For LC-MS. th . . ay d nebuli
the blossom endC. moschatdGoianinha’ is 24—30 cm long, with a or LC-MS, the expansion region and nebulizer temperatures were

10—14 cm transverse diameter in the cylindrical portion and-alBh 80 and 90°C, ;eshpe_ctively. The ionizz%gl \_/I_cr):tagt/a was 70 ev‘f;ed the
cm transverse diameter in the bulbous portion, weighing-1.3 kg. t6e5n(1)p|erature 0 t N |<:nhsource was erg Zrange WC?S Enzell
It has a dark green exterior blotched with cream-orange streaks and™~"" nterpretation of the mass spectra was done according to Enze

orange pulp. It is pear-shaped, sometimes elongated with a slight2"d Back (21). _ o
bulbous portionC. maximaExposigio’ weighs 2.3-3.3 kg and has a . The wide variation in .the concentrations of the carotenmpls in any
1016 longitudinal diameter and a 280 transverse diameter. It has ~ given squash or pumpkin made fractionation necessary prior to LC-
a dark orange exterior and pulp and a smooth surface with prominent M_S so that spectra could be obtained for the minor garotenOIds. For
ribbing, and it is spherical but flattened at both stem and blossom ends. this purpose, open column chromatography as cited above was
The hybrid ‘Tetsukabuto’ has a £20 cm longitudinal diameter and ~ €mployed. The carotenes were separated as the first fraction and the
a 19-22 cm transverse diameter, and it weighs 2.2—2.7 kg. It is monohydroxy carotenoids as the second fraction. For the dihydroxy
spherical and has a dark green exterior, a rough surface, a thick peelcarotenoids, because violaxanthin eluted before lutein from the column

and orange pulpC. pepo'Mogango’ has an 18—20 cm longitudinal ~ and lutein was usually in much higher amount, violaxanthin was

diameter and a 1924 cm transverse diameter and weighs—2& collected as the third fraction, lutein the fourth, and neoxanthin the

kg. It is oval and prominently grooved and has a rough surface, thick fifth.

peel, dark green exterior, and yellow pulp. Chemical tests to verify the type and position of the substituents in
For sample preparationC. moschata‘Menina Brasileira’ was the xanthophylls were also carried ol20( 22, 23). These were

quartered longitudinally and transversally and opposite sections from acetylation with acetic anhydride of secondary hydroxyl groups,

the cylindrical and bulbous portions were taken. T@e maxima methylation with acidified methanol of allylic hydroxyl groups, epoxide-

‘Exposicdio’ was quartered longitudinally, and opposite sections were furanoxide rearrangement (5,6- to 5,8-epoxide) with dilute HCI, and
taken. The whole fruit was used for the other varieties. For each sample,iodine-catalyzeds/Z-isomerization. The carotenoids submitted to the
peel and seeds were removed, and the flesh was cut into small pieceghemical reactions were isolated by open column chromatography with
by hand and homogenized in a food multiprocessor (Walita, Brazil). MgO:Hyflosupercel as in the isolation of standards.

Twenty grams of the homogenized sample€opepoMogango’ and Statistical Methods.Principal component analysis (PCA) was used
10 g of the other varieties were weighed for analysis. to investigate the correlation structure among the three principal
Carotenoid Analysis. The carotenoids were determined according carotenoids (ecarotene5-carotene, lutein) that dictated a different
to the method of Kimura and Rodriguez-Amaya), adapted to squash  profile for each species. On the basis of the coordinates generated for
and pumpkin samples in terms of weight of analytical samples, volumes eachCurcurbita, the cluster analysis (CA) was applied to consolidate
of solvents and reagents, number of times extraction was carried outthe groups evidenced by the visual inspection provided by the PCA

(until the residue was colorless), and chromatographic conditions. This map, using hierarchical classification (24).
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Table 1. Identifying Characteristics of the Carotenoids of Squashes and Pumpkins

R time

peak (min) identification Amax® (Nm) Amax? (NM) response to chemical tests

1 8.1 neoxanthin 415, 439, 467 414, 438, 466 positive to all-E form; positive to 5,6-epoxide test (1 group);
positive to acetylation (3 OH)

2 11.3 violaxanthin 417, 441, 470 416, 440, 468 positive to all-E form; positive to 5,6-epoxide test (2 groups);
positive to acetylation (2 OH)

3 14.4 lutein 423, 447, 475 421, 443, 472 positive to all-E form; positive to acetylation (2 OH)
positive to methylation (1 allylic OH)

4 16.3 zeaxanthin (428), 454, 480 (425), 448, 476 positive to all-E form; positive to acetylation (2 OH)

5 26.8 a-Ccryptoxanthin 425, 448, 476 422, 444, 472 positive to all-E form; positive to acetylation (1 OH groups);
positive to methylation (1 allylic OH)

6 316 [-carotene-5,6-epoxide 425, 449, 477 423, 441, 470 positive to all-E form, positive to 5,6-epoxide (1 group)

7 375 C-carotene 378, 400, 425 376, 397, 421 positive to all-E form

8 40.1 a-carotene 425, 448, 476 422, 444, 472 positive to all-E form

9 4.1 p-carotene (428), 454, 480 (424), 448, 476 positive to all-E form

10 445 (132)-p-carotene 340, (423), 449, 474

a Jmax (nM) in the mobile phase, obtained by DAD. ? Amax (NM) in petroleum ether.

RESULTS AND DISCUSSION Table 2. Molecular lons and Typical Fragments of the Carotenoids of

Squashes and Pumpkins

Carotenoid Composition. The parameters used to conclu-

sively identify the carotenoids are presented able 1, which molecular

has the wavelengths of maximum absorptidga¢ and %l11/11) carotenoid ion (mi2) typical fragments

and results of the chemical reactiofigble 2 has the molecular neoxanthin 600 520,419, 352, 221, 181, 172

ions and characteristic mass fragments. violaxanthin 600 520, 502, 352, 221, 181, 172
For the carotenoid identified as neoxanthin (5',6'-epoxy-6,7- 'Zu;g')?amhin ggg 550, 476, 415, 193, 153

didehydro-5,6,56-tetrahydrog,3-carotene-3,5,ariol), the vis- o-cryptoxanthin 552 153

ible absorption spectrumiax and spectral fine structure) C-carotene 540 403, 335

reflected the chromophore with eight conjugated double bonds ~ ¢-carotene 536 444

and an allene group in the polyene chain. The presence of three  /-¢¥0€ne 536 444,430

hydroxyl groups and one 5,6-epoxide, indicated initially by the

chromatographic behavior, was confirmed by the positive ol .

response to acetylation and the 5,6-epoxide test (hypsochromicafndr‘:ra?nmfmslan/ fsvS? [:\/I ah llzsil] 1;%??2%2?:”9;3 th;ql/(;ss
shift of 20 nm, corresponding to one epoxide at the 5,6-position). of on€ mo ec+u € ot water, anjz= 1. [ ,anda

The mass spectrum exhibited a molecular iom&t600, which 476 [M — 92]", due to the eI|m|_nat|on O.f toluene. The peal_<s at
is consistent with GgHs604, and characteristic fragmentsratz m/z 193 and 1.53 were consistent with fragments having a
520 [M — 80", representing the loss of one epoxide group, at hydroxy_l group in a ring, cleaved at the C-9,10 and C-7,8 bonds,
m/z419 [M — 181]", and atm/z172, corresponding to/ering respectlvely. . B

with a 5,6-epoxy and a hydroxyl substituent. Thosen&t352, Zeaxanthin §,5-carotene-3,3diol) presented a visible spec-
221, and 181 referred to fragments with {feing containing trum with Zmax values higher than those of lutein and less
epoxy and hydroxyl substituents with part of the lateral polyene definition of the peaks, commensurate with a chromophore of

chain resulting from cleavage at the C-12,13, CAD, and 11 conjugated double bonds, 2 of which were situated in rings.
C-8,9' bonds, respectively. Acetylation confirmed the presence of the hydroxy groups, the

Violaxanthin (5,6,56-diepoxy-5,6,56tetrahydro8,5-carotene- non-allylic position (_)f which was shown by the negative
3,3'-diol) had a visible spectrum typical of a carotenoid with response to methylation. Because of the very low amount, only

nine conjugated double bonds in the polyene chain. Acetylation € molecular ion am/z568 (CioHse02) was seen in the mass
and the chromatographic behavior demonstrated the presencépecnum'

of two hydroxyl groups, whereas the epoxidfaranoxide a-Cryptoxanthin (5,e-caroten-3'-ol), having the same chro-
rearrangement (hypsochromic shift of 40 nm) proved the Mophore as lutein, had the same visible spectrum. The existence
presence of two epoxide groups at the 5,6- anélpositions. of one allylic hydroxy substituent was demonstrated by the
The mass spectrum displayed a molecular ionnez 600 positive reaction to acetylation and methylation. The molecular

(CaoHss04) and fragments an/z520 [M — 80]*, reflecting the ion was atm/z 552.(C;0H.560); the peak am/z 153 indicated
loss of one epoxide group, and riz502 [M — 80 — 18], the cleavage of a ring with a hydroxyl group at the C-7,8 bond.
due to losses of one epoxide and one hydroxyl group. As with  Not having functional groups, diagnostic chemical reactions
neoxanthin, the peaks at/z352, 221, 181, and 172 indicated are not done with carotenes, and characteristic fragmentations
that the epoxy substituent was in a ring with a hydroxyl group. of end groups with substituents are not found in the mass
The visible spectrum of lutein3(e-carotene-3,3'-diol), with spectra; thus, identification is based mainly on the chromato-
Amax Values slightly higher than those of violaxanthin and less graphic behavior, theimax and fine structure of the visible
fine structure, was consistent with a carotenoid having 9 of 10 spectrum, and the molecular ion as shown in the mass spectrum.
conjugated double bonds in the polyene chain and 1 in aring. -Carotene (7,8,78 -tetrahydroy,y-carotene and 7,8,11,12-
The presence of two secondary hydroxyls was shown by the tetrahydro-v,y-carotene) had a visible spectrum characteristic
chromatographic behavior and the positive reaction to acetyla- of an acyclic carotenoid of seven conjugated double bonds in
tion and the allylic position of one of them by methylation. The the polyene chain. The mass spectrum displayed a molecular
mass spectrum showed the molecular iom@at568 (C,oHs602) ion atm/z540 (CioHgo) and fragments an/z403 [M — 1371
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Table 3. Concentrations of the Principal Carotenoids of Mature Squashes and Pumpkins

concentration? (g/g)

vegetable [-carotene o-carotene lutein violaxanthin neoxanthin
C. moschata ‘Menina Brasileira’ 66.7+9.1 26.8+5.1 174+35 ND? 78+21
C. moschata ‘Goianinha’ 56.7+ 7.6 23.8+33 18.3+5.0 Tre 6.3+17
C. maxima ‘Exposicao’ 154 +42 ND 10.7+3.9 20.6+3.3 98+19
C. maxima x C. moschata hybrid ‘Tetsukabuto’ 305+54 Tr 56.6 +9.7 21.9+50 144+30
C. pepo ‘Mogango’ 54+16 ND 98+29 6.9+22 36+14

aMean and standard deviation of five samples collected at different times for each variety. ? Not detected. ¢ Trace (<0.2 g/g).

and 335 [M— 205]*. The first fragment corresponds to the (26). All of the other carotenoids identified and quantified in
loss of the 7,8-dihydrar end group of symmetricd}-carotene. this study had thall-E configuration.
The second fragment results from bis-allylic cleavage ata C-11,- Because of inconclusive or incorrect identifications in the
12 single bond of an acyclic caroter#lj and is indicative of literature, Pfander et al2{) and Schiedt and Liaaen-Jensesg)(
asymmetrici-carotene (25). Thus, thecarotene identified in recommended that the following minimum criteria for identi-
this study appears to be a mixture of symmetric and asymmetricfication be fulfilled: (a) the visible (or ultraviolet for shorter
C-carotene. chromophores) absorption spectruindx and fine structure)
Having the same chromophoresgarotenef§,e-carotene) and in at least two different solvents must be in agreement with the
p-carotene (B,3-carotene) had absorption spectra resemblingchromophore suggested; (b) chromatographic properties must
those of lutein and zeaxanthin, respectively. Both had massbe identical in at least two systems, preferably TLRg)(and
spectra with molecular ions at/z536 (CioHse) and a fragment HPLC (&), and cochromatography with an authentic sample
at m/z 444 [M — 92]" due to the elimination of toluene. should be demonstrated; and (c) a mass spectrum should be
B-Carotene also showed a fragment at 430-fM.O6]" due to obtained, which allows at least the confirmation of the molecular
the elimination ofm-xylene. mass. The present paper fulfills these suggested criteria.
p-Carotene-5,6-epoxide (5,6-epoxy-5,6-dihydrB-carotene) Additionally, specific group chemical reactions were carried out.
was encountered in limited concentrations, so a mass spectruniThese reactions can take the place of mass spectrometry in
could not be taken. It was identified by the chromatographic identifying xanthophylls (29).
behavior, the visible spectrum reflecting 10 conjugated double  Marked qualitative and quantitative differences could be
bonds (9 in the chain and 1 infaring) and 5,6- to 5,8-epoxide  observed in the five fruit vegetables analyz@alfle 3). InC.
rearrangement (hypsochromic shift of 20 nr@)j3-carotene moschata’Menina Brasileira’ and ‘Goianinha’, there was a
appeared as the last peak in the LC chromatogram and waspredominance off-carotene andr-carotene. Lutein and neo-
identified by thelnax values lower than those gfcarotene and  xanthin were the third and fourth major carotenoids, respectively.
the cis peak at 341 with a %g/A; = 45 as (1Z)-(-carotene Violaxanthin was either undetected or detected in only trace

Component 2

O
C. maxima *Umber Cup’
51
O O ; 0
1T 0 5 O C. maxima ‘lmperial Elite’
O - C. maxima ‘Flat White Boer’
. mf N
...................... T T LT T PRSP RR
* m|
. | . , m|
- e U
O
A o 4 R
1 A ry A
C. moschata ‘Long Island Cheese’
. } : : A :
-1 0 1 2 3 4
Component 1

Figure 1. PCA map for a-carotene, 5-carotene, and lutein of mature squashes and pumpkins: (a) C. moschata; (O) C. maxima; (®) C. pepo. Named
points are those of cultivars not having any found profile.
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C. maxima ‘Flat White Boer’

C. moschata ‘Long Island Cheese’

C. maxima ‘Japan 117

C. maxima ‘Snow Delite’

C .moschata ‘Menina Brasileira’

C. moschata ‘Goianinha’

‘ﬂ C. moschata ‘Mousquée de Provence’

—

C. moschata ‘Menina Verde’
C. moschata ‘Martinica’

C. pepo ‘Carneval di Venezia’
| C. pepo ‘Acorn squash’

C. pepo ‘Caserta’

C. pepo ‘Mogango’

C. pepo ‘Acorn Tay Bell’

. C. pepo ‘Melonette Jaspée Vende’
. maxima from Michigan.

. maxima ‘Exposi¢do’

. maxima ‘Exposi¢do’

. maxima ‘Gelber Zentner’

. pepo ‘Acorn Table’

. maxima from New Jersey

SHORONO RGN

C. moschata ‘Burpee Butterbush’
C. maxima ‘Umber Cup’
C. maxima ‘Imperial Elite’

C. maxima from North Carolina
"C. maxima ‘Mini Green Hubbard’

. maxima ‘Jerimum Caboclo’
. maxima ‘Buen Gusto’

. maxima ‘Autumn Cup’

. maxima ‘Walfish’

. maxima ‘Uchiki Kuri’

SEONO RGN

Figure 2. Dendogram provided for carotenoid profile. Three groups are evidenced.

amount. Only in these two Cucurbitaceae Wasarotene found.

pattern is the same for mature fruits and vegetables, whether

Xanthophylls predominated in the other vegetables, lutein being they mature on the tree or are harvested but kept intact.

the principal carotenoid in the hybrid ‘Tetsukabuto’ anddn
pepo‘Mogango’ and violaxanthin irC. maxima’Exposicdo’.

In the hybrid ‘Tetsukabuto’f-carotene was the second major
carotenoid, followed by violaxanthin and neoxanthinClrpepo
‘Mogango’, violaxanthin surpassegcarotene. InC. maxima
‘Exposigdo’, violaxanthin was followed by-carotene, lutein,
and neoxanthin.

Compared with the previous work on Brazilian squashes and
pumpkins (11), the samples analyzed in the present study
appeared to be more matured and of more uniform maturity, as
reflected in the results. Although the mean valuegfoarotene
(39.3 vs 66.74g/g) anda-carotene (23.0 vs 26,8y/g) of mature
C. moschatdMenina Brasileira’ were lower in the previous
work, the current values fall within the wide ranges obtained

Squashes and pumpkins could be harvested over a wide rang¢hen (14.1-79.3 ug/g for g-carotene and 8:342.3 ug/g for
of maturity and can be stored for a long period; thus, a o-carotene). The present megrcarotene concentration (15.4
substantial variation in the carotenoid levels of these fruit uxg/g) of matureC. maxima'Exposigao’ is slightly lower than
vegetables offered for sale can be expected. It is well docu- the previous value (16.&g/g) but also falls within the previous
mented that enhanced carotenoid biosynthesis accompaniesange (3.1—28.Qtg/g). The lutein levels (10.2 vs 10:Q/9)
maturing or ripening of carotenogenic fruits and fruit vegetables, are comparable in the cultivar ‘ExpQéi@ but much lower in

the carotenoids increasing markedly in number and quaBty (
31). In C. moschata‘Menina Brasileira’, the mean total
carotenoid content increased from &ud/g in the immature
vegetable to 79.@g/g in the mature vegetabldX). Although

the previous work for the cultivar ‘Menina Brasileira’ (3.3 vs
17.4 uglg). There is an analytical component in the lutein
difference as the present procedure has been improved to
minimize losses of lutein during saponification and the subse-

lutein appeared to be the principal carotenoid at the immature quent washing. Moreover, both violaxanthin and neoxanthin are
stage,-carotene andr-carotene predominated at the mature appreciably lost during open column chromatography, explain-
stage. It is also known that carotenogenesis continues aftering the much higher concentrations of these carotenoids in the
harvest provided the fruit or vegetable is kept inte9,31). current paper. To separate the large number of carotenoids
Thus, although the absolute concentrations differ, the carotenoididentified in the previous paper, fractions obtained from the first
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column were rechromatographed in a second column, increasingas the major carotenoids. The variety ‘Hyvita’, analyzed by
the loss of the labile violaxanthin and neoxanthin. Murkovic et al. (L6), was not included in the statistical analysis
Carotenoid Profiles. In spite of the pronounced qualitative ~ because of its very high lutein concentration (149/9).
and quantitative variation in the carotenoid composition of Nevertheless, it has this pattern. The quantitative order of these
mature squashes and pumpkins, when the results of the preserfvo carotenoids inC. maximais not constant, with lutein
study and our previous work {, 12) and those of Murkovic et ~ Predominating ovegp-carotene in about half of the varieties
al. (16) and Khachik and Beecharz‘o were Combined, apattern analyzed and the reverse order in the other half. Proflllng of
appeared to emerge, based on the principa| Carotenoidslthis Species may be imprOVed by the inclusion of ViOlaXanthin,
B-caroteneg-carotene, and lutein. Unfortunately, another major Which is the principal carotenoid of th€. maximavariety
carotenoid, violaxanthin, could not be considered because it wasanalyzed in the present study. However, violaxanthin is highly
underestimated in our previous work and was not determined labile and can be partially or completely lost during analysis.
by Murkovic et al. (16). InC. pepo, the prev.a|I|.ng pattern algo ltasarotene followed
Figure 1 provides the PCA map with all of the samples by lutein as the principal carotenoids, although a couple of

represented according to their carotenoid profile, the horizontal varieties ha\ée Ig_tf?'n sgrp;azsgﬁ@tcharotene.c. pe?o_ar|1d C. thi
axis representingr- and -carotene (component 1) and the maximacan be differentialed by e presence ol violaxanthin

vertical axis lutein (component 2). The first principal component as the predominating carotenoid®f maxima, as stated above.
explains 59% of the variability and the second principal
component, 30%. By visual inspectidd, moschatandC. pepo
form well-defined groups, the right-bottom quadrant be@hg
moschatadominated and the left-bottom quadra@t pepo
dominated. The upper quadrants are dominate@ byaxima,

Violaxanthin should be quantified in these species.

Cunningham §2) suggested the branching step (i.e., cycliza-

tion to o-carotene andg-carotene) as a control point of
carotenoid biosynthesis. The data on squashes and pumpkins
indicate that hydroxylation is another control point. G

with samples spread out in that map area. This map shows thagfnoschata,it appears that hydroxylation is inhibited in both

C. maximavaries a lot in thea-carotene and3-carotene

branches, leading to the accumulation @fcarotene and

concentrations, but is homogeneous in lutein, always with higher #-carotene. IrC. pepo, hydroxylation gf-carotene is inhibited

values than the other speciés. pepoand C. moschata, also

but hydroxylation ofo-carotene is uninhibited, resulting in the

characterized by a homogeneous level in Iutein, have less @ccumulation of lutein, witlw-carotene virtually disappearing.

variability towardo- andj-carotene. It can be noted that some

Hydroxylation of both branches is not inhibited @ maxima,

points of C. maxima, the species with the highest number of but unlike lutein, the zeaxanthin formed frgfrcarotene does

varieties/cultivars in the map, are mixed with those @f
moschatandC. pepo. In three samples Gf maximacultivar

not accumulate because it is epoxidized to violaxanthin.

unspecified) from three U.S. sites analyzed by Khachik and ACKNOWLEDGMENT

Beecher (14), for example, two had the general pattern of this

species with the predominance of lutein ghdarotene and no
detectablea-carotene, but the third sample hadcarotene
second tg-carotene with a low lutein content, a pattern typical
of C. moschata.

Three cultivars ofC. maximaare specified in the figure
because their profiles differ from those found in the other
samples: ‘Umber Cup’, with a very high lutein content;
‘Imperial Elite’, with almost equal amounts @gfcarotene and
lutein; and ‘Flat White Boer’, with equal amounts@fcarotene
and lutein, both surpassifigcaroteneC. moschata_ong Island

Cheese’, although having the qualitative pattern of this species

with - anda-carotene predominating, also falls out of the found
patterns because of its very low lutein content. All of these
cultivars were analyzed by Murkovic et all§) and could
therefore not be attributed to analytical variability.

The dendogram generated by the cluster analysis (Figure 2)

provides evidence of three groufs. moschatgredominates
in the first group andC. maximain the third group.C. pepo

also predominates but to a lesser extent in group 2, although

all cultivars of this species are in this group. A few cultivars
differ from the general pattern of its species. This can be
explained by the fact that aside from genetic influence, the
quantitative carotenoid composition is also affected by envi-

ronmental factors such as the climate and the stage of maturity.

The qualitative composition, however, is more genetically
controlled. Thus, alC. moschataarieties have the same pattern,
with the major carotenoids beingrcarotene andx-carotene.
The variety ‘Baianinha’ (12) was not included in the statistical
analysis because thgcarotene concentration was very high
(235 ugl/g). Nevertheless, this variety also hasarotene as
the predominating carotenoid, followed hycarotene. InC.
maxima, the predominating pattern has lutein gnachrotene

We thank Fernando Colugnati for the statistical analyses.
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