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Free carotenoid and carotenoid ester composition in native
orange juices of different varieties

Daniele GIUFFRIDA'*, Paola DuGo?, Andrea SALvo!, Marcello SAITTA!, Giacomo Duco’

! Univ. Messina, Dip. Sci. Aim.  Free carotenoid and carotenoid ester composition in native orange juices
Amb., Fac. Sci., of different varieties.

Salita Sperone 31, Abstract — Introduction. Among the citrus species, C. sinensis has been the most studied given its
98166 Messina, Italy importance in terms of production and its industrial application in juices. Some of orange juice's organo-
dgiuffrida@unime.it leptic and functional properties, which make it an attractive product for the consumer, are due to its caro-

tenoid composition. Xanthophylls can be found in either their free form (as the carotenes are found) or in
a more stable fatty acid esterified form in the case of mono- and polyhydroxylated xanthophylls. Detection
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of adulteration of orange juices is of concern to consumers, regulatory agencies and citrus processing

Chim., Fac. Farm., industries, and the study of carotenoid ester composition has been proposed to evaluate fruit products'
Viale Annunziata, authenticity. In this study, we report on the native (carotenoid esters and free carotenoids) carotenoid pro-
98168 — Messina, Italy file of orange juices of eight different varieties. Materials and methods. Monovarietal fresh orange juices

were obtained from squeezing mid-season oranges (Citrus sinensis varieties: Bionda , Brasiliana, Moro,
Ovale, Sanguinello, Tarocco, Valence and Washington) cultivated and supplied by a local producer. After
the extraction of the carotenoids from the samples, the analyses were carried out by HPLC-DAD-APCI-MS.
Results and discussion. The results showed that, in the juices studied, the xanthophylls were mostly este-
rified (93% of the total carotenoid mean content). The different varieties investigated showed variations in
their carotenoid contents. The total carotenoid contents ranged from 2.42 pg-g™ in the Washington variety
to 15.8 pg-g~! in the Valencia variety. Among the monoesters, the Valencia variety showed the highest vio-
laxanthin ester amounts (61%), the Brasiliana variety showed the highest B-cryptoxanthin ester content
(80.9%) and the Tarocco variety had the highest luteoxanthin ester amount (75.7%). Moreover, in general,
in the Brasiliana, Ovale, Sanguinello, Valencia and Washington varieties, the monoester contents were
higher than the diesters, whereas in the Bionda, Moro and Tarocco varieties the opposite was determined.
To the best of our knowledge, this is the first time that this analytical approach has been applied to cha-
racterising, both qualitatively and quantitatively, the whole carotenoid pattern (carotenoid esters and free
carotenoids) in orange juices from the Bionda , Brasiliana, Moro, Ovale, Sanguinello, Tarocco, Valence and
Washington varieties. This contribution could also be used to establish authenticity markers among orange
varieties that could potentially be used to prevent adulteration.
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Composition en caroténoides libres et esters de caroténoides dans le jus
d'orange de différentes variétés.

Résumé — Introduction. Parmi les especes du genre Citrus, C. sinensis a été la plus étudiée du fait de

son importance en termes de production et de son utilisation industrielle dans les jus. Certaines propriétés

organoleptiques et fonctionnelles du jus d'orange, qui en font un produit attractif pour le consommateur,

sont dues a sa composition en caroténoides. Les xanthophylles peuvent étre trouvés sous leur forme libre

(comme on trouve les caroténes) ou sous la forme plus stable d’un acide gras estérifié dans le cas des xan-

thophylles mono- et polyhydroxylatés. La détection de I'adultération de jus d'orange est préoccupante pour

les consommateurs, les organismes de réglementation et les industries de transformation des agrumes, et

I'étude de la composition des esters de caroténoides a été proposée pour évaluer l'authenticité des produits

issus de fruits. Dans ce document, nous présentons les profils des caroténoides (esters de caroténoide et

caroténoides libres) pour les jus d'orange de huit variétés différentes. Matériel etméthodes. Des jus d'orange

frais monovariétaux ont été obtenus a partir d’oranges pressées de mi-saison a partir de huit variétés

. ) (Bionda, Brasiliana, Moro, Ovale, Sanguinello, Tarocco, Valence et Washington) cultivées et fournies par
Correspondence and reprints producteurlocal. Apres extraction des caroténoides a partir des échantillons, les analyses ont été effectuées
par HPLC-DAD-APCI-MS. Résultats et discussion. Les résultats ont montré que, dans les jus étudiés, ce

sont surtout les xanthophylles qui ont été estérifiés (93 % de la teneur moyenne en caroténoides totaux).

Les différentes variétés étudiées ont montlré des variations dans leur contenu en caroténoides. Le contenu

) total en caroténoides a varié de 2,42 pg'g~ pour la variété Washington 2 15,8 ng-g~ pour la variété Valencia.
Received 27 October 2009 Parmi les monoesters, la variété Valetq%ii a IIil()ntI'é le plus d’estersgviolalenth}n% %6113/0), la variété Brasiliana
Accepted 17 February 2010 a eu le plus d’esters B-cryptoxanthine (86,9 %) et la variété Tarocco a montré le plus d’esters luteoxanthin
(75,7 %). Par ailleurs, en général, pour les variétés Brasiliana, Ovale, Sanguinello, Valencia et Washington,

. les teneurs en monoesters ont été plus €levées que les diesters, alors que, dans les variétés Bionda, Moro
Fruits, 2010, vol. 85, p. 277-284 ¢ Tarocco, cest le contraire qui a été observé. A notre connaissance, c'est la premiere fois qu'une telle

© 2010 Cirad/EDP Sciences approche analytique a été appliquée 2 la caractérisation, 2 la fois qualitative et quantitative, de toute la struc-

All rights reserved ture des caroténoides (esters de caroténoides et caroténoides libres) dans les jus d'orange des variétés Bionda
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o lement utilisés pour établir des marqueurs d'authenticité pour ces variétés d'orange ; leur emploi pourrait
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1. Introduction

Among the citrus species, orange has been
the most studied given its importance in terms
of production and its industrial application in
juices. In fact, orange juice is probably the
most consumed fruit juice worldwide [1]. Cit-
rus fruits, particularly orange, are commonly
regarded as the most complex natural source
of carotenoids. Some of orange juice's orga-
noleptic and functional properties, which
make it an attractive product for the con-
sumer, are due to its carotenoid composition.
Carotenoids are an important kind of natural
pigment that can be widely found in plant-
derived food and products. More than
700 different natural compounds have been
described belonging to this group. Although
these compounds have been traditionally
used in the food industry as colorants, now-
adays, they attract great attention since they
have been described as possessing several
important functional properties, mainly anti-
oxidant activity [2—4], as well as prevention
of cardiovascular diseases [5, 6], cancer [7, 8]
and macular degeneration [9, 10]and, in some
cases, provitamin A activity. These properties
make these compounds ideal for the always
increasing functional food industry as well as
promoting the consumption of the natural
products in which they are contained.

The chemical structure of carotenoids is
usually based in a Cj tetraterpenoid struc-
ture with a centrally located, extended con-
jugated double-bond system which acts as
the light-absorbing chromophore and is
related to the colour shown [11]. Taking into
account their chemical structure, these com-
pounds can be divided into two different
groups: firstly, hydrocarbon carotenoids,
generally named carotenes; and oxygenated
carotenoids, commonly known as xantho-
phylls. This second group is the most com-
plex one in terms of number of compounds
and variations in their structure, and can be
found in either its free form (as the carotenes
are found) or in a more stable fatty acid
esterified form in the case of mono- and pol-
yvhydroxylated xanthophylls. Thus, in view
of the fact that a single carotenoid could be
found forming different esters, the already
complex natural variability of carotenoids is
often increased by the formation of these
carotenoid esters. For this reason, to sim-
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plify the analysis of these compounds, the
most used approach consists of carotenoid
analysis after a saponification process. This
saponification step allows the release of the
carotenoids bound to the fatty acids and
their analysis in their free form. Besides, this
procedure acts as a clean-up step, eliminat-
ing compounds that could interfere in the
analysis such as chlorophylls or lipids. In
this way the carotenoid composition of cit-
rus [12-14], particularly orange [1, 15-19],
among other fruits [3, 20-21], has been
extensively studied.

Regarding the carotenoid composition of
orange, violaxanthin, luteoxanthin, lutein,
B-cryptoxanthin, antheraxanthin, mutatox-
anthin and zeaxanthin have usually been
identified as the major carotenoids. How-
ever, this approach is not free of drawbacks.
In fact, the saponification procedure is well
known to produce carotenoid degradation
as well as isomerisation and artefact forma-
tion, preventing the discerning of the pre-
cise native carotenoid composition. In this
sense, a different more complex approach
could be used, based on the study of the car-
otenoid ester distribution of the sample as
a way of knowing the real native carotenoid
composition. Recently, the study of carote-
noid esters has been proposed to evaluate
fruit product authenticity [22] or even to be
used as a ripeness index [23]. Due to the
complexity of this task, this approach has
been much less used [24] and has been gen-
erally aimed at the study of the esters formed
by a particular carotenoid. B-cryptoxanthin
esters from different vegetables and fruit [25]
as well as astaxanthin esters from different
matrices [26, 271, and zeaxanthin esters in
plants [28], among others [24, 29], have been
studied.

Conventional LC (Liquid Chromatogra-
phy) has been the technique generally cho-
sen to carry out carotenoid analysis [19]. In
particular, since their introduction by Sander
et al. [30], Cz stationary phases have been
widely employed to this aim. Philip et a!. [31]
described the determination of carotenoid
esters in orange juice, but in their work they
carried out a complex sample preparation
procedure and different separated analytical
steps. Besides, although the particular car-
otenoid profile of a given orange variety
depends to a great extent on genetic and



environmental factor differences in the caro-
tenoid composition of orange juices, as well
as relationships between them, it could be
useful to determine their authenticity, and the
presence of adulterations as well as the ripe-
ness stage of the fruits used or the age of the
juices [32]. In our study we report on the
application of a HPLC-DAD-MS (High-Per-
formance-Liquid-Chromatography-Diode-

Array-Detector-Mass-Spectrometry) method
using Cs( stationary phases for the analysis
of the carotenoid native composition in eight
different varieties of orange juices cultivated
in Sicily, Italy. To the best of our knowledge,
this is the first time that this methodology has
been applied to characterising, both qualita-
tively and quantitatively, the whole caroten-
oid pattern (carotenoid esters and free
carotenoids) in orange juices from the
Bionda, Brasiliana, Moro, Ovale, Sanguinello,
Tarocco, Valencia and Washington varieties.

2. Materials and methods

2.1. Samples and chemicals

Monovarietal fresh orange juices were
obtained from squeezing mid-season
oranges (Citrus sinensis varieties: Bionda,
Brasiliana, Moro, Ovale, Sanguinello, Tar-
occo, Valencia and Washington) cultivated
and supplied by a local producer.

The solvents methanol, methyl tert-butyl
ether (MTBE) and water were of HPLC grade
and purchased from Sigma-Aldrich (Milan,
Ttaly). Butylated hydroxytoluene (BHT),
ethyl acetate and petroleum ether were also
obtained from Sigma-Aldrich. Carotenoid
standards were purchased from Extrasyn-
these (Genay, France), or purified in our lab-
oratory using the conventional methods of
carotenoid purification [33], and in some
cases esterified according to Breithaupt and
Bamedi’s method [25]. To extract the caro-
tenoids from the samples, the orange juice
was treated as described by Schlatterer and
Breithaupt [17]. Natural orange juice (80 g)
was added to a separation funnel and
extracted four times with methanol/ethyl
acetate/petroleum ether (1/1/1). The upper
phase was kept and ca. 2 mg of BHT were
added prior to evaporation under vacuum
until dryness. The dry residue was then
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resuspended in a given volume of MTBE/
methanol (1/1) and stored protected from
light at —18 °C until use.

2.2. Instruments and method

A Shimadzu HPLC instrument (Shimadzu,
Milan, Italy) was employed including a SCL-
10A-VP system controller, two LC-10AD-VP
pumps, and a SPD-10Avp diode array detec-
tor. A Shimadzu mass spectrometer, LCMS-
2010, equipped with an APCI interface in the
positive ion mode was installed in series. The
APCI parameters were set as follows: probe
voltage, 4.5 kV; probe temperature, 400 °C,;
block temperature, 200 °C; CDL tempera-
ture, 250 °C; Q array voltage, (20 and 80) V;
gas flow, 2.5 L'min~!. Data acquisition and
system control were performed by the LCMS
solution version 3.30 software (Shimadzu).
The injections were done manually through
a Rheodyne injection valve (injection vol-
ume 20 uL). The Cz4 column employed con-
sisted of a YMC 30 analytical column (YMC
Europe, Schermbeck, Germany) with 5 pm
Czp RP material (250 mm x 4.6 mm i.d.)
including a precolumn (YMC 30; S-5 pm,
10 mm x 4.0 mmi.d.). To carry out the HPLC
analyses, an analytical method recently
developed at our lab [34] was employed,
using methanol/MTBE/water (90:7:3, v/v/
v, A) and methanol/MTBE (10:90, v/v, B) as
mobile phases with gradient elution. The
flow rate used was 0.8 mL-min'; the chro-
matograms were recorded from (250 to
600) nm, and the separation temperature
was maintained at 23 °C. The APCI-MS
(atmospheric-pressure-chemical-ionisation-
mass spectrometry) instrument was oper-
ated in scan mode (positive ionisation) with
a m/z range of 200-1200 amu.

3. Results and discussion

In studies on the carotenoid composition in
natural matrices, there is a general agreement
concerning the possibility of finding arte-
facts as well as isomerisation, rearrange-
ments and underestimation of some
carotenoids, after saponification, usually
performed to release the carotenoids in their
free form and to simplify their analysis. Thus,
the study of intact carotenoids' (samples
without saponification) composition could
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Figure 1.

Chemical structures of
B-cryptoxanthin, violaxanthin
and luteoxanthin.
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be a useful tool to increase the certainty
about the carotenoids naturally found and
the relationships between them, and could
also be used to establish authenticity mark-
ers among orange varieties that could poten-
tially be used to prevent adulterations.
Moreover, xanthophylls included in our diet
are commonly esterified with fatty acids.
Colour is one important attribute of orange
juices and is mainly due to carotenoid pig-
ments. Detection of adulteration to orange
juices is of concern to consumers, regulatory
agencies and citrus processing industries.
Moreover, the correct characterisation of
these compounds is necessary to obtain reli-
able compositional data for realistic and val-
uable conclusions in nutritional studies.
Thus, a better approach to carotenoid con-
tent is through classifying plant materials
depending on a free or esterified xantho-
phyll profile.

In our work, the native carotenoid com-
position of eight different varieties (Bionda,
Brasiliana, Moro, Ovale, Sanguinello, Tar-
occo, Valencia and Washington) of orange
juices is reported. The compounds were
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characterised in terms of UV/Vis and MS
spectra and their content in each sample
analysed (table D). The identification was
carried out by combining the information
provided by the two detectors employed
(i.e., DAD and MS detectors), the retention
times of the available standards, and the
identifications previously carried out in our
work on the analysis of the native caroten-
oid composition in orange juice using Cs,
columns [34] and also in our study on the
application of a comprehensive liquid chro-
matographic method in the separation of
epoxycarotenoid esters in orange juices [35].
The quantitative data were obtained by
using the method of external standard cali-
bration after the construction of the calibra-
tion curves. The coefficient of variation was
below 8% in all measurements and the data
were the mean values of three determina-
tions. The results show that, in these juices,
the xanthophylls are mostly esterified (93%
of the total carotenoid mean content).
Although esterification does not change the
visible light absorption properties, esterifi-
cation increases the solubility of xantho-
phylls in lipids with which they are
associated in nature and this is related to
specific objectives for the plants and may
also be related to an improvement of the car-
otenoid bioavailability. Moreover, although
esterification does not change the chromo-
phore properties of the carotenoid mole-
cule, it does modify the immediate
molecular environment and therefore the
chemical activities may be altered depend-
ing on the kind of fatty acid bound to the
xanthophylls.

The different varieties investigated
showed variations in their carotenoid con-
centrations. The total carotenoid contents
ranged from 2.42 pg'g™! in the Washington
variety to 15.8 ug'g™! in the Valencia variety
(table D; this range is in agreement with
Breithaupt et al.'s report on the total caro-
tenoid contents in orange [25] and also in
agreement with the report of Melendez-
Martinez et al. on the Valencia variety,
which can be regarded as having one of the
highest carotenoid contents among the
orange varieties [36]. Among the varieties
studied in our work, only the Sanguinello
variety showed a total carotenoid content
similar to the Valencia variety (14.59 pg-g™).
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The main carotenoids in the native samples
were B-cryptoxanthin, violaxanthin and
luteoxanthin (figure 1), which were mainly
present in their more stable mono- and
diester forms (table D). The fatty acids ester-
ifing the xanthophylls ranged from Cy to
Cy¢- The formation of luteoxanthin is prob-
ably due to the acidity of the juice which
could be enough to promote the rearrange-
ment of 5,6-epoxides to 5,8-epoxides over
time, thus transforming a portion of violax-
anthin into luteoxanthin.

In general the total amount of monoesters
(50.2%, mean content) was higher than the
total content of diesters (42.9%, mean con-
tent). Among the monoesters, the B-cryp-
toxanthin esters were present in the highest
amounts. Only diesters of violaxanthin were
detected in the samples investigated. Inter-
estingly, among the varieties studied the
ester contents were different, showing var-
iability in carotenoid compositions. Among
the monoesters, the Valencia variety showed
the highest violaxanthin ester amounts
(61%), the Brasiliana variety showed the high-
est B-cryptoxanthin ester content (86.9%) and
the Tarocco variety had the highest luteox-
anthin ester amount (75.7%). Moreover, in
general, in the Brasiliana, Ovale, San-
guinello, Valencia and Washington varieties,
the monoester contents were higher than the
diesters', whereas in the Bionda, Moro and
Tarocco varieties the opposite was deter-
mined. In fact, the mean value for the ratios
between the monoester and diester fractions
(monoesters/diesters) among the Brasiliana,
Ovale, Sanguinello, Valencia and Washing-
ton varieties was 1.45, whereas the mean
value for the ratios between the monoester
and diester fractions (monoesters/diesters)
among the Bionda, Moro and Tarocco vari-
eties was 0.68. As far as the individual com-
pounds quantified in this study are concerned,
the cis-violaxanthin-C14:0-C16:0 was the
most abundant diester found, reaching the
value of 2.57 pg-g~! in the Sanguinello vari-
ety, and the cis-violaxanthin-C14:0 and cis-
violaxanthin-C16:0 reached the highest
amounts among the monoesters in the
Valencia variety; respectively, 2.52 ng-g™!
and 2.06 pg'g!. These results seem to indi-
cate that myristic (C14:0) and palmitic
(C16:0) acids are actively used in the ester-
ification reactions in the samples studied.

Fruits, vol. 65 (5)

The carotenoid profile and contents in
fruits and in their juices may depend on sev-
eral factors such as genetic factors (variety),
geographical area, environmental condi-
tions, fruit ripening stage, processing and
storage. Different data for the same investi-
gation may also be obtained by the use of
different analytical procedures; this should
not necessarily be regarded as a negative
point, as in fact sometimes complementary
information can be obtained. Our present
contribution has provided the native caro-
tenoid profile and contents of orange juices
from eight different varieties cultivated in
Sicily (Italy), showing for the first time the
different contents of free, mono- and dies-
terified carotenoids present in the varieties
investigated. This contribution could also be
used to establish authenticity markers
among orange varieties that could poten-
tially be used to prevent adulteration.
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Composicién en carotenoides libres y en ésteres de carotenoides en el
zumo de naranja de diferentes variedades.

Resumen — Introduccion. Entre las especies del género Citrus, el mas estudiado fue C. senen-
sis, debido a su importancia en términos de produccion, y de su aplicacién industrial en el zumo.
Ciertas propiedades organolépticas y funcionales del zumo de naranja, que lo convierten en un
producto atractivo para el consumidor, se deben a su composicion en carotenoides. Las xantofilas
se pueden encontrar bajo dos modos: bajo su forma libre (como se encuentran los carotenoides),
o bajo la forma mas estable de un acido graso esterificado, como en el caso de las xantofilas mono
y polihidroxiladas. La deteccion de la adulteracion del zumo de naranja preocupa a consumidores,
organismos de reglamentacion y a industrias de transformacion de los citricos. Por eso, se propuso
estudiar la composicién de ésteres de carotenoides y poder evaluar asi la autenticidad de los pro-
ductos derivados de los frutos. En este documento, presentamos los perfiles de carotenoides
(ésteres de carotenoides y carotenoides libres) para los zumos de naranja de ocho variedades dife-
rentes. Material y métodos. Se obtuvieron zumos de naranja frescos, monovarietales, a partir
de naranjas exprimidas en temporada media, a partir de variedades (Bionda, Brasiliana, Moro,
Ovale, Sanguinello, Torocco, Valencia y Washington), cultivados y proporcionados por un pro-
ductor local. Tras la extraccion de los carotenoides a partir de las muestras, se llevaron a cabo
analisis mediante HPLC-DAD-APCI-MS. Resultados y discusion. Los resultados mostraron que,
en dichos zumos, se esterificaron sobre todo las xantofilas (el 93% del contenido medio en caro-
tenoides totales). Las diferentes variedades estudiadas mostraron variaciones en su contenido en
carotenoides. El contenido total en carotenoides varié desde 2,42 png-g™', para la variedad
Washington, hasta 15,8 pg-g™!, para la variedad Valencia. Entre los monoésteres, la variedad
Valencia mostré la que mds ésteres violaxantina (61%), la variedad Brasiliana tuvo la que mas
ésteres PB-criptoxantina (86,9%); vy, la variedad Tarocco mostré la que mas ésteres liteo xantina
(75,7%). Asimismo, en general, para las variedades Brasiliana, Ovale, Sanguinello, Valencia y
Washington, los contenidos monoésteres fueron mas elevados que los diéteres; mientras que, en
las variedades Bionda, Moro y Tarocco, se observd lo contrario. De acuerdo con nuestro cono-
cimiento, es la primera vez que se aplicé un acercamiento de este tipo en las caracteristicas cua-
litativas y cuantitativas, de toda la estructura de carotenoides (ésteres de carotenoides y
carotenoides libres) en el zumo de naranja de las variedades Bionda , Brasiliana, Moro, Ovale,
Sanguinello, Tarocco, Valencia y Washington. Nuestros resultados podrian emplearse asimismo
para establecer marcadores de autenticidad de estas variedades de naranjo. Su empleo podria per-
mitir la prevencion de su falsificacion.

Italia / Citrus sinensis / frutas / zumo de naranja / esteres / carotinoides /
xantofilas / cromatografia
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