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bioactive, and their use could be diverted towards either in the 
animal feed production, or to the recovery of purified molecules 
for nutraceutical purposes. Since they occur in complex 
mixture for their analyses a very advanced analytical liquid 
chromatography technique was employed. Such a technique is 
called ccomprehensive two-dimensional liquid chromatography 
(LC×LC) and it is based on the combination of two independent 
separation steps with orthogonal selectivity. In LC×LC, a primary 
column is connected to one or more secondary column by means 
of a switching valve as an interface. The function of the interface 
is to isolate continuous fractions of the first dimension column 
(1D) effluent and then release them onto the second dimension 
(2D) column; in this way the entire sample is analysed in both 
dimensions, and very high values of peak capacities are obtained 
[6,7]. In that study a normal phase × reversed phase (NP×RP) 
set-up was developed, consisting of a micro-bore (1.0 mm I.D.) 
cyano column for the 1D separation, interfaced to a 2D C18 column 
packed with fused-core particles (30 × 4.6 mm; 2.7 µm), coupled 
with both photodiode array (PDA) and mass spectrometry (MS) 
detectors [8]. 

On the one hand, chromatography on the cyano stationary 
phase allowed a good separation of the carotenoids in seven 
groups of different polarity in the first dimension, namely 
hydrocarbons, mono-ol-esters, di-ol-di-esters, di-ol-mono-esters, 
free-mono-ols, free-di-ols, free-epoxy-di-ols. On the other hand, 
the secondary C18 column allowed the separation of carotenoids 
within each class, according to their increasing hydrophobicity 
and decreasing polarity (for components of the same class, the 
elution order increases with the number of carbon atoms of 
the fatty acid chain). In Figure 1 A-B (top and down), typical 

contour plots of two representative samples namely overripe 
hybrid persimmon-apple and nectarine at 450 nm with peak 
identification, are shown. 

Identification of the separated compounds was achieved by 
means of both PDA and MS detection (through APCI ionization). 
In the case of carotenoids, MS detection represents a powerful 
tool and the operation of the interface under both positive and 
negative mode offers the double advantage of improved sensitivity 
and/or identification power. MS spectra obtained under negative 
ionization mode do show very intense pseudo-molecular ions 
[M.]-, which make identification of low-abundant components 
easier; on the other hand, abundant fragmentation is generally 
observed under positive APCI ionization, especially for carotenoid 
esters, whose fragment ions can help in structure elucidation. The 
complementary information attained allowed to discriminate 
between compounds showing similar (or nearly identical) UV-
absorption properties, arising from the same chromospheres 
groups. The studied fruits are representative of tropical and 
temperate zone fruits and are considered as climacteric fruits 
since these fruits can be ripened after harvest. In that study 
also the evaluation of post-climacteric biochemical changes due 
to carotenoid degradation in the investigated fruits was taken 
into account. The carotenoid profile for the overripe kakimela, 
reported for the first time, highlighted how the hydrocarbons, 
β-carotene and lycopene, and the various identified xanthophylls 
mono- and di-esters were stable in the sample. The stability of 
the main carotenoid in overripe nectarine [8], β-carotene, was 
observed in this study together with other minor carotenoid in 
this fruit like cis β-carotene and the xanthophylls esters.
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Editorial
Carotenoids represent a class of pigments, widely distributed 

in nature. They are well-known for their colorant and biological 
properties even though some studies have recently demonstrated 
some remarkable health-promoting functions [1,2]. Carotenoids 
are classified into two main classes: hydrocarbons, known 
as carotenes (e.g., β-carotene, lycopene), and oxygenated 
carotenoids, known as xanthophylls (e.g., β-cryptoxanthin, lutein) 
[3,4]. Moreover, during ripening, etherification greatly increases 
in more stable forms [5]. 

A recent study reported the carotenoid composition and 
stability in tree overripe fruits, namely hybrid persimmon-
apple, banana (pulp and peel) and nectarine for the first time, 
also evaluating whether post-climacteric biochemical changes 
were linked to carotenoid degradation in the investigated 
fruits [8]. These wastes still represent an important source of 
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Figure 1: Normal-phase LC × Reversed-phase LC contour plots, indicating the chemical classes of the samples investigated (A and B top) along with 
peak identification (A and B down) for hybrid persimmon-apple and nectarine, respectively. 

1: β-Cryptoxanthin-C16:0, 2: β-Cryptoxanthin-C14:0, 3: β-Cryptoxanthin-C16:1, 4: β-Carotene, 5: Lycopene, 6: n.d., 7: β-Cryptoxanthin, 
8: Anteraxanthin-C14:0, 9: Anteraxanthin-C14:0-C14:0, 10: Lutein-C14:0-C14:0, 11: Zeaxanthin-C14:0-C14:0, 12: Z-β-Carotene, 13: 
β-Cryptoxanthin-C18:1

References
1. Britton G, Liaaen-Jensen S, Pfander H (2009) Carotenoids. Volume 5: 

Nutrition and Health. Birkhauser, Basel, Switzerland.

2. Krinsky NI, Johnson EJ (2005) Carotenoid actions and their relation 
to health and disease. Mol Aspect Med 26(6): 459-516.

3. Britton G, Liaaen-Jensen S, Pfander H (2009) Carotenoids Volume 
5: Nutrition and Health. In: Britton, Liaaen-Jensen, Pfander (Eds.), 
Birkhauser, Basel, Switzerland, p. 45-66.

4. Herrero M, Cacciola F, Donato P, Giuffrida D, Dugo G, et al. (2008) Serial 
coupled columns reversed-phase separations in high-performance 
liquid chromatography: Tool for analysis of complex real samples. J 
Chromatogr A 1188(2):208-215. 

5. Hornero-Méndez D, Gómez-Ladrón De Guevara R, Mínguez-Mosquera 
MI (2000) Carotenoid biosynthesis changes in five red pepper 
(Capsicum annuum L.) cultivars during ripening. Cultivar selection 
for breeding. J Agric Food Chem 48(9): 3857-3864. 

6. Dugo P, Herrero M, Giuffrida D, Kumm T, Dugo G, et al. (2008) 
Application of comprehensive two-dimensional liquid 
chromatography to elucidate the native carotenoid composition in 
red orange essential oil. J Agri Food Che 56(10): 3478-3485. 

7. Cacciola F, Donato P, Giuffrida D, Torre G, Dugo P, et al. (2012) 
Ultra high pressure in the second dimension of a comprehensive 
two-dimensional liquid chromatographic system for carotenoid 
separation in red chili peppers. J Chromatogr A 1255: 244-251. 

8. Cacciola F, Giuffrida D, Utczas M, Mangraviti D, Beccaria M, et al. 
(2016) Analysis of the Carotenoid Composition and Stability in 
Various Overripe Fruits by Comprehensive Two-Dimensional. Liquid 
Chromatography LC GC Eur 29(5): 252-256.

9. Bohoyo-Gil D, Dominguez-Valhondo D, Garcia-Parra JJ, Gonzales-
Gomez D (2012) UHPLC as a suitable methodology for the analysis of 
carotenoids in food matrix. Europ Food Res Tech 235(6): 1055-1062.

http://dx.doi.org/10.15406/jnhfe.2016.04.00153
http://www.springer.com/us/book/9783764375003
http://www.springer.com/us/book/9783764375003
http://www.ncbi.nlm.nih.gov/pubmed/16309738
http://www.ncbi.nlm.nih.gov/pubmed/16309738
http://www.springer.com/gp/book/9783764361808
http://www.springer.com/gp/book/9783764361808
http://www.springer.com/gp/book/9783764361808
http://www.ncbi.nlm.nih.gov/pubmed/18304559
http://www.ncbi.nlm.nih.gov/pubmed/18304559
http://www.ncbi.nlm.nih.gov/pubmed/18304559
http://www.ncbi.nlm.nih.gov/pubmed/18304559
http://www.ncbi.nlm.nih.gov/pubmed/10995282
http://www.ncbi.nlm.nih.gov/pubmed/10995282
http://www.ncbi.nlm.nih.gov/pubmed/10995282
http://www.ncbi.nlm.nih.gov/pubmed/10995282
http://www.ncbi.nlm.nih.gov/pubmed/18444662
http://www.ncbi.nlm.nih.gov/pubmed/18444662
http://www.ncbi.nlm.nih.gov/pubmed/18444662
http://www.ncbi.nlm.nih.gov/pubmed/18444662
http://www.ncbi.nlm.nih.gov/pubmed/22796028
http://www.ncbi.nlm.nih.gov/pubmed/22796028
http://www.ncbi.nlm.nih.gov/pubmed/22796028
http://www.ncbi.nlm.nih.gov/pubmed/22796028
http://www.chromatographyonline.com/analysis-carotenoid-composition-and-stability-various-overripe-fruits-comprehensive-two-dimensional
http://www.chromatographyonline.com/analysis-carotenoid-composition-and-stability-various-overripe-fruits-comprehensive-two-dimensional
http://www.chromatographyonline.com/analysis-carotenoid-composition-and-stability-various-overripe-fruits-comprehensive-two-dimensional
http://www.chromatographyonline.com/analysis-carotenoid-composition-and-stability-various-overripe-fruits-comprehensive-two-dimensional
http://link.springer.com/article/10.1007/s00217-012-1838-0
http://link.springer.com/article/10.1007/s00217-012-1838-0
http://link.springer.com/article/10.1007/s00217-012-1838-0

	Title
	Editorial
	References
	Figure 1

