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Introduction

The genus Cichorium, belonging to the Asteraceae family and indigenous to Europe, Western Asia, and North America, includes two cultivated species: Cichorium
intybus L. (chicory) and Cichorium endivia L. (endive). Both of them are variable in shape and colour, appreciated for their texture and taste, and as a healthy, low 
caloric component of salad meals. The quality of chicory and endive is affected from sensory and nutritional standpoints by specific phytochemicals: sesquiterpene
lactones (SL) and phenolic compounds. SL, known also as “bitter principles”, are a group of more than 500 compounds characteristics of the Asteraceae and 
sporadically occurring in other families. SL are responsible for chicory bitterness, and promote appetite and digestion in humans. They are interesting substances from 
chemical and chemotaxonomic point of view and have also shown anti-tumor, anti-leukaemic, cytotoxic, antimicrobial activities, and allergenic properties. The antioxidant 
and radical scavenger activity of phenolic compounds is well documented. Polyphenols are believed to play a key role in inhibiting in vivo reactive oxygen species (ROS) 
mediated reactions, and also in the prevention of a number of pathological processes. The aim of the present investigation was to evaluate different chicory and endive 
accessions for their SL and phenolic content. 

Materials and methods

32 accessions of endive (var. crispum and latifolium), and 64 accessions of chicory (type: Head radicchio, Leafy radicchio, Sugarloaf and Witloof) were kindly supplied by 
GEVES (France) and a local seed company (Italy), sowed in Cesena (July 2009), and harvested in October 2009. The fresh aerial part of each accession was freeze-dried. SL 
and phenols were extracted from freeze-dried material in a single step, employing a mixture 2% formic acid in methanol/water 4/1 (v/v). A small aliquot of the crude 
extract was properly diluted with acidified water and used for phenol determination. Half of the residual extract was purified by solid phase extraction (SPE), employing 
silica-based cartridges. The second half of the crude extract was treated with enzyme cellulase to recover glycoside-bound SL, and then purified by SPE. The two portions 
were employed to determine free and total (free + bound) SL, respectively. The quantification of both phytochemical classes was accomplished by high performance liquid 
chromatography (HPLC) and a coupled system HPLC-mass spectrometry was adopted for identification.

Results and discussion

Sesquiterpene lactone (SL) composition and content

A mixture methanol/water acidified by formic acid proved to be a more effective solvent system to 
recover SL in comparison to the commonly adopted organic solvents such as methanol, ethanol, acetone, 
ethyl acetate or mixtures of them.

SL identified were luctucin, 8-deoxylactucin and lactucopicrin and the corresponding saturated 
compounds: 11(S),13-dihydroluctucin, 11(S),13-dihydro-8-deoxylactucin and 11(S),13-
dihydrolactucopicrin.

A high variability was noted amongst endive varieties and chicory types as shown in Figure 1. Total SL 
content ranged from 6.7 to 122.0 and from 22.2 to 245.5 mg kg-1 f.w. in endive and chicory samples, 
respectively. Leafy radicchio showed the highest SL amount, varying from 60.4 to 245.5 mg kg-1 f.w. In 
endive var. latifolium SL were detected at levels lower than 15 mg kg-1 f.w.

Bound SL-to-free SL ratio ranged from 1.2 (Sugarloaf) to 1.4 (Leafy radicchio), 1.6 (endive var. crispum), 
1.7 (endive var. latifolium), 1.8 (Head radicchio) and 2.0 (Witloof).

In 5 out of 6 cichorium varieties and types dihydrolactucin was on average the most abundant SL. In 
Sugarloaf 8-deoxylactucin and dihydro-8-deoxylactucin were determined in higher amounts in 
comparison to dihydrolactucin: 18.8, 14.8 and 14.5 mg kg-1 f.w., respectively (Figure 2).

Phenolic compound composition and content

Total phenol amount (Figure 3) ranged from 48.0 to 6305.3 and from 80.4 to 820.3 mg kg-1 f.w. in 
chicory and endive, respectively. A high variability was assessed in Head radicchio and Leafy Radicchio 
where phenols ranged from 118.9 to 6305.3 and from 199.2 to 2542.8 mg kg-1 f.w., respectively. A lower 
phenolic content was detected in the two other types of chicory where phenols ranged from 55.2 to  
173.3 and from  48.0 to 548.5 mg kg-1 f.w. in Sugarloaf and Witloof, respectively.

Antocyanins were detected only in Head radicchio (0.0-1394.0 mg kg-1 f.w.) and Leafy radicchio (0.0-
404.3 mg kg-1 f.w.).

Hydroxycinnamic acids (Figure 4) were quantitatively the most important phenolic class, 
representing more than 70% of phenolic compounds. In Radicchio da cespo samples they accounted for 
47% of phenols since an important contribution was given by antocyanins (about 20% of phenols).
Amongst phenolic acids, chlorogenic acid was determined in highest amounts, particularly in Head 
radicchio where it ranged from 31.4 to 1785.1 mg kg-1 f.w.. In Witloof, a derivative of chlorogenic acid 
was detected at higher levels in comparison to other varieties and types: 9.5-695.2 mg kg-1 f.w.

Flavonoids (Figure 5) were not detected in Witloof. In Sugarloaf they were determined at low levels, 
ranging from 0.0 to 19.1 mg kg-1 f.w. In endive samples, kaempferol glucoronide accounted for most of 
flavonoids, ranging from 19.1 to 229.7 (var. crispum) and from 7.9 to 186.8 (var. latifolium) mg kg-1 f.w. 
Higher flavonoid amounts were noted in Radicchio. In this chicory type, quercetin 3-O-glucoronide and 
co-eluting luteolin 7-O-glucoronide ranged from 0.0 to 1703.9 (Head radicchio) and from 0.0 to 576.4 mg 
kg-1 f.w. (Leafy radicchio). In the same types, quercetin malonyl glucoside varied from 0.0 to 946.4 
(Head radicchio) and from 0.0 to 616.2 (Leafy radicchio) mg kg-1 f.w.
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Conclusions

A high variability was determined in cichorium species as regards SL content. Endive var. latifolium
distinguished from other varieties and types for its low SL levels, accounting at less than 15 mg kg-1 f.w.

Phenolic profiles and in particular flavonoid content, appeared as potential tools to discriminate between
cichorium species and varieties.
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Figure 2
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