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Abstract. Major yield parameters and some bioactive compounds in five cultivars of chicory (‘Treviso’,
“Verona’, ‘Castelfranco’, autochthonous ‘Anivip’ and ‘Monivip”) commonly produced in Slovenia, have
been investigated. The forcing method for developed roots was followed the traditional cultivation practice in
peat. The total phenol content in chicons ranged from 50 to 150 mg GAE/100 g fresh weight, total flavonoid
content from 2 to 11 mg QE/100 fresh weight and the antioxidative potential from 0.2 to 0.6 mg TE/g fresh
weight. The fatty acids analysis revealed content of C16:0, C18:0, C18:1, C18:2 and C18:3. The total fatty
acid content in chicons ranged from 180 to 230 mg/100 g fresh weight. The highest ratio (up to 50 %) is
represented by a-linolenic acid, followed by linoleic (30 %), palmitic (16 %), oleic (4 %) and stearic (2 %).
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1. Introduction

Chicory is a typical Mediterranean vegetable very popular especially in winter time. There is an
increasing interest toward its consumption due to its tonic effects upon the digestive tract and culinary
features (Poli, Sacchetti et al. 2002; Nicoletto and Pimpini 2010). One of important agricultural practice of
chicory production is the forcing of its developed roots in darkness to obtain the etiolated, vegetative apical
bud, known as chicon (Vanstreels, Lammertyn et al. 2002). Chicons are mostly consumed in raw salads
especially in the winter time, when many fresh vegetables are not available. Plants produce enough leaf mass
to be harvested, approximately three weeks in optimal conditions, after the start of forcing process (Vertregt
and Van Kruistum 1989).

Fresh leafy vegetable, like chicory, represent an important source of functional food components by
contributing biologically active compounds with health benefits (Znidarcic, Ban et al. 2011). Phytonutrients
such as antioxidants namely phenolic acids included in diet are considered to have positive health outcomes
to lower the risk for chronic diseases (Lavelli, Pompei et al. 2009; Wootton-Beard, Moran et al. 2011). A
traditional dietary recommendations for prevention of cardiovascular diseases are the regular consumption of
n-6 and n-3 essential fatty acids in a low n-6/n-3 ratio (Vidrih, Filip et al. 2009). Part of the n-3 series is a-
linoleic acid (C18:3) which is known to be present in many plants, included chicory.

The present study was undertaken with an aim to evaluate and compare the nutritionally important
constituents of the five commonly produced chicory varieties in Slovenia, which can be also used for the
forcing. Measurements of agronomic parameters and some nutritional compounds such as phenols,
flavonoids, fatty acids and antioxidative potential (AOP) were evaluated after forcing process in the peat.

2. Material and Methods

2.1. Plant Material
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Five cultivars of chicory (Chicorium intybus L.) were studied: three red coloured (‘'Treviso', 'Verona' and
an autochthonous 'Anivip’), one red spotted (‘Castelfranco’) and one green autochthonous (‘Monivip'). The
chicory roots were produced in the Posavje region (Slovenia) on a moderate soil. Chicory seeds (‘Treviso',
'Verona' and 'Castelfranco’ from Semenarna Ljubljana, Slovenia; 'Anivip' and 'Monivip' from L’ortolano,
Italy) were sown on 29 June 2011, approximately 1 cm deep. Plants were dug up by hand-fork on 28
November 2011. After harvest, the undercut roots were left to wilt for 10 days according to the traditional
method. Just before the roots were placed for forcing, the leaves were cut about 2 cm above the root crown.
The roots were trimmed to the length of 15 cm.

2.2. Experimental Setup

The forcing of roots was conducted for 25 days from the middle of December 2011 to the middle of
January 2012 in the glasshouse experimental station (46°04" N, 14<=31~W, 320 m above sea level) at the
Biotechnical Faculty, Ljubljana, Slovenia. The roots were placed in forcing boxes filled with peat. Air
temperature was maintained at 10 <C during the first forcing period and was gradually increased to 15 <C
during the second period. Irrigation was carried out when needed.

On 16 January 2012, the chicons were harvested. At harvest, the number of leaves (N), the height (cm),
diameter (cm), the biomass of the leaves (g) and the dry mater (DM %) of the chicons were individually
determined for 5 plants. Average values of all 5 plants were calculated and used in statistical analysis.
Samples from all plants leaves were dried in a laboratory drying oven at 80 <T for 28 hours to determine the
DM % content.

Extraction of total phenols, total flavonoids and AOP

For the experimental analysis leaves of five plants of each cultivar were used. For each sample, 10 g of
fresh leaves were chopped using a ceramic knife, and extracted in a plastic vial with 15 g of 50 % methanol.
The tissue was homogenized using an Ultraturax T 25 homogenizator at 20,500 rpm for 5 min. The samples
were stored at -20 <T until analysed. Leaves of each cultivar before forcing were prepared in same procedure
and stored like described.

2.3. Total Phenolic Content (TPC)

The TPC was determined using the Folin-Ciocalteu method, as described by Singelton and Rossi (1965),
and slightly modified (Roura, Andrés-Lacueva et al. 2006). Samples were centrifuged at 13,2 rcp for 5 min
(Eppendorf centrifuge 5415 D). Gallic acid solution was used for the construction of the calibration curve.
Briefly, 1 ml of each methanol fraction from the sample was mixed with 60 ml deionized water and 5 ml
diluted Folin-Ciocalteu reagent in a 100-ml flask. The solution was well mixed, and after 30 s, 15 ml of a
20 % solution of Na,COs was added. The incubation time was 2 h at 20 <C. The absorption was measured at
765 nm, with each determination repeated 3 times. The TPC was expressed as Gallic acid equivalents (mg
GAE/100 g fresh weight) using the calibration curve ranged from 3-150 mg/I (R = 0.9994).

2.4. Total Flavonoid Content (TFC)

The TFC was measured according to the method described by Lin and Tang (2007). Before the analysis
samples were centrifuged. The supernatant (250 ul) was mixed with 750 ul of 95 % alcohol, 50 ul of 10 %
aluminium chloride hexahydrate (AICl3), 50 pl of 1 M potassium acetate (CH3COOK) and 1.4 ml of
deionized water. After incubation at room temperature for 40 min, the reaction mixture absorbance was
measured at 415 nm against deionised water blank. Quercetin was selected as a standard. A seven point
standard curve was used, ranged from 0.3-15 QE mg/100 ml (R* = 0,9924). The data were expressed as mg
QE/ 100 g fresh weight.

2.5. Antioxidative Potential (AOP)

The AOP was evaluated using the DPPH (1,1-diphenyl-2-picrylhydrazil radical) assay (Nakajima,
Tanaka et al. 2004). The samples were centrifuged at 13,2 rcp for 5 min . For the reference value (RF), 60 ul
methanol and 1.5 ml DPPH solution (4 mg/20 ml methanol) were mixed in an Eppendorf tube, with the
samples in triplicates. For the sweet green cultivars and the red cultivar 'Verona' chicory extracts, 180 pl was
then mixed with 1.5 ml DPPH solution. For the other varieties, only 60 ul of the chicory extracts were mixed
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with the same volume of DPPH. For the blank, 60 pl of the extraction solution was mixed with 1.5 ml
methanol. Absorbance was measured at 517 nm after 15 min of incubation at room temperature. The AOP
was expressed as Trolox equivalents (mg TE/g fresh weight) using the calibration curve ranged from 40-220
mg TE/I (R? = 0.9900).

2.6. Fatty Acids Determination

A few uniform and undamaged leaves from each cultivar were collected in the morning (6:00-8:00 solar
time), immediately wrapped in aluminium foil and frozen in liquid nitrogen. They were lyophilised and
ground to a fine powder using a ball mill (Retsch mm 301). Samples were stored in glass vials in humidity-
proof plastic bags filled with silica gel until analysis.

Fatty acid composition was determined using gas chromatography of fatty acid methyl esters (FAMES).
FAMEs were prepared from the lyophilised samples according to the literature procedure (Garces and
Mancha 1993). In the analytical procedure NaOH and 14 % BF; in methanol was used for transesterification
and heptadecanoic acid (Sigma H 3500) as internal standard for quantification of fatty acids. The solution of
FAMEs was quantified on an Agilent 6890N gas chromatograph with flame ionization detector, equipped
with an Agilent 7683 series autosampler (Agilent Technologies Inc., Wilmington, DE, USA). Separation was
carried out on column SPB PUFA; 30 m x 0.25 mm x 0.2 um column (SUPELCO). The following
conditions were used: column T 210<C, injector T 250<C, detector T 260°C, injection volume 1 pl, 1 pl,
helium was used as the carrier gas at a flow rate of 1 ml/min. The resultant data were processed by a
computer using GC Chem Station software. Identification of fatty acids was carried out using a reference
standard mixture of methyl esters of higher fatty acids (Lipid standard Sigma 189-19) regularly before the
samples. GC analysis of chicory plants has detected the following fatty acids: C16:0, C18:0, C18:1, C18:2
and C18:3. The amounts of each of the fatty acids were calculated from the areas of the internal standard
(heptadecanoic acid C:17). The contents of the particular fatty acids are expressed as ratio (g/100 g total fatty
acids).

2.7. Statistical Analysis

The data were analysed according to the method of variance analysis with the Duncan test, using a
general linear model (GLM) procedure (SAS Software, 1999). All measurements were performed in
triplicates (n =3). Differences at p < 0.05 were considered as statistically significant.

3. Results and Discussion

Table | reports chicon yield parameters and their nutritionally important constituents (phenols,
flavonoids and AOP). Dry matter content values varied from 8.4 to 9.6 % and do not show a significant
difference between cultivars. Statistically significant differences were found in number of leaves, biomass
content and height of the chicons.

The red and red spotted varieties had higher content of TPCs, TFCs and AOP as compared to green
cultivars. The coefficients of variability for TPC and AOP were not high, which is an indicator of the
homogeneity. The TPCs varied from 85 to 155 mg GAE/100 g of fresh weight for red and red spotted
cultivars and are 2 to 3 times higher as compared to green cultivars. The AOP results also show lower values
in green cultivars (0.24 mg TE/g FW) compared to coloured ones (0.43 to 0.58 mg TE/g FW). This is in
agreement with data reported in previous studies (Nicoletto and Pimpini 2010; VVanzani, Rossetto et al. 2011).
TFCs are in accordance to values represented in other vegetables although we did not find data in literature;
only HPLC analyses of single compounds are found in literature (Arabbi, Genovese et al. 2004). Cultivar
influences significantly the nutritional components studied here.

Following the method described by Garces and Mancha (1993), the average content of the fatty acids in
samples from forced chicories are presented in Table Il. The most abundant was a-linolenic acid (C18:3),
followed by linoleic (C18:2). The average ratio of n-6/n-3 is below 1 and is thus very suitable according to
nutritional recommendations.

The total fatty acid content of the chicories under study ranged from 180 up to 230 mg/100 g fresh
weight. The differences in fatty acid composition (g/100 g total fatty acids) among the cultivars were
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statistically significant (P < 0.05), with the exception of C18:0 and C18:1 (Table II). These data are in good
agreement with the previous studies (Blanckaert, Belingheri et al. 2000).

Table I: Influence of chicory cultivars on selected parameters (Duncan test, o = 0.05).

CULTIVAR .
Parameter - — — Sign.
Treviso Verona Anivip Castelfranco Monivip

Height (cm) 7.23 +1.08AB 7.68 #1.23A 5.60 #0.82B 5.53 #0.79B 7.40 #0.53A *
Diameter (cm) 5.55 #0.38AB 4.47 40.55B 6.05 +1.00A 6.07 #0.40A 5.60 +1.21AB Ns
Leaves number (N) peat 35 45A 22 #B 18 #4BC 15 £2C 19 2B el
Biomass (g) 23.00 #3.00B 24.17 #3.01B 19.00 #.73B 10.50 #2.60A 21.17 #5.48B Hox
DM (%) 9.60 20.48A 9.20 #0.46AB 8.90 20.45AB / 8.40 20.42B Ns

peat 154.83 #4.67aA  84.40 #0.87bD 92.40 #0.40bC  107.53 +2.44aB  48.77 #1.25bE  ***
TPC (mg GAE/100 g FW)  before forcing ~ 85.57 #0.67bC ~ 168.3323.63aA 10643 #2.55aB  105.07 #22.21aB  60.10 #1.25aD  ***

Sign. *kk KKK KKK ns *kK

peat 10.73 20.90aA 7.00 20.70bC 9.23 #.37bB 5.60 #0.46bC 2.17 40.15bD Hxx
TFC (mg QE/100 g FW) before forcing 8.43 #.67bC 28.53 40.21aA 15.60 #0.44aB 7.57 40.47aD 2.67 30.25aE Hokk

Sign. * Hoxk o *x *

peat 0.43 #0.01aD 0.55 #0.00aB 0.53 #0.01aC 0.58 #0.00aA 0.24 #0.00bE Hxx
AOP (mg TE/g FW) before forcing 0.37 #0.01bC 0.41 #0.00bB 0.51 #0.00aA 0.30 #0.00bD 0.29 #0.00aD Hxx

Slgn *% *kk NS *kk Kk

Sign.: ™" P <0.001; ™ P <0.01; " P <0.05; Ns — P >0.05 not significantly different; mean values with different letter (a.b) in a column are significantly
different (P <0.05; characteristic differences between the peat and before forcing); mean values with different letter (A,B,C,D,E) in a line are
significantly different (P <0,05; characteristic differences between the cultivars).

Table I1: Average fatty acid composition of the all chicory pants analysed before and after forcing, and average relative
levels of these fatty acids

Average content of fatty acids in all samples (mg/100 g FW)

C16:0 C18:0 C18:1 (n-9) C18:2 (n-6) C18:3 (n-3)
34.74 43.36 3.75 #.07 8.43 46.81 63.98 #5.90 97.51 4#23.02
Average relative levels of fatty acids (% )
16.76 40.90 1.78 40.38 4.09 43.23 31.0243.35 46.35 45.27
2 expressed as g/100 g total fatty acids
Table Il1: Fatty acid composition of the chicons forced in peat.
Fatty acid (%)*
Cultivar C16:0 C18:0 C18:1 (n-9) C18:2 (n-6) C18:3 (n-3)
Treviso 16.14 40.59b 2.16 #0.09 3.20 #0.97a 26.52 #0.64c 51.99 #0.25a
Verona 16.41 +#1.01b 1.72 #0.13ab 2.69 #.29% 30.17 H.77b 49.00 #4.15ab
Anivip 16.57 #0.46b 1.78 40.62ab 7.814517a 33.64 £2.10a 40.20 #3.58¢c
Monivip 17.94 #0.11a 1.47 40.06b 2.65 #0.10a 33.75 #0.84a 44.19 #0.87bc
Significance (P-value) * Ns Ns faieied el

*exspressed as g/100 g total fatty acids

4. Conclusions

Chicory heads according to previous studies appears to be good source of some nutritionally important
constituents for the humans. There is still very limited information on selected leafy vegetable produced by
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forcing the chicory roots, called chicons. In this preliminary investigation, a small set of five different
cultivars of chicons forced in peat was used. The promising results show minor differences compering to
chicory heads, so we can eligible conclude that its an interesting and healthy vegetable for consumption.
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