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Abstract
There is currently a great deal of interest in phytochemicals as bioactive components of food, especially antioxidant
compounds that could benefit human health. Radicchio “Rosso di Treviso tardivo” (Cichorium intybus L., group
rubifolium) is a vegetable with high antioxidant properties, but nothing is known about antioxidant compounds
changes during the forcing process. The experiment was conducted in Veneto (north-eastern Italy, 45°36’N; 12°10’E)
with plants grown in a loamy soil and analyzed at harvest and during the forcing process (0-10 and 20 forcing days-
FD). Results showed that the antioxidant capacity (AOC), phenols and ascorbic acid contents of this chicory de-
creased with different intensity during the forcing process. The outer inedible leaves displayed high AOC, which
could provide phenolic extracts that could be used as natural antioxidants or to functionalize foods. The properties
verified so far mean that this chicory can be considered an interesting and healthy vegetable for the consumer, al-
so after the forcing process.

Key-words: chicory, forcing times, plant parts, leaf portions, quality, functional foods.

Introduction

There has been an increasing interest in the
characterization of antioxidant phytochemicals
due to their distinct bioactive properties (Dil-
lard and German, 2000; Shetty and McCue,
2003). Antioxidants scavenge reactive oxygen
species (ROS) that can cause cell damage in tis-
sues. ROS are generated in normal metabolic
processes as by-products of cell metabolism
(Reyes et al., 2007). Fruits and vegetables con-
tain antioxidant compounds like phenols and
ascorbic acid that are known to reduce oxida-
tive stress and prevent chronic diseases (Diaz et
al., 1997; Giacosa et al., 1997; Miller et al., 1998;
Vinson et al., 1998; Papetti et al., 2006). The an-
tioxidant properties of these compounds are re-
sponsible for their anticancer, antiviral and an-
ti-inflammatory actions (Cao et al., 1997). The

usefulness of knowing how each food can con-
tribute to the total antioxidant action of dietary
antiradicals is clear. For this reason, a number
of studies have been carried out in recent years
to identify and characterize different vegetables
that could help our organism to combat ROS.
Among these, some studies were conducted on
radicchio (Cichorium intybus L., group rubifoli-
um), especially on cv “Rosso di Chioggia” (In-
nocenti et al., 2005; Ninfali et al., 2005; Papetti
et al., 2006; Francke and Majkowska-Gadoms-
ka, 2008; Lavelli, 2008). Radicchio has been re-
garded for many years (Pimpini, 1990; Lavelli,
2008) as a food source of nutritionally relevant
phytochemicals and its potential health benefits
have been related to its phenolic compounds
(Innocenti et al., 2005). Radicchio “Rosso di
Treviso tardivo” has been less studied from a
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qualitative point of view because it is more
rarely cultivated. This is mainly due to the oner-
ous forcing process this chicory requires after
harvest to achieve its high qualitative and aes-
thetic level. Recent studies (Innocenti et al.,
2005) considered this chicory only at the end of
forcing process when the head is marketable
and ready for the consumer. No investigations
have been done on antioxidant changes during
the forcing process. In a previous paper (Nico-
letto and Pimpini, 2009), radicchio “Rosso di
Treviso tardivo” was investigated to assess the
content of hazardous nitrogen compounds dur-
ing the forcing process. A very low content of
nitrates and nitrites was demonstrated, so radic-
chio “Rosso di Treviso tardivo” can be consid-
ered a healthy vegetable from that point of
view. The objective of this research was to eval-
uate other positive characteristics of this chico-
ry, with attention being focused on determining
changes of some antioxidant compounds such as
phenols, ascorbic acid and antiradical activity
during the forcing process.

Materials and methods

Cropping conditions and plant material

The experiment was conducted in 2007-2008 at
Zero Branco (Treviso province, north-eastern
Italy, 45°36’N; 12°10’E on a loamy soil (sand
36%, silt 38% and clay 26%). The main crop
management practices and dates are reported in
Table 1. Three plots 25 m2 (5 x 5 m) were sin-
gled out and 35 representative plants were up-
rooted from each of these at harvest time. Af-
ter harvest and before starting the forcing

process (0 forcing days – 0 FD), the qualitative
characteristics were evaluated on a sample of 5
plants. The remaining plants, with their taproot
cut at 0.20-0.25 m, were gathered together in
two bundles (15 plants each) and placed in a
tank in a dark room for the forcing process. Well
water at 11-13 °C was fed continuously into the
tank from one side and, after reaching the lev-
el of the plant stem bases, flowed out from the
opposite side. This technique maintained the re-
quired temperature at root level. Qualitative
analyses were performed on 5 plants midway
(10 FD) and at the end of the forcing process
(20 FD). This gave a total of 3 sampling times
(0, 10 and 20 FD).

Each plant was divided into five parts as fol-
lows: leaves were removed from stem, washed
and dried, then separated into outer, intermedi-
ate and inner leaves (head), stem and roots were
also considered. The leaves were cut in half
along the midrib in order to have two mirror
parts to use: a) to create a whole leaf sample;
b) to separate veins from leaf blade. Similar
parts from each plant were put together and
mixed to give a homogeneous sample. A total
of 11 plant parts were obtained: outer (1), in-
termediate (2) and inner (3) leaves, stem (4) and
roots (5), outer (6), intermediate (7) and inner
(8) leaf blades, outer (9), intermediate (10) and
inner (11) veins.

Meteorological data

Temperature, relative humidity (RH) and rain-
fall data during the experiment period and mul-
tiyear data (1992-2007) were collected at the
ARPAV (Veneto-Territory Safety Department)
meteorological station in Zero Branco (Fig. 1).
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Table 1. Crop management practices during the experiment.

Crop management practices Dates Notes

Fertilization 3/7/07 0.13.26 + 3Mg + 0.2B (500 kg ha-1)
Seed origin self-produced
Field sowing 6/7/07
Emergence 16/7/07
Irrigations 8-10-12-14-16/7/07 volume 100 m3 ha-1

Irrigation method sprinkling
Thinning 10/8/07
Cultivation 30/8/07 inter row tillage
Harvest 20/11/07 uprooting
Plot area (m2) 25
Distance between plants (m) 0.45 x 0.30
Plant density (plants m-2) 7.4
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The values of max temperature recorded dur-
ing the experiment were very different from the
multiyear data in June and July, being even
more than 10 °C higher during the first half of
July. There were then no relevant variations un-
til the first half of December; after this period
t° max was always higher than the multiyear da-
ta. Min t°, after an initial variation in the first
20 days of June, stayed around the multiyear
values till 25th August. Then from 25th August
to 5th January 2008, except for the period from
5th to 10th September, on the 5th and 25th Octo-
ber, 25th November and 10th December, values
were always lower than the multiyear data. In
the last period of the crop cycle, similarly to max
t°, increasing temperatures were recorded till
25th January 2008. Total rainfall recorded during
the experimental period was 465.8 mm (Fig. 2),
16.7% lower than the multiyear values (559.0
mm). There were particularly heavy rainfall

events during the first 20 days of August. The
amount and rainfall distribution obviously in-
fluenced RH trend (Fig. 2). RH max values
recorded during the experiment, except for 15th

November, were always higher than the multi-
year data. RH min was always lower than the
expected values, except for 10th June, 20th Au-
gust, 25th November, 5th December and early
January.

Chemicals and reagents

Anhydrous iron (III) chloride, acetic acid
(glacial) and ammonium iron (II) sulfate hexa-
hydrate, ascorbic acid and xylenes were pur-
chased from Honeywell Riedel-de Haën
(Hanover, Germany). Gallic acid monohydrate,
2,4,6-tripyridyl-2-triazine (TPTZ), 2,6-dichlorop-
henolindophenol and meta-phosphoric acid
were obtained from Fluka (Germany); metha-
nol from VWR Prolabo (France), Folin-Ciocal-
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Figure 1. Five-day averages of
maximum and minimum tem-
peratures (°C) recorded during
the experiment and multiyear
values (1992-2007).

Figure 2. Five-day averages of
maximum and minimum relative
humidity and five-day cumula-
tive rainfall recorded during the
experiment and multiyear values
(1992-2007).
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teau’s reagent from Labochimica (Padova,
Italy) and anhydrous sodium acetate was pur-
chased from Sigma-Aldrich (Italy). All reagents
were of analytical grade.

Extraction of total phenols and total antioxidant
activity

Radicchio samples were frozen and stored at 
-80 °C before proceeding with the analysis. A
quantity of 5 g of tissue was whisked in 20 mL
of methanol with Ultra Turrax T25 until uniform
consistency at 13500 rpm. This was filtered (589
Schleicher filter paper) and the solution used
for the determination of antioxidant activity and
total polyphenols.

Determination of total phenols

Total phenols were estimated using the Folin-Cio-
calteau method (Singleton and Rossi, 1965). 1000
µL of Folin-Ciocalteau’s phenol reagent and a
sample volume of 200 µL were added to 2000 µL
of deionised water and accurately mixed. After 1
min and before 8 min, 800 µL of 20% sodium car-
bonate solution was added, the solution was thor-
oughly mixed and total phenols were estimated
spectrophotometrically (Shimadzu UV-1800) at
765 nm. All tests were conducted in triplicate and
averaged. The concentration of polyphenols in
samples was derived from a standard curve of gal-
lic acid ranging from 0 to 600 µg mL-1 (Correla-
tion coefficient: R2 = 0.9994).

Determination of total antioxidant activity by
Ferric Reducing Antioxidant Power

The assay was based upon the methodology of
Benzie and Strain (1996). The Ferric Reducing
Antioxidant Power (FRAP) reagent was pre-
pared fresh so that it contained 1mM 2,4,6-
tripyridyl-2-triazine (TPTZ) and 2 mM ferric
chloride in 0.25 M sodium acetate at pH 3.6. A
50 µL aliquot of the methanol extract prepared
as above was added to 3950 µL of FRAP
reagent, and mixed. After leaving the mixture
at 20 °C for 4 min, the absorbance at 593 nm
was determined. Calibration was against a stan-
dard curve (0-1200 µg mL-1 ferrous ion) pro-
duced by the addition of freshly prepared am-
monium ferrous sulfate. FRAP values were cal-
culated as µg mL-1 ferrous ion (ferric reducing
power) from three determinations and are pre-
sented as mg kg-1 of FeE (ferrous ion equiva-
lent).

Extraction and determination of ascorbic acid

Samples were frozen and stored at -80 °C be-
fore proceeding with the analysis. Five-gram
samples were homogenized until uniform con-
sistency in a meta-phosphoric acid and acetic
acid solution. Ascorbic acid was determined fol-
lowing the ISO 6557 method.

Statistical analysis

Statistical analysis (ANOVA) was performed
considering the five main plant parts from (1)
to (5), which were factorially combined with 3
forcing days (0, 10 and 20 FD) to obtain 15
treatments. When we refer to whole plant, val-
ues were obtained from the weighted average
of 5 fractions.

Two leaf parts values (leaf blade and vein)
were factorially combined with 3 leaf positions
(outer, intermediate and inner) and with 3 forc-
ing periods (0, 10 and 20 FD) to obtain 18 the-
ses. Because of whole leaf dependence these da-
ta were elaborated separately.

Averages were separated with Tukey’s HSD
test.

Results

Weight variations

During the forcing process (Fig. 3), only outer
leaves showed a relevant weight reduction of
89.0%. Other plant parts instead displayed a
general increase of this parameter although with
different intensity. In fact, after the forcing
process, inner leaves (head) exhibited the high-
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Figure 3. Different influence of forcing days (FD) on
plant parts fresh weight (g).
Interaction “plant parts x forcing days” significant at P ≤ 0.01.
Vertical bars indicate standard error.
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est weight increase of 70.0%. Stem, similarly to
other plant parts, had a lower weight gain
(60.3%) than the head; roots and intermediate
leaves, after an initial and slight weight reduc-
tion, increased their values over the next 10 FD
by 17.8% and 73.3% respectively.

Dry matter 

During the forcing process a general dry mat-
ter percentage decrease of the whole plant was
observed (Tab. 2). Values varied from 14% at
harvest (0 forcing days – FD) to 8.2% at 20 FD.
Roots had the highest dry matter percentage
(21.6%), followed by stem (17.4%), outer, in-
termediate and inner leaves (9.9, 9.7 and 8.5%
respectively).

Interesting dry matter content variations oc-
curred in different plant parts during the forc-
ing process (“interaction plant parts x forcing
days”). The leaves (Fig. 4A) belonging to the
head showed the highest dry matter percentage
reduction from 11.8% (0 FD) to 6.0% (20 FD);
for outer leaves, instead, the decrease was lim-
ited to 2.9%. Roots and stem had gradual re-
ductions of 5.5 and 8.4% respectively.

Comparison of leaf blades and veins (Tab. 3)
showed the higher concentration for the former
and for all leaf positions, with an average in-
crease of 49.0%. The significance of the inter-
action “leaf parts x leaf position” is justified by
the different intensity of responses, with a con-

sistent decrease (41.0%) from 0 to 20 FD and
from outer to inner leaves (8.3%) being ob-
served. The interaction “forcing days x leaf po-
sition” was also due to the different intensity of
response. For all leaf blades (Fig. 5A) there was
a considerable decrease in dry matter, from
18.0% to 10.0%, between 0 and 10 FD; from 10
to 20 FD only outer and inner leaf blades
showed a further dry matter reduction of 1.9
and 0.4% respectively. There were small reduc-
tions during the forcing process for outer and
intermediate veins, while relevant differences
were shown by inner leaf veins (4.2%).

Antioxidant Capacity

As table 2 shows, during the forcing process the
weighted average Antioxidant Capacity (AOC)
of the whole plant decreased from 43622 mg
FeE kg-1 dry weight (d.w.) (2676 mg FeE kg-1

fresh weight (f.w.)) at harvest to 17164 mg FeE
kg-1 d.w. (1574 mg FeE kg-1 f.w.) at 20 FD, i.e.
60.6% in d.w. and 41.2% in f.w. The main effect
of plant parts highlighted that higher AOC was
found in roots (47817 mg FeE kg-1 d.w.) followed
by intermediate leaves (28749 mg FeE kg-1 d.w.).
Values expressed by whole intermediate leaves
did not differ statistically from stem, inner and
outer leaves. Trends of AOC differed for the
whole plant (interaction “plant parts x forcing
days”) (Fig. 4B). In fact for whole leaves there
was a general contraction in values during first
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Table 2. Effects of plant parts and forcing days on some qualitative traits of radicchio during the forcing process.

Treatments Qualitative traits

Dry matter Antioxidant Capacity Phenols Ascorbic Acid
(%) (mg FeE kg-1 d.w.) (mg GAE kg-1 d.w.) (mg kg-1 d.w.)

Plant parts

Leaves outer 9.9 c 18969 bb 14044 b 839 b
intermediate 9.7 c 28749 ab 17693 b 751 b
inner 8.5 d 20806 bb 13796 b 772 b

Stem 17.4 b 23599 bb 20228 b 2254 a
Roots 21.6 a 47817 ab 37698 a 2030 a
Average 13.4 a 27988 bb 20692bi 1329 a
Weighted average 13.0 a 27172 bb 20089bi 1290 a

Forcing days (FD)

0 16.3 a 43622 a 31280 ab 1861 a
10 13.0 b 23178 b 17767 bb 1158 b
20 10.9 c 17164 b 13028 bb 968 b
Average* 13.4 27988 a 20692bbb 1329bi

* Average of three forcing times 0-10-20 FD.
Within plant parts and forcing days, column values with no letter in common differ significantly at P ≤ 0.01 (Tukey HSD test).
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10 FD that, except for intermediate leaves, con-
tinued until the end of the forcing process.
Roots, differently from stem, drastically de-
creased by 46.9% during the first 10 FD to stay
around 37000 mg FeE kg-1 d.w. until 20 FD.

Concerning leaf parts (Tab. 3), leaf blades al-
ways showed higher AOC. The average increase
compared to leaf veins was 87.7%. As regards
the main effect of forcing days and leaf posi-
tions, in the first case a values contraction from
0 to 20 FD was observed; in the second, outer
leaves displayed the higher AOC going over
50000 mg FeE kg-1 d.w. In relation to different
effect of leaf position and forcing periods, AOC
decreased from 0 to 20 FD for all leaf positions,
although with different intensity. For leaf blades
(Fig. 5B), higher AOC was observed in those
outer at 0 FD (175768 mg FeE kg-1 d.w.) fol-
lowed by inner and intermediate. Afterwards
their content considerably decreased, reaching
values from 47617 mg FeE kg-1 d.w. for inter-
mediate leaf blades to 35412 mg FeE kg-1 d.w.
for outer ones at the end of forcing process.
Leaf veins showed lower values than blades

throughout the forcing process, always remain-
ing under 20000 mg FeE kg-1 d.w.

Total phenols

Phenols content (Tab. 2) decreased by 58.3%
from 0 to 20 FD. Concerning plant parts, high-
er concentration was observed in roots (37698
mg GAE kg-1 d.w.), while other plant parts did
not statistically differ with values of between
20228 (stem) and 13796 (inner leaves) mg GAE
kg-1 d.w. Different responses were expressed
during the forcing process (interaction “plant
parts x forcing days”) (Fig. 4C). In fact, leaves
values decreased by 65.0%, 53.8% and 41.6%
in the first 10 FD for inner, outer and interme-
diate leaves respectively. Only the intermediate
leaves then showed a slight increase from 10 to
20 FD, while the others continued to decrease
till the end of forcing process. Roots and stem
displayed a trend similar to AOC in which roots,
contrary to stem, decreased drastically (42.3%)
from 0 to 10 FD and slightly (11.8%) from 10
to 20 FD.

As regards leaf parts (Tab. 3), leaf blades
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Figure 4. Different influence of forcing days on dry matter (A), antioxidant capacity (B), phenols (C) and ascorbic
acid (D) in plant parts.
All interactions (A, B, C, D) significant at P ≤ 0.01.
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were significantly different from veins with val-
ues 82.3% higher. Concerning leaf position effect,
values increased from outer to inner leaf blades
while an opposite trend was observed for veins.
The main effect of forcing days showed higher
concentration at harvest (0 FD) and that of leaf
position showed increasing values shifting from
outer to inner leaves. These two variables did not
significantly interact. Figure 5C shows that inner
leaf blades phenols content was higher than in-
termediate and outer ones. During the forcing
process a relevant contraction was observed from
0 to 10 FD that continued at low intensity until
the end of treatment. Roots and stem decreasing
slightly and always remaining under 10000 mg
FeE kg-1 d.w. appeared not to be affected by the
forcing process.

Ascorbic Acid

During the forcing process (Tab. 2) ascorbic acid
(AA) content decreased from 1861 mg kg-1 d.w.
(0 FD) to 968 mg kg-1 d.w. (20 FD). Regarding
plant parts, roots and stem showed higher AA
content (2254 and 2030 mg kg-1 d.w. respective-

ly) followed by all leaves, which did not them-
selves significantly differ. Figure 4D shows that,
except for outer leaves, AA decreased in all
plant parts during the forcing process. Inner and
intermediate leaves showed a slight decrease
from 0 to 10 FD while in roots and stem it was
39.6% and 52.8% respectively. In the latter half
of the treatment (10-20 FD) all plant parts dis-
played a slight decrease of between 25.8%
(stem) and 30.3% (intermediate leaves). The
main effect of leaf parts (Tab. 3) showed statis-
tically higher values for leaf blades than veins,
which were repeated with different intensity de-
pending on leaf position. For forcing days and
leaf position main effect, in the first case, a de-
crease of AA was observed from 0 to 20 FD, in
the second one, outer leaves displayed higher
values followed by inner and intermediate.
These two variables significantly interacted, as
reported in Table 3. Figure 5D shows that for
all leaf blades AA content relevantly decreased
in the first 10 FD, from 10 to 20 FD, instead,
contrary to inner and intermediate, AA content
in outer leaf blades slightly increased (8.0%). At
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Table 3. Effects of forcing days, leaf position and leaf parts on some qualitative traits of radicchio.

Leaf position Forcing days (FD) Leaf parts Average

0 10 20 blades veins

Dry matter  (%)

Outer 14.0 9.8 8.5 12.3 9.2 10.8 a
Intermediate 13.9 9.3 8.8 12.7 8.6 10.7 a
Inner 13.8 8.4 7.5 12.4 7.4 9.9 b
Average 13.9 a 9.2 b 8.2 c 12.5 A 8.4 B

Antioxidant Capacity (mg FeE kg-1 d.w.)

Outer 94923 38193 22421 92481 11210 51846 a
Intermediate 52393 33114 28052 65723 9983 37853 b
Inner 77487 26403 22616 76713 7624 42169 ab
Average 74934 a 32570 b 24363 b 78306 A 9606 B

Phenols (mg GAE kg-1 d.w.)

Outer 34560 15028 8555 30555 8207 19381 b
Intermediate 43909 19939 11552 42899 7368 25133 ab
Inner 52136 21465 11988 50703 6356 28530 a
Average 43535 a 18811 b 10698 b 41386 A 7310 B

Ascorbic Acid (mg kg-1 d.w.)

Outer 1284 877 859 1194 820 1007 a
Intermediate 1012 801 641 966 670 818 b
Inner 1293 716 564 1164 551 858 ab
Average 1197 a 798 b 688 b 1108 A 680 B

Within forcing days (lower-case letters), leaf position (letters in italics) and leaf parts (capital letters), values with no letter in com-
mon differ significantly at P ≤ 0.01 (Tukey HSD test).
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harvest AA content was the same for all leaf
veins, then intermediate and inner veins AA
content gradually decreased until the end of the
forcing process. Instead, outer veins increased to
892 mg kg-1 d.w. at 10 FD then decreased to less
than 800 mg kg-1 d.w. at 20 FD.

Correlations

Correlations were verified among some quality
parameters. These elaborations were done for
all plant parts, for the aerial ones and for the
edible part only (inner leaves) (Fig. 6). The dif-
ferent phenolic contents of plant parts were pos-
itively and highly correlated with AOC (Fig. 6A,
B and C). In regard to AOC and ascorbic acid
(Fig. 6D, E and F), R2 values increased moving
from all plant parts (0.3023) to edible leaves on-
ly (0.9598). As for the relation between phenols
and ascorbic acid contents (Fig. 6G, H and I),
the R2 value for all plant parts was 0.4560 and
reached 0.9671 considering only the inner
leaves.

Other correlations were performed consid-
ering also some previously studied N com-
pounds (Nicoletto and Pimpini, 2009), but their

R2 values were barely or not significant (corre-
lations considering all plant parts: NO3, phenols
(0.0038); NO2, phenols (0.0368); organic N, phe-
nols (0.1138); NO3, AOC (0.0036); NO2, AOC
(0.0766); organic N, AOC (0.2041), NO3, ascor-
bic acid (0.2080); NO2, ascorbic acid (0.0010);
organic N, ascorbic acid (0.0014).

Discussion and conclusions

The fresh weight trend of plant parts during the
forcing process highlighted the drastic decrease
in outer leaves due to senescence processes dur-
ing the treatment. However, the head fresh
weight increased due to new leaves formation
and the growth of younger leaves already pre-
sent at harvest. The intermediate leaves, less af-
fected by senescence than the outer ones, had a
weight increase at the end of the forcing treat-
ment due to their growth. Similar behavior was
observed in the roots. In fact, after an early
slight loss of weight caused by sugar contents
allocated to new leaves formation, roots exhib-
ited a slight weight increase thanks to new roots
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Figure 5. Different influence of forcing days on dry matter (A), antioxidant capacity (B), phenols (C) and ascorbic
acid (D) in two leaf parts (leaf blades-LB, leaf veins-LV) at three positions (outer, intermediate and inner).
All interactions (A, B, C, D) significant at P ≤ 0.01.
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formation. Stem showed a continuous weight in-
crease, probably attributable to its lengthening
due to inner leaves growth.

This study measured the phenolic and ascor-
bic acid contents and antioxidant capacities of
radicchio “Rosso di Treviso tardivo” at harvest
and during the forcing process. Our data
demonstrated a general decrease of antioxidant
compounds during this process. This result
mainly depends on external leaves loss due to
their senescence. In fact this aerial part pre-
sented the higher AOC because of abiotic and
biotic stresses during the growing cycle that en-
hanced antiradical activity (Shao Hong-bo et al.,
2008). The first cause of abiotic stress for this
chicory is frost. Low temperatures, which usual-
ly occur from November to February, are re-
sponsible for the typical red foliage color due
to anthocyanic compounds that are a group of
phenols (Mazza and Miniatti, 1993; Rice-Evans
et al., 1997). These and other chemical compo-
nents influence the total phenolic content of
radicchio (Innocenti et al., 2005). After the forc-
ing process the ascorbic acid content in radic-
chio “Rosso di Treviso tardivo” was similar to
“Rosso di Chioggia” as reported by Francke and
Majkowska-Gadomska (2008) and resulted

comparable to or higher than other raw veg-
etables like carrot, garlic, red beetroot, potato,
onion, celery etc. (Carnovale and Marletta,
2009). Regarding correlations, as reported by
many authors for different species (Kang and
Saltveit, 2002; Llorach et al., 2004; Reyes et al.,
2005; Lavelli, 2008; Anesini et al., 2008), in this
chicory the AOC has also been positively cor-
related with phenolic content and ascorbic acid
is positively correlated with phenolic content
and AOC.

In conclusion the data obtained prove that
radicchio “Rosso di Treviso tardivo” presents
high levels of health-promoting and antioxidant
compounds. The outer inedible leaves displayed
high AOC, which could provide phenolic ex-
tracts that could be used as natural antioxidants
or to functionalize foods as has recently been
reported for some species (Larrosa et al., 2002;
Yamakawa and Yoshimoto, 2002; Stojceska et
al., 2008). Further studies are needed to fully
understand and identify the other antioxidant
compounds involved and their changes during
the forcing process. The properties verified so
far point out that this chicory can be considered
an interesting and healthy vegetable for the con-
sumer, also after the forcing process.

Ital. J. Agron. / Riv. Agron., 2010, 5:43-52
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Figure 6. Correlations between phenols and antioxidant capacity, antioxidant capacity and ascorbic acid, phenols
and ascorbic acid considering all plant parts (A, D and G), only the aerial parts (B, E and H) and only the edible
part (C, F and I).
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