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Abstract

Radicchio “Rosso di Treviso tardivo” (Cichorium intybus L., group rubifolium), a typical vegetable of north-eastern
Italy, has gained increasing commercial interest in recent years due to its particular shape and culinary features.
These properties are obtained by a forcing process that could affect nitrate and dangerous nitrite contents in the
edible product. 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 nitrate and nitrite contents in edible portions never exceed the most restrictive EU limits. A continuous re-
duction in NO, content was observed during the forcing process, while NO, showed a peak at 10 FD. Organic N
significantly increased during the forcing process due to NO, reduction. From a nutritional point of view these re-

sults further demonstrate that this type of radicchio is a healthy vegetable for the consumers.
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Introduction

Radicchio “Rosso di Treviso tardivo” (Cichori-
um intybus L., group rubifolium) is a typical
chicory of the Veneto Region (north-eastern
Italy). In recent years this chicory has been gain-
ing increasing commercial interest due to its
particular shape and culinary features. These
properties are obtained by a post-harvest forc-
ing process carried out in a dark room at a tem-
perature of 10-15 °C for 15-20 days. These con-
ditions are fundamental to improve the prod-
uct’s aesthetic and nutritional quality and to in-
crease the market value. Besides the aesthetic
and morphological aspects, nutritional and
healthy characteristics in high-quality food are
increasingly requested by consumers, but the
vegetable industry is not always able to satisfy

this demand because of little or no knowledge
about some species. Radicchio and all its culti-
vars are among these little-known vegetables.
Nitrate (NO,) and nitrite (NO,) contents are
the factors most often evaluated in leafy veg-
etables. NO, is absorbed by plants in the soil
and used for protein formation (Trinchera,
2001). It can be a serious threat to human health
(Santamaria et al., 2002; Santamaria, 2006), al-
though recent researches have shown that ni-
trate also has beneficial effects (McKnight et al.,
1997; Lundberg et al., 2006). Nitrate per se is
relatively non-toxic (Speijers, 1996), but ap-
proximately 5% of all ingested NO, is convert-
ed in the saliva and gastrointestinal tract into
the more toxic nitrite (Spielgelhalder et al.,
1976; Pannala et al., 2003) by bacterial enzymes
(Mesinga et al., 2003). Nitrite and N-nitroso
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compounds, which form when nitrite binds to
other substances before or after ingestion (for
example, the amines derived from proteins), are
toxic and can lead to severe pathologies in hu-
mans (Speijers and Van den Brant, 2003). The
best-known effect of nitrite is its ability to re-
act with hemoglobin (oxyHb) to form methe-
moglobin (metHb) and nitrate:

NO,” + oxyHb(Fe**) — metHb(Fe’*) + NO;

Oxygen delivery to tissues is impaired as a
consequence of the formation of metHb (Spei-
jers and Van den Brant, 2003). Once the pro-
portion of metHb reaches 10% of normal Hb
levels, clinical symptoms (from cyanosis through
to asphyxia) occur. This potentially fatal condi-
tion is known as methemoglobinaemia and ba-
bies less than three months old are particularly
susceptible (Knobeloch et al., 2000; McKnight
et al., 1997). Nitrate and nitrite can also deter-
mine metabolism problems (Hartman, 1983),
carcinogenity (Broitman et al., 1981; Hathcock,
1982; Fraser, 1985) and mutagenicity (Luca et
al., 1987; Inui et al., 1979). To avoid these prob-
lems, in the last report on toxicological evalua-
tion of nitrate and nitrite the World Health Or-
ganization (WHO) have set an Acceptable Dai-
ly Intake (ADI) of 0.65 mg kg! bodyweight
(bw) for NO, and of 0.06 mg kg bw for NO,
(Santamaria, 2006). Given that vegetables con-
stitute the major dietary source of nitrate (San-
tamaria, 1997), it is obviously useful to evaluate
its content together with nitrite in radicchio. Our
research objective was to evaluate nitrate, nitrite
and organic nitrogen content changes from har-
vest time to commercial product after the forc-
ing process on “Rosso di Treviso tardivo”.

Table 1. Crop management practices during the experiment.

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 m? (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 in-
to the tank from one side and, after reaching
the level of the plant stem bases, flowed out
from the opposite side. This technique main-
tained the required 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-

Crop management practices Dates Notes
Fertilization 3/7/07 0.13.26 + 3Mg + 0.2B (500 kg ha')
Seed origin self-produced
Field sowing 6/7/07

Emergence 16/7/07

Irrigations 8-10-12-14-16/7/07 volume 100 m? ha'
Irrigation method sprinkling
Thinning 10/8/07

Cultivation 30/8/07 inter row tillage
Harvest 20/11/07 uprooting
Plot area (m?) 25
Distance between plants (m) 0.45 x 0.30
Plant density (plants m?) 7.4
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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.

Dry matter

Samples dry matter was obtained in a PID Sys-
tem ventilated oven (model MS80-VF; Instru-
ments s.r.l.; Bernareggio (MI), Italy) set at 65
°C for 72 hours.

Compositional analysis

Nitrate content was determined colorimetrical-
ly as described by Cataldo et al. (1975). Ap-
proximately 0.2 g chicory dry matter was boiled
for 30 minutes and then filtered through 589
Schleicher filter paper. The extract was used af-
ter cooling. The standard curve was developed
with KNO,.

Nitrite content was evaluated using an adap-
tation of the method proposed by Strickland
and Parsons (1968) using the same extract as
that for NO,. In the method, nitrite is allowed
to react with sulfanilamide in an acid solution
(10 g L' in HCI 3N). The resulting compound
reacts with N-(1-naphtyl)-ethylene diamine di-
hydrochloride (0.2 g L' in H,O) to form a pink
solution, whose absorbance is measured at 540
nm (Shimadzu UV-1800). The standard curve
was developed with KNO, 0.002M.

The nitrogen content was measured by the
Kjeldhal method (ISO1656).

All reagents were of analytical grade.

Statistical analysis

Statistical analysis (ANOVA) was performed
considering the five main plant parts from (1)
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Figure 1. Five-day averages of maximum and minimum tem-
peratures (° C) recorded during the experiment and multi-
year values (1992-2007).

to (5), which were factorially combined with 3
forcing periods (0, 10 and 20 FD) to obtain 15
theses. When we refer to the 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.

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).
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. Afterwards there were no relevant varia-
tions until the first half of December; after this
period t° max was always higher than the mul-
tiyear data. Min t°, after an initial variation in
the first 20 days of June, stayed around the mul-
tiyear values till 25" August. Then from 25" Au-
gust to 5™ January 2008, except for the period
from 5% to 10" September, on the 5* and 25%
October, 25" November and 10" December, val-
ues were always lower than the multiyear data.
In the last period of the crop cycle, similarly to
max t°, increasing temperatures were recorded
till 25" January 2008. Rainfall data (Fig. 2)
showed that the total rainfall during the exper-
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Figure 2. Five-day averages of maximum and minimum rel-
ative humidity and five-day cumulative rainfall recorded
during the experiment and multiyear values (1992-2007).
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imental period was 465.8 mm, 16.7% lower than
the multiyear values (559.0 mm). There were
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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-
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

Forcing days (FD)

Figure 3. Different influence of forcing days (FD) on plant
parts fresh weight (g).

Interaction is significant at P < 0.01. Vertical bars indicate stan-
dard error.

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 and
intermediate leaves (9.9 and 9.7% respectively)
and inner ones (8.5%).

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 higher 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.

Table 2. Effects of plant parts and forcing days on some qualitative traits of radicchio during the forcing process.

Treatments Qualitative traits
Dry matter Nitrate Nitrite Organic N
(%) (mg kg! d.w.) (mg kg! d.w.) (%)
Plant parts
Leaves outer 99 c 3383 ¢ 1.67 ¢ 14 c
intermediate 9.7 ¢ 3061 ¢ 334 a 2.6b
inner 85d 4006 ¢ 309 a 35a
Stem 174 b 7912 b 4.0 be 27b
Roots 216 a 15490 a 93 b 22D
Average 134 6770 15.9 2.5
Weighted average 13.0 6530 15.0 2.3
Forcing days (FD)
0 163 a 7047 a 329 b 23 a
10 13.0 b 6806 b 395 a 2.5 ab
20 109 ¢ 6457 ¢ 485b 27D
Average* 134 6770 15.9 2.5

* 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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Figure 4. Different influence of forcing days on dry matter (A), nitrate (B), nitrite (C) and organic nitrogen (D) in plant parts.

Interactions A, B and C significant at P < 0.01; D not significant.

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. In this case
a consistent decrease (41.0%) from 0 to 20 FD
and from outer to inner leaves (8.3%) was ob-
served. Also in this case the interaction “forc-
ing days x leaf position” was due to the differ-
ent 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 re-
ductions during the forcing process for outer
and intermediate veins, while relevant differ-
ences were shown by inner leaf veins (4.2%).

Nitrate

During the forcing process the NO, content of
the whole plant decreased from 7047 mg kg
dry weight (d.w.) (1342 mg kg' fresh weight
(fw.)) at harvest (Tab. 2), to 6457 mg kg! d.w.
(943 mg kg! f.w.) at 20 FD, i.e., by 8.3% on d.w.
and 29.7% on f.w.. The main effect of plant parts

highlighted that higher NO, concentration was
found in roots (15490 mg kg! d.w.). This was
48.9% higher than stem content. Considering
the whole leaves, values did not statistically dif-
fer among leaf positions, being from 3061 mg
kg! d.w. in the intermediate leaves to 4006 mg
kg! d.w. in the inner ones. Plant parts showed
different trends of NO, contents (interaction
“plant parts x forcing days”). The whole leaves
had a general reduction in values during first 10
FD (Fig. 4B) that, except for inner leaves, con-
tinued till the end of the forcing process. A con-
tinually decreasing content was observed in
stem, while roots were the only plant part with
a 23% NO, increase. Concerning leaf parts,
veins always showed higher NO, values (Tab. 3)
although with different intensity. The average
increase compared to leaf blades was 58.3%. For
the main effect of forcing days and leaf posi-
tions, in the former case a contraction in values
from 0 to 20 FD was observed; in the latter in-
termediate leaves displayed the higher NO,
content at just above 3200 mg kg! d.w. In rela-
tion to effects of leaf position and forcing peri-
ods, intermediate and inner leaves NO, content
decreased from 0 to 20 FD, while a higher con-
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centration for outer ones was observed at 10 FD.
For leaf blades (Fig. 5B), higher NO, content was
observed in those intermediate at 0 FD (4745 mg
kg! d.w.). Their content then considerably de-
creased, reaching 500 mg kg! d.w. at 20 FD. In out-
er leaf blades, NO, content registered a slight in-
crease of 10% at 10 FD, with a quick decrease at
the end of the forcing process. Nitrate content in
head leaf blades showed an 8.5% reduction from
0 to 20 FD. A general NO, content decrease was
also observed for leaf veins. Nitrate reduction in
the inner veins was gradual throughout the forc-
ing process; instead, for the intermediate ones,
there was a drop from 4685 to 3090 mg kg! d.w.
at 10 FD, followed by a slight increase to 3647 mg
kg' d.w. at 20 FD. The NO, trend for outer leaf
veins was interesting, which, contrary to the inter-
mediate ones, showed a slight increase from 4124
to 4336 mg kg d.w. during the first 10 FD. A slight
reduction, about 22.0%, followed at 20 FD.

Nitrite
Nitrite (NO,) content increased by 91.7% from

0 to 10 FD, to then fall 87.7% by 20 FD, leav-
ing a content of 4.8 mg kg! d.w (Tab. 2).

Higher NO, concentration was observed in
intermediate and inner leaves, followed by
roots. Stem and outer leaves showed values low-
er than 4.0 mg kg d.w.. Nitrite also showed dif-
ferent responses during the forcing process (in-
teraction “plant parts x forcing days”). Values
were always close to 0 in the outer leaves (Fig.
4C). Instead, the intermediate and inner leaves
presented very low values at 0 FD, which in-
creased to reach values over 85 mg kg! d.w. at
10 FD, then drastically decreased at 20 FD.
Roots showed a slight decrease of NO, content
during the first 10 FD, then increased to 12.2
mg kg' d.w. at 20 FD. NO, expressed a differ-
ent trend in the stem, where an increase from
3.5 (0 FD) to 5.2 (20 FD) mg kg! d.w. was ob-
served.

Regarding leaf parts (Tab. 3), leaf blades dif-
fered significantly from veins, with values 59.0%
higher. Concerning leaf position effect, higher
contents were observed for intermediate and in-
ner leaf blades, while for the outer ones higher
values were found in their veins. The main ef-
fect of forcing days showed higher concentra-
tions at 10 FD and that of leaf position dis-

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 8.5 123 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 99 b
Average 139 a 92 b 82 ¢ 125 A 84 B
Nitrate (mg kg! d.w.)
Outer 2818 3107 1731 1217 3887 2552 b
Intermediate 4715 3104 2074 2788 3807 3298 a
Inner 3106 2783 2399 1063 4462 2762 b
Average 3546 a 2998 b 2068 ¢ 1690 B 4052 A
Nitrite (mg kg d.w.)
Outer 6.98 2.88 2.46 1.74 6.47 411 ¢
Intermediate 1.29 23.94 2.62 16.23 2.33 9.28 b
Inner 0.74 26.31 6.96 17.12 5.55 1134 a
Average 3.00 b 1771 a 401 b 11.70 A 479 B
Organic N (%)

Outer 2.0 1.9 1.9 2.7 12 195
Intermediate 2.8 32 3.5 43 2.1 32a
Inner 3.1 35 3.7 3.9 3.0 35a
Average 26 b 2.9 ab 30 a 3.6 A 21B

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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Figure 5. Different influence of forcing days on dry matter (A), nitrate (B), nitrite (C) and organic nitrogen (D) in two
leaf parts (leaf blades-LB, leaf veins-LV) at three positions (outer, intermediate and inner).

Interactions A, B and C significant at P < 0.01; D not significant.

played increasing values moving from outer to
inner leaves. As reported in table 3, these two
variables significantly interacted. The trend of
whole leaves was followed by the respective
blades (Fig. 5C). In particular, outer leaf blades
always exhibited very low values, even less than
1 mg kg' d.w. at 20 FD. Also in this case, in-
termediate and head leaf blades displayed a
98.0% increase in NO, content between 0 FD
and 10 FD, to then return almost to zero at 20
FD. Leaf veins always showed very low NO, val-
ues. An increase from 0.60 mg kg' d.w at har-
vest to 9.0 mg kg!' d.w. at 10 FD was observed
for inner veins, which decreased to 7.0 mg kg!
d.w. at 20 FD. Intermediate leaf veins had very
low values, with a slight increase at 10 FD. A
65.0% continuous reduction was observed only
for outer leaf veins.

Organic nitrogen

During the forcing process an organic N con-
tent increase was observed in the whole plant
(Tab. 2). It increased from 2.3% at 0 FD t0 2.7%
at 20 FD. In the different plant parts, inner
leaves presented the highest concentration
(3.5%), followed by intermediate, stem and
roots. The lowest values were observed in out-

er leaves. Figure 4D shows that all plant parts
displayed an increase in organic N of between
2 and 5% during the forcing process. The main
effect of leaf parts showed statistically higher
values in leaf blades than veins. The interaction
between these two was significant for the dif-
ferent intensity of the response compared to
leaf position. As regards forcing days and leaf
position main effect, an increase of organic N
content was observed from 0 to 20 FD and from
outer to inner leaves. The interaction “forcing
days x leaf position” was not significant. It was
also observed that the leaf parts results did not
differ statistically during the forcing process
(Fig. 5SD).

Discussion and conclusions

The weight evolution 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 weight in-
creased; this was determined by new leaves for-
mation and the growth of younger leaves al-
ready present at harvest. The intermediate
leaves, less affected by senescence than the out-
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er ones, had a weight increase at the end of the
forcing treatment due to their growth. Similar
behavior was observed in the roots. In fact, af-
ter an early slight loss of weight caused by sug-
ar contents allocated to new leaves formation,
roots exhibited a slight weight increase thanks
to new roots formation. Stem showed a contin-
uous weight increase, probably attributable to
its lengthening due to inner leaves growth.

At harvest time, radicchio did not show a
high nitrate content as already described by
Pimpini et al. (2000). Indeed, apart from roots
and stem, this chicory did not exceed the most
restrictive limits imposed by the EU for other
leafy species (Santamaria, 2006) already at har-
vest. Roots and stem exceed these limits be-
cause are composed of highly vascular tissues.
Therefore, they have a high nitrate content, as
observed by Pimpini et al. (1970; 1971; 1973) in
cauliflower and by Santamaria et al. (1999) in
many other vegetables. Moreover, a further de-
crease in nitrate content was observed during
the forcing process. This was probably due to
the lack of nutrient uptake by roots during the
storage period in pools filled only with well wa-
ter. This was also observed by Santamaria et al.
(2001) on rocket salad (Diplotaxis tenuifolia and
Eruca vesicaria subsp. sativa) cultivated in a
floating system after replacing nutrient solution
with only water. During the forcing process,
roots were the only plant part that presented a
continuous increase in nitrate content, probably
due to its reallocation from senescing plant
parts (Cassan et al., 2008).

Regarding nitrite content, the peak observed
at 10 FD in intermediate and inner leaves, was
probably due to a nitrite reductase activity
(NiR) reduction caused by lack of light, as de-
scribed by Datta and Sharma (1999) in Zea
mais. These Authors also reported that, in those
light conditions, the nitrate reductase (NR) ac-
tivity was highly decreased compared to NiR.
The drastic NO, decrease verified from 10 to 20
FD was justified on this basis. In fact some rele-
vant aspects that involved the forcing environ-
ment and plant have to be considered, as the ex-
periment was conducted under extremely low
light intensity, with plants dipped in plain water.

Plants also suffered a serious loss of roots at
harvest, especially for the absorbent component,
and the short duration of the forcing treatment
allows little regeneration. This prevents the ab-
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sorption of any NO, present in water. There is
therefore a lower nitrite production from NR,
while NiR can reduce any NO, already present.
This hypothesis is further supported by what
was verified for organic N, which increased in
plant parts where NO, reduction was observed.

At the end of the forcing process both ni-
trate and nitrite contents were abundantly low-
er than EU limits. In fact eating 100 g of fresh
product (forced inner leaves), a person would
consume nitrate and nitrite contents of 24.7 and
0.021 mg respectively. These values do not in
any way threaten human health because they
represent 9.6 and 0.5% of the daily acceptable
intake for a person weighing 70 kg (Santamaria
et al., 2006). We can conclude that radicchio
“Rosso di Treviso tardivo” presents no con-
traindications regarding the aspects considered
in this study and it is a healthy vegetable for
the consumer.
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