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Joanna Kapusta-Duch and

Ewa Piątkowska
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Abstract: This study reports a characterization of the nutritional quality of several vegetables be-
longing to Brassica genus and other species cultivated in the central Italy. The aim of this trial is to
investigate the antioxidant capacity and phytochemical content of several vegetable products during
two consecutive years. The sensorial quality is investigated with the measuring of soluble solid
content (SSC), titratable acidity (TA) and pH; the nutritional quality is investigated by the measure-
ment of the total antioxidant capacity (TAC), the total phenols content (TPH), the total anthocyanins
content (ACY), and the vitamin C content. The results confirm the highest antioxidant capacity of
Brassica genus, in particular, the red curly kale (13.68 and 11.97 mM Trolox/kg fw in the two locations
tested); among other vegetables analyzed, the most interesting are chicory and borage (10.3 and 11.94
mM Trolox/kg fw in the first year of cultivation in Valdaso, respectively). A high intake of these
vegetables may bring a lot of health benefits linked to their antioxidative capacity and the vitamin
C content.

Keywords: vegetables; soluble solids content; total antioxidant capacity; total phenolics content; total
anthocyanins content; vitamin C

1. Introduction

In Italy, the expenses of the families for fruits and vegetables consumption have
increased by about 6% from 2015 to 2020, despite a significant reduction of the total
expenses dedicated to the food (ISTAT 2020, https://www.istat.it/it/archivio/202093)
(accessed on 22 December 2021); this confirms the consumer trend registered during these
years that highlights the increasing attention to healthy foods. Among vegetables, brassicas
and field herbs represented rustic and wild species characterized by a strong capacity
of adaptation in hostile environments. In Italy, this group of vegetables is particularly
widespread, and it can be easily cultivated in the Marche Region in Central Italy, where the
ideal and optimal conditions for their growth, like mild climate and clay soils, are present.
In this area is also common to find brassicas and grass fields as wild and spontaneous
species. The cultivation of these typical vegetables represents a good alternative and
economic opportunity for the growers [1].

The present study investigated the nutritional quality of different vegetables belonging
to the first-evolved range, an innovative production system that consist in the hand-
harvesting and packaging of the edible younger portion of the product (constituted by
new shoots and apical part of the plants). This process will provide to consumers a new
product proposal of high antioxidant property that maintains and preserves the sensorial
and nutritional quality during time. A lot of studies confirm the high quality of the
younger portion, given that the antioxidant capacity and the concentration of phytochemical
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compounds strictly depend by the maturity stage of the plant; Kim et al., 2004, found that
the juvenile phase of cabbage has higher flavonols content than the mature phase [2].
In detail, flower buds were found to be the most biologically active part, followed by
leaves and steams [3,4]. The hand-harvest of plant portion allows a reduction of soil
compaction and an enrichment of soil organic matter during time, because the 80% of the
plant remains on the ground acting as a cover and reducing the erosion risk. At the end of
production cycles, the plants residues are milled and incorporated into the ground, with
high benefits for soil characteristics. Brassica crops are known to play an important role
as soil improvers; furthermore, they act as disinfectant for soilborne pests and pathogens,
through the production of volatile sulfur compounds [5,6].

The importance of Brassica vegetables and field grass intake is bound to their high
concentration of phytochemical compounds and to their potential health promotion. In
detail, these vegetables contain phenol compounds that represent, with vitamin C, 80–95%
of total antioxidant capacity; among phenolics, anthocyanins (belonging to flavonoids) are
responsible for the pigmentation of purple broccoli and red cabbage. Vitamin C includes
ascorbic acid and its oxidation products as dehydroascorbic acid. The content of vitamin C
varies significantly among and within species and depends by the genotype [7,8]. Regarding
the health potential, several medical studies posed strong attention on these vegetables,
showing the high capacity to prevent and reduce some chronic illness, cardiovascular and
degenerative diseases, and reporting anticancer activities [4,9–11].

The aim of this study is to characterize the nutritional and sensorial quality of several
first-evolved range fresh vegetables belonging to raw Brassica and grass field. The results
will allow to identify the species, among the cultivated vegetables, with the highest an-
tioxidant potential, both for developing future breeding programs, and for providing to
consumers high quality and ready-to-eat products, favoring the vegetables intake.

2. Materials and Methods
2.1. Plant Material

Vegetable characterization trials have been carried out in two consecutive years (2016
and 2017). The fresh vegetables were provided by an agricultural company (Valli di Marca
Agricultural Society) that realized the cultivation in different production areas. The first
area is situated in the south of Marche Region (Italy), in an area specialized in Brassica
cultivation called “Valdaso” (136 m.a.s.l.); the second area is “Fucino” upland situated
at 680 m.a.s.l. in the Abruzzo Region, in the central-south Italy. The vegetables were
cultivated in open field, following the agriculture cultivation system typical of these areas.
The fresh vegetables were sampled, harvesting only the edible portion, according to “First
evolved range and No-waste protocol” adopted by this company. The samples were
selected, sliced, and packaged. The main species cultivated and analyzed for this study
are reported in Table 1. During the first year of study, all the species were sampled and
analyzed, while for the second year, only the species with the most interesting marketable
characteristics were kept. The sampling amount consisted of 200 g of fresh material for each
species, immediately analyzed (for sensorial quality) or frozen at −20 ◦C and subsequently
extracted and analyzed (for nutritional quality).

2.2. Chemicals

Methanol (99%, ACS-ISO) was purchased from Carlo Erba Reagents (Milan, Italy).
Folin–Ciocalteu reagent, sodium carbonate (anhydrous), potassium chloride, sodium ac-
etate, chloridric acid, glacial acetic acid, ferric chloride hexahydrate 2,4,6-tris(2-pyridyl)-
striazine (TPTZ, 99%), 6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (Trolox),
ferrous sulphate heptahydrate, 3,4,5-trihydroxybenzoic acid (gallic acid), and total vitamin
C, were purchased from Sigma-Aldrich (Sigma-Aldrich s.r.l., Milan, Italy).
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Table 1. Plant material analyzed during two years of trials.

Species Vegetables Cultivation Year

Brassica rapa subsp. sylvestris Turnip top II
Brassica oleracea L. var. acephala subvar.

laciniata L. Black cabbage I-II

Brassica oleracea L. var. acephala subvar.
sabellica L.

Green Curly kale
Red Curly kale

Russian Curly kale

I-II
I-II

I
Brassica oleracea L. var. italica Broccoli I-II

Brassica oleracea L. var. sabauda Savoy Cabbage I

Brassica oleracea L. convar. botrytis var. cymosa “Spigariello” broccoli
“Getti e foglie”broccoli

I-II
I-II

Beta vulgaris var. cicla Red Beet
Green Beet

I
I

Cichorium intybus L. Chicory I
Raphanus raphanistrum L. subsp. microcarpus

(Lange) Radish-“Rapastrello” I

Borago officinalis L. Borage I

2.3. Sensorial Quality Parameters

The characterization of the vegetables sensory parameters included the analysis of
the content of soluble solids, titratable acidity, and pH; the sensory quality was evaluated
at 20.0 ± 0.5 ◦C on fresh material. First, juice was extracted from fresh vegetables with
the utilization of a centrifuge and filtered. For the Soluble Solid Content (SSC) evaluation,
some drops of the juice were put on a hand-held refractometer (Atago, Tokio, Japan) and
SSC value was immediately red and expressed as ◦Brix. For the Titratable Acidity (TA)
and pH, values were measured with an automatic titrator (HI 84532 Fruit Juice Titratable
Acidity- Hanna Instruments, Woonsocket, RI, USA). The analyzed solution consisted of
45 mL of distilled water added to 5 mL of the previous obtained vegetables juice, until
reaching 50 mL of final volume. TA results are expressed in % citric acid.

2.4. Nutritional Parameters
2.4.1. Extraction

For the analysis of total phenol content, total anthocyanin content and total antioxidant
capacity, a methanolic extract was prepared. Each sample stored at −20 ◦C was powdered
by liquid nitrogen and 10 g of this powder were placed into test-tubes. The extraction went
on with the addition of 100 mL of extracting solution constituted by 20:80 water: methanol
and 1% of acetic acid. Sample was homogenized using an Ultraturrax T25 homogenizer
(Janke and Kunkel, IKA Labortechnik, Staufen, Germany). The homogenized suspension
was placed in a fridge at 4 ◦C in the dark. After 48 h, the suspension was centrifuged at
2500 rpm for 15 min (Thermo Fisher Scientific Heraeus Megafuge 16R Centrifuge, Waltham,
MA, USA) and the recovered supernatant was collected and stored in six amber vials of
4 mL each at −20 ◦C waiting for analysis [12,13].

For the analysis of total vitamin C Content, the extract was obtained according to
Helsper et al. (2003) [14] and Tulipani et al. (2008) [15], with slight modifications. Briefly,
total vitamin C of each frozen sample was extracted by sonication of 1 g of vegetable in 8
mL of extracting solution, composed of ice-cold water with 5% of metaphosphoric acid and
1 mM Diethylenetriaminepentaacetic acid (DTPA). This step was followed by centrifugation
at 4000 rpm for 15 min at 4 ◦C, and then surnatant was filtered with 0.45 µm NY filters and
stored at −20 ◦C until the HPLC analysis.

2.4.2. Analysis of Total Phenol Content, Total Anthocyanin Content and Total Antioxidant
Capacity

Total phenols (TPH) were evaluated using the Folin–Ciocalteu reagent method [16].
Briefly, each sample extract was diluted 1:3 in a glass test-tubes with Folin–Ciocalteu
reagent. After 3 min, sodium carbonate (20%) was added to the sample solution, vortexed
and stored in the dark. The absorbance of the samples was measured at 760 nm after 60 min
by spectrophotometer (UV-1800 Shimadzu, Kyoto, Japan). The data are expressed as mg of
gallic acid per kg of fresh sample. Total anthocyanin content (ACY) was measured using
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the pH differential shift method [17]. Briefly, the sample methanolic extracts were diluted
1:1 (except kale family diluted 1:3) with potassium chloride (pH 1) and, separately, with
sodium acetate (pH 4.5), and the maximum absorbance for both solutions was measured
(respectively at λ = 520 nm and λ = 700 nm). The data are expressed as mg cyanidin-3-
glucoside (the most representative anthocyanin in broccoli) per kg of fresh weight. The total
antioxidant capacity (TAC) of vegetables was evaluated using the FRAP (Ferric Reducing
Antioxidant Power) assay. The reduction of ferric tripyridyltriazine (Fe+3 –TPTZ) was
measured by the method of Benzie and Strain (1996) [18] modified by Deighton et al.
(2000) [19] and optimized for Brassica vegetables. FRAP reagent was freshly prepared
by mixing 10:1:1 (v/v/v) of sodium acetate (300 mM acidified with acetic acid until pH
3.6), ferric chloride (20 mM) and TPTZ (10 mM in 40 mM HCl). The methanolic extracts
was diluted 1:5 with water and vortexed. This solution was further diluted 1:10 adding
the FRAP solution previously prepared, vortexed, and put in darkness for 4 min; then
absorbance was measured by spectrophotometer (UV-1800 Shimadzu, Kyoto, Japan) at
593 nm. The results are expressed as mM Trolox Equivalent per kg of fresh weight.

2.4.3. Total Vitamin C content

Vitamin C content was evaluated through HPLC system (Jasco Inc., Easton, PA, USA)
equipped with a C18 column, 15 cm × 0.46 cm, 5 µm inner particles, and an Autosampler
(Jasco Inc., Easton, PA, USA). The mobile phase (aqueous solution of 50 mM phosphate
buffered solution, pH 3.2) was slid into isocratic stream at a rate of 0.8 mL/min for 15 min.
The HPLC system was coupled to a UV/VIS detector (Jasco Inc., Easton, PA, USA) fixed at
244 nm wavelength, that is comprised in the range of best absorption of total vitamin C [20].
Total vitamin C quantification was made through a standard calibration curve, prepared by
running increasing standard concentrations of total vitamin C and measured in duplicate
at the beginning and at the end of the analysis. Results are expressed as milligrams of total
vitamin C per 100 g of fresh weight.

2.5. Statistical Analysis

The vegetable sensorial and nutritional parameters were analyzed in triplicate for
each sample. Data were analyzed with Stat Soft, Tulsa, OK—USA program, using one-way
analysis of variance (ANOVA), with each genotype as an independent variable. Significant
differences within genotypes were calculated according to Student’s Newman–Keuls (SNK)
tests, and differences for p ≤ 0.05 were considered significant.

3. Results and Discussion

The results showed dividing data from the 1st and the 2nd year of harvest in Valdaso
area, followed by the average values of the two years in the same area. Finally, the interac-
tion between the environment and the vegetables species is reported, with a comparison
between the two different cultivation areas (Fucino vs. Valdaso) during the 2nd year of trial.

3.1. Sensorial Quality Parameters

The results suggested that the genotype had a great influence in the sensorial pa-
rameters indeed there was a remarkable difference among the vegetables analyzed for
each parameter. Considering the soluble solid content, samples belonging to Brassicacee
family, in particular the curly kale group, possessed the highest amount, as showed in
Tables 2–5. In Table 2, in addition to Brassica vegetables like broccoli (9.52 ◦Brix), savoy
cabbage (8.93 ◦Brix), “getti e foglie” broccoli (9.33 ◦Brix), kales (8.33, 9.13, and 9.27 ◦Brix
for green curly, red curly, and Russian kale, respectively) and spigariello (8.27 ◦Brix); in
addition, the green beet solid soluble content (8.07 ◦Brix) stood out. “Getti e foglie” broccoli
is the plant extract, which presented the highest values for both SS and TA (9.33 ◦Brix and
0.19% citric acid, respectively), suggesting that this vegetable is characterized by a balanced
taste, as reported in Table 2. Comparing the data deriving from the two years of trial in
Valdaso area (Tables 2 and 3), emerged that the variation among different parameters was
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more related to cultivation factors other than the genotype; in fact, the species with the
best values in the 1st year did not confirm the same performance in the 2nd, resulting in a
year-dependent trend. Keeping constant the cultivation area and the cultivation system,
the different sensorial parameters detected in the two years of study in the same genotypes
can be explained by the influence of the environmental factors like rainfall, temperature,
global radiation and photoperiod length, and harvest time.

Table 2. Sensorial quality parameters of vegetables cultivated during 1st year (2016) of trial in
Valdaso area.

Vegetables 1st
Year-Valdaso

SSC 1

(◦Brix)
TA 2

(% Citric Acid)
pH

Red Beet 5.93 ± 0.07 b 0.10 ± 0.00 cd 6.60 ± 0.06 b
Green Beet 8.07 ± 0.59 a 0.12 ± 0.01 bcd 6.50 ± 0.15 bc

Borage 4.33 ± 0.24 c 0.09 ± 0.01 d 6.93 ± 0.09 a
Broccoli 9.52 ± 0.11 a 0.15 ± 0.00 bc 6.41 ± 0.03 bc

Savoy Cabbage 8.93 ± 0.07 a 0.11 ± 0.00 cd 6.37 ± 0.03 bc
Chicory 5.93 ± 0.07 b 0.10 ± 0.00 cd 6.00 ± 0.00 c

Getti e foglie 9.33 ± 0.35 a 0.19 ± 0.01 a 6.13 ± 0.03 bc
Red Curly Kale 8.33 ± 0.85 a 0.13 ± 0.01 bcd 6.43 ± 0.03 bc

Green Curly Kale 9.13 ± 0.18 a 0.13 ± 0.00 bcd 6.33 ± 0.09 bc
Radish 6.80 ± 0.12 b 0.11 ± 0.01 cd 6.07 ± 0.03 bc

Russian Kale 9.27 ± 0.37 a 0.13 ± 0.01 bcd 6.23 ± 0.03 bc
Spigariello 8.27 ± 0.44 a 0.16 ± 0.03 ab 6.37 ± 0.32 bc

1 SSC: Soluble Solid Content; 2 TA: Titratable Acidity. Data are presented as means ± standard error. Values with
the same letter were not significantly different (p ≤ 0.05). n = 3.

Table 3. Sensorial quality parameters of vegetables cultivated during 2nd year (2017) of trial in
Valdaso area.

Vegetables 2nd
Year-Valdaso

SSC 1

(◦Brix)
TA 2

(% Citric Acid)
pH

Black Cabbage 10.80 ± 0.20 b 0.31 ± 0.07 ab 6.37 ± 0.12 a
Turnip Top 7.80 ± 0.12 d 0.24 ± 0.02 b 5.97 ± 0.03 b

Getti e foglie 8.87 ± 0.13 c 0.23 ± 0.02 b 6.13 ± 0.03 ab
Red Curly Kale 10.53 ± 0.18 b 0.26 ± 0.01 b 6.20 ± 0.12 ab

Green Curly Kale 12.00 ± 0.46 a 0.47 ± 0.10 a 5.70 ± 0.06 c
Russian Kale 11.60 ± 0.20 a 0.39 ± 0.05 ab 5.67 ± 0.03 c
Spigariello 9.60 ± 0.35 c 0.19 ± 0.01 b 6.23 ± 0.03 ab

1 SSC: Soluble Solid Content; 2 TA: Titratable Acidity. Data are presented as means ± standard error. Values with
the same letter were not significantly different (p ≤ 0.05). n = 3.

Table 4. Average of sensorial data collected during two years (2016/2017) of trials in Valdaso area.

Valdaso Vegetables
Average 2016/2017

SSC 1

(◦Brix)
TA 2

(% Citric Acid)
pH

Getti e foglie 9.10 ± 0.20 b 0.21 ± 0.01 ab 6.13 ± 0.02 ab
Red Curly Kale 9.43 ± 0.63 b 0.20 ± 0.03 ab 6.32 ± 0.07 a

Green Curly Kale 10.57 ± 0.68 a 0.30 ± 0.09 a 6.02 ± 0.15 ab
Russian Kale 10.43 ± 0.55 a 0.26 ± 0.06 ab 5.95 ± 0.13 b
Spigariello 8.93 ± 0.39 b 0.18 ± 0.01 b 6.30 ± 0.15 a

1 SSC: Soluble Solid Content; 2 TA: Titratable Acidity. Data are presented as means ± standard error. Values with
the same letter were not significantly different (p ≤ 0.05). n = 6.
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Table 5. Average of sensorial data collected during the 2nd year of trials in different environments
(Fucino vs. Valdaso area).

Vegetables Areas SSC 1

(◦Brix)
TA 2

(% Citric Acid)
pH

Black Cabbage Fucino 9.73 ± 0.28 cd 0.30 ± 0.01 abc 6.07 ± 0.03 ab
Valdaso 10.80 ± 0.20 abc 0.31 ± 0.07 abc 6.37 ± 0.12 a

Turnip Top Fucino 4.23 ± 0.12 g 0.13 ± 0.02 c 6.03 ± 0.13 b
Valdaso 7.80 ± 0.12 e 0.24 ± 0.02 bc 5.97 ± 0.03 bc

Getti e foglie Fucino 7.73 ± 0.50 e 0.24 ± 0.01 bc 5.93 ± 0.03 bc
Valdaso 8.87 ± 0.13 de 0.23 ± 0.02 bc 6.13 ± 0.03 ab

Red Curly Kale Fucino 11.13 ± 0.72 ab 0.30 ± 0.01 abc 5.97 ± 0.03 bc
Valdaso 10.53 ± 0.18 bc 0.26 ± 0.01 bc 6.20 ± 0.12 ab

Green Curly
Kale Fucino 9.53 ± 0.48 cd 0.38 ± 0.09 ab 6.07 ± 0.03 ab

Valdaso 12.00 ± 0.46 a 0.47 ± 0.10 a 5.70 ± 0.06 c
Spigariello Fucino 6.07 ± 0.07 f 0.23 ± 0.00 bc 6.20 ± 0.00 ab

Valdaso 9.60 ± 0.35 cd 0.19 ± 0.01 bc 6.23 ± 0.03 ab

Fucino - 8.07 ± 0.59 B 0.26 ± 0.02 N.S. 6.04 ± 0.03 N.S.
Valdaso - 9.93 ± 0.34 A 0.28 ± 0.03 N.S. 6.10 ± 0.06 N.S.

1 SSC: Soluble Solid Content; 2 TA: Titratable Acidity. Data are presented as means ± standard error. Values with
the same letter were not significantly different (p ≤ 0.05). N.S: not significant. n = 3; N = 18.

When the cultivation area changed, e.g., comparing two different environments (Fu-
cino and Valdaso area), the differences in the same genotype became more remarkable; the
content of SS detected in Green curly kale, Turnip top and Spigariello cultivated in Valdaso
area (12, 7.8 and 9.6 ◦Brix, respectively) were much higher than these cultivated in Fucino
area (9.53, 4.23 and 6.07 ◦Brix, respectively), while the values of acidity and pH were more
constant and similar between the two environments (Table 5).

Therefore, environmental factors, such as composition of the soil and microclimate of
the cultivation area, have a clear effect in determining the sensorial parameters of cultivated
vegetables, while a variation of sugar amount (in terms of glucose and sucrose content)
can be linked with the presence of biotic or abiotic stresses. Water stress, for example, can
stimulate the sugar production, while the after-harvesting time can reduce the content of
some classes of compounds (e.g., broccoli had the main losses of sugar, organic acids, and
protein contents within the first 6 h after harvest) [21,22]. These results also demonstrate
the possibility to differentiate, also at commercial level, the quality of a product depending
to the specific area of origin.

3.2. Nutritional Parameters
3.2.1. Total Phenol Content, Total Anthocyanin Content and Total Antioxidant Capacity

The nutritional data showed how environment and genotype influenced the phyto-
chemical compounds content. In the present study, it is possible to appreciate several
differences among genotypes, that are reported in the Tables below. In the first-year anal-
yses of Valdaso area, the higher antioxidant capacity was detected in Borage (11.94 mM
Trolox/kg fw), species that do not belong to Brassicacee family, followed by Chicory
(10.3 mM Trolox/kg fw) and Red curly kale (10.51 mM Trolox/kg fw) (Table 6). The same
trend is reported for the phenols, where Borage, Chicory, and Radish had the highest
content (2239.61, 2493.13, and 2349.92 mg GA/kg fw, respectively). The results of our study
agreed with some data found in literature: Abu-Qaoud and co-authors (2018) showed that
TPH of wild Borage was 5210 mg GA/kg fw, while TPH of cultivated Borage was 2370 mg
GA/kg fw, confirming that cultivated borage possessed lower phenols concentration than
the wild one [23]. Regarding chicory and radish, a lot of studies verified their nutritional
potential and phytochemical compound presence, measuring their antioxidant potency
in correlation with total phenolic and flavonoid content. Thanks to these analyses these
species have been introduced in the modern diet as healthy alternative to the vegetables
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normally consumed [24,25]. Regarding our study, red curly kale possessed the highest
content of anthocyanins too (207.32 mg CYA-3-GLU/kg fw).

Table 6. Phenolics, anthocyanins contents, and antioxidant capacity in the different type of vegetables
analyzed during 1st year in Valdaso.

Vegetables
1◦Year-Valdaso

TAC 1

(mM Trolox/kg fw)
TPH 2

(mg GA/kg fw)
ACY 3

(mg CYA-3-GLU/kg fw)

Red Beet 2.92 ± 0.14 e 1111.04 ± 37.65 cd 0.00 ± 0.00 e
Green Beet 2.03 ± 0.04 e 715.48 ± 24.83 e 0.24 ± 0.11 e

Borage 11.94 ± 0.19 a 2239.61 ± 5.20 a 3.61 ± 0.85 e
Broccolo 8.34 ± 0.10 c 1744.37 ± 29.71 b 51.05 ± 0.71 b

Savoy Cabbage 2.58 ± 0.16 e 869.70 ± 60.70 de 2.00 ± 0.14 e
Chicory 10.30 ± 0.76 b 2493.13 ± 151.72 a 1.78 ± 0.33 e

Getti e foglie 4.09 ± 0.04 d 1125.49 ± 6.44 cd 0.54 ± 0.24 e
Red Curly Kale 10.51 ± 0.22 b 2210.15 ± 11.94 a 207.32 ± 1.16 a

Green Curly Kale 4.86 ± 0.16 d 1427.28 ± 50.51 c 0.50 ± 0.12 e
Radish 8.43 ± 0.08 c 2349.92 ± 23.07 a 33.29 ± 1.76 d

Russian Kale 5.43 ± 0.20 d 1824.30 ± 85.90 b 43.03 ± 1.64 c
Spigariello 5.05 ± 0.58 d 1255.81 ± 95.06 c 1.52 ± 0.31 e

1 TAC: Total Antioxidant Capacity; 2 TPH: Total Phenols Content; 3 ACY: Total Anthocyanins Content. Data
are presented as means ± standard error. Values with the same letter were not significantly different (p ≤ 0.05).
n = 12.

During the second year, only the analyses of Brassicacee samples were repeated, because
they possessed a greater marketability interest. The data showed that Green curly kale
had the highest antioxidant capacity and total phenols content (19.36 mM Trolox/kg fw,
and 2788.77 mg GA/kg fw, respectively), while Red curly kale registered the highest
anthocyanins content (347.21 mg CYA-3-GLU/kg fw) (Table 7). The average data of two
years of trials confirmed the results already described, as reported in Table 8. Analyzing
them, it emerged that kales family is the richest in phenols (including anthocyanins),
probably the major responsible for inducing the high antioxidant capacity, as reported in
much research [26–28].

Table 7. Phenolics, anthocyanins contents and antioxidant capacity in the different type of vegetables
analyzed during 2nd year in Valdaso.

Vegetables 2nd
Year-Valdaso

TAC 1

(mM Trolox/kg fw)
TPH 2

(mg GA/kg fw)
ACY 3

(mg CYA-3-GLU/kg fw)

Black Cabbage 8.43 ± 0.24 d 1597.99 ± 27.12 c 10.36 ± 1.00 c
Turnip Top 4.53 ± 0.09 e 860.21 ± 26.16 d 0.73 ± 0.29 c

Getti e foglie 4.21 ± 0.08 e 701.39 ± 10.07 e 2.97 ± 0.57 c
Red Curly Kale 11.97 ± 0.24 b 1582.49 ± 27.73 c 347.21 ± 5.89 a

Green Curly Kale 19.36 ± 0.69 a 2788.77 ± 27.51 a 3.09 ± 1.18 c
Russian Kale 4.27 ± 0.14 e 750.56 ± 27.10 e 48.91 ± 7.55 b
Spigariello 9.70 ± 0.13 c 1706.96 ± 35.20 b 5.23 ± 0.32 c

1 TAC: Total Antioxidant Capacity; 2 TPH: Total Phenols Content; 3 ACY: Total Anthocyanins Content. Data
are presented as means ± standard error. Values with the same letter were not significantly different (p ≤ 0.05).
n = 12.

Table 8. Phenolics, anthocyanins contents and antioxidant capacity in the different type of vegetables
analyzed during the two years of trials in Valdaso.

Valdaso Vegetables
Average 2016/2017

TAC 1

(mM Trolox/kg fw)
TPH 2

(mg GA/kg fw)
ACY 3

(mg CYA-3-GLU/kg fw)

Getti e foglie 4.18 ± 0.06 c 807.41 ± 48.02 e 2.36 ± 0.51 c
Red Curly Kale 11.61 ± 0.24 a 1739.41 ± 73.17 b 312.24 ± 16.24 a

Green Curly Kale 12.11 ± 1.55 a 2108.02 ± 144.71 a 1.79 ± 0.64 c
Russian Kale 4.85 ± 0.17 c 1287.43 ± 120.30 d 45.97 ± 3.83 b
Spigariello 7.38 ± 0.57 b 1481.38 ± 68.33 c 3.37 ± 0.44 c

1 TAC: Total Antioxidant Capacity; 2 TPH: Total Phenols Content; 3 ACY: Total Anthocyanin Content. Data are
presented as means ± standard error. Values with the same letter were not significantly different (p ≤ 0.05).
n = 24.
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The interaction between environment and genotype can influence the phytochemical
compounds content (Table 9). Data confirm the high antioxidant capacity of kales tissues,
and this result is related to the high content of the main phytochemical compounds found
in both green and red curly kale. Regarding TAC and TPH, Green curly kale cultivated in
Valdaso area registered the highest values (19.36 mM Trolox/kg fw and 2788.77 mg GA/kg
fw, respectively); furthermore, Valdaso is the cultivation area that, for two years, allowed the
highest accumulation of antioxidant compounds in all vegetables. The TPH data found in
this trial site (1539.63 mg GA/kg fw) were higher than those previously obtained by Lafarga
et al. (2018) [29] and lower than those obtained by Olsen et al. (2012) [27]. Consequently,
the total antioxidant capacity (9.7 mM Trolox/kg fw) followed the same trend.

Table 9. Effect of vegetable genotype x environment interaction on 2nd year Valdaso and Fucino samples.

Vegetables Areas
TAC 1

(mM Trolox/kg
fw)

TPH 2

(mg GA/kg fw)

ACY 3

(mg
CYA-3-GLU/kg

fw)

Black Cabbage Fucino 4.92 ± 0.09 f 961.11 ± 35.19 e 3.92 ± 0.62 c
Valdaso 8.43 ± 0.24 e 1597.99 ± 27.12 d 10.36 ± 1.00 c

Turnip Top Fucino 3.03 ± 0.19 h 1038.06 ± 57.57 e 1.60 ± 0.12 c
Valdaso 4.53 ± 0.09 f 860.21 ± 26.16 f 0.73 ± 0.29 c

Getti e foglie Fucino 3.46 ± 0.08 gh 705.41 ± 13.85 g 3.54 ± 0.51 c
Valdaso 4.21 ± 0.08 fg 701.39 ± 10.07 g 2.97 ± 0.57 c

Red Curly Kale Fucino 13.68 ± 0.38 b 1966.52 ± 32.90 b 437.29 ± 22.64 a
Valdaso 11.97 ± 0.24 c 1582.49 ± 27.73 d 347.21 ± 5.89 b

Green Curly Kale Fucino 8.86 ± 0.33 e 1559.07 ± 53.34 d 0.00 ± 0.00 c
Valdaso 19.36 ± 0.69 a 2788.77 ± 27.51 a 3.09 ± 1.18 c

Spigariello Fucino 5.13 ± 0.06 f 1002.40 ± 26.71 e 3.92 ± 0.41 c
Valdaso 9.70 ± 0.13 d 1706.96 ± 35.20 c 5.23 ± 0.32 c

Fucino - 6.51 ± 0.45 B 1205.43 ± 52.78 B 75.05 ± 19.57 A
Valdaso - 9.70 ± 0.62 A 1539.63 ± 81.15 A 61.60 ± 15.19 B

1 TAC: Total Antioxidant Capacity; 2 TPH: Total Phenols Content; 3 ACY: Total Anthocyanin Content. Data are
presented as means ± standard error. Values with the same letter were not significantly different (p ≤ 0.05). n = 12;
N = 72.

ACY results confirmed the high amount of anthocyanins group in Red curly kale
variety (437.29 mg CYA-3-GLU/kg fw in Fucino), and vegetables cultivated in Fucino
area showed the highest accumulation (75.05 mg CYA-3-GLU/kg fw against 61.6 mg
CYA-3-GLU/kg fw of Valdaso area). Olsen et al. (2012) reported that in green curly kale,
the concentration of anthocyanins is negligible, while red curly kale possessed a higher
concentration than in our trial [27]. The variation of phytochemical compounds content is
explained by the interaction environment x genotype. In the Brassica genus, the differences
were evident among and within the species and sometimes the content depended also by
the type of plant tissue [30]. Environmental factors, such as biotic and abiotic stress, can
also change the phytochemical contents as confirmed by many studies [6,8,31].

3.2.2. Total Vitamin C Content

The results of our trial confirmed that Brassica plants are rich in vitamin C, but each
species analyzed revealed a wide range of variation (Figures 1 and 2); indeed, vitamin C is
strongly influenced by environment and genotype. For some vegetables, the data obtained in
this study revealed lower vitamin C content than data reported in the literature, e.g., turnip
top plants grown in Valdaso accumulated 7.30 and 10.50 mg/100 g fw in the first and second
year, respectively, against 25–29 mg/100 g fw reported by Conversa et al. (2016) [32]. Similarly,
Green and Red curly kale registered 4.26–15.58 and 17.57–6.22 mg/100 g fw against 52 and
67 mg/100 g fw as reported by Olsen et al. (2012) [27]. Other kales analyzed in the literature
registered vitamin C values comprised between 83 and 104 mg/100 g of fw [8,33]. On the
contrary, several other vegetables analyzed in our study reported a higher concentration of
vitamin C than literature reports, e.g., Fucino turnip top with 36.18 mg/100 g fw was higher
than those reported in Conversa et al. (2016) [32]; moreover, Broccoli registered 80.35 mg/100 g
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fw, slightly greater than 74.8 mg/100 g fw found by Bahorun et al. (2004) [34] and Singh et al.
(2007) [35]. This variability can be bound to genetic aspects and to climatic and cultivation
conditions of the different areas. The vitamin C level can vary over a 4-fold in broccoli and
twice in kale [8,36,37]. Furthermore, several studies reported that the concentration of vitamin
C also varied considering the plants portion; indeed, Lafarga et al. (2018) described a major
concentration in the inflorescences/leaves than in stems for some varieties, while for others
obtained the opposite result [29]. This last affirmation finds support in other work [38]. The
strong differences of vitamin C concentration found between our kales and spigariello and
the same species analyzed in previously works can be also explained considering that the
extraction protocol of vitamin C applied in the present study was not optimized for Brassicacee
plants.
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Figure 1. Vitamin C content in samples analyzed during the 1st year. Data are presented as
means ± standard error.
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Figure 2. Vitamin C content in samples analyzed during the 2nd year. Data are presented as means
± standard error.

4. Conclusions

In this study, the high nutritional and antioxidant potential of Brassicacee plants and
field herbs was confirmed. The great variation in sensorial and nutritional parameters, and
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how they were influenced by the genotype and the environment, was reported. Regarding
the other species, such as chicory, borage and radish, this study proved that the cultivated
vegetables possessed less accumulation of phytochemicals than the wilds ones, but that,
nonetheless, they represented a wide source of antioxidants and phenols, and they can be
used as a healthy alternative food for the consumers.

These results can be used by local growers’ organizations to differentiate at commer-
cial level the quality of a product, depending to the specific area of origin. This study
strengthens the commercial diffusion and proposal of the first evolved range products as
a solution to provide to the consumer a tasty and healthy food vegetables, with different
characteristics according to the genotype and the environmental conditions.
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