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Abstract: Recipes on the composition of the “salad of the monks” (Capuchin monks) have been
reported in Italy since the 17th century. Different wild edible plants were highly regarded as an
important ingredient of this mixed salad. Among these, some species played a key role for both
their taste and nutritional properties: Plantago coronopus L. (PC), Rumex acetosa L., Cichorium intybus
L., and Artemisia dracunculus L. In the present study, the micromorphological and phytochemical
features as well as the antioxidant and anti-inflammatory properties of extracts of these fresh and
blanched leaves, were investigated. The extracts obtained by blanched leaves, according to the
traditionally used cooking method, showed the highest content of bioactive compounds (total phenols
1202.31–10,751.88 mg GAE/100 g DW; flavonoids 2921.38–61,141.83 mg QE/100 g DW; flavanols
17.47–685.52 mg CE/100 g DW; proanthocyanidins 2.83–16.33 mg CyE/100 g DW; total chlorophyll
0.84–1.09 mg/g FW; carbohydrates 0.14–1.92 g/100 g FW) and possess the most marked antioxidant
(IC50 0.30–425.20 µg/mL) and anti-inflammatory activity (IC50 240.20–970.02 µg/mL). Considering
this, our results indicate that increased consumption of the investigated plants, in particular of PC,
raw or cooked briefly, could provide a healthy food source in the modern diet by the recovery and
enhancement of ancient ingredients.

Keywords: human diet; edible wild plants; Plantago coronopus L.; Rumex acetosa L.; Cichorium intybus
L.; Artemisia dracunculus L.; phytochemistry; antioxidant activity; anti-inflammatory properties

1. Introduction

Since ancient time, humans have learned to recognize and use wild edible plant
species (WEPs) as an important source of supplementary food [1]. Although agricultural
production has more than tripled from 1960 to today, also thanks to the technologies of the
Green Revolution, widespread hunger and malnutrition still persist in many countries of
the world (FAO, 2017).

In this context, the WEPs play a pivotal role in human nutrition, especially in the
developing countries, and also represent important components of the Mediterranean Diet
today [2,3]. Recent studies have shown a renewed interest in the use of wild plant resources
and in the deepening the relationship between plants used as food and their medicinal
values [4,5].

Traditional knowledge related to the use of WEPs has been handed down for centuries
both orally and in writing in those cultures with a rich literary tradition such as Europe,
India, and China [6]. In Europe, from the Middle Ages to the Renaissance, this knowledge
was documented, codified, and protected, mainly by monastic communities, within their
vegetable gardens (horti) [7–11].

The 16th century was a period of progress in European medical knowledge, with
renewed interest in healthy foods, such as those vegetables and salads, that until then were
considered food of the lower social strata [12].
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The Franciscan Order of Capuchin monks (ca 1530) is placed in this cultural con-
text [13–15] and Father Zaccaria Boverio in his text De sacris ritibus (1626) described an
interesting traditional recipe for a mixed salad of wild edible leaves. It was known as
“insalatina dei frati” (salad of monks) or “misticanza”, widely used in Liguria and Lazio.
According to what was later reported by Father Vincenzo Celesia in Selva Botanica (1892),
this tradition was still in use at the time among the Ligurian Capuchin monks, who brought
this type of healthy salad to their benefactors as a sign of gratitude.

In the present study, we have selected, from this recipe, four species that played a key
role for both their taste and nutritional properties, Plantago coronopus L. (PC), Rumex acetosa
L. (RA), Cichorium intybus L. (CI), and Artemisia dracunculus L. (AD).

Plantago coronopus L. (PC), although it is normally considered a weed, has been culti-
vated for centuries in various traditional contexts for its food and medicinal value, especially
from the sixteenth century. Its leaves are cooked as a vegetable in Balkan traditional cuisine,
in France and Italy are mixed with other species to prepare salads, with a particular taste
and crunchiness. In addition, PC is used in traditional medicine for its analgesic, anti-
inflammatory, antipyretic, anticancer and emollient properties, as well as to treat respiratory
problems [16,17]. In Liguria PC leaves were in the past the main ingredient of Capuchin
monks’ salad, as reported by Father Vincenzo Celesia.

Rumex acetosa L. (RA) has been used and cultivated for thousands of years as a medici-
nal plant, as food and as a dye. Archaeobotanical remains of this plant have been found in
Neolithic and Mesolithic settlement sites throughout Europe, where it is still today a very
popular vegetable, widely used in traditional cuisine [18,19]. RA is used in folk medicine
for its health properties: diaphoretic, diuretic, anti-septic, antipyretic, anti-inflammatory,
antioxidant, antimicrobial, anti-hypersensitive, analgesic and antiviral [19–21]. In Liguria,
still today, the leaves and flowers of RA (“erba agretta”) are chewed against stomatitis [22].

Cichorium intybus L. (CI) has been considered a sacred plant and used for its medicinal
properties since ancient times [23]. Egyptians, Romans, and Greeks ate chicory root as
a useful remedy for liver, digestive, metabolic, and heart ailments. In the Middle Ages,
chicory was used to treat jaundice and malaria and its use in European folk medicine
has continued until recent times. Chicory root is a traditional remedy for digestive and
hepatobiliary diseases, kidney and rheumatic disorders, as well as gout. The aerial parts
are mainly used for their diuretic, analgesic, diaphoretic, and antipyretic properties [24–26].
In Liguria, leaves of CI are still today consumed as a fresh salad, and briefly boiled as a
side dish or to prepare vegetable pies and stuffing of “ravioli”. A decoction of leaves is
used for its depurative value [22,27].

Artemisia dracunculus L. (AD), native to Siberia and Mongolia, has been introduced
in Europe probably since around the XV-XVI centuries, and became a popular spice in
culinary tradition for the aromatic taste of its leaves [28,29]. AD has long been used
also in traditional medicine as an anti-inflammatory and anti-pyretic, in the treatment of
gastrointestinal diseases, and as an anaesthetic, hypnotic and anti-epileptic agent [30,31]. In
northern Italy, a still current use of this plant has been reported as a flavouring for making
a traditional cheese, called saurnschotte [28].

In recent decades, some studies have been conducted on the phytochemical profile
of PC, RA, CI, and AD, and their nutritional properties, but much remains to be explored
on the antioxidant and anti-inflammatory properties of their extracts, in particular de-
rived from fresh and cooked plants. Nowadays, nutraceutical science shows a growing
interest in the recovery and enhancement of ancient ingredients, such as many monastic
and conventual wild plants that can be a source of healthy food in the modern diet [32].
Therefore, we carried out the present study, analysing the macro- and micromorphological
features and phytochemistry of these species. We also investigated the antioxidant and
anti-inflammatory properties of the selected fresh and cooked plant extracts in order to
compare their health properties and establish whether the commonly cooking method used
affects them, positively or negatively.
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2. Results and Discussion
2.1. Macro- and Micromorphological Characterization

Recently, the new trend of being green and environmentally friendly has led many
people to search for wild edible plants (WEPs), but often this tendency is accompanied
by a misidentification between edible and toxic plants, causing poisonings [33,34]. Many
WEPs have useful antioxidant and anti-inflammatory properties and are rich in nutritional
principles, but their consumption cannot be separated from the correct identification, in
order to avoid health risks. Many examples of misidentifications have been reported, such
as leaves of Rumex acetosella and R. acetosa confused with those of Arum maculatum or
R. crispus [35]. Fresh salads are a frequent source of food contamination and poisoning,
e.g., Datura stramonium accidentally used as ingredient of traditional meals [36], Digitalis
purpurea and Mandragora autumnalis confused with Borago officinalis [33,34], and Veratrum
album mistaken for Allium ursinum [37].

Factors contributing to poisoning due to misidentification are often related to the
difficulties of identifying the plants in raw mixtures, as well as chopped and processed
herbs [38].

The edible leaves of the species considered in our study have a significant intraspe-
cific morphological variability as a plastic response to different environmental condi-
tions [19,29,39,40]. Therefore, macromorphological analysis combined with scanning elec-
tron microscopy (SEM) (Table 1 and Figures 1–3) allowed one to highlight some anatomical
details of PC, RA, CI, and AD, that can be used for the taxonomic determination of the plant
material, even when the leaves are mixed in salad, frozen, or processed. In particular, dif-
ferent typical features of the epidermal surfaces of each species were pointed out, including
the shape of the epidermal cells, the type of trichomes, and the stomatal apparatus.

Table 1. Macro- and micromorphological features of the leaves of the selected species (PC, RA, CI
and AD).

Species Leaf Macromorphological Features Leaf Micromorphological Features

Plantago coronopus L. (PC)
Buck’s-horn plantain

(Figure 1a)

Pubescent, toothed at the tip, slightly
fleshy; narrow and pinnately lobed,

arranged in a dense ascending rosette at
the apex of a short stem [41].

Figure 2a–c
Epidermal cells: rectangular with almost straight

cell walls. Stomata apparatus: diacytic-type.
Trichomes: two non-glandular types: bottle-like and

larger, long stalked, multicellular trichomes [42].
Rarely, secretory trichomes could be observed [41].

Rumex acetosa L. (RA)
Common sorrel

(Figure 1b)

Large, ovate, hairless, fleshy; the lobes of
basal leaves are pointed, and the petiole

elongated; the stem leaves are almost
stalkless [18].

Figure 2d–f
Epidermal cells: irregularly shaped, with slightly

undulating cell walls. Stomata apparatus: anisocytic
and paracytic types. Trichomes: non-glandular
trichomes lacking; glandular trichomes peltate,

normally showing four-celled secretory heads [43].

Cichorium intybus L. (CI)
Chicory

(Figure 1c)

Hairy, arranged in an ascending rosette;
oblong lanceolate, pinnate shape; basal
leaves oblanceolate, toothed, with short

petiole; cauline leaves smaller and sessile
[24].

Figure 3a–c
Epidermal cells: undulating cell walls. Stomata

apparatus: anomocytic-type [44]. Trichomes:
mutiseriate glandular trichomes on abaxial surface;

multiseriate non-glandular trichomes with
non-projecting cell apices on both surfaces [45].

Artemisia dracunculus L. (AD)
Wild tarragon

(Figure 1d)

Sessile, arranged alternately along the
stem, with a sharp tip and entire leaf
margins; lower leaves tripartite at the
apex, the middle and upper leaves are

lanceolate [30].

Figure 3d–f
Epidermal cells: highly undulating cell walls.

Stomata apparatus: anomocytic-type. Trichomes:
stellate non-glandular trichomes and biseriate
glandular trichomes with a subcuticular space

filled with secondary compounds [46].
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Figure 2. Scanning electron microscopic view of leaves from PC (a–c) and RA (d–f). (a) Abaxial 
surface showing epidermal cells, trichomes and stomata; (b) abaxial surface showing non-
glandular multicellular trichomes (MT) on the leaf midrib; (c) adaxial surface showing two 
types of non-glandular trichomes: bottle-like trichomes (BT) and long stalked MT; (d) on the 
adaxial surface are visible anisocytic and paracytic stomata, and peltate glandular trichomes 
(the arrow points an abnormal glandular trichome); (e) abaxial surface with glandular 
trichomes and anisocytic and paracytic stomata; (f) close-up view of a peltate glandular 
trichome on the adaxial surface. 

 
Figure 3. Scanning electron microscopic view of leaves from CI (a–c) and AD (d–f). (a) Adaxial 
surface showing non-glandular multiseriate trichomes on the leaf margin; (b) adaxial surface 

Figure 2. Scanning electron microscopic view of leaves from PC (a–c) and RA (d–f). (a) Abaxial
surface showing epidermal cells, trichomes and stomata; (b) abaxial surface showing a non-glandular
multicellular trichome (MT) on the leaf midrib; (c) adaxial surface showing two types of non-glandular
trichomes: bottle-like trichomes (BT) and long stalked MT; (d) on the adaxial surface are visible
anisocytic and paracytic stomata, and peltate glandular trichomes (the arrow points an abnormal
glandular trichome); (e) abaxial surface with glandular trichomes and anisocytic and paracytic
stomata; (f) close-up view of a peltate glandular trichome on the adaxial surface.

2.2. Phytchemical Investigations

The edible leaves of the selected plants, once characterized from the micromorphologi-
cal point of view, were processed, partly fresh and partly blanched, by pulverization with
liquid nitrogen and extraction by sonication. These treatments allowed one to obtain high
extractive yields, between 1.40% and 4.10%, without modifying the native phytochemical
profile of the investigated plants, by exhaustively extracting the bioactive compounds.
The phytochemical screening carried out made it possible to quantify the total phenols,
flavonoids, flavanols (vanillic index) and proanthocyanidins present in the four plant
species of interest, also allowing to calculate the polymerization index, i.e., the preponder-
ance of monomeric/polymeric molecules in each extract. Moreover, since it is well known
that pigments, especially chlorophyll and carbohydrates, can contribute to the biological
properties of these matrices and may, more or less, be affected by the cooking method
used [47], even the latter have been determined on the starting matrices, as they are and
after blanching

As reported in Table 2, all extracts analyzed showed a very interesting phytochemical
profile, being very rich in bioactive compounds.
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Figure 3. Scanning electron microscopic view of leaves from CI (a–c) and AD (d–f). (a) Adaxial
surface showing a non-glandular multiseriate trichome on the leaf margin; (b) adaxial surface showing
another type of non-glandular multiseriate trichome and characteristic undulating epidermal cell
walls; (c) abaxial surface showing multiseriate glandular trichomes along the midrib; (d) abaxial
surface showing stellate non-glandular trichomes and biseriate glandular trichomes (arrow); (e) close-
up view of a stellate non-glandular trichome; (f) close-up view of a biseriate glandular trichome.

Table 2. Comparison between the phytochemical profiles of fresh (F) and cooked (C) leaf extracts
of the traditional mixed-green salad of the Capuchin monks: Plantago coronopus L. (PC), Rumex
acetosa L. (RA), Cichorium intybus L. (CI), and Artemisia dracunculus L. (AD). Results, which represent
the average ± S.D. of three independent experiments in triplicate (n = 3), were expressed as mg
of reference compound (gallic acid, quercetin, catechin and cyanidin for total phenols, flavonoids,
vanillin index and proanthocyanidins, respectively) equivalents/100 g of dry extract (DE). Total
chlorophyll and carbohydrates content were expressed as mg/g and g/100 g of fresh weight (FW),
respectively.

Plant
Extracts Total Phenols Flavonoids Vanillin Index Proanthocyanidins Total

Chlorophyll Carbohydrates

PCF 1704.00 ± 93.22 a,d 8594.25 ± 43.49 a,d 446.96 ± 35.67 a,d 1.27 ± 0.01 a,d 0.93 ± 0.02 a 0.60 ± 0.02 a,d

RAF 644.71 ± 25.28 b,e 2364.09 ± 7.01 b,e 53.74 ± 3.88 b 6.00 ± 0.25 b,e 1.04 ± 0.03 b,e 0.39 ± 0.01 b,e

CIF 1025.83 ± 95.63 f 3613.59 ± 68.05 c,f 10.75 ± 0.67 c,f 3.73 ± 0.17 c,f 1.14 ± 0.02 f 0.54 ± 0.02 c,f

ADF 1170.29 ± 101.90 1567.33 ± 95.21 g 134.36 ± 5.24 g 0.07 ± 0.00 g 1.13 ± 0.01 0.48 ± 0.01

PCC 0.88 ± 686.37 a 0.83 ± 1002.87 a 557.38 ± 10.34 a 16.33 ± 0.58 a 0.94 ± 0.02 a 1.92 ± 0.03 a

RAC 1202.31 ± 50.21 b 2921.38 ± 83.13 b 60.65 ± 3.94 b 2.83 ± 0.05 b 0.84 ± 0.01 b 0.14 ± 0.00 b

CIC 1476.96 ± 61.66 c 6355.65 ± 93.30 c 17.47 ± 0.49 c 9.55 ± 0.12 c 1.05 ± 0.03 0.21 ± 0.00 c

ADC 1298.73 ± 84.36 8767.83 ± 430.86 685.52 ± 5.23 13.13 ± 0.24 1.09 ± 0.04 0.48 ± 0.01
a p < 0.05 vs. RAF or RAC, CIF or CIC, and ADF or ADC, between fresh and cooked extracts, respectively;
b p < 0.05 vs. CIF or CIC, and ADF or ADC, between fresh and cooked extracts, respectively; c p < 0.05 vs. ADF or
ADC, between fresh and cooked extracts, respectively; d p < 0.05 vs. PCC; e p < 0.05 vs. RAC; f p < 0.05 vs. CIC;
g p < 0.05 vs. ADC.

Specifically, the results obtained with the fresh extracts and those obtained with the
blanched extracts were compared with each other, and then the results obtained with each
fresh extract was compared to the corresponding blanched extract.
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Already in the extracts obtained from fresh leaves, important differences were found.
PCF, in particular, showed the highest content of total phenols, flavonoids, flavanols and
carbohydrates with statistically significant results (p < 0.05) compared to all other plant
species investigated (Table 2). The total phenols content, in particular, is about double with
respect to that previously reported by Janković et al. [48], who observed a total phenols
content for P. coronopus equal to 925 mg GAE/100 g DE.

The other plants, on the contrary, showed a very variable trend depending on the
class of bioactive compound investigated. With respect to the total phenols content, ADF
resulted as the richest one, followed by CIF and RAF, while it was the poorest in terms of
flavonoids after RAF and CIF. However, examining the class of flavanols, it appears again
as the richest one after PCF, RAF and CIF. Finally, in terms of proatocyanidins, RAF was
found to be the richest extract, followed by CIF, PCF and ADF.

On the contrary, CIF and ADF represent the richest source of chlorophyll without
any statistically significant difference between them, followed by RAF and PCF (p < 0.05).
Moreover, CIF contains the highest content of carbohydrates after PCF (p < 0.05), followed
by ADF and RAF (p < 0.05) (Table 2).

Surprisingly, the leaf blanching statistically, and significantly, increased (p < 0.05) the
bioactive compounds content in all the extracts investigated, with the exception of the
total phenols, chlorophyll and carbohydrates content in ADF, which showed comparable
amounts. The same trend was observed also for PCF, but only for chlorophyll content
(Table 2).

Indeed, apart from the total chlorophyll and carbohydrate content of RAC and CIC,
whose decreased in a statistically significant manner after blanching with respect to RAF
and CIF (p < 0.05), and ADC, which remained unchanged, in all other cases, the blanched
leaf extracts showed a bioactive compounds content from 1.2 to 13 times higher than the
fresh leaf extracts (Table 2).

These results are in accordance with previous studies, which highlighted that the
blanching process resulted in a significant increase in total phenols and flavonoids as result
of their easily extraction by plant cell membrane disruption [49–52]. Similar observations, in
particular, were reported also for coriander and majorana leaves [51,53]. During blanching,
indeed, exposure to high-temperature steam can cause tissue disruption and the release of
polyphenols from the vacuole or other cellular structures. However, this phenomenon, and
consequently the extent of tissue damage, is strictly related to the plant’s heat tolerance [54].
Furthermore, the degree to which phytochemicals change during processing depends
on their structure and, consequently, by the sensitivity of the compound to the heat-
induced modification or degradation [55]. The only decrease was recorded in terms of the
proanthocyanidins content in RAC. It must be said, however, that RAF, the corresponding
fresh leaf extract, showed the highest proanthocyanidins content, compounds well known
to give depolymerization after heating leading to an increase in terms of monomeric
polyphenols [56].

This phenomenon appears even more evident calculating the polymerization index
(vanillin index/proanthocyanidins). Indeed, the extracts obtained from fresh leaves have
a significantly higher polymerization index (p < 0.05) than the corresponding extracts
obtained from blanched leaves (350.62 vs. 34.13 for PCF and PCC, respectively; 8.96 vs.
4.62 for RAF and RAC, respectively; 2.89 vs. 1.83 for CIF and CIC, respectively; 2028.95
vs. 242.15 for ADF and ADC, respectively) having a much higher flavanols content than
proanthocyanidins. However, after blanching, this index is significantly reduced as a
result of a substantial increase in the proanthocyanidins content and a more restrained
flavanol content, leading to a greater presence of monomeric molecules. These results
are in accordance with White et al. [50], who observed a significant increase in both
proanthocyanidins oligomers and polymers after blanching.

From the calculation of the polymerization index, it is possible to deduce also that AD
is the plant characterized by the greatest number of polymeric molecules, followed by PC,
RA and CI.
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The plant species investigated showed a comparable amount of carbohydrates with
respect to previous studies carried out on fresh salads [57], and a higher content of total
chlorophyll with respect to previous investigations (1.04 and 0.93 mg/g vs. 0.56 and
0.76 mg/g for RA and PC, respectively; 1.14 mg/g vs. 0.30 mg/g for CI; 1.13 mg/g vs.
0.89 mg/g for AD) [58–60] that could be attributed to the freshness and young leaves used
in the present study, as well as also by the speed with which they were processed after
collection.

Even in the case of chlorophyll and carbohydrates, the results reflect those reported in
the literature, which state that rapid blanching does not influence or has very little influence
on the content of these substances, with a sometimes-significant increase in the same after
cooking, which allows an increase in the biological activity observed [61,62].

To conclude, after blanching, all plant leaves investigated, showed a higher content
of bioactive compounds, albeit with substantial differences in some cases in terms of the
phytochemical profile. However, among the investigated species, PC continues to be the ex-
tract that shows the highest content of total phenols, flavonoids, flavanols, chlorophyll and
carbohydrates, certainly proving to be the most interesting plant in terms of phytochemical
profile, becoming also the richest one in proanthocyanidins following cooking.

2.3. Health Properties

The extracts obtained by fresh and blanched plant leaves were also characterized from
a biological point of view using a battery of antioxidant and anti-inflammatory tests based
on different environments and reaction mechanisms. This is very important, since, given
the complexity of a plant extract in terms of phytochemicals, it is impossible to evaluate its
antioxidant and anti-inflammatory activity with a single method [52]. Considering this,
four different antioxidant assays based on electron transfer (FRAP), electrons’ and hydrogen
atoms’ transfer (TEAC), hydrogen atom transfer (ORAC) and iron-chelating activity, were
carried out. Regarding anti-inflammatory activity, the heat-induced BSA denaturation
assay (BDA) and the protease inhibitory activity test (APA), were carried out. The first
one is based on the sample’s ability to protect endogenous proteins against denaturation,
whereas the second one is based on the sample’s ability to inhibit directly the protease, an
enzyme well-known to be involved in several inflammatory-based diseases [63].

The results of the health properties of the extracts under examination, expressed as
IC50 (µg/mL) with the respective C.L., are shown in Table 3. Additionally, in this case,
the results obtained for the fresh extracts, as well as those obtained from the blanched
extracts were compared between them. Furthermore, the results of each fresh extract were
compared with those obtained with the extract of the respective blanched leaves.

All the samples showed a marked and concentration-dependent antioxidant and anti-
inflammatory activity (Figures 4 and 5, respectively), although there are important and
statistically significant differences between the different extracts investigated, both as fresh
and blanched extracts (Table 3).

First of all, when comparing the results of the extracts obtained from fresh leaves, the
same order of activity appears evident, with PCF, which showed the strongest antioxidant
activity, followed by ADF, CIF and RAF, both in the TEAC and FRAP test (Table 3 and
Figure 4). The situation changes radically instead in the ORAC test, where ADF shows the
highest antioxidant activity, followed by CIF, PCF and RAF, which holds the last position
(Table 3 and Figure 4). On the contrary, RAF exhibits the strongest iron-chelating activity,
followed by CIF, ADF and PCF (Table 3 and Figure 4). This order of potency positively
correlates with the total phenols and flavonoids content, and the slight differences found in
terms of activity between the extracts under study can be attributed to the greater or lesser
expression of some secondary metabolites, as seen in Table 2, as well as from the specific
chemical structures of the polyphenols present [51].
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Table 3. Comparison between the health properties of fresh (F) and cooked (C) leaf extracts of the
traditional mixed-green salad of the Capuchin monks: Plantago coronopus L. (PC), Rumex acetosa L.
(RC), Cichorium intybus L. (CI), and Artemisia dracunculus L. (AD). Results, which represent the average
of three independent experiments in triplicate (n = 3), were expressed as half maximal inhibitory
concentration (IC50, µg/mL) with confident limits (C.L.) at 95%.

Plant
Extracts TEAC FRAP ORAC ICA BDA APA

PCF 230.20
(190.47–278.22) a,d

244.38
(171.30–348.57) a,d

2.41
(1.94–2.50) d,g

22.66
(19.28–26.62) a,d

970.22
(405.66–2330.12)

701.55
(350.55–1430.22)

RAF 1111.82
(831.15–1487.27) b,e

1970.96
(1493.70–2600.70) b,e

5.67
(4.60–6.98) b,e

6.63
(5.79–7.60) c

910.11
(762.33–1092.11)

1141.22
(891.99–1480.21) b

CIF 510.96
(419.14–622.89) f

841.48
(709.86–997.51) c,f

1.89
(1.50–2.38) f

7.80
(6.53–9.33)

1020.31
(862.05–1224.58)

540.34
(462.22–640.12)

ADF 331.66
(258.54–425.47)

546.40
(444.0–672.0)

1.36
(0.95–1.96)

9.85
(8.10–11.97)

980.08
(842.34–1162.66)

441.22
(380.05–510.11)

PCC 31.89
(27.06–37.59) a

31.35
(26.51–37.09) a

0.30
(0.25–0.37) a

9.05
(7.49–10.95)

760.25
(650.22–890.27)

440.04
(190.10–992.90)

RAC 377.70
(296.34–481.39)

383.59
(322.90–455.69)

1.94
(1.58–2.39) f

6.52
(5.76–7.38)

861.33
(731.22–1020.66)

871.22
(730.22–044.10) b

CIC 273.80
(228.12–328.63)

396.67
(331.67–474.40)

1.10
(0.89–1.36)

7.64
(6.47–9.02)

970.02
(812.49–1151.08)

371.02
(142.04–960.07)

ADC 278.10
(220.15–353.57)

425.20
(343.0–527.0)

1.22
(0.93–1.60)

7.11
(6.06–8.35)

812.42
(692.77–951.55)

240.20
(212.33–298.99) c

Standard 3.28
(2.44–3.89) h

3.88
(1.62–5.78) h

0.79
(0.39–1.65) i

6.48
(5.22–7.68) l

31.82
(26.58–38.10) h

32.88
(25.22–39.13) h

* Standard: trolox for TEAC, ORAC and FRAP assays, EDTA for iron-chelating activity (ICA), diclofenac sodium
for BSA denaturation assay (BDA) and anti-protease activity (APA). a p < 0.05 vs. RAF or RAC, CIF or CIC, and
ADF or ADC, between fresh and cooked extracts, respectively; b p < 0.05 vs. CIF or CIC, and ADF or ADC between
fresh and cooked extracts, respectively; c p < 0.05 vs. ADF; d p < 0.05 vs. PCC; e p < 0.05 vs. RAC; f p < 0.05 vs. CIC;
g p < 0.05 vs. RAF; h p < 0.05 vs. all extracts investigated; i p < 0.05 vs. PCF and RAF; l p < 0.05 vs. PCF and ADF.

What is certain, however, is that the marked iron-chelating activity found in RAF
is attributable to the high proanthocyanidins content found in this extract. Indeed, it
has been shown, both in vitro and in vivo, that proanthocyanidins, thanks to their strong
iron-chelating activity, act as antimicrobial agents [64] and protect against oxidative renal
damage induced by iron overload in rats [65].

Despite that no statistically significant difference was found between the extracts
under examination, in terms of the inhibition of heat-induced protein denaturation (BDA)
(Table 3), also in this case, the proanthocyanidins content seems to play a pivotal role in the
activity of RAF extract, which shows the lowest IC50 value and, therefore, the most marked
anti-inflammatory activity, followed by PCF, CIF and ADF. The activity found, attributable
to an anti-peroxidase activity of the extract under study, has been previously observed for
other proanthocyanidins-rich extracts [66].

On the contrary, the strong anti-tryptic activity was recorded for ADF, followed by CIF,
PCF and RAF. However, specifically, a statistically significant difference was found only
between RAF, CIF and ADF (Table 3 and Figure 5). This activity seems to correlate mainly
with the total content of phenols and flavanols, although what makes the difference is the
structure of the main polyphenols present in the extracts under examination, rather than
the class of compounds. Indeed, being an enzymatic activity, it implies a direct interaction
of the bioactive compound/s at the enzyme level.

Finally, it is interesting to note that, in accordance with what has been observed for
the phytochemical characterization, the extracts obtained from blanched leaves show a
much more pronounced free-radical scavenging (TEAC, FRAP and ORAC assay) than
the extracts obtained from fresh leaves, with statistically significant results for all tested
extracts except ADC (p < 0.05). On the contrary, no statistically significant difference was
found as regards the iron-chelating activity and the anti-inflammatory activity, in which the
extracts obtained from the cooked leaves did not show a statistically significant difference
compared to the corresponding extracts obtained from the fresh leaves.
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Figure 4. Antioxidant and free radical-scavenging activity of fresh (F) and cooked (C) leaf extracts
of the traditional wild salad of the Capuchin monks: Plantago coronopus L. (PC), Rumex acetosa L.
(RC), Cichorium intybus L. (CI), and Artemisia dracunculus L. (AD). Results were expressed as mean
inhibition percentage (%) ± standard deviation of three independent experiments (n = 3). (a) FRAP,
concentration ranges (I–III): 12.5–50.0 µg/mL for PCC; 150.0–600.0 µg/mL for PCF, RAC, CIC,
ADF and ADC; 300.0–1200.0 µg/mL for CIF; 600–2400.0 µg/mL for RAF; (b) TEAC, concentration
ranges (I-III): 12.5–50.0 µg/mL for PCC; 80.0–320.0 µg/mL for PCF; 150.0–600.0 µg/mL for ADC,
ADF, CIC and RAC; 300.0–1200.0 µg/mL CIF and RAF; (c) Ferrozine, concentration ranges (I–III):
3.0–12.0 µg/mL for PCF, RAF, RAC, CIF, CIC, ADF and ADC; 12.0–48.0 µg/mL for PCC; (d) ORAC,
concentration ranges (I–III): 0.12–0.50 µg/mL for PCC; 0.5–4.0 µg/mL for PCF, CIF, CIC, ADF, ADC
and RAC; 1.5–12.0 µg/mL for RAF. * p < 0.05 vs. fresh extract; § p < 0.05 vs. PCF or PCC; ◦ p < 0.05 vs.
ADF or ADC; $ p < 0.05 vs. CIF or CIC.

The increase or retention of total phenols, flavonoids and proanthocyanidins con-
tent, as well as of the antioxidant and anti-inflammatory activity of plant extracts during
blanching, may be mainly ascribed to the increase of individual polyphenols or to their
thermal degradation through, for example, deglycosylation or hydrolysis processes, which
contribute differently, with respect to the parent compounds, to the health properties inves-
tigated [50]. Although an in-depth phytochemical characterization is outside the topic of
this manuscript, comparing completely different plant species from a phytochemical point
of view, recent studies have shown that the plants subject to this study are particularly
rich in complex polyphenols, mostly glycosylated and esterified. In particular, P. coronopus
is characterized by the iridoid glucosides, aucubin and catalpol, as well as the phenyl-
propanoid glycoside, acteoside. Among flavonoids, luteolin- and apigenin-7-O-glucoside
represent the most abundant compounds [48]. The phytochemical profile of R. acetosa
includes anthraquinones, polyphenols and a high level of oxalic acid, which seems to be
reduced to a negligible amount during cooking. The main phenolic compounds present in-
clude resveratrol, vanillic and sinapic acid and catechin. The leaves contain also β-carotene,
but not in a significant amount for human health [18]. The phytochemical profile of A.
dracunculus showed, apart from the characteristic lactones, artemisinin, dihydroartemisinin
and artemether, several flavonoids among which the most abundant are rutin, luteolin,
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naringenin and chrysin [67]. Regarding C. intybus, other than some simple phenolics such
as malic, caffeic, quinic, caftaric and chlorogenic acid, all identified components were in
the glycosylated or ester form. Among these, the most abundant are the glycosylated
derivatives of cyanidin, delphinidin, quercetin, kaempferol, isorhamnetin and apigenin.
Furthermore, acetyl and malonyl derivatives were also found [68,69].
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Figure 5. Anti-inflammatory activity of fresh (F) and cooked (C) leaf extracts of the traditional wild
salad of the Capuchin monks: Plantago coronopus L. (PC), Rumex acetosa L. (RC), Cichorium intybus L.
(CI), and Artemisia dracunculus L. (AD) towards BSA denaturation assay (a) and protease inhibition
assay (b). Results were expressed as mean inhibition percentage (%) ± standard deviation of three
independent experiments (n = 3). * p < 0.05 vs. fresh extract; § p < 0.05 vs. PCF or PCC; ◦ p < 0.05 vs.
ADF or ADC; $ p < 0.05 vs. CIF or CIC.

In addition, the contribution of non-phenolic substances such as sugars or ascorbic
acid must not be neglected, because they can contribute in particular to the reducing ability
of the plant extracts. Finally, synergistic and additive effects of polyphenols may enhance
the biological activity observed [51].
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3. Materials and Methods
3.1. Plant Material and Growth Conditions

Seeds of PC, RA, CI, and AD were purchased from Fratelli Ingegnoli Spa (Milano,
Italy) and sown according to Poorter et al. [70].

Briefly, they were sown in plastic plug within a greenhouse located in San Barnaba
convent (Genova, Italy, 190masl; 44◦25′26′′ N 8◦55′42′′ E, https://goo.gl/maps/UaN9
eCS9cWtQvcT56, accessed on 22 January 2022) (Figure 6a,b) and equipped with additional
UV artificial lighting to ensure constant daily irradiation and fine-textured shade-nets to
attenuate the excessive solar overheating according to Lenka et al. [71].
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Figure 6. (a,b) San Barnaba Convent vegetable garden and greenhouses (Genova, Italy); (c) plants
collected after 60 days for carrying out laboratory analyses.

Plastic plug trays were filled with Irish peat (Vigorplant Italia Srl) and after fifteen
days 1 g/L NPK 20-10-20 water soluble fertilizer (Vialca Srl) was added once a week. In
the first two weeks, plants were watered (about 180 mL) twice a day for three days a
week (Monday, Wednesday, Friday). Subsequently, they were watered once a day, only on
Monday and Friday.

After two months, the plant leaves were collected (Figure 6c) and immediately sent to
the laboratory, where they were suitably processed for micromorphological, phytochemical
and biological analyses.

https://goo.gl/maps/UaN9eCS9cWtQvcT56
https://goo.gl/maps/UaN9eCS9cWtQvcT56
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3.2. Scanning Electron Microscopy (SEM) Analysis

Plant leaves were cut, using a razor blade, into small pieces (15–20 mm2). Such
dimensions have allowed to have sufficient surfaces of both leaf pages to analyze the
distinctive characters of the selected species. Samples were fixed in FineFIX working
solution (Milestone s.r.L., Bergamo, Italy) with 70% ethanol, and left overnight at 4 ◦C [72].
The next day, samples were serially dehydrated in ethanol (80, 90, 95 and 100%) for 1 h, and
then in CO2 using a Critical Point Drier processor (K850 CPD 2M Strumenti S.r.l., Roma,
Italy).

Dried specimens were mounted on stubs using double stick tape and coated with
10 nm gold. SEM analysis was carried out using a Vega3 Tescan LMU (Tescan USA Inc.,
Cranberry Twp, PA, USA) at an accelerating voltage of 20 kV.

3.3. Mixed Salad Traditional Recipe

The plants analyzed in this study are part of the recipe of a mixed salad reported by
Zaccaria Boverio in 1626 [73]. These plants were also cited in other contemporary texts
dealing with salads, such as Archidipno by Salvatore Massonio (1627) [74]. According to
Zaccaria Boverio, the plants used in the Capuchin monks mixed salad were: Coronopum
(Plantago coronopus L.), Intubum (Cichorium intybus L.), Oxalim (Rumex acetosa L.), Dracon-
culum (Artemisia dracunculus L.), Pimpinellam (Poterium sanguisorba L.), Lactucas crispas
(Lactuca sativa L. var. crispa), Lactucas laconicas (Lactuca sativa L. var. capitata), Nasturcium
(Nasturtium officinale W.T. Aiton), Rapa sylvestria (Brassica rapa L. subsp. sylvestris (L.)
Janch.) and Mentam (Mentha spp.). This mixed salad was known as “insalatina dei frati”.

One of the most frequently reported cooking methods throughout history has been
represented by a short boiling or blanching. This method is still commonly mentioned in
ethnobotanical studies concerning the use of WEPs in Mediterranean area [75]. In addition,
it is used both at domestic level and in the food industry to inactivate enzyme activity and
to preserve vegetables [76].

3.4. Chemicals

All reagents and solvents were of analytical grade and, as well as trolox, were pur-
chased from Merck (Darmstadt, Germany). Standard compounds (gallic acid, quercetin,
catechin, cyanidin chloride) were purchased from Extrasynthese (Genay, France).

3.5. Sample Processing and Extract Preparation

For each plant species collected (PC, RA, CI, and AD), leaves were cut, gently cleaned
with paper and weighed (50 g). In order to obtain the fresh extracts (PCF, RAF, CIF,
and ADF), the leaves were added directly in a blade mill pulverization chamber (A11,
IKA®-Werke GmbH & Co. KG, Staufen, Germany) to which was added liquid nitrogen
during powdering, in order to preserve the nutritional and chemical features by blocking
enzymatic activities. For cooked plant extracts (PCC, RAC, CIC, and ADC), leaves, before
powdering according to the above protocol, were added to boiling water and blanched for
1 min in compliance with the most traditionally used cooking method.

Thereafter, powdered raw or cooked leaves (10 g for each plant species) were added
with 100 mL 70% ethanol, mixed for 3 min and then sonicated in ice-cold bath for 5 min
using a 3 mm titanium probe set to 200 W and 30% amplitude (Vibra Cell™ Sonics Materials,
Inc., Danbury, CT, USA). Samples were centrifuged at 3000× g for 15 min at 4 ◦C and the
supernatants were evaporated to dryness by a rotary evaporator at RT. The extraction
procedure was repeated 3 times. Dry extracts (DE) were stored for 24 h in a vacuum
desiccator in the dark on anhydrous sodium sulphate and subsequently stored at −20 ◦C
until the subsequent analyses, which were carried out solubilizing and appropriately
diluting the dry extracts in the extraction solvent (70% ethanol).
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3.6. Phytochemical Screening
3.6.1. Total Phenols

Total phenols were quantified according to Bazzicalupo et al. [77] using the Folin–
Ciocalteu reagent, by mixing each extract solution (6.0–24.0 mg/mL for PCF, RAF, RAC, CIF,
CIC, ADF and ADC; 0.5–2.0 mg/mL for PCC) with deionized water and Folin–Ciocalteu
reagent in the following ratio: 1:9:10, v/v/v. After 3 min, 10% sodium carbonate (1:2, v/v)
was added and samples were incubated for 60 min in the dark at RT, mixing every 10 min.
The absorbance was recorded at 785 nm with a UV-VIS spectrophotometer (Shimadzu
UV-1601, Kyoto, Japan). Gallic acid was used as reference compound (0.075–0.60 mg/mL)
and results, which represent the average of three independent experiments in triplicate
(n = 3), were expressed as mg of gallic acid equivalents (GAE)/100 g DE.

3.6.2. Flavonoids

The flavonoid content was quantified according to Smeriglio et al. [78]. Briefly, 200 µL
of each extract solution (3–12.0 mg/mL for PCF, RAF, CIF, CIC and ADF; 6.0–24.0 mg/mL
for ADC and RAC; 0.20–0.80 mg/mL for PCC) were added to 2 mg/mL AlCl3 (1:1, v/v),
and brought up to 1.6 mL with 50 mg/mL sodium acetate. After 2.5 h, the absorbance
was recorded at 440 nm using an UV–Vis spectrophotometer (Shimadzu UV-1601, Kyoto,
Japan). Quercetin was used as reference compound (0.25–1.0 mg/mL) and results, which
represent the average of three independent experiments in triplicate (n = 3), were expressed
as mg of quercetin equivalents (QE)/100 g DE.

3.6.3. Vanillin Index

The flavanols content was evaluated according to Boudjelal et al. [79] by vanillin
index test. Briefly, 2.0 mL of sample solution, diluted in 0.5 M H2SO4 in order to reach
an absorbance ranging from 0.2 to 0.4 (1.75 mg/mL for ADC; 3.5 mg/mL for PCF, PCC
and ADF; 6.25 mg/mL for RAC, CIF and CIC; 12.5 mg/mL for RAF), were loaded onto
a conditioned Sep-Pak C18 cartridge (Waters, Milan, Italy). The column was activated
by 2.0 mL of 5.0 mM H2SO4 and then air-purged. Samples were slowly eluted by adding
5.0 mL of methanol. Six millilitres of a 4% vanillin methanol solution were added to 1 mL
of sample eluate, incubating in a water bath at 20 ◦C for 10 min. After this, 3 mL of
HCl was added and after 15 min, the absorbance was recorded at 500 nm with a UV-VIS
spectrophotometer (Model UV-1601, Shimadzu, Kyoto, Japan) against a blank consisting of
the same sample solvent. Catechin was used as reference compound (0.125–0.50 mg/mL).
Results, which represent the average of three independent experiments in triplicate (n = 3),
were expressed as g of cathechin equivalents (CE)/100 g DE.

3.6.4. Proanthocyanidins

The proanthocyanidin content was evaluated according to Baali et al. [80]. Briefly,
2.0 mL of sample solution diluted with 0.05 M H2SO4 (0.75 mg/mL for PCC; 5 mg/mL for
PCF, PCC, ADF and ADC; 10 mg/mL for RAC and CIF; 20 mg/mL for RAF), was loaded
onto a Sep-Pak C18 cartridge (Waters, Milan, Italy) preconditioned with 5 mM H2SO4
(2.0 mL), and purged with air. Samples were eluted with methanol (3.0 mL) and collected
in a 100 mL flask shielded from light, containing 9.5 mL of absolute ethanol. After that,
12.5 mL of FeSO4 · 7H2O solubilized in 37% HCl (300 mg/L) was added to the reaction
mixture and placed to reflux for 50 min. After cooling by immersion in cold water (20 ◦C)
for ten min, the absorbance was read at 550 nm with an UV-VIS spectrophotometer (Model
UV-1601, Shimadzu, Kyoto, Japan) against a blank consisting of the same sample solvent.
The basal anthocyanins content of samples was determined detracting the absorbance of
samples prepared under the same conditions reported above, without the reflux process.
Proanthocyanidins content was expressed as 5 times the amount of cyanidin formed by
means of a cyanidin chloride (ε = 34,700) calibration curve. Results, which represent the
average of three independent experiments in triplicate (n = 3), were expressed as mg of
cyanidin equivalents (CyE)/100 g DE.
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3.6.5. Chlorophyll Determination

The total chlorophyll content (chlorophyll a + chlorophyll b) was evaluated according
to Porra et al. [81]. Briefly, 0.2 g of leaves of fresh and blanched PC, RA, CI and AD were
homogenized in an ice-cold mortar with quartz sand by adding 1 mL of 80% acetone for
three times. Samples were then poured in a screw cap glass tube, washing with 1 mL of
acetone, and centrifuged at 3000× g for 10 min, 4 ◦C. The supernatants were recovered with
a glass Pasteur pipette and stored in a graduated glass cylinder in the dark. The sample
pellets were resuspended with 2 mL of 80% acetone and centrifuged as described above.
This procedure was repeated until exhaustive extraction. Finally, the supernatants were
pooled in the cylinder and the volume noted to calculate the dilution factor. The absorbance
was recorded at 663 nm to quantify chlorophyll a, and at 648 nm to quantify chlorophyll b
content, according to the following equations:

Chlorophyll a (µg/mL) = 12.25× ABS(663 nm)− 2.55× ABS (648 nm)

Chlorophyll b (µg/mL) = 20.31× ABS(648 nm)− 4.91× ABS (663 nm)

Results, which represent the average of three independent experiments in triplicate
(n = 3), were expressed as mg/g of fresh weight (FW).

3.6.6. Carbohydrates

The carbohydrates content was determined according to Bazzicalupo et al. [77]. Briefly,
10 mg of fresh and blanched PC, RA, CI and AD were placed in a glass test tube with screw
cap, together with 0.5 mL of 2.5 mol/L HCl, and the mixture was incubated in a water
bath at 100 ◦C for 3 h. After cooling, samples were neutralized with sodium carbonate and
brought up to 10 mL with distilled water. After centrifugation at 3500× g for 5 min, 20 µL
of each sample, blank (distilled water) or reference standard (glucose 5–100 µg/mL), were
brought up to 200 µL with distilled water. Two-hundred microliters of 5% phenolic solution
and 1 mL of 96% H2SO4 were added and the reaction mixture was stirred for 10 min and
incubated in a water bath at 30 ◦C for 20 min. The absorbance was recorded at 490 nm and
results, which represent the average of three independent experiments in triplicate (n = 3),
were expressed as g/100 g of fresh weight (FW).

3.7. Evaluation of Health Properties: Antioxidant and Anti-Inflammatory Activity

The health properties of fresh and cooked extracts were evaluated by several colori-
metric in vitro cell-free assays based on different reaction mechanisms and environments.
Absorbance and fluorescence data, acquired by a UV-VIS (Multiskan GO; Thermo Scientific,
MA, USA) and a fluorescence plate reader (Fluostar Omega, BMG labtech, Ortenberg,
Germany), respectively, were recorded against a blank consisting of samples’ extraction
solvent (70% ethanol). Results, which represent the average of three independent experi-
ments in triplicate (n = 3), were expressed as half-maximal inhibitory concentration (IC50,
µg/mL) with confident limits (CLs.) at 95%, calculated by the Litchfield and Wilcoxon test,
using PHARM/PCS software version 4 (MCS Consulting, Wynnewood, PA, USA). Sample
and reference compound concentration ranges reported below refer to the final concentra-
tions into the reaction mixture, which did not show any interference at the characteristic
wavelengths of the tests carried out.

3.7.1. Antioxidant Activity
Trolox Equivalent Antioxidant Capacity (TEAC) Assay

The TEAC test was performed according to the method described by
Smeriglio et al. [82], with some modifications. Briefly, the reagent solution consisting
of 1.7 mM ABTS and 4.3 mM (NH4)2S2O8 was incubated in the dark at RT for 12 h, diluted
with deionized water until an absorbance of 0.7 ± 0.02 at 734 nm, and used within 4 h. Five
microliters (5 µL) of each sample solution (12.5–50.0 µg/mL for PCC; 80.0–320.0 µg/mL for
PCF; 150.0–600.0 µg/mL for ADC, ADF, CIC and RAC; 300.0–1200.0 µg/mL CIF and RAF)
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were added to 100 µL of the reagent solution, mixed and incubated in the dark for 6 min
at RT. The absorbance was recorded at 734 nm using trolox (1.0–4.0 µg/mL) as reference
compound.

Ferric Reducing Antioxidant Power (FRAP) Assay

The FRAP test was carried out according to Muscarà et al. [83], with some modifi-
cations by using a fresh pre-warmed (37 ◦C) reagent consisting of 300 mM buffer acetate
(pH 3.6), 10 mM 2,4,6-Tris (2-pyridyl)-s-triazine (TPTZ)-40 mM HCl, and 20 mM FeCl3.
Briefly, 5 µL of each sample solution (12.5–50.0 µg/mL for PCC; 150.0–600.0 µg/mL for PCF,
RAC, CIC, ADF and ADC; 300.0–1200.0 µg/mL for CIF; 600.0–2400.0 µg/mL for RAF) were
incubated for 4 min with 100 µL of the above reagent and the absorbance was recorded at
593 nm by using trolox (1.0–4.0 µg/mL) as reference compound.

Oxygen Radical Absorbance Capacity (ORAC) Assay

The ORAC test was carried out according to Smeriglio et al. [84]. Twenty microliters of
sample solution (0.12–0.5 µg/mL for PCC; 1.0–4.0 µg/mL for PCF, CIF, CIC, ADF, ADC and
RAC; 3.0–12.0 µg/mL for RAF) diluted in 75 mM phosphate buffer (pH 7.4), were mixed
with 117 nM fresh fluorescein solution (120 µL) and incubated for 15 min at 37 ◦C, before
adding 40 mM fresh AAPH solution (60 µL) to start the reaction. The probe decay was
monitored for 90 min by recording the fuorescence intensity every 30 s using the following
excitation and emission wavelengths: λex 485 nm and λem 520 nm. Trolox (0.25–1.0 µg/mL)
was used as reference compound.

Iron-Chelating Activity

Iron-chelating activity was evaluated by ferrozine assay according to Muscarà et al. [85],
with some modifications. Five microliters of each sample solution (3.0–2.0 µg/mL for PCF,
RAF, RAC, CIF, CIC, ADF and ADC; 12.0–48.0 µg/mL for PCC), ethylenediaminetetraacetic
acid (EDTA) as reference standard (3.0–12.0 µg/mL), or blank (70% ethanol), were added to
2.5 µL of 2 mM FeCl2 · 4 H2O and incubated at RT for 5 min. After that, 5 µL of 5 mM fer-
rozine and 137.5 µL of deionized water were added to the reaction mixture. The absorbance
was recorded after 10 min at 562 nm.

3.7.2. Anti-Inflammatory Activity
Bovine Serum Albumin (BSA) Denaturation Assay

The BSA denaturation assay was carried out according to Denaro et al. [86]. Briefly,
80 µL of each sample solution (0.075–0.60 mg/mL for CIF and CIC; 0.15–1.20 mg/mL
for ADF, ADC, RAC, PCF and PCC; 1.2–9.60 mg/mL for RAF) were added to 100 µL of
0.4% BSA fatty acid-free solution and 20 µL of phosphate-buffered saline (PBS, pH 5.3).
The absorbance was recorded at 595 nm at the starting time (T0) and after incubation for
30 min at 70 ◦C in order to measure the samples’ ability to counteract the heat-induced BSA
denaturation. Diclofenac sodium (15.63–62.50 µg/mL) was used as a reference compound.

Protease Inhibition Assay

The anti-tryptic activity was evaluated according to Smeriglio et al. [87]. Briefly, 200 µL
of each sample solution (0.20–1.60 mg/mL for PCF, PCC, ADF, ADC, CIF, CIC, RAF and
RAC) was added to the reaction mixture consisting of 12 µL trypsin (10 µg/mL) and
188 µL Tris-HCl buffer (25 mM, pH 7.5). After that, 200 µL of 0.8% casein was added to
the reaction mixture, starting the incubation time (20 min, 37 ◦C). Reaction was stopped
by adding 400 µL perchloric acid, which allowed the protein precipitation, leading to a
cloudy suspension, which was centrifuged at 3500× g for 10 min. The absorbance of the
supernatant was recorded at 280 nm. Diclofenac sodium (15.63–62.50 µg/mL) was used as
reference compound.
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3.8. Statistical Analysis

Results, which represent the average of three independent experiments in triplicate
(n = 3), were expressed as mean ± standard deviation (S.D.) for phytochemical analyses,
and as IC50 with CLs. at 95% for health properties evaluation. Data were analysed by
one-way analysis of variance (ANOVA) followed by Dunnett’s test for antioxidant and
anti-inflammatory assays, and Tukey’s test for phytochemical screening by SigmaPlot 12.0
software (Systat Software Inc., San Jose, CA, USA). Results were considered statistically
significant for p < 0.05.

4. Conclusions

In conclusion, the investigated ingredients of the Capuchin monks’ mixed salad rep-
resent a good source of polyphenols with interesting antioxidant and anti-inflammatory
properties if consumed both raw or briefly cooked. Blanching affects the bioactive com-
pounds content, both as class and individual phytochemicals and, consequently, influences
the health properties of the plant extracts differently, according to the matrix’s features.
However, this traditional cooking method for the Capuchin monks’ salads proved to be
a suitable method regarding the retention of phytochemicals and their health properties,
unlike extended boiling, which resulted in compounds’ leaching into the blanching water.

Considering this, our results indicate that increased consumption of the investigated
plants, even more if cooked according to the tradition, could provide a healthy food source
in the modern diet by the recovery and enhancement of ancient ingredients.

In particular, P. coronopus, which resulted the most interesting plant species from
this point of view, is an unconventional food plant, little known for its organoleptic and
nutritional properties, which is until today little known and appreciated for its organoleptic
and nutritional properties, that could be an excellent candidate to be exploited for new
crops and new gastronomic uses.
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Plantago Species. Biochem. Syst. Ecol. 2012, 42, 69–74. [CrossRef]
49. Chukwumah, Y.; Walker, L.; Vogler, B.; Verghese, M. Changes in the Phytochemical Composition and Profile of Raw, Boiled, and

Roasted Peanuts. J. Agric. Food Chem. 2007, 55, 9266–9273. [CrossRef]
50. White, B.L.; Howard, L.R.; Prior, R.L. Impact of Different Stages of Juice Processing on the Anthocyanin, Flavonol, and Procyanidin

Contents of Cranberries. J. Agric. Food Chem. 2011, 59, 4692–4698. [CrossRef] [PubMed]
51. Kaiser, A.; Kammerer, D.R.; Carle, R. Impact of Blanching on Polyphenol Stability and Antioxidant Capacity of Innovative

Coriander (Coriandrum sativum L.) Pastes. Food Chem. 2013, 140, 332–339. [CrossRef] [PubMed]
52. Ma, T.; Tian, C.; Luo, J.; Zhou, R.; Sun, X.; Ma, J. Influence of Technical Processing Units on Polyphenols and Antioxidant Capacity

of Carrot (Daucus carrot L.) Juice. Food Chem. 2013, 141, 1637–1644. [CrossRef] [PubMed]
53. Kaiser, A.; Carle, R.; Kammerer, D.R. Effects of Blanching on Polyphenol Stability of Innovative Paste-like Parsley (Petroselinum

crispum (Mill.) Nym Ex A. W. Hill) and Marjoram (Origanum majorana L.) Products. Food Chem. 2013, 138, 1648–1656. [CrossRef]
[PubMed]

54. Sablani, S.S.; Andrews, P.K.; Davies, N.M.; Walters, T.; Saez, H.; Syamaladevi, R.M.; Mohekar, P.R. Effect of Thermal Treatments
on Phytochemicals in Conventionally and Organically Grown Berries. J. Sci. Food Agric. 2010, 90, 769–778. [CrossRef]

55. Bernaert, N.; de Loose, M.; van Bockstaele, E.; van Droogenbroeck, B. Antioxidant Changes during Domestic Food Processing of
the White Shaft and Green Leaves of Leek (Allium ampeloprasum Var. Porrum). J. Sci. Food Agric. 2014, 94, 1168–1174. [CrossRef]

56. Ku, C.S.; Mun, S.P.; Jang, J.P. Effects of Water Extraction Temperatures on the Yield, Molecular Weight, and Antioxidant Activity
of Proanthocyanidins Extracted from Pinus Radiata Bark. For. Prod. J. 2011, 61, 321–325. [CrossRef]

57. CREA. Linee Guida per una sana Alimentazione 2018. Available online: https://www.crea.gov.it/documents/59764/0/LINEE-
GUIDA+DEFINITIVO.pdf/28670db4-154c-0ecc-d187-1ee9db3b1c65?t=1576850671654 (accessed on 16 January 2022).

58. Puccinelli, M.; Pezzarossa, B.; Pintimalli, L.; Malorgio, F. Selenium Biofortification of Three Wild Species, Rumex acetosa L., Plantago
coronopus L., and Portulaca oleracea L., Grown as Microgreens. Agronomy 2021, 11, 1155. [CrossRef]

59. Jan, G.; Kahan, M.; Ahmad, M.; Iqbal, Z.; Afzal, A.; Afzal, M.; Shah, G.M.; Majid, A.; Fiaz, M.; Zafar, M.; et al. Nutritional analysis,
micronutrients and chlorophyll contents of Cichorium intybus L. J. Med. Plants Res. 2011, 5, 2452–2456.

60. Liopa-Tsakalidi, A.; Chalikiopoulos, D.; Papasavvas, A. Effect of chitin on growth and chlorophyll content of two medicinal
plants. J. Med. Plants Res. 2010, 4, 499–508.

61. Nartnampong, A.K.W.; Porasuphatana, S. Blanching process increases health promoting phytochemicals in green leafy Thai
vegetables. Int. Food Res. J. 2016, 23, 2426–2435.

http://doi.org/10.1016/j.fct.2018.04.066
http://doi.org/10.5505/1304.7361.2015.70894
http://doi.org/10.3109/15563650.2010.533675
http://doi.org/10.2165/00002018-199000051-00020
http://www.ncbi.nlm.nih.gov/pubmed/2182056
http://doi.org/10.1016/S1146-609X(01)01120-1
http://doi.org/10.1007/s00606-004-0272-6
http://doi.org/10.1007/BF00938023
http://doi.org/10.2478/s11756-008-0106-z
http://doi.org/10.5281/ZENODO.159850
http://doi.org/10.1016/j.bse.2012.02.013
http://doi.org/10.1021/jf071877l
http://doi.org/10.1021/jf200149a
http://www.ncbi.nlm.nih.gov/pubmed/21438531
http://doi.org/10.1016/j.foodchem.2013.02.077
http://www.ncbi.nlm.nih.gov/pubmed/23578650
http://doi.org/10.1016/j.foodchem.2013.04.121
http://www.ncbi.nlm.nih.gov/pubmed/23870871
http://doi.org/10.1016/j.foodchem.2012.11.063
http://www.ncbi.nlm.nih.gov/pubmed/23411294
http://doi.org/10.1002/jsfa.3882
http://doi.org/10.1002/jsfa.6389
http://doi.org/10.13073/0015-7473-61.4.321
https://www.crea.gov.it/documents/59764/0/LINEE-GUIDA+DEFINITIVO.pdf/28670db4-154c-0ecc-d187-1ee9db3b1c65?t=1576850671654
https://www.crea.gov.it/documents/59764/0/LINEE-GUIDA+DEFINITIVO.pdf/28670db4-154c-0ecc-d187-1ee9db3b1c65?t=1576850671654
http://doi.org/10.3390/agronomy11061155


Plants 2022, 11, 301 20 of 21

62. Xiao, H.W.; Pan, Z.; Deng, L.-Z.; El-Mashad, H.M.; Yang, X.-H.; Mujumdar, A.S.; Gao, Z.-J.; Zhang, Q. Recent developments and
trends in thermal blanching—A comprehensive review. IPA 2017, 4, 101–127. [CrossRef]

63. Smeriglio, A.; de Francesco, C.; Denaro, M.; Trombetta, D. Prickly Pear Betalain-Rich Extracts as New Promising Strategy for
Intestinal Inflammation: Plant Complex vs. Main Isolated Bioactive Compounds. Front. Pharmacol. 2021, 12, 2067. [CrossRef]

64. Lin, B.; Johnson, B.J.; Rubin, R.A.; Malanoski, A.P.; Ligler, F.S. Iron Chelation by Cranberry Juice and Its Impact on Escherichia coli
Growth. BioFactors 2011, 37, 121–130. [CrossRef]

65. Yun, S.; Chu, D.; He, X.; Zhang, W.; Feng, C. Protective Effects of Grape Seed Proanthocyanidins against Iron Overload-Induced
Renal Oxidative Damage in Rats. J. Trace Elem. Med. Biol. 2020, 57, 126407. [CrossRef]

66. Maffei Facino, R.; Carini, M.; Aldini, G.; Bombardelli, E.; Morazzoni, P.; Morelli, R. Free radicals scavenging action and anti-
enzyme activities of procyanidines from Vitis vinifera. A mechanism for their capillary protective action. Arzneimittelforschung
1994, 44, 592–601.

67. Singh, P.; Bajpai, V.; Khandelwal, N.; Varshney, S.; Gaikwad, A.N.; Srivastava, M.; Singh, B.; Kumar, B. Determination of Bioactive
Compounds of Artemisia Spp. Plant Extracts by LC–MS/MS Technique and Their in-Vitro Anti-Adipogenic Activity Screening. J.
Pharm. Biomed. Anal. 2021, 193, 113707. [CrossRef]

68. Bergantin, C.; Maietti, A.; Cavazzini, A.; Pasti, L.; Tedeschi, P.; Brandolini, V.; Marchetti, N. Bioaccessibility and HPLC-MS/MS
Chemical Characterization of Phenolic Antioxidants in Red Chicory (Cichorium intybus). J. Funct. Foods 2017, 33, 94–102. [CrossRef]

69. Ferrare, K.; Bidel, L.P.R.; Awwad, A.; Poucheret, P.; Cazals, G.; Lazennec, F.; Azay-Milhau, J.; Tournier, M.; Lajoix, A.-D.; Tousch,
D. Increase in Insulin Sensitivity by the Association of Chicoric Acid and Chlorogenic Acid Contained in a Natural Chicoric Acid
Extract (NCRAE) of Chicory (Cichorium intybus L.) for an Antidiabetic Effect. J. Ethnopharmacol. 2018, 215, 241–248. [CrossRef]

70. Poorter, H.; Fiorani, F.; Stitt, M.; Schurr, U.; Finck, A.; Gibon, Y.; Usadel, B.; Munns, R.; Atkin, O.K.; Tardieu, F.; et al. The Art
of Growing Plants for Experimental Purposes: A Practical Guide for the Plant Biologist. Funct. Plant Biol. 2012, 39, 821–838.
[CrossRef]

71. Lenka, S.K. Cultivation of Crops under Shade-Net Greenhouse. In Protected Cultivation and Smart Agriculture; New Delhi
Publishers: New Delhi, India, 2020.

72. Chieco, C.; Rotondi, A.; Morrone, L.; Rapparini, F.; Baraldi, R. An Ethanol-Based Fixation Method for Anatomical and Micro-
Morphological Characterization of Leaves of Various Tree Species. Biotech. Histochem. 2013, 88, 109–119. [CrossRef]

73. Boverio, Z. De Sacris Ritibus iuxta Romanam Regulam vsui Fratrum Minorum S. Francisci, qui vulgo Capuccini nuncupantur accommodatis;
Typis Scorigianis: Napoli, Italy, 1626.

74. Massonio, S. Archidipno Overo Dell’insalata e Dell’uso di Es; Marcantonio Brogiollo: Venezia, Italy, 1990.
75. Cucinotta, F.; Pieroni, A. “If You Want to Get Married, You Have to Collect Virdura”: The Vanishing Custom of Gathering and

Cooking Wild Food Plants on Vulcano, Aeolian Islands, Sicily. Food Cult. Soc. 2018, 21, 539–567. [CrossRef]
76. Sicari, V.; Loizzo, M.R.; Sanches Silva, A.; Romeo, R.; Spampinato, G.; Tundis, R.; Leporini, M.; Musarella, C.M. The Effect of

Blanching on Phytochemical Content and Bioactivity of Hypochaeris and Hyoseris Species (Asteraceae), Vegetables Traditionally
Used in Southern Italy. Foods 2021, 10, 32. [CrossRef]

77. Bazzicalupo, M.; Cornara, L.; Burlando, B.; Cascini, A.; Denaro, M.; Smeriglio, A.; Trombetta, D. Carpobrotus edulis (L.) N.E.Br.
Extract as a Skin Preserving Agent: From Traditional Medicine to Scientific Validation. J. Integr. Med. 2021, 19, 526–536. [CrossRef]
[PubMed]

78. Smeriglio, A.; Denaro, M.; Trombetta, D.; Ragusa, S.; Circosta, C. New Insights on Euphorbia dendroides L. (Euphorbiaceae):
Polyphenol Profile and Biological Properties of Hydroalcoholic Extracts from Aerial Parts. Plants 2021, 10, 1621. [CrossRef]

79. Boudjelal, A.; Smeriglio, A.; Ginestra, G.; Denaro, M.; Trombetta, D. Phytochemical Profile, Safety Assessment and Wound
Healing Activity of Artemisia absinthium L. Plants 2020, 9, 1744. [CrossRef]

80. Baali, F.; Boumerfeg, S.; Boudjelal, A.; Denaro, M.; Ginestra, G.; Baghiani, A.; Righi, N.; Deghima, A.; Benbacha, F.; Smeriglio, A.;
et al. Wound-Healing Activity of Algerian Lavandula stoechas and Mentha pulegium Extracts: From Traditional Use to Scientific
Validation. Plant Biosyst.-Int. J. Deal. All Asp. Plant Biol. 2021, 1–13. [CrossRef]

81. Porra, R.J.; Thompson, W.A.; Kriedemann, E. Determination of accurate extinction coefficients and simultaneous equations for
assaying chlorophylls a and b extracted with four different solvents: Verification of the concentration of chlorophyll standards by
atomic absorption spectroscopy. Biochim. Biophys. Acta 1989, 975, 384–394. [CrossRef]

82. Smeriglio, A.; Denaro, M.; di Gristina, E.; Mastracci, L.; Grillo, F.; Cornara, L.; Trombetta, D. Pharmacognostic Approach to
Evaluate the Micromorphological, Phytochemical and Biological Features of Citrus lumia Seeds. Food Chem. 2022, 375, 131855.
[CrossRef]

83. Muscarà, C.; Smeriglio, A.; Trombetta, D.; Mandalari, G.; la Camera, E.; Grassi, G.; Circosta, C. Phytochemical characterization
and biological properties of two standardized extracts from a non-psychotropic Cannabis sativa L. cannabidiol (CBD)-chemotype.
Phytother. Res. 2021, 35, 5269–5281. [CrossRef]

84. Smeriglio, A.; Bonasera, S.; Germanò, M.P.; D’Angelo, V.; Barreca, D.; Denaro, M.; Monforte, M.T.; Galati, E.M.; Trombetta, D.
Opuntia ficus-indica (L.) Mill. Fruit as Source of Betalains with Antioxidant, Cytoprotective, and Anti-angiogenic Properties.
Phytother. Res. 2019, 33, 1526–1537. [CrossRef] [PubMed]

85. Muscarà, C.; Smeriglio, A.; Trombetta, D.; Mandalari, G.; la Camera, E.; Occhiuto, C.; Grassi, G.; Circosta, C. Antioxidant and
antimicrobial activity of two standardized extracts from a new Chinese accession of non-psychotropic Cannabis sativa L. Phytother.
Res. 2021, 35, 1099–1112. [CrossRef] [PubMed]

http://doi.org/10.1016/j.inpa.2017.02.001
http://doi.org/10.3389/fphar.2021.722398
http://doi.org/10.1002/biof.110
http://doi.org/10.1016/j.jtemb.2019.126407
http://doi.org/10.1016/j.jpba.2020.113707
http://doi.org/10.1016/j.jff.2017.02.037
http://doi.org/10.1016/j.jep.2017.12.035
http://doi.org/10.1071/FP12028
http://doi.org/10.3109/10520295.2012.746472
http://doi.org/10.1080/15528014.2018.1481263
http://doi.org/10.3390/foods10010032
http://doi.org/10.1016/j.joim.2021.09.002
http://www.ncbi.nlm.nih.gov/pubmed/34538643
http://doi.org/10.3390/plants10081621
http://doi.org/10.3390/plants9121744
http://doi.org/10.1080/11263504.2020.1869117
http://doi.org/10.1016/S0005-2728(89)80347-0
http://doi.org/10.1016/j.foodchem.2021.131855
http://doi.org/10.1002/ptr.7201
http://doi.org/10.1002/ptr.6345
http://www.ncbi.nlm.nih.gov/pubmed/30907039
http://doi.org/10.1002/ptr.6891
http://www.ncbi.nlm.nih.gov/pubmed/33034400


Plants 2022, 11, 301 21 of 21

86. Denaro, M.; Smeriglio, A.; Trombetta, D. Antioxidant and Anti-Inflammatory Activity of Citrus Flavanones Mix and Its Stability
after In Vitro Simulated Digestion. Antioxidants 2021, 10, 140. [CrossRef] [PubMed]

87. Smeriglio, A.; Denaro, M.; D’Angelo, V.; Germanò, M.P.; Trombetta, D. Antioxidant, Anti-Inflammatory and Anti-Angiogenic
Properties of Citrus lumia Juice. Front. Pharmacol. 2020, 11, 2033. [CrossRef] [PubMed]

http://doi.org/10.3390/antiox10020140
http://www.ncbi.nlm.nih.gov/pubmed/33498195
http://doi.org/10.3389/fphar.2020.593506
http://www.ncbi.nlm.nih.gov/pubmed/33343362

	Introduction 
	Results and Discussion 
	Macro- and Micromorphological Characterization 
	Phytchemical Investigations 
	Health Properties 

	Materials and Methods 
	Plant Material and Growth Conditions 
	Scanning Electron Microscopy (SEM) Analysis 
	Mixed Salad Traditional Recipe 
	Chemicals 
	Sample Processing and Extract Preparation 
	Phytochemical Screening 
	Total Phenols 
	Flavonoids 
	Vanillin Index 
	Proanthocyanidins 
	Chlorophyll Determination 
	Carbohydrates 

	Evaluation of Health Properties: Antioxidant and Anti-Inflammatory Activity 
	Antioxidant Activity 
	Anti-Inflammatory Activity 

	Statistical Analysis 

	Conclusions 
	References

