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Abstract: Neglected and underutilized species (NUS) are cultivated, semi-domesticated, or wild
plant species, not included in the group of the major staple crops, since, in most cases, they do
not meet the global market requirements. As they often represent resilient species and valuable
sources of vitamins, micronutrients, and other phytochemicals, a wider use of NUS would enhance
sustainability of agro-systems and a choice of nutritious foods with a strategic role for addressing
the nutritional security challenge across Europe. In this review, we focused on some examples of
NUS from the Apulia Region (Southern Italy), either cultivated or spontaneously growing species,
showing interesting adaptative, nutritional, and economical potential that can be exploited and
properly enhanced in future programs.

Keywords: NUS; sustainable food supply; nutritional security; Apulia Region

1. Introduction

Often considered a central argument in the scientific debates at a local or global scale,
the biodiversity loss issue is becoming a critical challenge that needs to be carefully consid-
ered in future years. Following this debate, the newly launched EU Biodiversity strategy
has put forward measures to address the biodiversity loss across the European Union [1].
Within this issue, a lively interest has been addressed towards the agro-biodiversity, which
includes cultivated species and landraces, wild flora, soil microorganisms, pollinators,
and the relative interconnections between plant and environment or genetic resources and
agricultural management/practices [2]. Furthermore, local knowledge and culture also
have an important role and should be considered part of agro-biodiversity [2].

Localized in the central part of the Mediterranean area, Italy offers a wide variety
of ecological, pedoclimatic, and orographic conditions. The Italian flora is characterized
by rare and endemic plants, with many domesticated crops and vegetables showing high
genetic and phenotypic variability [3]. In the Italian territory, particularly South Italy, small
family-owned farms and rural areas are rich in vegetable germplasm, represented by wild
flora, different landraces, and plant species closely linked to the local historical memory [3].

The neglected and underused plant species (NUS) are cultivated varieties, semi-
domesticated, or wild plant species that tend to be underutilized locally or globally, due to
their relatively low value for the global production and marketplace, since they most often
do not meet the modern standards of uniformity [4] as major cultivated varieties [4-7]. In-
deed, starting from the Green Revolution, we assisted the decline of many local/traditional
species and varieties, which were less competitive compared with commercial cultivars,
and, therefore, they have been replaced by high-yielding and uniform cultivars developed
by modern breeding programs [2,7]. This genetic erosion has been also amplified by urban
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spreading, changes in socio-economic conditions, and destruction of natural environments
due to increased human activities [3].

As a source of vitamins, micronutrients, and other phytochemicals, NUS have the
potential to play a strategic role for addressing nutritional security challenges [6]. A wider
use of NUS would also enhance adaptability and resilience to biotic and abiotic stress
factors and ultimately might lead to a more sustainable supply of diverse and nutritious
foods [8]. In fact, many autochthonous plant species are characterized by a high nutritional
value compared to cultivars or similar species belonging to the same family.

Furthermore, landraces and wild relatives can provide genetic traits that are useful
for increasing biotic resistance and tolerance to abiotic stress in future breeding programs,
especially when creating more sustainable and resilient production systems [9-12].

In this review, we focus on some examples of NUS from the Apulia Region (Southern
Italy), either cultivated landraces or spontaneously growing as a part of the local flora, that
are worthy of being rescued and enhanced for their interesting nutritional properties and
economical potential.

1.1. Multicolored Carrots

Carrot (Daucus carota L.) is one of the most popular and consumed root vegetables
worldwide and it is especially known in Western dietary regimes as an important source of
dietary carotenoids, such as o-carotene and [3-carotene, which are also known as provitamin
A [13]. In fact, the popularity of carrots is mainly linked to their nutritional value, which
makes them an economically important horticultural crop.

Carrot is consumed as a fresh vegetable, used in many traditional dishes or soups,
commercially transformed into juices and concentrates, canned, or dried powdered [14].
Although the most common genotypes are orange-colored, in some countries, such as those
in southern Europe, Turkey, China, or India, multicolored carrots are also well known [15].
In fact, the primary genotypes of carrots were yellow or purple and they originally spread
from Afghanistan across the Middle East, North Africa, Europe, and China. During
the domestication processes, yellow carrots have been preferred, leading to the final
development and cultivation of orange carrots, the most prevalent at present [15-17]. On
the other hand, black/purple carrots (Daucus carota ssp. sativus var. atrorubens Alef.),
deriving from the primary domestication center and pigmented both in the epidermis and
the inner central core of the taproots, are still cultivated and highly appreciated in some
countries and represent one of the most used anthocyanin sources as food colorant, due to
the high stability of the processing conditions and storage [18].

In Italy, some documents report the presence of multicolored carrots through 13th
and 14th centuries [16]. In the Apulia region, multicolored carrot landraces (Figure 1) are
cultivated from local farmers in different villages, and they have been officially inserted in
the list of species at risk of genetic erosion, according to the Apulian Rural Development
Program (2007/2013). In particular, only three different landraces related to the area of
production (Polignano, Tiggiano, and Zapponeta) have been described. In the case of
Polignano landrace, these carrots are currently cultivated in an area of about 20 ha, with
cultivation practices at risk due to the age of elder farmers and the difficulty for farmers
to collect reproductive material/seeds. The Polignano and Tiggiano carrots have been
the subject of several studies in recent years, particularly due to the anthropic cultural
heritage associated with them and their high nutritional value [16-21]. In fact, their
typical yellow-purple color has been associated with increased levels of some classes
of polyphenols compared to the commercial orange varieties. Among the multicolored
carrots, the yellow carrots have showed a slight reduction in the content of carotenoids
and phenolic compounds, whereas the purple-yellow and purple-orange carrots ensure
high levels of polyphenols, mainly chlorogenic acid and anthocyanins, maintaining, at the
same time, a carotenoids content similar to orange carrots (Table 1) [16,18,22-24]. Due to
the presence of high levels of phenolic compounds, the extracts from yellow-purple carrots
have shown to be high in vitro antioxidant capacities compared to the orange carrots, but
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their nutritional significance can be also extended to other molecular properties, since a
body of evidence has associated polyphenols dietary administration to anti-inflammatory,
anti-aging, and anti-tumoral effects, thus providing a preventive effect against chronic and
inflammatory human diseases [23,24]. Based on these nutraceutical features, multicolored
carrots represent important horticultural species that can be valorized in breeding programs
aimed at biodiversity preservation and sustainable agriculture.

Multicolored carrots (Daucus carota L.)

Originated from Central Asia and
Origin spread across Middle East, North
Africa, Europe and China

Environmental conditions

required for growth Moist and calcareous soils

Resistanceto adverse Resistant to cold

environment

Edible tissues or part of the T

plant

Ethnobotanical usages Mainly consumed as fresh products
Rich in minerals, phenolic

Nutritional/nutraceutical compounds, anthocyanins and

properties carotenoids (especially B-carotene);

antioxidant properties

Figure 1. Scheme of the main features of multicolored carrots.

Table 1. Some examples of phenolic compounds, anthocyanins, and carotenoid content in multicolored carrots.

Multicolored Carrots

(Different Total Phenolics Total Anthocyanins Total Carotenoids
Accessions/Landraces)
Yellow- or 1
orange-purple carrots 15.04-38.69 mg GAE ' /g DW [22] 17.3-17.9 umol/g DW [22]  0.334-0.771 mg/g DW [22]
Polignano carrots from 0.676 mg GAE/g [16] 5.06-7.82 mg KE 3 /g DW 0.433 mg/g [16]
Apulia 45mg CGA 2/g DW [18] (Blando 2021) 0.332 mg/g DW [18]
Tiggiano carrots from ~2.6 mg CGA/g DW [24] ~1 mg C3GE */g FW [24] ~0.400 mg/g DW [24]

Apulia

1 GAE: Gallic acid equivalents; 2 CGA: Chlorogenic acid; 3 KE: Kuromanin equivalents; * C3GE: cyanidin-3-glucoside equivalents.

1.2. Roquette

Roquette (Figure 2), also known as arugula, belongs to the Brassicaceae family and
is an important leafy salad worldwide. In the Mediterranean region, the main cultivated
roquette species are: Eruca vesicaria L. Cav. (formerly E. sativa Mill.) [25], which is preva-
lently cultivated in rich soils, or alternatively can be found mixed with ruderal flora in
marginal areas; Diplotaxis tenuifolia L., which has succulent leaves and is well adapted to
harsh and poor soils and is mostly collected as a wild species [26]. In Apulia, Eruca vesicaria
is currently suffering a strong genetic erosion, due to the growing attention focused on the
wild Diplotaxis tenuifolia, which is preferred for culinary preparations. However, E. vesicaria
is still cultivated in small gardens in the area of Bari but with rare cases of global marketing
placement.

Roquette is characterized by a pungent and bitter taste, provided by a range of
beneficial compounds (Vitamin C, carotenoids, phenolics, and glucosinolates) (Table 2) that
contribute to its antioxidant capacity. Conversely, it can also accumulate anti-nutrients
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(e.g., nitrates) and heavy metals [27-31]. Besides the culinary uses, roquette has interesting
medicinal properties, such as diuretic and depurative effects [26], and its extracts have
antimicrobial properties [32], antigenotoxic properties in D. melanogaster [33], and cytotoxic
effects in tumoral cell lines [34].

Roquette (Eruca vesicaria L.)

Oorigin Itis widespread around the world

Environmental conditions

required for growth Rich soils in marginal areas

Resistanceto adverse Tolerance to nitrates and heavy
environment metals

Edible tissues or part of the

Leaves
plant

Prevalently used as leafy/green

Ethnobotanical usages
salad

Rich in vitamin C, carotenoids,

Nutritional/nutraceutical phenolic compounds and
properties glucosinulates; antioxidant
properties

Figure 2. Scheme of the main features of roquette. (Source photo: biodiversitapuglia.it [35]).

Table 2. Some examples of phytochemical compounds in roquette.

Roquette Leaves Total Phenolics Total Carotenoids Vitamin C
”Nat”reg';‘;‘t’ly;f:mreue" 0.446-1.024 mg GAE ! /g FW [28] 0.076.2-0.137 mg/g FW [28] 0.0256-0.079 mg/g FW [28]
Italian E. sativa 3.62 mg GAE/g DW [36]
Bulgarian E. sativa 4.45 mg GAE/g DW [36]
D. tenuifolia (wild rocket) Quercetin: (;3\1]8[%‘7?'0774 mg/g Lutem:%%ig_“&%ﬁ?;:jg[;’gg]FW Gy 02078-08174 me/g FW [37]
E. vesicaria (garden rocket) 1995;(1)11 fni?/Eg/]%\l;\/V\E 4[3]9 ] 0.13 mg/g DW [38] 0'8.21956;1;1;‘;{(;/%5\[‘?,4[24]1]

1 GAE: Gallic acid equivalents.

1.3. Salicornia spp.

Salicornia spp. (Figure 3) is a group of edible halophytes able to grow in high salt soil
conditions, commonly named glasswort, pickle-weed, or sea asparagus [43]. Salicornia spp.
can be found as a wild species in transition zones between permanently flooded muds
and perennial vegetation, characterized by a winter flooding period and dry summer. The
geographical distribution of the wild species is very wide, since it can be found in USA,
Mexico, Canada, Europe (e.g., Britain, Ireland, France, Spain, Italy), India, Iran, Korea, and
some Africa regions [43].
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Salicornia spp. (L.) Parl.

Probably originating between the
Origin Mediterranean and Central Asia
during Miocene

Environmental conditions  Saline environments, coastlines,
required for growth tidal floodways, salt lakes

Resistanceto adverse Salt-tolerant

environment
Edibletissues or part of the
Stems, leaves
plant
Glass and soap making; livestock
Ethnobotanical usages feeding; human consumptionin

local dishes

Rich in minerals, vitamins, fatty
acids, phenolic compounds;
antioxidant, anti-inflammatory,
immunomodulatory, hypolipidemic
and hypoglycemic properties

Nutritional/nutraceutical
properties

Figure 3. Scheme of the main features of Salicornia spp. (Source photo: biodiversitapuglia.it [35]).

Apart from the historic usage as a source of sodium carbonate for glass making and an
additive for soap production [43], some Salicornia spp. are utilized for culinary purposes.

The natural adaptation to saline environments, as well as the salt tolerant traits and
the contextual content of bioactive compounds, makes Salicornia spp. interesting for many
landscapes due to its cultivation in adverse, harsh environments and its contribution to
human nutrition. In fact, Salicornia cultivation could represent a valid option in the context
of global warming, in which edible plants with high salt tolerance are needed. Salicornia spp.
can be also good candidates for reclamation of barren lands, salt flats, and seashores [43].
Its use has also been proposed in heavy metal removal and phytoremediation, but these
applications are not compatible with nutritional purposes, as they can be a source of toxic
metal ions and antinutrients. In fact, it is important to keep in mind that some species can
accumulate high contents of oxalic acid and iatrogenic iodine and excessive content of salt,
heavy metals, and saponines (as in the case of S. bigelovii) [44].

In the Apulia region, wild Salicornia spp. gathering is quite common, linked to ancient
culinary uses, even though some cultivation practices (as in the case of Salicornia patula,
belonging to the S. europea group) are also consolidated, especially in the northern area of
Gargano, close to the areas of the Lesina and Varano salt lakes [44,45]. The first attempts of
Salicornia cultivation have been reported along the Lesina lagoon, which occupies an area
of about 51 km?, with a length of 22 km, an average width of 2.4 km, and a depth of about
0.7 m [45]. Other scattered coastal sites suitable for Salicornia spp. growth and gathering
are present in the southern parts of the Apulia region, such as “Torre Guaceto” coastal
lagoon (province of Brindisi), “Le Cesine” (province of Lecce), and “Salina dei monaci”
(province of Taranto).

S. patula can be generally cultivated from February—March to August-September in
a soil that is typically black, sandy, acidic, and very rich in organic matter. The harvest
of fresh and tender parts can be repeated depending on the level of development of the
plant, with a final yield that can reach 10-15 tons per hectar [44]. The propagation can be
carried out by gamic or agamic techniques, and in the case of gamic techniques, seeds need
strategies for dormancy under hypersaline conditions and germination at low salt levels.
Furthermore, germination is affected either by the type of salt or its concentration [45].

Regarding the nutritional value, Salicornia spp. L. contains essential amino acids,
vitamins (mainly vitamins A and C), dietary fibers, and, as expected, a large diversity of
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minerals, including sodium, potassium, calcium, magnesium, iron, and iodine [46]. Going
deeper into the phytochemistry of Salicornia spp., some studies have also evidenced the
presence of: (i) saponins (in S. europea and S. bigelovii); (ii) lipids, with a prevalence of
palmitic acid (e.g., in S. ramosissima) or o-linolenic acid (e.g., in S. europea) [46]; (iii) steroid
compounds, such as spinasterol and stigmasterol (in S. europea, S. herbacea, S. fruticosa,
and S. bigelovii); (iv) alkaloid derivatives, saliherbine, and salicornin [47]; (v) flavonoids
(mainly favanones and flavone derivatives) and phenolic acids in methanolic extracts from
S. europea [47]. Due to the presence of sterols, triterpenoids saponins, and polyphenolic
compounds, beneficial properties have been associated with Salicornia extracts, such as
antioxidant, anti-inflammatory, immunomodulatory, hypolipidemic, and hypoglycemic
effects [46-50].

Phytochemical analyses on S. patula have focused on fatty acids content, with a
percentage of saturated fatty acids reaching 80% and phenolic content ranging from
2.989 to 4.209 mg GAE/g DW, with the major components represented by salicylic and
transcinnamic acids [51] (Table 3).

Table 3. Some examples of polyphenol and fatty acid content in Salicornia spp.

Salicornia spp. Polyphenol Content Fatty Acid Content

Salicornia (two ecotypes
from Israel)

Salicornia herbacea 0.78 mg/g FW [53]

1.05-1.53 mg GAE ! /g FW [52] 2.24-2.41 mg/g FW (Total FAs 2) [52]

80% total FAs
Salicornia patula 2.989-4.209 mg GAE/g DW [51] 2-3% MUFAs 3
6-13% PUFAs  [51]

1.2-1.6 mg/g FW

Salicornia ambigua 0.813-0.1252 mg/g FW [54] 60-61% ° SFAs
4-4.5% MUFAs

17-18% PUFAs [54]

1 GAE: Gallic acid equivalents; 2 FAs: fatty acids; > MUFAs: monounsaturated fatty acids; * PUFAs: polyun-
saturated fatty acids; 3 SFA: saturated fatty acid.

1.4. Purslane

Purslane (Portulaca oleracea L.) (Figure 4) is a very common spontaneous plant in
gardens, lawns, vineyards, cultivated fields, eroded slopes, and bluffs, where it is con-
sidered one of the most common weeds. It is a very common plant in the temperate and
subtropical regions, but it also grows in the tropics and at higher latitudes [55]. P. oleracea
is a synanthropic species that can tolerate mechanical disturbance and can be derived
from anthropic activities. It has fleshy, succulent, and very branched leaves and stems.
The origin of P. oleracea is uncertain, but it has been suggested that it comes from India,
even though it was also found in America in pre-Columbian times [56]. Purslane has a
broad physiological adaptability and high morphological variability (highly polymorphic);
therefore, the taxonomy of P. oleracea is still under debate [56]. This is quite important
because the Italian peninsula and adjacent islands provide fragmentary information on the
infraspecific diversity of P. oleracea. However, a recent elucidation about the distribution of
various P. oleracea morphotypes has been provided [56,57]. Thus, in the P. oleracea complex,
the P. trituberculata morphotype has been identified in the Apulia region. This morphotype
is one of the most common in continental Italy since the Roman period [57].
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Purslane (Portulaca oleracea L.)

Origin Uncertain

Environmental conditions = Temperate, subtropical and tropical
required for growth areas

Resistanceto adverse

envirorrdent Synanthropic species

Edible tissues or part of the

Stems, leaves
plant

Consumption of fresh or cooked

Sfinobotanicatuzages leaves in local dishes

Rich in minerals, phenolics, omega-
3 fatty acids, tocopheroland
Vitamin C; antioxidant activities

Nutritional/nutraceutical
properties

Figure 4. Scheme of the main features of P. oleracea (Source photo: biodiversitapuglia.it [35]).

In the Apulia region, purslane has always been traditionally harvested, and recently,
it has been officially recognized as a traditional food product [58]. Due to its sour and salty
taste, similar to fresh spinach, purslane is generally served raw in salads to give flavor
and freshness or cooked to prepare soups. In the past, it was used as a medicinal herb
due to its purifying, diuretic, and anti-diabetic properties. Purslane is a good source of
omega-3 fatty acids, tocopherols, and vitamin C (Table 4) and contains minerals, such
as magnesium, manganese, potassium, iron, and calcium. Flavonoids and polyphenols
have also been extracted from purslane leaves, particularly with oleracein A and C, found
as major components in leaves, reaching 8.2-103.0 mg and 21.2-143 mg/100 g dried
weight [59]. Concerning the biological activities, purslane has shown antioxidant and lipid
oxidation inhibiting capacities [60-63] and provides protection against DNA damage in
in vitro studies [61]. Di Cagno et al. [64] have also tested purslane juice obtained by lactic
acid bacteria fermentation, finding that the fermented juice strongly decreased the levels of
pro-inflammatory mediators and reactive oxygen species in the CaCoy-cell line.

Table 4. Some examples of polyphenol, vitamin C, tocopherol, and fatty acid content in purslane.

P. oleracea Polyphenols Vitamin C Tocopherols Fatty Acids
0.96-9.12 mg GAE/g DW
[63] 2 (o
3.6 mg GAE/g DW [60] Total SF1A (% 0£ total
P. oleracea Oleracein A: 8-1.03 mg/g MUFIZA‘o’ ()°/ 27f_ t5 5t/01 FA):
- orent DW [59] 240-9.73 ug/g FW [65]  3.02-4.81 ug/g FW [59] o of total FA):
accessions Oleracein C: 21-1.43 mg/ 5-12%
LT ME PUFA 4 (% of total FA):
bw 38-66% [59]
4.418-23.77 mg GAE/g DW) S
[62]
Raw.p}lrslane 85 mg GAE/100 mL [64] 22 mg/100 mL [64] 2.5 mg/100 mL [64]
juice

1 FA: fatty acids; > SFA: saturated fatty acid; > MUFAs: monounsaturated fatty acids; * PUFAs: polyunsaturated fatty acids.

1.5. Leopoldia comosa L.

Leopoldia comosa (L.) Parl., (Figure 5), previously named Muscari comosum (L.) Mill,
is a perennial bulb, belonging to the Hyacinthaceae family and originating from South-
East Europe, Turkey, and Iran, naturalized elsewhere and eaten in some Mediterranean
countries. It is called the tassel of hyacinth or tassel grape hyacinth. It is a wild species, but
it can also be properly cultivated. The wild specimens can be found in rocky ground or
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cultivated lands, cornfields, or vineyards. The cut bulbs transude mucilages, sugars, latex,
tannins, salts, triterpenes, homoisoflavones, and muscarosides [66].

Leopoldia comosa (L.) Parl.

Origin Turkey and Mediterranean area

Environmental conditions

required for growth Temperate areas, rocky grounds

Resistanceto adverse

. Resistant to cold
environment

Edible tissues or part of the

plant Bulbs

Consumption of bulbs in local

Ethnobotanical usages Hishas

Bulbs are rich in flavonoids,
phenolic acids and fatty acids;
antioxidant and hypoglycemic
properties, prevention of obesity-
related disorders

Nutritional/nutraceutical
properties

Figure 5. Scheme of the main features of L. comosa. (Source photo: biodiversitapuglia.it [35]).

The bulbs of L. comosa are characterized by a typical strong sour and bitter taste and,
in the culinary uses of the Apulia region, are traditionally boiled and consumed with olive
oil, vinegar, and salt, or they can be fried. Additionally, they can be part of the preparation
of other traditional local dishes [67]. Other popular usages of L. comosa bulbs include the
cure of toothache and skin spots [68].

L. comosa bulbs are rich in several classes of phytochemicals, including flavonoids,
phenolic acids, and fatty acids [69] (Table 4). Among the fatty acid fraction, palmitic acid
has been reported as the major component, followed by linoleic, linolenic, and stearic
acids [69] (Table 5).

Phytochemicals in Leopoldia comosa bulbs have shown metal chelating, antioxidant
properties, pancreatic lipase inhibitory activity, and hypoglycemic activity via the inhibition
of carbohydrate digestive enzymes, such as «-amilase and x-glucosidase [70]. Furthermore,
enzyme-inhibitory effects and in vitro antitumoral activities in breast adenocarcinoma cells
have also been reported [71].

In a comparative study of extracts deriving from wild and cultivated bulbs of L. co-
mosa, Marrelli et al. [69] have shown higher radical scavenging activity and good in vitro
pancreatic lipase inhibitory activity from the wild bulb extracts compared to the cultivated
bulb extracts. In light of these data, the extracts from wild L. comosa bulbs have been
suggested to be considered for subsequent in vivo studies and the activity could be at-
tributed to phenolic compounds [69]. Accordingly, Casacchia et al added L. comosa extracts
(20 or 60 mg/die) to a high-fat diet in rats fed for 2 weeks. Following these conditions, L.
comosa extracts inhibited lipase and pancreatic amylase activities, counteracting abdominal
obesity, dyslipidemia, liver steatosis, and improving glucose tolerance, suggesting an im-
portant effect of prevention of obesity-dependent metabolic disorders [72]. In another study,
Casacchia et al. [71] used raw bulbs or bulbs cooked with two different methods (boiled or
steam-cooked), confirming higher antioxidant activities and inhibition of pancreatic lipase
and x-amylase, especially in the raw bulbs, relating these in vitro activities mainly to the
phenolic compounds and suggesting that the traditional cooking methods can partially
deplete the observed biological activities.
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Table 5. Some examples of polyphenol and fatty acid content in L. comosa.

Leopoldia comosa Total Polyphenols Total Flavonoids Total Fatty Acids
264.33 mg/g FW [69] 10.40 mg/g FW [69] Palmitic acid 16.2 mg/g of fatty acids
Wild raw bulbs 92.47 mg CAE ' /g FW [71] 4.57 mg QE%/g FW [71] fraction [69]
56.6 mg CAE/g extract [70] 23.4 mg QE/g extract [70] Palmitic acid 15.5% of fatty acid
102.89 mg CAE/g of FW [72] 28.07 mg QE/g of FW [72] composition [70]
Cultivated raw bulbs 42 mg/g FW [69] 5.74 mg/g FW [69] Palmitic acid 17'5, mg/g of fatty acids
fraction [69]
Boiled bulbs 39.53 mg CAE/g FW [71] 0.64 mg QE/g FW [71]
Steam-cooked bulbs 49.80 mg CAE/g FW [71] 1.63 mg QE/g FW [71]

gl

%

1 CAE: Chlorogenic acid equivalents; > QE quercetin equivalents.

1.6. Milk Thistle

Milk thistle (Sylibum marianum L.) (Figure 6) is a member of the Asteraceae family
and is native to the Mediterranean basin, although it is widespread in Northern Africa,
Asia, North and South America, and South Australia [73,74]. It can be cultivated as an
ornamental plant, but it often grows widely as a proper weed in yields and roadsides, in
warm environments and dry soils. Flowering season is between July and August. It is also
considered a heavy metals tolerant species [73]. Milk thistle fruits, sometimes confused
as seeds, have been used for medical purposes since ancient Greek civilization, especially
for the treating of liver diseases for its hepatoprotective activities. A recent study has
evidenced that wild accessions of S. marianum in Italy can be identified in three different
stable chemotypes, based on the biochemical profile of these accessions. Two of these
chemotypes have been reported from different Italian regions, including Apulia, with no
clear correlation between the chemical profile and geographic features [75].
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Figure 6. Scheme of the main features of S. marianum.

Apulian traditional culinary usages included the leaves and the tender stems of the
milk thistle, together with other well-known and appreciated species, Cynara cardunculus L.
and Scolymus hispanicus L. (golden thistle). However, the main problem that has greatly
limited its uses in recent years is represented by the first cleaning phase, which consists of
eliminating leaf blade, which is exceedingly spiny. However, once cooked the milk thistles
can be used to prepare very tasty dishes rich in beneficial compounds.
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The most important biological activities of milk thistle are related to silymarin, a
mixture of flavonoid complexes and flavolignans. In silymarin, many compounds have
been reported, among which are silybin, isosilybin, silychristin, isosilychristin, sylidianin,
and silimonin [76-78]. Apart these compounds, some flavonoids (quercetin, kaempferol,
apigenin, naringenin, eriodyctiol, and taxifolin), tocopherol, sterols, sugars, and proteins
have been reported [76], even though silybin is the most abundant compound in the
extracts [74] (Table 6).

Milk thistle extracts, from the heads, leaves, and stems, have shown several biological
properties [79], including strong antioxidant and anti-inflammatory properties and anti-
tumoral activities [79-81]. In an experimental model of nonalcoholic steatohepatitis, the
administration of S. marianum extract reduced the severity of steatohepatitis and the levels
of alanine amino transferase and aspartate amino transferase and improved the levels of
glutathione [82]. The hepatoprotective activities were also observed in human hepatocytes
and human liver microsomes by inhibiting cytochrome-P450 isoenzymatic activities [83].

Table 6. Some examples of bioactive compounds in S. marianum.

Milk Thistle Organs Polyphenols Flavonoids Sylibin
Leaves 14-17 mg GAE ! /g DW [73] ~11 mg GAE/g DW [73]
Heads 11-12 mg GAE/g DW [73] ~5mg GAE/g DW [73]
Seeds (fruits) 24-35 mg GAE/g [84] 16-29 mg QE 2 /g [84] 3-311mg/g [85]

! GAE: Gallic acid equivalents; 2 QE quercetin equivalents.

2. Conclusions

In this review, we focused on some examples of NUS from the Apulia region that are
worthy of being enhanced, with the intent to preserve the living heritage and biodiversity.
The major staple crops, intensively cultivated because they ensure the standards of global
market requirements, are preferred to NUS, thus hiding their great potentials to contribute
to the process of adaptation to changing climates. Indeed, most of NUS are characterized
by a high resilience to harsh and adverse environments and a rich source of nutrients.
Further efforts need to address:

1.  The molecular basis and genetic traits linked to the adaptation to harsh environmental
conditions (with a special look at tolerance to heat/salt/heavy metals stresses);

2. The characterization of main nutrient classes and their biosynthesis pathways;

The quantification and characterization of the main antimetabolic factors/antinutrients;

4. Abetter knowledge of the biological activities in the prevention of human diseases.

®

Expanding our knowledge on these issues will increase awareness of the importance of
NUS and the activities related to their recovery and enhancement. Investing in research on
NUS, an inter /multi-disciplinary approach and shared scientific and traditional knowledge
will help to fully realize the benefits of these crops.

Author Contributions: A.S. (Aurelia Scarano), T.S., M.C., and A.S. (Angelo Santino) wrote the paper.
All authors have read and agreed to the published version of the manuscript.

Funding: This work was, in part, funded by the Apulia region SICURA project (KC3U5Y1) and
CNR-DiSBA project NutrAge (project nr. 7022).

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Acknowledgments: The authors acknowledge the Apulia Region project “BiodiverSO” and A.
Signore, P. Santamaria, and G. Mastrosimini for the pictures.

Conflicts of Interest: The authors declare no conflict of interest.



Horticulturae 2021, 7, 177 11 of 14

References

1.  Slow Food. The New EU Biodiversity strategy: The Most Important Questions Answered. Available online: https://www.
slowfood.com/the-new-eu-biodiversity-strategy-the-most-important-questions-answered/ (accessed on 25 May 2021).

2. Renna, M.; Montesano, EF,; Signore, A.; Gonnela, M.; Santamaria, P. BiodiverSO: A case study of integrated project to preserve
the biodiversity of vegetable crops in Puglia (Southern Italy). Agriculture 2018, 8, 128. [CrossRef]

3. Laghetti, G.; Bisignano, V.; Urbano, M. Genetic resources of vegetable crops and their safeguarding in Italy. Hort. Int. ]. 2018, 2,
72-74. [CrossRef]

4. Stamp, P; Messmer, R.; Walter, A. Competitive underutilized crops will depend on the state funding of breeding programmes:
An opinion on the example of Europe. Plant Breed. 2012, 131, 461-464. [CrossRef]

5. Ochatt, S.; Jain, S.M. Breeding of Neglected and Under-Utilized Crops, Spices and Herbs; Science Publishers Inc.: Enfield,
NH, USA, 2007.

6.  Ebert, A.W. Potential of underutilized traditional vegetables and legumes crops to contribute to food and nutritional security,
income and more sustainable production systems. Sustainability 2014, 6, 319-335. [CrossRef]

7. Padulosi, S.; Thompson, ].; Rudebjer, P. Fighting Poverty, Hunger and Malnutrition with Neglected and Underutilized Species (NUS):
Needs, Challenges and the Way Forward; Bioversity International: Rome, Italy, 2013.

8. Semeraro, T,; Scarano, A.; Buccolieri, R.; Santino, A.; Aarrevaara, E. Planning of urban green spaces: An ecological perspective on
human benefits. Land 2021, 10, 105. [CrossRef]

9.  Frison, E.A,; Cherfas, J.; Hodgkin, T. Agricultural biodiversity is essential for a sustainable improvement in food and nutrition
security. Sustainability 2011, 3, 238-253. [CrossRef]

10. Jackson, L.E.; Pascual, U.; Hodgkin, T. Utilizing and conserving agrobiodiversity in agricultural landscapes. Agric. Ecosyst.
Environ. 2007, 121, 196-210. [CrossRef]

11. McCouch, S. Feeding the future. Nature 2013, 499, 23-24. [CrossRef]

12.  Scarano, A.; Olivieri, F; Gerardi, C.; Liso, M.; Chiesa, M.; Chieppa, M.; Frusciante, L.; Barone, A.; Santino, A.; Rigano, M.M.
Selection of tomato landraces with high fruit yield and nutritional quality under elevated temperatures. J. Sci. Food Agric. 2020,
100, 2791-2799. [CrossRef]

13.  Zhang, D.; Hamauzu, Y. Phenolic compounds and their antioxidant properties in different tissues of carrots (Daucus carota L.). ].
Food Agric. Environ. 2004, 2, 95-100.

14. Sharma, K.D.; Karki, S.; Thakur, N.S.; Attri, S. Chemical composition, functional properties and processing of carrot—A review. J.
Food Sci. Technol. 2012, 49, 22-32. [CrossRef]

15.  Arscott, S.A.; Tanumihardjo, S.A. Carrots of many colors provide basic nutrition and bioavailable phytochemicals acting as a
functional food. Comp. Rev. Food Sci. Food Saf. 2010, 9, 223. [CrossRef]

16. Cefola, M.; Pace, B.; Renna, M.; Santamaria, P,; Signore, A.; Serio, F. Compositional analysis and antioxidant profile of yellow,
orange and purple Polignano carrots. Ifal. J. Food Sci. 2012, 24, 284-291.

17.  Blando, E; Marchello, S.; Maiorano, G.; Durante, M.; Signore, A.; Laus, M.N.; Soccio, M.; Mita, G. Bioactive compounds and
antioxidant capacity in anthocyanin-rich carrots: A comparison between the black carrot and the Apulian landrace “Polignano”
carrot. Plants 2021, 10, 564. [CrossRef] [PubMed]

18. Elia, A.; Santamaria, P. Biodiversity in vegetable crops, a heritage to save: The case of Puglia region. Ital. ]. Agron. 2013,
8, 4. [CrossRef]

19. Signore, A.; Renna, M.; D'Imperio, M.; Serio, F.; Santamaria, P. Preliminary evidences of biofortification with iodine of “Carota di
Polignano”, an Italian carrot landrace. Front. Plant Sci. 2018, 9, 170. [CrossRef] [PubMed]

20. Scarano, A.; Gerardi, C.; D’Amico, L.; Accogli, R.; Santino, A. Phytochemical analysis and antioxidant properties of colored
Tiggiano carrots. Agriculture 2018, 8, 102. [CrossRef]

21. Renna, M; Serio, F.; Signore, A.; Santamaria, P. The yellow-purple Polignano carrot (Daucus carota L.): A multicolored landrace
from the Puglia region (Southern Italy) at risk of genetic erosion. Gen. Res. Crop. Evol. 2014, 61, 1611-1619. [CrossRef]

22. Sun, T.; Simon, PW.; Tanumihardjo, S.A. Antioxidant phytochemicals and antioxidant capacity of biofortified carrots (Daucus
carota L.) of various colors. J. Agric. Food Chem. 2009, 57, 4142. [CrossRef]

23. Blando, F; Calabriso, N.; Berland, H.; Maiorano, G.; Gerardi, C.; Carluccio, M.A.; Andersen, &J.M. Radical scavenging and
anti-inflammatory activities of representative anthocyanin groupings from pigment-rich fruits and vegetables. Int. ]. Mol. Sci.
2018, 19, 169. [CrossRef]

24. Scarano, A.; Chieppa, M.; Santino, A. Plant polyphenols-biofortified foods as a novel tool for the prevention of human gut
diseases. Antioxidants 2020, 9, 1225. [CrossRef] [PubMed]

25. Hassan, S.M.; Abshour, M.; Soliman, A.A.F.; Hassanien, H.A.; Alsanie, W.F,; Gaber, A.; Elshobary, M. The potential of a new
commercial seaweed extract in stimulating morpho-agronomic and bioactive properties of Eruca sativa (L.) Cav. Sustainability
2021, 13, 4485. [CrossRef]

26. Padulosi, S.; Pignone, D. Rocket: A Mediterranean crop for the world—Report of a workshop. In Proceedings of the Project of
Underutilized Mediterranean Species, Padova, Italy, 13-14 December 1996.

27. Cannata, M.G,; Carvalho, R.; Bertoli, A.C.; Augusto, A.S.; Bastos, A.R.R; Carvalho, ].G.; Freitas, M.P. Effects of Cadmium and

Lead on Plant Growth and Content of Heavy Metals in Arugula Cultivated in Nutritive Solution. Comm. Soil Sci. Plant Anal. 2013,
44,952-961. [CrossRef]


https://www.slowfood.com/the-new-eu-biodiversity-strategy-the-most-important-questions-answered/
https://www.slowfood.com/the-new-eu-biodiversity-strategy-the-most-important-questions-answered/
http://doi.org/10.3390/agriculture8080128
http://doi.org/10.15406/hij.2018.02.00029
http://doi.org/10.1111/j.1439-0523.2012.01990.x
http://doi.org/10.3390/su6010319
http://doi.org/10.3390/land10020105
http://doi.org/10.3390/su3010238
http://doi.org/10.1016/j.agee.2006.12.017
http://doi.org/10.1038/499023a
http://doi.org/10.1002/jsfa.10312
http://doi.org/10.1007/s13197-011-0310-7
http://doi.org/10.1111/j.1541-4337.2009.00103.x
http://doi.org/10.3390/plants10030564
http://www.ncbi.nlm.nih.gov/pubmed/33802658
http://doi.org/10.4081/ija.2013.e4
http://doi.org/10.3389/fpls.2018.00170
http://www.ncbi.nlm.nih.gov/pubmed/29497433
http://doi.org/10.3390/agriculture8070102
http://doi.org/10.1007/s10722-014-0155-9
http://doi.org/10.1021/jf9001044
http://doi.org/10.3390/ijms19010169
http://doi.org/10.3390/antiox9121225
http://www.ncbi.nlm.nih.gov/pubmed/33287404
http://doi.org/10.3390/su13084485
http://doi.org/10.1080/00103624.2012.747604

Horticulturae 2021, 7, 177 12 of 14

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Bonasia, A.; Lazzizera, C.; Elia, A.; Conversa, G. Nutritional, Biophysical and Physiological Characteristics of Wild Rocket
Genotypes As Affected by Soilless Cultivation System, Salinity Level of Nutrient Solution and Growing Period. Front. Plant Sci.
2017, 8, 300. [CrossRef] [PubMed]

Al Jassir, M.S.; Shaker, A.; Khaliq, M.A. Deposition of heavy metals on green leafy vegetables sold on roadsides of Riyadh city,
Saudi Arabia. Bull. Environ. Contam. Toxicol. 2005, 75, 1020-1027. [CrossRef]

Ali, M.-H.H.; Al-Qahtani, K.M. Assessment of some heavy metals in vegetables, cereals and fruits in Saudi Arabia markets. Egypt.
J. Acq. Res. 2012, 38, 31-37. [CrossRef]

Bantis, F.; Kaponas, C.; Charalambous, C.; Koukounaras, A. Strategic successive harvesting of rocket and spinach baby leaves
enhanced their quality and production efficiency. Agriculture 2021, 11, 465. [CrossRef]

Rani, I.; Akhund, S.; Suhail, M.; Abro, H. Antimicrobial potential of seed extract of Eruca sativa. Pakistan . Bot. 2010, 42, 2949-2953.
Villatoro-Pulido, M.; Font, R.; Saha, S.; Obregén-Cano, S.; Anter, ].; Mufioz-Serrano, A.; De Haro-Bailon, A.; Alonso-Moraga, A.;
Del Rio-Celestino, M. In vivo biological activity of rocket extracts (Eruca vesicaria subsp. sativa (Miller) Thell) and sulforaphane.
Food Chem. Toxicol. 2012, 50, 1384-1392. [CrossRef]

Michael, H.N,; Shafik, R.E.; Ramsy, G.E. Studies on the chemical constituents of fresh leaf of Eruca sativa extract and its biological
activity as anticancer agent in vitro. J. Med. Plants Res. 2011, 5, 1184-1191.

BiodiverSO. Available online: https://biodiversitapuglia.it (accessed on 25 May 2021).

Matev, G.; Dimitrova, P; Petkova, N.; Ivanov, I.; Mihaylova, D. Antioxidant activity and mineral content of rocket (Eruca sativa)
plant from Italian and Bulgarian origins. . Microbiol. Biotechnol. Food Sci. 2018, 8, 756-759. [CrossRef]

Durazzo, A.; Azzini, E.; Lazzé, M.C.; Raguzzini, A.; Pizzala, R.; Maiani, G. Italian wild rocket [Diplotaxis tenuifolia (L.) DC.]:
Influence of agricultural practices on antioxidant molecules and on cytotoxicity and antiproliferative effects. Agriculture 2013, 3,
285-298. [CrossRef]

Znidarci¢, D.; Ban, D.; éircelj, H. Carotenoid and chlorophyll composition of commonly consumed leafy vegetables in Mediter-
ranean countries. Food Chem. 2011, 129, 1164-1168. [CrossRef] [PubMed]

Li, Z.; Lee, HW,; Liang, X.; Liang, D.; Wang, Q.; Huang, D.; Ong, C.N. Profiling of phenolic compounds and antioxidant activity
of 12 cruciferous vegetables. Molecules 2018, 23, 1139. [CrossRef]

Degl'Innocenti, E.; Pardossi, A.; Tattini, M.; Guidi, L. Phenolic compounds and antioxidant power in minimally processed salad.
J. Food Biochem. 2008, 32, 642—653. [CrossRef]

Marchioni, I.; Martinelli, M.; Ascrizzi, R.; Gabbrielli, C.; Flamini, G.; Pistelli, L.; Pistelli, L. Small functional foods: Comparative
phytochemical and nutritional analyses of five microgreens of the Brassicaceae family. Foods 2021, 10, 427. [CrossRef] [PubMed]
Mieszczakowska-Frac, M.; Celejewska, K.; Ptocharski, W. Impact of innovative technologies on the content of Vitamin C and its
bioavailability from processed fruit and vegetable products. Antioxidants 2021, 10, 54. [CrossRef] [PubMed]

Patel, S. Salicornia: Evaluating the halophytic extremophile as a food and a pharmaceutical candidate. 3Biotech 2016,
6,104. [CrossRef]

Loconsole, D.; Cristiano, G.; De Lucia, B. Glassworts: From wild salt marsh species to sustainable edible crops. Agriculture 2018, 9,
14. [CrossRef]

Urbano, M.; Tomaselli, V.; Bisignano, V.; Veronico, G.; Hammer, K.; Laghetti, G. Salicornia patula Duval-Jouve: From gathering of
wild plants to some attempts of cultivation in Apulia region (Southern Italy). Genet. Resour. Crop. Evol. 2017. [CrossRef]

Lopes, M.; Cavaleiro, C.; Ramos, F. Sodium reduction in bread: A role for glasswort (Salicornia ramosissima J. Woods). Compreh.
Rev. Food Sci. Food Saf. 2017, 16, 1056-1071. [CrossRef]

Isca, VM.S.; Seca, AM.L.; Pinto, D.C.G.A; Silva, AM.S. An overview of Salicornia gnus: The phytochemical and pharma-
cological profile. In Natural Products: Research Reviews; Gupta, V.K., Ed.; Daya Publishing House: New Delhi, India, 2014;
Volume 2, pp. 145-176.

Kim, S.; Lee, E.-Y; Hillman, P.F; Ko, J.; Yang, I.; Nam, S.-J. Chemical strucutre and biological activities of secondary metabolites
from Salicornia europea L. Molecules 2021, 26, 2252. [CrossRef] [PubMed]

Gouda, M.; Elsebaie, E.M. Glasswort (Salicornia spp.) as a source of bioactive compounds and its health benefits: A review. Alex. J.
Food Sci. Technol. 2016, 13, 1-7. [CrossRef]

Essaidi, I.; Brahmi, Z.; Snoussi, A.; Koubaier, H.B.H.; Casabianca, H.; Abe, N.; El Omri, A.; Chaabouni, M.M.; Bouzouita, N.
Phytochemical investigation of Tunisian Salicornia herbacea L., antioxidant, antimicrobial and cytochrome P450 (CYPs) inhibitory
activities of its methanol extract. Food Control 2013, 32, 125-133. [CrossRef]

Sénchez-Gavilan, I.; Ramirez, E.; de la Fuente, V. Bioactive compounds in Salicornia patula Duval-Jouve: A mediterranean edible
euhalophyte. Foods 2021, 10, 410. [CrossRef]

Ventura, Y.; Wuddineh, W.A.; Myrzabayeva, M.; Alikulov, Z.; Khozin-Goldberg, I.; Shpigel, M.; Samocha, T.M.; Sagi, M. Effect of
seawater concentration on the productivity and nutritional value of annual Salicornia and perennial Sarcocornia halophytes as
leafy vegetable crops. Sci. Hortic. 2011, 128, 189-196. [CrossRef]

Cho, J.-Y.; Kim, J.Y.; Lee, Y.G.; Lee, H].; Shim, H.J.; Lee, ].H.; Kim, S.-J.; Ham, K.-S.; Moon, J.-H. Four new dicaffeoylquinic acid
derivatives from glasswort (Salicornia herbacea L.) and their antioxidative activity. Molecules 2016, 21, 1097. [CrossRef]

Labronici Bertin, R.; Valdemiro Gonzaga, L.V.; da Silva Campelo Borges, G.; Stremel Azevedo, M.; Maltez, H.F,; Heller, M.; Micke,
G.A,; Benathar Ballod Tavares, L.; Fett, R. Nutrient composition and, identification/quantification of major phenolic compounds
in Sarcocornia ambigua (Amaranthaceae) using HPLC-ESI-MS/MS. Food Res. Int. 2014, 55, 404—411. [CrossRef]


http://doi.org/10.3389/fpls.2017.00300
http://www.ncbi.nlm.nih.gov/pubmed/28337211
http://doi.org/10.1007/s00128-005-0851-4
http://doi.org/10.1016/j.ejar.2012.08.002
http://doi.org/10.3390/agriculture11050465
http://doi.org/10.1016/j.fct.2012.02.017
https://biodiversitapuglia.it
http://doi.org/10.15414/jmbfs.2018.8.2.756-759
http://doi.org/10.3390/agriculture3020285
http://doi.org/10.1016/j.foodchem.2011.05.097
http://www.ncbi.nlm.nih.gov/pubmed/25212352
http://doi.org/10.3390/molecules23051139
http://doi.org/10.1111/j.1745-4514.2008.00188.x
http://doi.org/10.3390/foods10020427
http://www.ncbi.nlm.nih.gov/pubmed/33672089
http://doi.org/10.3390/antiox10010054
http://www.ncbi.nlm.nih.gov/pubmed/33466266
http://doi.org/10.1007/s13205-016-0418-6
http://doi.org/10.3390/agriculture9010014
http://doi.org/10.1007/s10722-017-0521-5
http://doi.org/10.1111/1541-4337.12277
http://doi.org/10.3390/molecules26082252
http://www.ncbi.nlm.nih.gov/pubmed/33924656
http://doi.org/10.12816/0038461
http://doi.org/10.1016/j.foodcont.2012.11.006
http://doi.org/10.3390/foods10020410
http://doi.org/10.1016/j.scienta.2011.02.001
http://doi.org/10.3390/molecules21081097
http://doi.org/10.1016/j.foodres.2013.11.036

Horticulturae 2021, 7, 177 13 of 14

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

Matthews, ].E.; Ketron, D.W.; Zane, S.F. The biologiy and taxonomy of the Portulaca oleracea L. (Portulaceae) complex in North
America. Rhodora 1993, 95, 166-183.

Danin, A.; Bundrini, F; Bandini Mazzanti, M.; Bosi, G.; Caria, M.C.; Dandria, D.; Lanfranco, E.; Mifsud, S.; Bagella, S. Diversifica-
tion of Portulaca oleracea L. complex in the Italian peninsula and adjacent islands. Bot. Lett. 2016. [CrossRef]

Galasso, G.; Conti, F,; Peruzzi, L.; Ardenghi, N.M.G.; Banfi, E.; Celesti-Grapow, L.; Albano, A.; Alessandrini, A.; Bacchetta, G.;
Ballelli, S.; et al. An updated checklist of the vascular flora alien to Italy. Plant Biosyst. 2018, 152, 556-592. [CrossRef]
BiodiverSO. Available online: https:/ /biodiversitapuglia.it/fbpost/la-portulaca-portulaca-oleracea-I-e-una-pianta-spontanea-
molto-comune-in-orti-e-campi-dove-e-con/ (accessed on 25 May 2021).

Petropoulos, S.A.; Fernandes, A.; Dias, M.1; Vasilakoglou, I.B.; Petrotos, K.; Barros, L.; Ferreirs, I.C.ER. Nutritional value, chemical
composition and cytotoxic properties of common purslane (Portulaca oleracea L.) in relation to harvesting stage and plant part.
Antioxidants 2019, 8, 293. [CrossRef] [PubMed]

Uddin, M.K,; Juraimi, A.S.; Ali, M.E.; Ismail, M.R. Evaluation of antioxidant properties and mineral composition of purslane
(Portulaca oleracea L.) at different growth stages. Int. . Mol. Sci. 2012, 13, 10257-10267. [CrossRef]

Erkan, N. Antioxidant activity and phenolic compounds of fractions from Portulaca oleracea L. Food Chem. 2012, 133,
775-781. [CrossRef]

Silva, R.; Carvalho, I.S. In vitro antioxidant activity, phenolic compounds and protective effect against DNA damage provided by
leaves, stems and flowers of Portulaca oleracea (purslane). Nat. Prod. Comm. 2014, 9, 45-50. [CrossRef]

Alam, ML.A,; Juraimi, A.S.; Rafii, M.Y.; Hamid, A.A.; Aslani, F.; Hasan, M.M.; Zainudin, M.A.M.; Uddin, M.K. Evaluation of
antioxidant compounds, antioxidant activities, and mineral composition of 13 collected purslane (Portulaca oleracea L.) accessions.
BioMed Res. Int. 2014. [CrossRef]

Di Cagno, R.; Filannino, P.; Vincentini, O.; Cantatore, V.; Cavoski, I.; Gobbetti, M. Fermented Portulaca oleracea L. juice: A novel
functional beverage with potential ameliorating effects on the intestinal inflammation and epithelial injury. Nutrients 2018, 11,
248. [CrossRef] [PubMed]

Dewanti, F.D.; Pujiasmanto, B.; Sudendah, S.; Yunus, A. Analysis of ascrobic acid content (vitamin C) of purslane (Portulaca
oleracea L.) at various altitudes in East Java, Indonesia. IOP Conf. Ser. Earth Environ. Sci. 2021, 637, 012074. [CrossRef]

Adinolfi, M.; Barone, G.; Corsaro, M.M.; Lanzetta, R.; Mangoni, L.; Parrilli, M. Glycosides from Muscari comosum. 7. Structure of
three novel muscarosides. Can. J. Chem. 1987, 65, 2317-2326. [CrossRef]

Renna, M.; Rinaldi, V.A.; Gonnella, M. The Mediterranean diet bewteen traditional foods and human health: The culinary
example of Puglia (Southern Italy). Int. ]. Gastron. Food Sci. 2014. [CrossRef]

Motti, R.; Antignani, V.; Idolo, M. Traditional plant use in the Phlegraean Fields Regional Park (Campania, Southern Italy). Hum.
Ecol. 2009, 37, 775-782. [CrossRef]

Marrelli, M.; La Grotteria, S.; Araniti, F.; Conforti, F. Investigation of the potential health benefits as lipase inhibitor and antioxidant
of Leopoldia comosa (L.) Parl.: Variability of chemical composition of wild and cultivated bulbs. Plant Foods Hum. Nutr. 2017, 72,
274-279. [CrossRef]

Loizzo, M.R.; Tundis, R.; Menichini, F; Pugliese, A.; Bonesi, M.; Solimene, U.; Menichini, F. Chelating, antioxidant and
hypoglycaemic potential of Muscari comosum (L.) Mill. Bulb extracts. Int. ]. Food Sci. Nutr. 2010, 61, 780-791. [CrossRef]
Casacchia, T.; Sofo, A.; Casaburi, I.; Marrelli, M.; Conforti, F; Statti, G.A. Antioxidant, enzyme-inhibitory and antitumor activity
of the wild dietary plant Muscari comosum (L.) Mill. Int. ]. Plant. Biol. 2017, 8, 6895. [CrossRef]

Casacchia, T.; Scavello, F.; Rocca, C.; Granieri, M.C.; Beretta, G.; Amelio, D.; Gelimini, F; Spena, A.; Mazza, R.; Toma, C.C,; et al.
Leopoldia comosa prevents metabolic disorders in rats with high-fat diet-induced obesity. Eur. J. Nutr. 2019, 58, 965-979. [CrossRef]
[PubMed]

Sulas, L.; Re, G.A.; Bullitta, S.; Piluzza, G. Chemical and productive properties of two Sardinian milk thistle (Silybum marianum
(L.) Gaertn.) populations as sources of nutrients and antioxidants. Genet. Resour. Crop. Evol. 2016, 63, 315-326. [CrossRef]

Bijak, M. Silybin, a major bioactive component of milk thistle (Silybum marianum L. Gaernt.)—Chemistry, bioavailability, and
metabolism. Molecules 2017, 22, 1942. [CrossRef]

Martinelli, T.; Fulvio, F; Pietrella, M.; Focacci, M.; Lauria, M.; Paris, R. In Silybum marianum Italian wild populations the variability
of silymarin profiles results from the combination of only two stable chemotypes. Fitoterapia 2021, 148, 104797. [CrossRef]
Abenavoli, L.; Capasso, R.; Milic, N.; Capasso, FE. Milk thistle in liver diseases: Past, present, future. Phytother. Res. 2010, 24,
1423-1432. [CrossRef] [PubMed]

Kren, V.; Walterova, D. Silybin and silymarin—New effects and applications. Biomed. Pap. Med. Fac. Univ. Palacky Olomouc
Czechoslov. Repub. 2005, 149, 29-41. [CrossRef]

Lee, ].I; Narayan, M.; Barrett, J.S. Analysis and comparison of active constituents in commercial standardized silymarin extracts
by liquid chromatography-electrospray ionization mass spectrometry. |. Chromatogr. B Anal. Technol. Biomed. Life Sci. 2007, 845,
9-103. [CrossRef] [PubMed]

Porwal, O.; Ameen, M.S.M.; Anwer, E.T.; Uthirapathy, S.; Ahamad, J.; Tahsin, A. Silybum marianum (milk thistle): Review on
its chemistry, morphology, ethno medical uses, phytochemistry and pharmacological activities. . Drug Deliv. Therap. 2019, 9,
199-206. [CrossRef]

Le, Q.-U,; Lay, H.-L.; Wu, M.-C; Joshi, R.K. Phytoconstituents and pharmacological activities of Silybum marianum (milk thistle):
A critical review. Am. ]. Ess. Oils Nat. Prod. 2018, 6, 41-47.


http://doi.org/10.1080/23818107.2016.1200482
http://doi.org/10.1080/11263504.2018.1441197
https://biodiversitapuglia.it/fbpost/la-portulaca-portulaca-oleracea-l-e-una-pianta-spontanea-molto-comune-in-orti-e-campi-dove-e-con/
https://biodiversitapuglia.it/fbpost/la-portulaca-portulaca-oleracea-l-e-una-pianta-spontanea-molto-comune-in-orti-e-campi-dove-e-con/
http://doi.org/10.3390/antiox8080293
http://www.ncbi.nlm.nih.gov/pubmed/31398846
http://doi.org/10.3390/ijms130810257
http://doi.org/10.1016/j.foodchem.2012.01.091
http://doi.org/10.1177/1934578X1400900115
http://doi.org/10.1155/2014/296063
http://doi.org/10.3390/nu11020248
http://www.ncbi.nlm.nih.gov/pubmed/30678049
http://doi.org/10.1088/1755-1315/637/1/012074
http://doi.org/10.1139/v87-387
http://doi.org/10.1016/j.ijgfs.2014.12.001
http://doi.org/10.1007/s10745-009-9254-1
http://doi.org/10.1007/s11130-017-0618-1
http://doi.org/10.3109/09637486.2010.482521
http://doi.org/10.4081/pb.2017.6895
http://doi.org/10.1007/s00394-018-1609-1
http://www.ncbi.nlm.nih.gov/pubmed/29327229
http://doi.org/10.1007/s10722-015-0251-5
http://doi.org/10.3390/molecules22111942
http://doi.org/10.1016/j.fitote.2020.104797
http://doi.org/10.1002/ptr.3207
http://www.ncbi.nlm.nih.gov/pubmed/20564545
http://doi.org/10.5507/bp.2005.002
http://doi.org/10.1016/j.jchromb.2006.07.063
http://www.ncbi.nlm.nih.gov/pubmed/16942922
http://doi.org/10.22270/jddt.v9i5.3666

Horticulturae 2021, 7, 177 14 of 14

81.

82.

83.

84.

85.

Chambers, C.S.; Hole¢kov4, V.; Petraskova, L.; Biedermann, D.; Valentova, K.; Buchta, M.; K¥en, V. The silymarin composition . ..
and why does it matter? Food Res. Int. 2017, 100, 339-353. [CrossRef] [PubMed]

Aghazadeh, S.; Amini, R.; Yazdanparast, R.; Ghaffari, S.H. Anti-apoptotic and anti-inflammatory effects of Silybum marianum in
treatment of experimental steatohepatitis. Exp. Toxicol. Pathol. 2011, 63, 569-574. [CrossRef]

Doehmer, ].; Weiss, G.; McGregor, G.P.; Appel, K. Assessment of a dry extract from milk thistle (Silybum marianum) for interference
with human liver cytochrome-p450 activities. Toxicol. Vitr. 2011, 25, 21-27. [CrossRef]

Aziz, M,; Saeed, F.; Ahmad, N.; Ahmad, A.; Afzaal, M.; Hussain, S.; Mohamed, A.A.; Alamri, M.S.; Anjum, EM. Biochemical
profile of milk thistle (Silybum marianum L.) with special reference to silymarin content. Food Sci. Nutr. 2021, 9, 244-250. [CrossRef]
Elwekeel, A.; Elfishawy, A.; Abouzid, S. Silymarin content in Silybum marianum fruits at different maturity stages. J. Med. Plants
Res. 2013, 7, 1665-1669. [CrossRef]


http://doi.org/10.1016/j.foodres.2017.07.017
http://www.ncbi.nlm.nih.gov/pubmed/28964357
http://doi.org/10.1016/j.etp.2010.04.009
http://doi.org/10.1016/j.tiv.2010.09.001
http://doi.org/10.1002/fsn3.1990
http://doi.org/10.5897/JMPR12.0743

	Introduction 
	Multicolored Carrots 
	Roquette 
	Salicornia spp. 
	Purslane 
	Leopoldia comosa L. 
	Milk Thistle 

	Conclusions 
	References

