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Abstract: Saffron is a well-known spice, produced for a long time, mainly in the Mediterranean area.
In the last few years, saffron has been seen as an alternative crop for the diversification of
agricultural production and a new source of income, due to its high price, including in Alpine areas.
Apart from the spice, constituted by the stigmas, saffron production provides a high amount of fresh
tepals, which have so far been considered agricultural waste. Recently, studies on the composition
of saffron tepals have been revealing their potential as a rich source of bioactive compounds. In this
study, we evaluated the productive traits and the quality of the spice of saffron cultivated in open
fields in the north western Italian Alps, for 2 years. In addition, in order to valorize the crop residues,
we evaluated the bioactive compound content in tepals by using maceration and ultrasound assisted
extraction with different rates of water and methanol as solvents. Higher yields in spice were
obtained in the second year of cultivation. However, in both years, the spice had a high quality (ISO
3632), and a very high total phenolic content and antioxidant activity. Thirteen bioactive compounds
were identified, including flavonols, cinnamic acids, benzoic acids, catechins, and vitamin C, with
few differences between sites and year of cultivation. In tepals, the extraction method and the
solvent used influenced the evaluated parameters, i.e., total phenolics and total anthocyanins
content, antioxidant activity, and the amount of the four phenolic compounds found (hyperoside,
rutin, ellagic acid, and epicatechin). Overall, this study revealed that both saffron spice and its by-
product, the fresh tepals, produced in the north western Italian Alps can be considered a source of
bioactive compounds with nutraceutical properties, having an antioxidant capacity that is often
similar or higher than those of some vegetables and fruits.
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1. Introduction

Saffron spice consists of dried red stigmas coming from the flowers of Crocus sativus L., an
autumn-flowering geophyte. Iran, Spain, Morocco, India, Greece, and Italy are the major saffron
producing countries in the world. Annual production exceeds 220,000 kg and circa 110,000-165,000
flowers are needed to produce 1 kg of dried stigmas [1,2]. The intensive hand labour required for
flower picking and stigma separation make the saffron the world’s highest-priced spice, and for this
reason named as “red gold” [3].

Saffron flower induction is a complicated mechanism directly related to pedoclimatic conditions
and field management [3]. As in most geophyte plants, both seasonal and daily thermoperiodism are
involved as the main environmental factors. Flower induction requires an incubation of the corms at
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high temperature (23-27 °C), followed by a period of exposure at circa 17 °C for flower emergence.
In Mediterranean environments, flower induction occurs from early spring to midsummer, while
flower emergence occurs from early- to late-autumn. Flowering is followed by a vegetative stage
throughout the winter and formation of replacement corms at the base of shoots. At the end of spring,
the leaves reach their highest length, start to senesce, and wither, and the bulbs go into dormancy [4].

In the last ten years, interest in saffron has increased, for using it as an alternative crop for the
diversification of agricultural production and as an important, new source of income. Indeed, for
many farms, economic diversification has become a keystone for obtaining an adequate income and,
consequently, continuing business [5,6]. This trend is particularly evident in mountain areas such as
in the north western Italian Alps, where saffron production has been recently started [4-6].

The quality of this merchandise is closely related to the concentration of three main components:
crocin, picrocrocin, and safranal, which provide, respectively, the unique color, bitter taste, and
aroma [4,7-9]. The concentration of these constituents concurs to determine the saffron quality, as
defined by the International Organization for Standardization (ISO) [10]. The usage of this spice as a
natural ingredient in food products is a commercial fact. In addition, saffron has long been considered
a medicinal plant for its therapeutic properties. Recently, studies related to the quality of saffron have
revealed the properties of several compounds present in the spice and their positive influence on
human health. Phenolic and anthocyanin contents of plant material play a key role in preventing
oxidative damage caused by free radicals, which are both responsible for degradation of dietary
lipids, hence of nutritional value, and the cause for various human diseases [11]. Saffron active
constituents, such as carotenoids (i.e., crocins), polyphenols, and vitamins, show significant
antioxidant activity and could enhance the memory capability, and have antitumor and cancer-
preventive properties [2,12-15].

Currently, agricultural residues, such as citrus peel [16] and cocoa husk [17], are the focus of
research because they may contain large amounts of bioactive compounds that are beneficial to
human health and can be exploited instead of being wasted [18]. Recently, there have been some
efforts for the extraction of bioactive components not only from stigmas but also from tepals of C.
sativus [19]. Tepals, compared with stigmas, are inexpensive; to harvest 1 kg of stigmas, around 350
kg of tepals are unused and thrown away as waste. However, they could be considered a high-quality
by-product and a rich source of bioactive compounds, such as flavonoids, particularly anthocyanins
[2,19-21]. Although flowers have been used in food traditions during the centuries, nowadays they
represent a source of nutrients and phytochemicals with health benefits [22-24]. According to recent
medical studies, saffron tepals can be used to treat depression [25] and had antinociceptive, anti-
inflammatory, and antioxidant activities [26]. Saffron tepals can thus represent a significant cheap
source of bioactive compounds for the development of potential functional foods and cosmetic
formulations [27-29], as well as being used as a fertilizer for the soil or as ornamentation of
dishes/products based on saffron [21,30].

In recent years, “green” techniques have been developed for obtaining natural extracts [31] to
avoid the problems encountered when conventional methods are used (i.e., high energy and time
consumption, use of chemical solvents) [18]. Ultrasound assisted (UA) extraction is considered as an
“environmentally friendly” or “green technique” compared to classical maceration [32,33] because it
consumes less fossil energy, is more effective, and also allows the reduction of solvent use, resulting
in higher yields in a shorter extraction time [18]. The selection of a suitable solvent is crucial to
improve the extraction efficiency. Water and organic solvents, such as methanol, are the most
commonly used [34]. Nevertheless, water is only effective as an extraction solvent for polar
compounds, while organic solvents are efficient to extract polar and weak polar compounds [35].
However, their toxicity, environmental hazardous, high cost, and low biodegradability extremely
limit their applications. Thus, the research for sustainable and safe alternatives for replacing toxic
organic solvents without compromising efficiency is of utmost importance. Aqueous methanol or
water solutions are already used for the extraction of many bioactive constituents from saffron
stigmas [4,9,36]. However, very little information is available on the most environmentally safe and
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appropriate extraction method to obtain biomolecules for industrial purposes from saffron tepals
[37,38].

This study aimed at first assessing the productive traits and the quality of the spice of saffron
cultivated in Alpine environmental conditions. Then, in order to valorise the crop residues, green
extractions using UA extraction with different rates of water and methanol as solvents were
performed to extract bioactive compounds from tepals.

2. Materials and Methods

2.1. Plant Material and Site Characteristics

Crocus sativus corms (caliber size of 6-7 cm), kindly provided by the Azienda Agricola “La
Branche di Diego Bovard” (Morgex, AQ, Italy) were planted in August 2016 in three experimental
sites of the Italian Western Alps, located in the municipalities of Chambave (45°45'65.1" N; 7°02'18.1"
E; 560 m a.s.l.), Saint Cristophe (45°45'06.9" N; 7°20'37.0" E; 700 m a.s.l.), and Morgex (45°45'35.1" N;
7°02'37.3" E; 1000 m a.s.l.). In Table 1 are listed the physical and chemical properties of each site. The
cultivation lasted two cycles (20162017 and 2017-2018). Nine experimental plot units (replications)
per site were used. Each plot unit consisted of 56 corms, planted in a 1.44 m? (39 corms m™) area.
Intra-row planting distance was 7 cm, while between-row distance was 25 cm. Plots were separated
from each other with at least 4 m distance. In all the three sites, manual irrigation and weed control
were performed during cultivation, while no treatments against fungal pathogens and pesticides
were applied.

Table 1. Physical and chemical properties of the soils collected in the three saffron experimental fields
located in the municipalities of Chambave, Saint Cristophe, and Morgex (AQO, Italy).

Chambave S. Christophe Morgex

Texture Clay (%) 5.0 3.7 3.8
Fine Silt (%) 18.0 21.8 21.0
Coarse Silt (%) 21.6 20.2 14.4
Fine Sand (%) 23.9 243 25.0
Coarse Sand (%) 31.6 29.9 35.8
Bulk density (g L) n.d. 1123.7 1075.6
Moisture (%) 13.7 17.3 20.2
P Olsen (mg Kg™) 16.9 69.2 113.0
pH 6.7 6.9 7.4
Electrical conductivity (uS/cm™) 162 316 243
N tot (%) 0.14 0.31 0.23
C tot (%) 1.88 3.50 3.79
Cation-exchange capacity (meq 100 g™%) 13.9 19.2 15.7
Exchangeable Ca (meq 100 g™) 11.15 17.31 16.61
Exchangeable K (meq 100 g™) 0.47 1.47 0.53
Exchangeable Mg (meq 100 g) 1.23 1.90 0.76

2.2. Site Environmental Conditions

In the first cultivation season (2016-2017), average temperatures ranged from —0.3 °C to 21.5 °C
in Chambave (Figure 1a), from -3.5 °C to 23.4 °C in Saint Cristophe (Figure 1b), and from -2.7 °C to
20.0 °C in Morgex (Figure 1c). Overall, Morgex resulted in being the site with the superior
precipitation rate (57.5 mm month) and highest relative humidity (R.H.), with the peak in November
(89.3%). Conversely, Saint Cristophe was the driest site. The total radiation was generally lower in
Chambave than in the other locations, with the highest peak in April (218 KJm™2). In the second
cultivation season (2017-2018), average temperatures, ranged from 0.9 °C to 21.0 °C in Chambave,
from —2.3 °C to 22.6 °C in Saint Cristophe, and from —1.2 °C to 19.5 °C in Morgex, and weather
conditions were, in general, more wet with more rainfall. In particular, the highest precipitation rate
and R.H. were measured in Morgex (74.5 mm/month and 84.0%, respectively).
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Figure 1. Climatic conditions of the Crocus sativus experimental sites located in the municipalities of
Chambave (a), Saint Christophe (b), and Morgex (c) (AO, Italy).

2.3. Plant Performance and Saffron Yield

At flowering (November 2016 and 2017), the daily number of picked flowers per corm and the
yield per m? in spice (i.e., stigmas dried at 40 °C for 8 h in oven) were measured. At the end of the
vegetative period (May 2017 and 2018), the wilted rate, the shoot size, the leaf length, and the relative
quantity of chlorophyll (Chlorophyll Meter SPAD-502, Konica Minolta Sensing Inc., Osaka, Japan)
were measured in 20 randomly selected plants per plot. Then, leaves were cut and oven-dried at 65
°C for one week and the dry biomass was recorded. At the same time point, 20 plants per plot were
lifted, corms rid of topsoil, cleaned, and de-tunicated, then the number, the size, and the weight of
replacement corms were determined.

2.4. Stigmas Extract Preparation and Determination of Quality by ISO 3632 [10]

The saffron aqueous extracts were prepared according to Caser et al. [4]. Briefly, 50 mg of
powdered dried saffron were suspended into 5 mL of deionised water. After stirring (1000 rpm) for
1 h at room temperature (circa 21 °C) in the dark, the solution was filtered with
polytetrafluoroethylene (PTFE, VWR International, Milano, Italy) filters, with a 25 mm diameter and
0.45 um pore size. The saffron extract was then diluted 1:10 with deionised water to obtain the
working solution for future analyses. Each sample was prepared in triplicate.

Saffron aqueous extracts were analyzed with a spectrophotometer (Ultrospec 2100 Pro, GE
Healthcare, Chicago, IL, USA) to determine crocin, picrocrocin, and safranal content, which provide
respectively the unique color, bitter taste, and aroma. Data were related to the dry matter percentage
and expressed as the absorbance of a 1% aqueous solution of dried saffron at 257, 330, and 440 nm
respectively, using a 1 cm pathway quartz cell (A1% 1 c¢m (A max)) and calculated according to the
following formula:

Al1% 1 cm (A max) = D x 10000/m = (100 — wMV)

where D is the specific absorbance, m is the mass of the evaluated solution in grams, and wMYV is the
moisture expressed as a percentage mass fraction of the sample. Moisture content (wMV) was
determined using the following formula:

wMV = (m0 —m1) x (100/m0)%

where m0 is the mass, in grams, of the saffron portion before drying, and m1 is the mass, in grams, of
the dry residue after incubation, performed in an oven for 16 h at 103 + 2 °C. All analytical steps were
conducted in the dark to prevent analyte degradation. Stigma extracts were maintained at —20 °C for
further analyses.

2.5. Tepal Extract Preparation

Fresh tepals picked in the second growing season, in the three experimental fields previously
described, were mixed and grinded in liquid nitrogen. Then, 1 g was put into a glass tube with 25 mL
of extractive solution. Four different extractive solutions were used: (1) deionised water; (2) deionised
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water:methanol (80:20 v/v); (3) deionised water:methanol (50:50 v/v); (4) deionised water:methanol
(20:80 v/v). Two different extraction procedures were followed: (1) the glass tubes were put into the
ultrasound extractor (23 kHz; Reus sarl, Drap, France) for 15 min at room temperature (UA method),
or (2) maceration in the dark for 1 h at room temperature (circa 21 °C, M method). Three repetitions
were carried out for each extractive solution and extraction procedure. Each extract obtained was
filtered through paper filters (Whatman filter papers No. 1, Whatman, Maidstone, UK) and then with
polytetrafluoroethylene (PTFE, VWR International, Milano, Italy) filters of 25 mm diameter and 0.45
um pore size. Samples were maintained at —20 °C for the following analyses.

2.6. Bioactive Compounds

2.6.1. Total Polyphenols

The total phenolic content was determined following the Folin-Ciocalteu method, as indicated
by Caser et al. [39]. The analysis was performed as follows: 1000 uL of diluted (1:10) Folin reagent
was mixed with 200 uL of phytoextract in each plastic tube. The samples were left in the dark at room
temperature for 10 min, then 800 uL of Na2CO:s (7.5%) was added to each tube. Samples were left in
the dark at room temperature for 30 min. Absorbance was then measured at 765 nm by means of a
spectrophotometer (Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA), and the results
were expressed in milligrams of gallic acid equivalents per 100 g (mg GAE 100 g). In the whole
manuscript, results were expressed as mg 100 g of dry weight (DW) for stigmas and mg 100 g of
fresh weight (FW) for tepals.

2.6.2. Total Anthocyanins

The total anthocyanin content in the extracts was determined through the pH-differential
method [40]. The analysis was performed as follows: 1 mL of phytoextract was putinto a 10 mL flask,
and then made up to volume with a buffer solution at pH 1 (4.026 g KCl + 12.45 mL HCI 37% ina 1L
water volume). The same was made in a second flask with a buffer solution at pH 4.5 (32.82 g
C2HsNaO:z +18 mL C2HeO:2in a 1 L water volume). Samples were put in the dark at room temperature
for 20 min. Absorbance of both flasks was measured at 515 nm and 700 nm by means of a
spectrophotometer (Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA), and the results
were expressed in milligrams of cyanidin-3-O-glucoside equivalents per 100 g (mg C3GE 100 g™). In
the whole manuscript, results were expressed as mg 100 g of dry weight (DW) for stigmas and mg
100 g of fresh weight (FW) for tepals.

2.6.3. Antioxidant Activity

DPPH Assay

The first procedure adopted was the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
method [41]. The working solution of DPPH radical cation (DPPH’, 100 uM) was obtained by
dissolving 2 mg of DPPH in 50 mL of MeOH. The solution must have an absorbance of 1.000 (+0.05)
at 515 nm. To prepare the samples, 40 uL of phytoextract was mixed with 3 mL of DPPH'. Samples
were then left in the dark at room temperature for 30 min. Absorbance was measured at 515 nm by
means of a spectrophotometer (Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA). The
DPPH radical-scavenging activity was calculated as:

[(AbsO — Abs1/Abs0) x 100]

where Abs0 is the absorbance of the control (solution without phytoextract) and Absl is the
absorbance of the sample. The antioxidant capacity was plotted against a Trolox calibration curve
and results were expressed as pumol of Trolox equivalents per gram (umol TE g7). In the whole
manuscript, results were expressed as pmol TE g of dry weight (DW) for stigmas and pmol TE g
of fresh weight (FW) for tepals.
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ABTS Assay

The second procedure adopted was the 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid)
(ABTS) method [42]. The working solution of ABTS radical cation (ABTS’) was obtained by the
reaction of 7.0 mM ABTS stock solution with 2.45 mM potassium persulfate (K25:0s) solution. After
the incubation for 12-16 h in the dark at room temperature, the working solution was diluted with
distilled water to obtain an absorbance of 0.70 (+0.02) at 734 nm. The antioxidant activity was assessed
mixing 30 pL of phytoextract with 2 mL of diluted ABTS'. Samples were left in the dark at room
temperature for 10 min. Absorbance was then measured at 734 nm by means of a spectrophotometer
(Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA). The ABTS radical-scavenging activity
was calculated as:

[(AbsO — Abs1/Abs0) x 100]

where Abs0 is the absorbance of the control (solution without phytoextract) and Absl is the
absorbance of the sample. The antioxidant activity was plotted against a Trolox calibration curve and
results were expressed as pumol of Trolox equivalents per gram (umol TE g™). In the whole
manuscript, results were expressed as umol TE g of dry weight (DW) for stigmas, and pumol TE g
of fresh weight (FW) for tepals.

FRAP Assay

The third procedure was the ferric ion reducing antioxidant power (FRAP) method [43]. The
FRAP solution was obtained by mixing a buffer solution at pH 3.6 (C2HsNaO: + C2H4O: in water),
2,4,6-tripyridyltriazine (TPTZ, 10 mM in HCl 40 mM), and FeCl3-6H20 (20 mM). The antioxidant
activity was determined mixing 30 pL of phytoextract with 90 uL of deionised water and 900 pL of
FRAP reagent. The samples were then placed at 37 °C for 30 min. Absorbance was measured at 595
nm by means of a spectrophotometer (Cary 60 UV-Vis, Agilent Technologies, Santa Clara, CA, USA).
The antioxidant activity was plotted against a FeSO+7H>O calibration curve. Solution without
phytoextract was used as a control sample. Results were expressed as millimoles of ferrous iron
equivalents per kilogram (mmol Fe? kg™). In the whole manuscript, results were expressed as mmol
Fe? kg of dry weight (DW) for stigmas and mmol Fe? kg of fresh weight (FW) for tepals.

2.6.4. Identification and Quantification of Bioactive Compounds by HPLC

The bioactive compounds contained in the spice and tepal extracts were determined by means
of four high performance liquid chromatography-diode array detection (HPLC-DAD) methods [4],
using an Agilent 1200 High-Performance Liquid Chromatograph coupled to an Agilent UV-Vis diode
array detector (Agilent Technologies, Santa Clara, CA, USA). Detailed chromatographic methods are
reported in Table 2. Phytochemical separation was achieved with a Kinetex C18 column (4.6 x 150
mm, 5 pum, Phenomenex, Torrance, CA, USA), using several mobile phases for compound
identification and recording of UV spectra at different wavelengths, based on HPLC methods, as
previously tested and validated [9,44], with some modifications. UV spectra were recorded at 330
nm, 280 nm, 310 and 441 nm, and 261 and 348 nm. The following bioactive compounds were
determined: phenolic acids (cinnamic acids—caffeic, chlorogenic, coumaric, and ferulic acid; benzoic
acids—ellagic and gallic acid); flavonols (hyperoside, isoquercitrin, quercetin, quercitrin, and rutin);
flavanols (catechin and epicatechin); vitamin C (as the sum of ascorbic and dehydroascorbic acid);
carotenoids (safranal and crocins). All single compounds were identified by a comparison and
combination of their retention times and UV spectra with those of authentic standards under the
same chromatographic conditions. Results were expressed as mg 100 g of dry weight (DW) for
stigmas and mg 100 g of fresh weight (FW) for tepals.
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Table 2. HPLC methods and relative chromatographic conditions.

7 of 22

Method Classes of Stationary Phase Mobile Phase Wavelength
Interest (nm)
cinnamic acids, KINETEX—C18 column (4.6 x 150 A:10 mM KH2PO4/H3POs, pH = 2.8
A 330
flavonols mm, 5 um) B: CHsCN
benzoic acids, KINETEX—CI18 column (4.6 x 150 - T2O/CHIOH/HCOOH (5:95:0.1
B catechins mm, 5 pm) vlofo) pH=2.5 280
oM B: CH:OH/HCOOH (100:0.1 v/v)
A: 5 mM Ci6H3sN(CHzs)3Br/50 mM
C vitamins KINETEX_IE;S ;"1‘:)‘“ (46 <150 KH:POs, pH =25 261, 348
o B: CH:OH
. KINETEX—C18 column (4.6 x 150 A: H20
D carotenoids mm, 5 um) B: CH:CN 310, 441

Elution conditions. Method A, gradient analysis: 5% B to 21% B in 17 min + 21% B in 3 min (2 min
conditioning time); flow: 1.5 mL min™; Method B, gradient analysis: 3% B to 85% B in 22 min + 85% B
in 1 min (2 min conditioning time); flow: 0.6 mL min~!; Method C, isocratic analysis: ratio of phase A
and B: 95:5 in 10 min (5 min conditioning time); flow: 0.9 mL min™; Method D, gradient analysis: 5%
B to 95% B in 30 min + 95% B to 5% B in 5 min (10 min conditioning time); flow: 0.6 mL min-.

2.7. Chemicals and Reagents

Sodium carbonate, Folin-Ciocalteu phenol reagent, sodium acetate, citric acid, hydrochloric
acid, iron(IlI) chloride hexahydrate, 2,4,6-tripyridyl-S-triazine (TPTZ), 2,2-diphenyl-1-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid (ABTS), potassium chloride, potassium
persulfate, safranal, and 1,2-phenylenediamine dihydrochloride (OPDA) were purchased from
Sigma Aldrich (St. Louis, MO, USA), whereas acetic acid was purchased from Fluka Biochemika
(Buchs, Switzerland). Ethylenediaminetetraacetic acid (EDTA) disodium salt was purchased from
AMRESCO (Solon, OH, USA), whereas sodium fluoride was purchased from Riedel-de Haen (Seelze,
Germany). Ethanol, acetone, and sodium citrate were purchased from Fluka Biochemika. Analytic
HPLC grade solvents, methanol/acetonitrile and formic acid were purchased from Sigma Aldrich and
Fluka Biochemika, respectively; potassium dihydrogen phosphate, ammonium dihydrogen
phosphate, and phosphoric acid were also purchased from Sigma Aldrich. Milli-Q ultrapure water
was produced by Sartorius Stedium Biotech mod. Arium (Sartorius, Goettingen, Germany).
Cetyltrimethylammonium bromide (cetrimide) was purchased from Extrasynthése (Genay, France).
CrocinI and crocin II were purchased from Phytolab. All the polyphenolic standards were purchased
from Sigma Aldrich, whereas ascorbic acid (AA) and dehydroascorbic acid (DHAA) were purchased
from Extrasynthése.

2.8. Statistical Analysis

An arcsin transformation was performed on all percentage incidence data before statistical
analysis in order to improve the homogeneity of the variance (Levene test, p <0.05). All the analyzed
data were checked for the normality of variance (Shapiro test, p > 0.05). For all the analysed
parameters, mean differences were computed using a one-way or two-way ANOVA with a Tukey
post hoc test (p < 0.05). Mean differences of the three sites over the two years were computed by
“between-subjects effects” tests. All these analyses were performed with SPSS 25.0 Inc. software
(USA). Principal coordinate analysis (PCA)-biplot was performed using PAST 3.20. Eigenvalues
were calculated using a covariance matrix among 30 traits as input, and the two-dimensional PCA
biplot (including both altitude, morphological, productive, and biochemical constituents) was
constructed. Pearson correlations among methanol content in the extractive solutions and the studied
parameters in fresh saffron tepals were computed by using PAST 3.20.
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3. Results

3.1. Stigma Yield and Growing Performance

Environment and growing season affected stigma yield, flower production, and plant growth
(Table 3). In particular, moldy corms (wilted) occurred more in the first cultivation season (36.8%)
than in the second (16.8%), and more in the field of Morgex (52.4%) than at Saint Cristophe (39.1%).
The elevated percentage of wilted corms was probably due to the absence of corm antifungal
treatments and to the high relative humidity and precipitation rate (more than 550 mm year-'), mainly
occurring in Morgex (Figure 1c). Even if a characterization of plant pathogens was not conducted, the
high wilting rate could be favored by Fusarium species transmission as suggested by Di Primo et al.
[45]. In fact, the optimal environmental conditions for saffron are: (1) a dry season (April through
June), in which the leaves senesce and wither, and corms enter into dormancy, and (2) annual rainfall
less than 400 mm [46,47]. Recently, Dastranj et al. [48], on the base of a dataset from an eight-year
open field saffron experiment conducted in Iran, showed that saffron yield cannot be predicted with
adequate accuracy by using the annual rainfall. Instead, these authors concluded that a combination
of saffron age, mean and maximum daily air temperature in the given season, and fall and winter
weather characteristics can be used to predict the saffron yield. However, based on these
observations, in the Alpine environment, antifungal treatments would be recommended to protect
against disease agents, as already suggested by Gresta et al. [49].

Table 3. Effects of cultivation season (Year 1, Y1, and Year 2, Y2, a.) and experimental site (Morgex,
M, Saint Cristophe, SC, and Chambave, C, b.) on saffron plant growth and performance traits. Data
in Table 3a are presented as mean + standard deviation for each site in each year and statistical
comparisons were conducted among mean values of Y1 and Y2.

a. Values

Traits Year 1 Year 2 Mean Values
M SC C M SC C Y1 Y2 p

Wilting rate (%) 40.70 £ 30.90 + 38.90 + 23.40 + 16.50 + 10.50 = 36.80 + 16.80 = .
5.50 9.10 13.40 6.73 5.86 6.82 9.68 5.67

Flower (n m) 2312 + 39.11+ 24.30 + 3819+ 78.00 = 82.86 + 28.84 + 66.35 + o
16.97 5.20 10.90 3.18 2391 23.09 18.66 17.64

Flower/corm (n) 110+ 151+  1.00+ 290+ 410+ 450 + 120+ 3.83+ -
0.86 0.12 0.22 0.15 1.31 0.92 0.51 1.08

Stigma yield (g m?) 0.13 0.20 £ 0.11+ 0.28 + 0.60 + 0.56 + 0.15 0.48 + r
0.09 0.03 0.04 0.02 0.18 0.11 0.04 0.11

Stiamalil 6.00 + 520+ 520+ 7.40 + 7.60 + 6.80 = 5.46 + 723+ "

tigma/tlower (mg) 0.53 1.22 1.30 0.61 0.62 1.13 0.75

Leaf length (cm) 36.39 £ 3733+ 4344 + 20.73 = 24.77 + 30.80 £ 39.06 = 24.09 £ ot

2.73 3.87 2.03 2.25 0.05 0.57 5.76 4.98
. 74.66 + 7591 + 74.72 + 3333+ 54.97 + 49.64 + 75.09 + 4598 +

SPAD unit 6.00 6.04 3.20 1068 447 494 1253 1028

Shoot size (mm) 513+ 5.07 510+ 341+ 370+ 540+ 510+ 417+ ™
1.51 0.33 0.25 1.01 0.77 0.46 0.13 0.28

Corm size (mm) 20.47 + 20.76 + 20.62 + 26.01 + 21.49 + 25.99 + 20.62 + 24.50 + ns
4.42 3.58 3.87 3.63 3.83 1.45 3.60 343

Replacement 1.67 £ 2.50 + 2.08 + 2.67 + 3.67 + 233+ 2.08 + 2.89 + ns

corm/corm (n) 0.57 1.32 0.94 2.08 2.88 1.20 1.02 1.97

Corm weight (g) 6.84 + 6.29 + 6.57 + 6.25 + 5.63 + 10.65 = 6.57 + 751 % ns
2.55 2.22 2.34 0.25 0.44 1.76 2.16 2.54

b.

Traits Morgex Saint Cristophe Chambave P

Wilting rate (%) 5242 +8.32a 39.15+5.75" 44.15+7.25ab xxx

Flower (n m2) 30.66 +14.76 58.56 +10.42 2 53.58 +8.68 2 **

Flower/corm (n) 2.00+1.15 2.81 +1.65 2.80 +£2.02 ns

Stigma yield (g m?2) 0.21+0.05° 0.40+£0.104 0.35+£0.09 a **

Stigma/flower (mg) 6.71+1.15 6.36 +1.41 6.06 +1.24 ns

Leaf length (cm) 28.56 +2.15P 31.05+3.09a 30.83+1.862 o

SPAD unit 53.90 +5.82b 65.40 £4.98 2 62.10£3.79 2 **

Shoot size (mm) 4.27+1.49 4.39+0.91 5.40 £ 0.46 ns
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Corm size (mm) 2324 +4.72 21.12+3.14 25.99 £1.95 ns
Repl

eplacement 2.17+147 3.08+2.10 233+120 ns
corm/corm (n)
Corm weight (g) 6.54 +0.78 ab 595+1.10° 6.65+0.56 2 **

Same letter denotes no significant differences according to Tukey post-hoc test (p < 0.05). The
statistical relevance is provided (** p <0.01; *** p < 0.001). The statistical relevance of “between-subjects
effects” tests for Y1 and Y2 is provided (** =p < 0.01; ** = p < 0.001).

Flower yield is a difficult parameter to forecast in saffron, as it is influenced by a combination of
agronomic, biological, and environmental factors [50]. In our two-year-long experiment, plants
produced more flowers per square meter and flower per corm in the second cultivation cycle in all
the sites (66.4 vs. 28.8 flowers m2 and 3.8 and 1.2 flower corm™) (Table 3a). Furthermore, the
environment influenced the flower yield, which was significantly higher in Saint Cristophe and
Chambave with respect to Morgex (58.6, 53.6, and 30.7 flowers m2, respectively) (Table 3b). The
stigma yield was highest in the second year (with a mean of 0.48 g m=) (Table 3a) and in the fields of
Saint Cristophe and Chambave (0.40 and 0.35 g m, respectively) (Table 3b). Generally, a saffron field
may produce 0.2 to 3.0 g m™ of spice, depending on the abovementioned factors [4,50] and obviously
by the planting density, which may vary considerably.

At similar density conditions (39 corms m=2), Mzabri et al. [51] in Eastern Moroccan areas
obtained similar saffron yields (0.37 g m=). By planting at a 55 corms m2 density in Southern Italy
(Sicily), Gresta et al. [49] obtained more than 1.2 g m=. While, in the area of Navelli (Italy) [46], with
a similar corm density, the average yield ranged between 1.0 and 1.6 g m2. In Iranian fields with a
density of 150 and 100 corms m, Mollafilabi et al. [52] and Koocheki et al. [53] obtained 0.74 and 0.37
g m= of saffron, respectively. Regarding the amount of saffron per flower, our data resulted in
agreement with Gresta et al. [50], ranging between 6 and 7 mg per flower, but was much superior to
different provinces of Iran (3.6—4.3 mg per flower) [54].

The corm size (ranging between 20.47 and 25.99 mm) and the number of replacement corms
(ranging between 1.67 and 3.67) were not affected either by the year or the environment (Table 3a).
Conversely, the corm weight was higher in Chambave than in Saint Cristophe (6.65 and 5.95 g,
respectively) (Table 3b). Koocheki et al. [53] in Iran found that the number of replacement corms
ranged between one and three, depending on agronomic practices. Gresta et al. [49] in south Italy
(Sicily) found a superior result (i.e., more than five replacement corms per corm). Data about the leaf
length, SPAD value, and shoot size showed a decrease from the first to the second year. Probably
these parameters were negatively affected by the higher relative humidity and precipitation rate
registered in 2018, particularly in Morgex.

3.2. Quality Traits of Stigmas Produced in the Alpine Environment

Few spices are able to provide the combination of color, taste, and aroma to foods, and possess
several nutraceutical properties for human health, like saffron [4]. In the present study,
spectrophotometric and chromatographic methods were used to determine spice quality and
bioactive compound content of the saffron produced in the three sites located in the north-west Italian
Alps (Table 4).
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Table 4. Effects of cultivation season (Year 1, Y1 and Year 2, Y2; a.) and experimental site (Morgex,
M, Saint Cristophe, SC, and Chambave, C; b.) on the mean values of bioactive compounds and
International Organization for Standardization (ISO) 3632 [10] traits on the studied saffron. Data in
Table 3a are presented as mean * standard deviation for each site in each year and statistical
comparisons were conducted among mean values of Y1 and Y2.

a. Values
Year 1 Year 2 Mean values
ISO 3632 [10] traits
(E1% abs) M SC C M SC C Y1 Y2 p
Flavour/Picrocrocin 13060+ 129.10+ 14090+ 13650+ 13570+ 12990+ 1335+ 134.00 + ns
5.02 7.18 3.53 0.55 9.32 4.89 7.27 6.11
Aroma/Safranal 34.70 + 35.90 + 44.60 + 47.30 £ 45.10 + 40.60 + 38.40 + 44.40 + o
3.06 6.22 3.67 8.18 0.47 6.25 3.14 2.65
Colouring/Crocins 207.60+ 20410+ 198.00+ 390.30+ 33410+ 42030+ 20710+ 36850+ .
3.66 8.83 5.69 73.95 34.57 76.53 56.72 43.98

Bioactive compounds (mg 100 g DW)
23.57 + 23.66 + 23.39 + 23.76 + 23.60 + 23.34 + 23.54 + 23.57 +

Coumaric acid 0.15 0.18 0,23 0.02 0.23 0.33 0.20 0.27 s
. 2.58 + 2.53 + 253+ 240+ 257 + 243 + 255+ 247
Isoquercitrin 0.02 0.03 0.02 0.19 0.02 0.18 0.33 0.15 ns
Quercitrin 25.68 + 19.47 + 18.68 + 16.50 + 13.79 = 18.61 = 21.28 £ 16.30 + ™
5.60 9.73 3.88 3.41 2.36 2.82 2.65 3.12

Callic acid 5.63 £ 492 + 4.59 + 495+ 492 + 4.64 + 5.05 + 4.83 + ns
0.07 0.57 0.24 0.28 0.21 0.15 0.55 0.24

Ellagic acid 1.61+ 210+ 1.57 + 0.93 + 0.55+ 093 + 1.76 + 0.81+ ns
0.80 0.29 1.16 0.63 0.37 1.08 0.76 0.68

Catechin 5.01 + 5.56 + 6.58 + 2.80 + 3.56 + 458 + 5.72 3.64 ns
1.28 1.03 2.59 0.98 2.40 0.28 3.90 1.52

Epicatechin 6.84 + 6.46 + 6.68 £ 8.13 14.36 + 8.86 + 6.66 + 10.45 + ”
0.83 2.04 0.74 2.79 7.37 1.30 1.64 2.06

Safranal 4.06 = 399+ 4.05+ 431+ 434+ 441+ 403+ 435+ -
0.08 0.01 0.02 0.04 0.20 0.21 0.08 0.25

. 53.98 + 35.43 + 19.34 + 65.09 + 101.55 + 129.61 + 35.98 + 98.75 +

Crocin I ns
29.30 26.31 6.87 41.55 37.29 27.78 24.79 41.89

Crocin II 23.22 + 2595 + 36.37 + 30.03 + 31.73 + 42.37 + 28.51 + 34.71 + ns
7.23 8.34 2.97 16.26 8.68 6.98 8.29 11.42

Dehydroascorbic acid 30.10 + 2947 + 30.11 30.43 + 31.41+ 28.08 + 29.89 + 29.98 + ns
0.16 1.12 1.66 0.51 1.54 2.30 1.05 0.82

Ascorbic acid 45.18 + 49.75 + 30.75 + 35.27 + 4193 + 36.56 + 41.90 + 37.59 + ns
5.15 13.21 3.24 4.86 1.51 8.86 11.95 6.14

Total vitamin C 75528+ 7922+ 60.86 + 64.70 + 73.34 + 64.65 + 71.79 + 67.56 + ns
5.00 13.25 1.58 5.38 2.90 6.62 10.99 6.25

TPC (mgGAE 100 g! 1191.86 947 44 + 1744.08 1295.55 i642'95 888.35 + 1294.46 i942'28 ns

DW) +77.98 233.05 +320.85 +538.14 244805 284.18 +673.86 1802.48

Anthocyanins 577.20 + 2900'06 641.35+  504.42 + i487'52 1074.52 1706.20 1355.49 ns

(mgC3G 100 g' DW) 235.16 287032 76.52 380.23 1027.65 +519.76 +336.76  +221.5

Antioxidant activity

FRAP (mmol Fe?* 32831+ 348.01+ 554.63 + i327'30 i366'65 i245'38 41032 £ i646'44 ns

kg™ 47.70 83.00 2076 1222.59 1877.61 1252.34 119.11 2017.86
4.56 + 410 = 3.95+ 494 + 4.63 + 4.34 + 421+ 4.64 +

ABTS (umolTEg™) ) 4y 0.32 0.04 0.61 027 0.55 0.38 0.50 e

b.

::100 /323';)[10] traits Morgex Saint Cristophe Chambave p

Flavour/Picrocrocin 133.5+4.53 132.4 £8.26 135.4 £ 7.09 ns

Aroma/Safranal 41.00 + 8.82 40.5+6.41 42.6 +5.08 ns

Colouring/Crocins 2989 +110.46 269.10 + 74.66 309.10 + 131.04 ns

Bioactive compounds (mg 100 g DW)

Coumaric acid 23.67 +£0.14 23.63+0.18 23.36 +0.26 ns
Isoquercitrin 2.49+0.15 2.55+0.03 248 £0.12 ns
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Quercitrin 21.09 +6.51 16.63 +7.06 18.64 +3.03 ns
Gallic acid 5.28+0.25% 491+0,18 2 4.63+034° *
Ellagic acid 127 +0.74 1.33+0.89 1.25+1.06 ns
Catechin 3.90 + 1.58 4.56 +4.25 5.58 +3.11 ns
Epicatechin 7.49+1.97 10.41 +9.58 777 +1.52 ns
Safranal 418+0.14 416+0.22 423+024 ns
Crocin I 59.13 +21.54 68.48 +15.78 > 129.60 = 27.65 2
Crocin 11 26.62 +8.45" 28.84+5.96" 4236+ 6.73 *
Dehydroascorbic acid ~ 30.26 +1.45 ab 3044 £0.74 2 28.08 +1.46° *
Ascorbic acid 39.73+7.47 45.84+9.43 33.66 + 6.76 ns
Total vitamin C 69.99 +7.42 76.28 +9.16 62.75+4.78 ns
TDl;s)(mgGAE 1008 124370+ 348.56 2295.19 + 214.44 131621 + 567.85 ns
Anthocyanins 540.81 + 340.53 319.79 + 153.75 857.94 + 330.67 ns
(mgC3G 100 g DW)

Antioxidant activity
FRAP (mmol Fe?
kg™)

ABTS (umolTE g1) 4.75 + 0.52 4.37 +0.39 4.15 +0.40 ns

Same letter denotes no significant differences according to Tukey post-hoc test (p<0.05). The

1327.80 + 313.86 1357.33 + 323.45 1900.00 + 687.95 ns

statistical relevance is provided (* = p<0.05; ** = p < 0.01; *** = p < 0.001). The statistical relevance of
“between-subjects effects” tests for Y1 and Y2 is provided (* = p <0.05; ** = p < 0.01; *** =p < 0.001).

Generally, the quality of the spice is related to the content of crocins, picrocrocin, and safranal
[2,13,36]. These compounds were determined spectrophotometrically following ISO 3632 [10], which
defines three categories of quality, with category I (ISO 3632 [10] limits are: crocins >200, picrocrocin
>70, and safranal 20-50) as the best. Saffron quality may vary greatly from country to country, on the
basis of several factors, among which are climatic conditions [55]. In our study, the saffron produced
in all the three experimental sites belonged to the quality category I, and this was true for both
cultivation cycles (Table 4a). This is mostly in line with the four-year (2015-2018) research period
conducted by Giupponi et al. [56], in which the quality of saffron produced in 484 farms located in
different regions of Italy was generally of the first quality category according to ISO 3632 [10].

Most of the beneficial effects of saffron have been recognized since ancient times and are mainly
due to its phenolic content (TPC) and antioxidant activity (FRAP and ABTS assays). Overall, the
saffron produced in the north west Italian Alps showed a very high TPC (ranging between 888.35—
3642.95 mgGAE 100 g' DW) with no differences between years or sites (Table 4a). Results are slightly
higher than saffron cultivated in different areas of Lebanon (160 mgGAE 100 g! DW) [57], in different
provinces of Iran (296—605 mgGAE 100 g* DW) [54], and much superior if compared with other
common food additives and spices, such as Eugenia caryophyllata Thunb., Lavandula spp., Curcuma
domestica Val, and Curcuma longa L. (0.26, 0.22, 23, and 36 mgGAE 100 g DW, respectively [58,59].
Apart from crocins, Asdaq and Inamdar [60] highlighted that polyphenols, such as flavonols, are
responsible for the synergistic antihyperlipidemic and antioxidant potential of saffron. Results of
ABTS and FRAP assays also showed an elevated antioxidant activity regardless of the year or site of
cultivation. ABTS assay values were comparable to those found in Greek saffron by Ordoudi et al.
[61]. FRAP assay values (328.31-3245.38 mmol Fe* kg™) (Table 4a) were higher compared to the
Iranian samples (circa 570 mmol Fe? kg) analyzed by Karimi et al. [62]. Environmental conditions
(i.e., altitude and rainfall) can influence the content of flavonols [63]. As an example, the content of
crocins in the spice was seen to range from 25 and 35% of dried saffron on the base of the spice quality
and production site [64].

Although the bioactive properties of saffron are reported in several manuscripts [65], the
identification and quantification of the responsible compounds in saffron are present only in a few
[4,9], making comparisons difficult to perform. The composition and relative range values of the 13
bioactive compounds detected in the saffron samples from the three experimental sites and the two
cultivation cycles are listed in Table 4. Overall, the saffron produced in the north west Italian Alps
showed a lower content of crocin II (23.22-42.37 mg 100 g DW) (Table 4a) than the saffron produced
in Sardinia (75 mg 100 g DW; Italy, DOP Zafferano di Sardegna) [65], while it presented a higher
content of gallic acid compared to that found in Iranian and Greek saffron (2 mg and 1.2 100 g1 DW)
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by Karimi et al. [62] and Proestos et al. [66]. Thus, the saffron produced in Alpine environments could
be of particular interest for its elevated antioxidant properties.

As resulted by the computed two-way ANOVA, only quercitrin, epicatechin, and safranal
content varied in the two cultivation cycles (Table 4a), while the site affected the concentration of
gallic acid, crocin I, crocin II, and dehydroascorbic acid biosynthesis (Table 4b). Specifically, the
content of quercitrin significantly decreased (21.28 and 16.30 mg 100 g DW in the first and second
year, respectively), while the mean of the other two compounds significantly increased (6.66 and
10.45 mg 100 g DW, and 4.03 and 4.35 mg 100 g"' DW, respectively) (Table 4a). The saffron produced
in Morgex and Saint Cristophe was significantly superior in gallic acid and dehydroascorbic acid
than in Chambave. On the other hand, the content of crocin I and crocin II was significantly higher
in the saffron produced in Chambave (Table 4b). Differences in saffron plants secondary metabolites,
in quantitative and qualitative terms, and in relation to the environmental conditions of growth, were
already supposed by different authors, particularly regarding safranal content [56,67].

The relationships between the studied parameters and the cultivation sites in the two growing
seasons were evaluated through a PCA and represented in a two-dimensional PCA scatter plot (based
on the first principal components (PCs)), reported in Figure 2.

5q

Yearl

Chambave_1

PC2 (25.7%)

S. Christophe_1

PC1 (608%)

Figure 2. Principal component analysis (PCA)-biplot of the C. sativus corms and saffron traits
cultivated during the first and second growing seasons (Years 1 and 2) in the experimental fields
located in the municipalities of Morgex (AQ, Italy), Saint Christophe (AQ, Italy), and Chambave (AO,
Italy), according to the first two principal components.

As depicted, the first two PCs explained 85.5% of total variation. The first PC accounted for
60.8% of the total variance and was positively correlated with flower corm™ (0.302) and saffron g m=
(0.274). The plot clearly divided Year 1 and Year 2, with the first growing season mainly linked to
wilting rate, SPAD values, leaf length, and the content of safranal, quercitrin, catechin, and ellagic
acid. While the corms from the second growing season (Year 2) presented higher agronomic
performances, and the produced saffron contained higher polyphenol content and antioxidant
activities. Specifically, corms in the fields of Morgex and S. Christophe produced more replacement
corms, mg of saffron per flower, and the spice was of high quality, based on picrocrocin and safranal
measurement [10]; it also possessed higher antioxidant activities (ABTS method), and was rich in
TPC, picrocrocin, and epicatechin. While, in the field of Chambave, larger and heavier corms were
produced and more flowers m?, flowers per corm, and a greater quantity of saffron were obtained.
In this site, the spice resulted in a higher quality, based on the presence of crocins [10], and with high
antioxidant activities (FRAP method). Thus, the obtained PCA clearly demonstrated that the largest
difference in the flower-related traits and corm properties were found between the growing seasons
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(Years 1 and 2). Saffron is a perennial crop which is propagated through corms [47]. During the corm-
formation in the first growing season, new replacement corms will be produced and grown, which
results in an increment in flower production in the next year [47,50, 68]. Whereas the bioactive traits
were not strongly affected by the growing seasons, as indicated in Tables 4 and 5. These results are
in agreement with the findings of Lage and Cantrell [68], Ghanbari et al. [54] and Cardone et al. [69]
who reported that bioactive compounds greatly depend upon the growing conditions in Morocco,
Iran, and Italy, respectively. However, the Chambave field turned out to be more productive, while
those of Morgex and S. Cristophe produced a qualitatively superior spice.
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Table 5. Total polyphenol content (TPC, mgGAE 100 g! FW), anthocyanins (mgC3G 100 g FW), antioxidant activity (FRAP, mmol Fe?* kg-'; DPPH, umolTE g;
ABTS, umolTE g assays), and bioactive compounds (mg 100 g™! FW) in fresh saffron tepal extracts obtained with maceration (M) and ultrasound assisted (UA)
extraction, varying percentage of methanol in aqueous solvents (0%, 20%, 50%, and 80%). Data are presented as mean + standard deviation.

Antioxidant Activity Flavonols Benzoic Acids  Catechins
Extraction Method TPC Anthocyanins FRAP DPPH ABTS Hyperoside Rutin Ellagic Acid  Epicatechin
M 465.7 + 36.4 119.7 £ 15.6 167.3+10.2 5.53+0.79 5.84+1.1 2.00+0.72 0.15+0.04 1.63 +0.35 3.13+£0.72
UA 486.9 +41.8 119.3+12.8 141.1+73 6.06+1.12 8.88+0.97 242+0.37 0.13+0.05 3.06 + 0.66 5.27 £0.42
p ns ns ** ns o ns ns o *
Solvent (% methanol)
0% 4498 +355b 1425+235ab  2535+532a 461+1.27 556+1.03> 296+0.642 0.16+0.07 142 £0.35° 0.00+0.00"
20% 374.8+472% 103.3+189ab 108.8+11.7¢ 4.82+1.86 645+0.98> 298+0.592 0.09+0.02 2.52+0.18 0.00+0.00®
50% 4029 +£28.0>  88.8+15.9°P 1059 +15.2¢ 6.99+143 10.53+1.232 1.34+0.79* 0.16+0.10 2.71+£0.312 9.18+0.97 2
80% 677.7+2342 1433+2232 148.6+104° 6.77+1.76 6.79+0.72> 153+0.68° 0.21 +0.09 2.72+0.222 7.62+1.65°
p A% * %% ns A4 HAH ns 3% HA%
Interaction
Extraction x Solvent ns ns ot ns *EE xEE ns ns *

Same letter denotes no significant differences according to Tukey post-hoc test (p < 0.05). The statistical relevance is provided (ns = non-significant; ** = p < 0.01; ***
=p <0.001). The statistical relevance of “between-subjects effects” tests is provided (ns = non-significant; * p < 0.05; ** p < 0.01; *** = p < 0.001).
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3.3. Bioactive Compounds in Fresh Tepal Extracts

The relative phenolic and anthocyanin content of fresh saffron tepal extracts varied from 374.8
to 677.7 mgGAE 100 g FW, and from 88.8 to 143.3 mgC3G 100 g FW (Table 5). No significant
differences between the extraction methods were found in both parameters. While the extracting
solution containing 80% methanol extracted a significantly higher quantity of TPC compared to the
other solutions. The same solution was also most effective in extracting anthocyanins compared to
the solution with 50% of methanol. The extraction method and solvent type influenced the extract
antioxidant activity measured with FRAP and ABTS assays, while no differences were observed for
DPPH assay (Table 5). The maceration method with 100% water had a superior antioxidant activity
on the basis of the FRAP method. While the UA method with 50% methanol was more effective for
the ABTS method.

Based on our knowledge, only a few studies have been conducted on different extraction
methods and on the nutraceutical properties of similar fresh saffron tepal extracts. Tuberoso et al.
[70] showed that in aqueous extracts obtained by maceration of C. sativus fresh tepals the content of
TPC was in line with our findings (461.6-742.1 mgGAE 100 g FW). Through the applied extractive
method, the authors obtained an antioxidant activity equal to 35.5 and 55.4 mmol Fe? kg in FRAP
assay, much inferior to the present work, and slightly superior values with DPPH assay (7 and 12.3
pumolTE g, respectively).

In the tepal extracts, only four compounds out of 16 were found, namely hyperoside, rutin,
ellagic acid, and epicatechin. The extract obtained with the ultrasound assisted method contained
more ellagic acid (+87%) and epicatechin (+67%) in comparison to the maceration method, while no
differences were observed for the other two compounds. Solvents with a low percentage of methanol
(<20%) allowed the extraction of a high amount of hyperoside, while a concentration superior of 20%
better extracted ellagic acid. A high content of methanol (>50%) was significantly effective for
epicatechin. Chromatographic profile of all the considered samples (maceration vs. ultrasound-
assisted extraction at each methanol percentage) were reported for each phenolic class (cinnamic
acids and flavonols in Figure 3; benzoic acids and catechins in Figure 4).
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Figure 3. Chromatographic profile of cinnamic acids and flavonols in aqueous (0% methanol) and
hydroalcoholic (20%, 50%, and 80% of methanol) extracts of fresh saffron tepals obtained by
maceration (M) and ultrasound assisted (UA) extraction. Coumaric acid was not detected in aqueous
(0% methanol) and hydroalcoholic (20%) samples, however it was identified but not quantified in
hydroalcoholic (50% and 80% of methanol) extracts.
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Fresh saffron tepal extracts
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Figure 4. Chromatographic profile of benzoic acids and catechins in aqueous (0% methanol) and
hydroalcoholic (20%, 50%, and 80% of methanol) extracts of fresh saffron tepals obtained by
maceration (M) and ultrasound assisted (UA) extraction. Epicatechin was not detected in aqueous
(0% methanol) and hydroalcoholic (20%) samples, but it was identified and quantified in
hydroalcoholic (50% and 80% of methanol) extracts.

The best extractions were performed with a methanol range from 50% to 80%. In addition,
ultrasonic-assisted extraction greatly reduces the composition differences between extracts with
different percentage of extraction solvents. In general, our study is the first that has identified
these compounds in saffron tepals. Within the flavonoid group, hyperoside characterizes plants
of the family of Hypericaceae, Rosaceae, and Labiatae, and the genus Crataegus [71]. This
molecule has been suggested to attenuate oxidative stress-related diseases. Catechins and
flavonols are known to be extremely important for human health. Several studies support the
health benefits of the consumption of food rich in catechins, such as mint and tea, considered to
be responsible for preventing cardiovascular diseases, improving blood flow, eliminating
various toxins and improving resistance to various illnesses thanks to their antioxidative, anti-
inflammatory, antidiabetic and antimicrobial properties [72].In the present work, Pearson
correlations indicated significant positive correlations (p < 0.05) between increasing methanol
content and ellagic acid, epicatechin, TPC and DPPH assay. On the contrary, hyperoside content
and FRAP assay were reduced.Given the few studies conducted on fresh saffron tepals, a
comparison was made with the nutraceutical properties of the main edible flowers commonly
studied. If compared with data on anthocyanin content, saffron tepals contained much superior
amounts than fresh flowers of Calendula officinalis L., Tagetes erecta L., Tropaeolum majus L.,
Viola x wittrockiana Gams., and Viola cornuta L. as reported by Benvenuti et al. [73], Pires et al.
[23], and Demasi et al. [24]. The authors obtained 0.47, 0.75, 8.27, 12.4, and 27.76 mgC3G 100 g-1
FW, respectively, by extracting with 50-80% methanol solution. Regarding antioxidant activity,
our results are in line with those obtained in the same species (36.8, 704.2, 100.5, 365.5, and 391.89
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mmol Fe> kg by FRAP assay, respectively). Furthermore, our findings indicated that the
antioxidant power of fresh saffron tepals (FRAP assay) was very high compared with literature
data on leaves of red and white Brassica oleracea var. capitata “Autoro” and “Bartolo”, and
Brassica oleracea var. sabauda “Thaler” (0.2-24.4 mmol Fe?" kg) [74,75], tissues of five apple
cultivars (16-210 mmol Fe? kg [76], goji fruits (19 mmol Fe? kg™) [77], and Citrullus lanatus
pulp (16 mmol Fe> kg1) [78].

In general, a combination of organic solvent and water facilitates the extraction of all compounds
that were soluble in both water and organic solvents [79]. Differences in the structure of phenolic
compounds also determine their solubility in solvents of different polarity. Regarding the single
tested molecules, water solutions were significantly effective in the extraction of both studied
flavonols (hyperoside and rutin). Therefore, type of extraction as well as the solvent used may have
a significant impact on the yield of polyphenols, anthocyanins, and the extent of antioxidant activity
from plant materials. There are some reports concerning the optimization of extraction conditions of
phenolic compound content and antioxidant activities of some plant foods, but as some researches
indicated, the optimal procedure is usually different for different plant matrices [80,81].

4. Conclusions

This research assessed the quality of saffron produced in the north western Italian Alps,
complementing the data currently available on this crop. The spice produced and analysed over the
two years of study was found to be of high quality and a rich source of bioactive compounds, with
nutraceutical properties, regardless of the cultivation site. In addition, fresh saffron tepals were found
to be a source of nutraceutical components, with an antioxidant activity that is often similar or higher
than that of some vegetables and fruits. Therefore, tepals could be utilized for the recovery of valuable
compounds and not be considered as waste, contributing toward the zero-waste concept. The zero-
waste concept is an effective strategy that allows effective valorization of generated agro-industrial
wastes to value-added products, with applications in the food sector as colouring agents,
antioxidative agents, preservatives, and many more.

Most industrial processes are basically scaled-up from the processes developed at laboratory scale,
with a need for more efficient processes that can increase yields and the overall quality of natural
products at a feasible cost. Ultrasound assisted extraction represents one of the most promising
technologies for sustainable “green” extraction. This extraction system presents high reproducibility,
reducing the consumption of solvent, simplifying the manipulation and the processing, and conferring
a greater degree of purity to the final product. The studied parameters improved the hydromethanolic
extraction of biocompounds and allowed the characterization of the saffron residue. The bioactive
profile indicated differences in the polyphenolic composition, such as flavanols, anthocyanins,
flavonols, and phenolic acids, which may guide technological and functional applications. In
conclusion, the extractive approaches proposed in this work provide insights for the reutilization of this
vegetal residue as a viable alternative to develop quality products with added value.
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