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ABSTRACT

Juices obtained from cold-pressed saffron (Crocus sativus L.) floral by-products were evaluated
as a potential source of compounds with antioxidant and cytotoxic activities. Floral by-products
were split in two batches for extraction 24 and 48 hours after flower harvesting, respectively. The
in vitro anti-oxidant activity of these extracts was tested using the FRAP and DPPH chemical tests,
and two biological models of lipid oxidation (activity in preventing cholesterol degradation and
protection against Cu?*-mediated degradation of the liposomal unsaturated fatty acids). The
cytotoxic activity was evaluated using the MTT assay. The results show that extracts obtained 48h
post-harvest contained higher levels of total polyphenols and had the highest antioxidant activity
in all of the performed assays. The LC-DAD and LC-ESI-(HR)MS" metabolic profiles showed
high levels of kaempferol derivatives and anthocyanins. This study suggests that juices from
saffron floral by-products could potentially be used to develop new products for the food and

health industry.

Keywords: floral by-products; Crocus sativus L.; LDL oxidation; cholesterol degradation; LC-

DAD; LC-ESI-(HR)MS"
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1. Introduction

Harvesting and processing of vegetables and fruit generate large amounts of by-products and
bio-waste that can be used as an inexpensive source of important bio-molecules such as
polyphenols and antioxidants. Saffron (Crocus sativus L.) is a plant widely used for the production
of the saffron spice from the stigmas. This is the most valuable part of the flower due to its
numerous uses both in the food and health sector. Traditionally, only stigmas are collected, dried
and used as a spice while the remaining parts of the flower are discarded. Approximately 90 % of
harvested saffron flowers is discarded. However, the phytochemical composition of these parts of
the flower has recently gained interest from the scientific community because of its potential use
in the health and food industries. So far a variety of carbohydrates (glucose, fructose, sucrose,
maltose, inositol, sorbitol, mannitol) (Serrano-Diaz, Sanchez, Martinez-Tomé, Winterhalter, &
Alonso, 2013), proteins, lipids, dietary fiber, minerals (P, Mg, Ca, Fe, K, Na) (Serrano-Diaz et
al.,2013), volatiles (butyrolactone and 2,3-butanediol) (Argento, Branca, Siracusa, Strano, Napoli,
& Ruberto, 2010; Zheng, Li, Ma, Han, & Qin, 2011), carotenoid derivates (crocetins, crocins, and
lutein diesters) (Montoro, Maldini, Luciani, Tuberoso, Congiu, & Pizza, 2012; Goupy, Vian,
Chemat, & Caris-Veyrat, 2013; Vignolini, Heimler, Pinelli, leri, Sciullo, & Romani, 2008),
monoterpenoids (picrocrocin and crocusatins) (Li, Lee, & Wu, 2004), and phenolic compounds
(benzoic acids, hydroxycinnamic acids (Li et al., 2004), anthocyanins, and flavonoids (Serrano-
Diaz, Sanchez, Martinez-Tomé, Winterhalter, & Alonso, 2014a)) have been detected. Among the
anthocyanins, delphinidin 3,5-di-O-glucoside is the most concentrated one, followed by petunidin
3,7-di-O-glucoside, petunidin 3-O-glucoside and malvidin 3-O-glucoside (Goupy et al., 2013;
Serrano-Diaz et al., 2014a; Serrano-Diaz, Estevan, Sogorb, Carmona, Alonso, & Vilanova,
2014Db). Flavonoids are mainly represented by kaempferol, quercetin and isorhamnetin glycosides
with kaempferol 3-O-sophoroside being the most abundant (Goupy et al.,, 2013; Montoro,

Tuberoso, Maldini, Cabras, & Pizza, 2008; Serrano-Diaz et al., 2014a; Serrano-Diaz et al., 2014b;
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Termentzi, & Kokkalou, 2008; Vignolini et al., 2008). Saffron flower extracts have been studied
for their biological activities, showing antityrosinase activity (Li et al.,, 2004; Sariri,
Sabbaghzadeh, & Poumohamad, 2011), antioxidant (Sanchez-Vioque, Rodriguez-Conde, Reina-
Urefia, Escolano-Tercero, Herraiz-Pefialver, & Santana-Méridas, 2012; Sariri etal., 2011; Serrano-
Diaz, Sanchez, Maggi, Martinez-Tomé, Garcia-Diz, Murcia, & Alonso, 2012; Termentzi et al.,
2008), and antiradical activities (Montoro et al., 2012; Sdnchez-Vioque et al., 2012; Serrano-Diaz
et al., 2012; Zheng et al., 2011), metal chelating properties (Sanchez-Vioque et al., 2012),
cytotoxic effect (Serrano-Diaz et al., 2014b; Zheng et al., 2011), antifungal activity (Zheng et al.,
2011), and have been shown to have some benefits in the treatment of mild-to-moderate depression
(Moshiri, Akhondzadeh, Noorbala, Jamshidi, Abbasi, & Akhondzadeh, 2006). These extracts are
usually obtained with hydro-alcoholic solution for hydrophilic compounds or with n-hexane for
lipophilic compounds, and often several purification steps are required. Plant material can be dried
(Montoro et al., 2012; Moshiri et al., 2006; Sanchez-Vioque et al., 2012; Zheng et al., 2011),
vacuum freeze-dried (Goupy et al., 2013; Serrano-Diaz et al., 2012; Serrano-Diaz et al., 2013;
Serrano-Diaz et al., 2014a), grounded or powdered (Goupy et al., 2013; Moshiri et al., 2006;
Sanchez-Vioque et al., 2012; Serrano-Diaz et al., 2014b), pre-extracted (Argento et al., 2010;
Goupy et al., 2013; Termentzi at al., 2008; Zheng et al., 2011), filtered and/or centrifuged in order
to obtain purified fractions. However, most of these methods are not very practical for large-scale
extraction of these valuable compounds from saffron floral waste. Therefore, currently there is a
lot of interest in developing low-cost environmentally friendly production methods. Green
extraction techniques have become increasingly appealing for the industries (Chemat, Vian, &
Cravotto, 2012), and cold-press seems to currently be one of the most desirable technique
(Cravotto, Binello, & Orio, 2011; Heng, Tan, Yong, & Ong, 2013), thanks to the lack of use of

auxiliary substances, such as solvents.
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The aim of this work was to evaluate the antioxidant activity of juices obtained from cold-
pressing of saffron (Crocus sativus L.) floral by-products with different in-vitro systems, and to
investigate the polar fraction of these extracts using high resolution mass spectrometry (LC-ESI-
MS"). Additionally, the cytotoxic activity of these extracts was assessed using the MTT assay, and
also the content of total polyphenols (Folin-Ciocalteu’s assay) and CIE L*a*b*C*ah°a
chromaticity coordinates of the juices were determined. To study the potential decline of the
quality of the floral by-products, juices obtained 24 and 48 hours after saffron flower harvesting

were analyzed.

2. Materials and methods

2.1. Reagents

All the solvents and chemicals used in this study were of analytical grade. Methanol,
acetonitrile, and 85% phosphoric acid were purchased from Merck (Darmstadt, Germany).
Acetonitrile and formic acid, both LC/MS grade, were obtained from Merck (Darmstadt,
Germany). Ultrapure water (18 MQ-cm) was obtained with a Milli-Q Advantage A10 System
apparatus (Millipore, Milan, Italy). Fatty acids, triolein, trilinolein, cholesterol, 5-cholesten-34-ol-
7-one (7-keto), 5-cholestene-34,7 4-diol (7-OH), desferal (deferoxamine mesylate salt), 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), the mixture of phospholipids
(bovine brain extract, Type VII, purity >99%), 1,1,3,3,-tetraethoxypropane (TEP), trichloroacetic
acid (TCA), 2-thiobarbituric acid (TBA), phenylalanine, tyrosine, gallic acid, ferrous sulphate,
1,1-diphenyl-2-picrylhydrazyl radical (DPPH), (%)-6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (Trolox), 2,4,6-tris(2-pyridyl)-1,3,5-triazine (TPTZ), Folin-Ciocalteu’s reactive,

sodium carbonate, ferric chloride and CuSO4+5H20 were purchased from Sigma-Aldrich, Fluka
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(Milan, Italy). Standards of anthocyanins and flavonoids were purchased from Extrasynthese

(Genay, France). Cell culture materials were purchased from Invitrogen (Milan, Italy).

2.2. Saffron samples and extraction method

Saffron floral by-products (n = 3) were obtained from saffron spice producers in Sardinia
(Italy) in November 2014. Stigma separation was performed using the traditional procedures
required for the Protected Designation of Origin “Zafferano di Sardegna” (Gazzetta Ufficiale Serie
Generale n. 47, 2009). The floral by-products were split in two batches for extraction following
24 and 48 h from harvesting. The juice extraction procedure was done squeezing the floral by-
products using a Polsinelli Enologia mod. 30 stain-less steel manual press (Isola del Liri, FR,
Italy). For the analytical assays, the juices were centrifuged at 6000 rpm, filtered through cellulose
acetate GD/X septa (0.45 um, 25 mm @, Whatman, Milan, Italy) and stored at -20 °C in dark glass

bottles until analysis, which was performed within 1 month from sample collection.

2.3. Water content of saffron floral by-products and dry matter of juices

The water content of the fresh flowers was evaluated drying 5 g of floral by-products at 105
+ 1 °C for 90 min. The floral juices’ dry matter was assessed by drying 1000 pL of solution for 2

h in a thermostatic oven at 105 + 1 °C, and weighing until a constant weight value was achieved.

2.4. CIE L*a*b*C*aph°ap coordinates and pH measurement

The chromaticity coordinates were measured with a UV-visible spectrophotometer Varian
series Cary 50 Scan (Varian, Leini, TO, Italy), and data were processed analyzed using Cary Win
UV Color Application V. 2.00 software. The transmittance of the whole visible spectrum (380-
780 nm) was measured at a wavelength interval of 5 nm, using D65 illuminat and a 10° observation

angle. Floral juices were used without any dilution, and transmittance was measured in a 5 mm
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quartz cuvette subtracting a blank (air). The pH measurements were performed with a CyberScan
pH 510 Meter (Eutech Instruments, Landsmeer, The Netherlands) which was calibrated with

standard buffer solutions of pH 7 and pH 4, prior to measuring the pH.
2.5. Determination of total phenolic content (Folin-Ciocalteu s assay)

The total phenols (TP) content was determined by spectrophotometric assay with a modified
Folin-Ciocalteu’s method (Tuberoso, Boban, Bifulco, Budimir, & Pirisi, 2013). One hundred L
of floral juice diluted with H.O 1:50 (v/v) were added to 500 uL of Folin-Ciocalteu’s reactive.
After 5 min, 3 mL of 10% Na.COs (w/v) were added, the mixture was shaken, and diluted with
H20 to a final volume of 10 mL. After a 90 min incubation period at room temperature, the
absorbance was read at 725 nm on a 10 mm optical polystyrene cuvette (Kartell® 01937) using a
Varian Cary 50 spectrophotometer (Varian, Leini, TO, Italy), subtracting a blank. The TP content
results, expressed as mg/kg of gallic acid equivalent (GAE), were obtained using a calibration

curve of a freshly prepared gallic acid standard solution (10-200 mg/L, r = 0.9999).
2.6. Total antioxidant activity (FRAP test)

The FRAP assay was performed preparing a ferric complex of 2,4,6-tris(pyridin-2-yl)-1,3,5-
triazine (TPTZ) and Fe* (0.3123 g TPTZ, 0.5406 g FeCls-6H,0 in 100 mL acetate buffer pH 3.6)
(Tuberoso et al., 2013). Twenty pL of floral juice (1:50, v/v, with water) were dissolved in 2 mL
of ferric complex and, after an incubation period of 4 min in the dark, absorbance at 593 nm was
measured with a Cary 50 Scan spectrophotometer using a 10 mm optical polystyrene cuvette.
Quantitative analysis was performed according to the external standard method (FeSQOs, 0.1-2
mmol/L), correlating the absorbance with the concentration and results were expressed as mmol/L

of Fe?*. FRAP assay for each sample was performed in triplicate.

2.7. Free radical scavenging activity (DPPH Assay)
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A spectrophotometric analysis using DPPH, and a comparison with the Trolox calibration
curve was performed (Tuberoso et al., 2013). Fifty microliters of diluted floral juice (same dilution
as for FRAP assay) were dissolved in 2 mL of 0.04 mmol/L DPPH in methanol. A calibration
curve in the range 0.05-1.0 mmol/L (r = 0.9997) was used for the Trolox, and data were expressed
as Trolox equivalent antioxidant capacity (TEAC, mmol/L). Spectrophotometric readings were
carried out with a Cary 50 Scan spectrophotometer at 517 nm, using a 10 mm optical polystyrene

cuvette. DPPH assay for each sample was performed in triplicate.

2.8. Cholesterol assay

The cholesterol oxidation assay was conducted in dry state as previously described (Kim, &
Nawar, 1993; Rosa, Melis, Deiana, Atzeri, Appendino, Corona, et al., 2008). Aliquots of 0.5 mL
(2586 nmol) of cholesterol solution (2 mg/mL of MeOH) were dried in a round-bottom test tube
under vacuum, and then incubated in a bath at 140 °C for 1 h (oxidized controls, 0) under artificial
light exposure. Controls (non-oxidized cholesterol, Ctrl) were kept at 0 °C in the dark. In a different
set of experiments, aliquots (0.1-30 L) of the saffron flower juices were added to 0.5 mL of
cholesterol solution (2 mg/mL MeOH), the mixtures cholesterol/juice were dried under vacuum,
and then incubated in dry state in a bath at 140 °C for 1 h. The oxidation process was stopped by
immersing the test tubes in an ice bath for 10 minutes and adding 1 mL of MeOH. Quantification
of cholesterol, 7-ketocholesterol (7-keto), and 74-hydroxycholesterol (74-OH) was carried out
with an Agilent Technologies 1100 liquid chromatograph equipped with a diode array detector
(HPLC-DAD). Cholesterol and oxysterols were analyzed using a Chrompack Inertsil 5 ODS-3
(150 mm x 3 mm, 5 um particle size) column, with a mobile phase in the isocratic mode of 100%
MeOH at a flow rate of 0.4 mL/min. Cholesterol and 7-OH were detected at 203 nm and 7-keto
at 245 nm (Rosa, Tuberoso, Atzeri, Bifulco, Melis, & Dessi, 2011). The data were collected and

analyzed using the Agilent Chemstation A.10.02. software.
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2.9. Liposomes oxidation assay

Liposomes were prepared according to the Bangham method with slight modifications
(Bangham, Standish, & Watkins, 1965; Rosa et al., 2011). Phospholipids were dissolved in
chloroform (1 mg/mL) in a round-bottom flask. After chloroform evaporation under vacuum, the
thin lipid film was hydrated for 20 min with iced 0.9% NacCl solution. The resulting suspension (1
mg lipids/mL) was sonicated in ice for 15 min in a Bandelin Sonorex Super RK 510H sonicator
water bath (Bandelin Electronic, Berlin, Germany). Aliquots (300 .g) of liposomes in 1 mL of
saline solution were incubated for 24 h in presence of 5 uM CuSOg at 37 °C in a thermostatic water
bath (Falc Instruments, Treviglio, Italy), exposed to air and artificial light. Controls were kept at
0 °C in the dark. Different amounts of saffron flower juices (1, 5, 10 L) were added to 300 g
of liposomes in 1 mL of saline solution and the mixtures were incubated for 24 h at 37 °C. The
oxidation was stopped by cooling samples in a mixture of ice and water for 10 minutes. Aliquots
(100 L) of liposome samples were used for malondialdehyde (MDA) quantification. Liposome
fatty acids were obtained by mild saponification as previously described (Rosa et al., 2011) and
analyzed with an Agilent Technologies 1100 HPLC-DAD system. Quantification of unsaturated
fatty acids (detected at 200 nm) were carried out using a XDB-C18 Eclipse (150 mm x 4.6 mm,
3.5 um particle size) column equipped with a Zorbax XDB-C18 Eclipse (12.5 mm x 4.6 mm, 5
um particle size) guard column (Agilent Technologies), with a mobile phase of
acetonitrile/H.O/CH3COOQOH (75/25/0.12, v/viv) at a flow rate of 2.3 mL/min (Rosa et al., 2011).

The temperature of the column was kept at 37 °C.

MDA levels in the liposome samples were measured with the method described by Templar
et al. with few modifications (Templar, Kon, Milligan, Newman, & Raftery, 1999; Rosa et al.,

2011). Briefly, 100 xL of 10% TCA and 200 uL of 0.6% TBA were added to the liposome
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dispersions (100 L). The mixtures were incubated in a water bath at 90 °C for 45 min, cooled and
centrifuged at 12000 g for 10 min. MDA quantification was conducted by HPLC analysis. A
standard curve was prepared using a TEP solution (0.05-10 uM). The MDA-TBA adduct (revealed
at 532 nm) was eluted using a reverse phase column Varian Inertsil ODS-2, 150 x 4.6 mm; the

mobile phase was a mixture of 50 mM KH2PO4 pH 7/MeOH (65/35 v/v) at a flow rate of 1 mL/min.
2.10. Cell cultures

The Caco-2 cell line was obtained from the European Collection of Cell Cultures (ECACC)
(Salisbury, Wiltshire U.K.). Caco-2 cells have been obtained from a human colon adenocarcinoma
(Travelin, Grasjo, Taipalensuu, Ocklind, & Artursson, 2002). Subcultures of the Caco-2 cells were
grown in T-75 culture flasks and passaged with a trypsin-EDTA solution. Cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM) supplemented with 10% fetal calf serum (FCS),

2 mM L-glutamine, and penicillin (100 units/mL)-streptomycin (100 «g/mL), at 37 °C in 5% CO..

2.11. Cytotoxic activity of saffron juices in cancer Caco-2 Cells: MTT assay

The cytotoxic effect of saffron extracts was evaluated in cancer Caco-2 cells by the MTT
assay (Rosa, Scano, Atzeri, Deiana, & Falchi, 2013; Schiller, Klainz, Mynett, & Gescher, 1992).
Caco-2 cells were seeded in 96-well plates at a density of 5 x 10* cells/mL in 100 gL of medium
and cultured overnight. Prior to the addition of saffron flower juices, the cell culture medium was
removed, Caco-2 cells were washed with PBS containing Ca®* and Mg?*, and then fresh medium
was added. Cells were subsequently exposed to various aliquots of the floral juices (0.1-50 gL/mL)
in complete culture medium and incubated for 24 h. The cell culture medium was then removed
from each well of the 96-well plates; an 8 xL portion of MTT solution (5 mg/mL of H20) was
added to cells in fresh medium and left for 4 h at 37 °C. The medium was aspirated, 100 pL of

DMSO was added to the wells, and color development was measured at 570 nm with an Infinite

10
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200 auto microplate reader (Infinite 200, Tecan, Austria). The absorbance was proportional to the

number of viable cells.

2.12. LC-DAD analysis

Detection and quantitative analyses of polar compounds were carried out using an LC-DAD
method. An HPLC Varian system ProStar was employed, fitted with a pump module 230, an
autosampler module 410, and a ThermoSeparation diode array detector SpectroSystem UV 6000Ip
(ThermoSeparation, San Jose, CA). Separation was obtained with a Gemini C18 column (150 x
4.60 mm, 3 um, Phenomenex, Casalecchio di Reno, BO, Italy) using 0.2 M phosphoric acid
(solvent A), and acetonitrile (solvent B) at a constant flow rate of 1.0 mL/min. The gradient (v/v)
was generated decreasing from 100% of solvent A to 85% in 20 min; to 65% in 40 min; to 10% in
50 min. Before each injection, the system was stabilized for 10 min with the initial A/B ratio
(100:0, v/v). The injection volume was 10 pL and the column temperature was set at 30 °C.
Chromatograms and spectra were elaborated with a ChromQuest V. 2.51 data system
(ThermoQuest, Rodano, Milan, Italy) and data were acquired at 520 nm for anthocyanins, 360 nm
for flavonols and 210 for amino acids. Juices were diluted with ultrapure water (1:50, v/v), filtered
through Econofilter RC membrane (0.45 um, @ 25mm, Agilent Technologies, Milan, Italy) and

then injected in HPLC without any further purification.

The established method was validated in agreement with the International Conference on
Harmonisation of Technical Requirements for Registration of Pharmaceuticals for Human Use
(ICH) guidance note which describes validation of analytical methods (ICH Topic Q2 (R1), 2005)
by determining linearity, limits of detection (LOD), limits of quantification (LOQ), precision and
accuracy. Stock standard solutions were prepared in methanol for phenolic compounds

(kaempferol, kaempferol 3-O-glucoside, isorhamnetin, isorhamnetin 3-O-rutinoside, quercetin,

11
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quercetin  3-O-glucoside, delphinidin  3,5-di-O-glucoside, petunidin  3,5-di-O-glucoside,
delphinidin 3-O-glucoside, and petunidin 3-O-glucoside), and in methanol: 0.1 M HCI 1:1 (v/v)
for amino acids. The working standard solutions were prepared in ultrapure water. The linearity
was evaluated by preparing standard mixtures at six different concentrations and analyzing them
by HPLC-DAD. The calibration curves for commercial standards were plotted with the method of
external standard, correlating the peak area with the concentration by means of the least-squares
method, with coefficient of determination (r?) > 0.997 for all compound. The LODs and LOQs
were calculated according to the equation LOD = 3.3r/S and LOQ = 10r/S, respectively (where r
= standard deviation of the blank, and S = slope of the calibration curve). LODs ranged from a
minimum of 0.4 mg/L (kaempferol, isorhamnetin, and isorhamnetin 3-O-rutinoside) to a maximum
of 1. 9 mg/L (tyrosine), and the limits of quantification (LOQ) were below 6 mg/L for all
compounds (Table 2). The precision of this method was evaluated testing intra- and inter-day
repeatability. Six injections of the same standard containing all the phenolic compounds within
one day and over three consecutive days, were performed. The relative standard deviation (RSD)
for the area under the peak was determined as a measure of precision, and all RSDs were lower
than 5 %. The accuracy of the method was evaluated using recovery rates. Saffron floral juices
(24h) were spiked with two concentrations of kaempferol 3-O-glucoside (50 and 200 mg/L),
delphinidin 3-O-glucoside (20 and 100 mg/L) and phenylalanine (20 and 100 mg/L), and each
spiked sample was analyzed in triplicate. Recovery rates were between 95.3 and 103.2 % (data not
shown). The matrix effect was evaluated comparing the response of a standards mix prepared with
kaempferol 3-O-glucoside (200 mg/L), delphinidin 3-O-glucoside (200 mg/L) and phenylalanine
(200 mg/L), both in 24h saffron floral by-products juice and in water. No statistical differences
were observed (p < 0.05). The specificity, intended as the lack of interference with other substances

detected in the region of interest, was assessed by the ChromQuest purity calculation software

12
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index (total peak purity > 0.99), and resulted to be specific with no any other peak interfering at

the retention times of the dosed compounds in the HPLC-DAD detection mode.

2.13. LC/ESI/FT (Orbitrap)MS and LC/ESI/FT (Orbitrap)MS/MS analysis

The confirmation of the identity of the molecules detected and quantified by HPLC-DAD
was performed by LC-MS/MS according to Mari, Montoro, D'Urso, Macchia, Pizza and Piacente
(2015) with slight modifications. The electrospray ionization (ESI) source of a Thermo Scientific
LTQ-Orbitrap XL (Thermo Scientific, Germany) mass spectrometer was tuned to positive ion
mode with a standard solution of kaempferol 3-O-glucoside (I pg/mL) infused at a flow rate of 5
uL/min with a syringe pump. Negative ionization mode for the MS analysis was used with data-
dependent automatic switching between MS and MS/MS and MS" acquisition modes. The
instrument was calibrated using the manufacturer's calibration standards. The scan was collected
in the Orbitrap at a resolution of 30000 in a m/z range of 50-1500 amu. The source voltage was 5
kV and capillary voltage -12 kV was, the tube lens offset -121.47 V and the capillary temperature
was set at 280 °C, auxiliary gas was set at 5 (arbitrary units) and no sheath gas was used. Tuning
optimization was performed on the specific value of kaempferol 3-O-glucoside at m/z 447.0369
amu. In positive ion mode tuning experiment were performed by infusing a solution of delphinidin
3-O-glucoside (I pg/mL) infused at a flow rate of 5 xL/min with a syringe pump. Positive
ionization mode for the MS analysis was used with data-dependent automatic switching between
MS and MS/MS and MS" acquisition modes. The instrument was calibrated using the
manufacturer's calibration standards. The scan was collected in the Orbitrap at a resolution of
30000 in a m/z range of 50-1500 amu. The source voltage was 3 kV and capillary voltage 49 kV
was, the tube lens offset 120 V and the capillary temperature was set at 280 °C, auxiliary gas was
set at 5 (arbitrary units) and no sheath gas was used. The tuning optimization was performed on

the specific value of delphinidin at m/z 303.0504 amu.

13



299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

Qualitative LC/ESI/MS in negative ion mode was performed using a Thermo Scientific
Accela HPLC system (Thermo Scientific, Germany) equipped with a Waters (Milford, MA, USA)
X-Select RP C18 column (150 mm x 2.1 mm, 3.5 um) and coupled to a LTQ-Orbitrap XL mass
spectrometer. Linear gradient elution with a mobile phase comprising water acidified with 0.1%
formic acid (solvent A) and acetonitrile acidified with 0.1% formic acid (solvent B) starting from
100% A, was converted in 85% A in 20 min, from 85% to 65% (A) in following 20 min and from
65% to 10% (A) in 10 min followed by 10 min of maintenance. The mobile phase was supplied at
a flow rate of 200 pL/min keeping the column at room temperature, and the effluent was injected
directly into the ESI source. The mass spectrometer was operated in the negative ion mode. The
auxiliary gas was set at 5 (arbitrary units) and no sheath gas was used. In LC/ESI/MS experiments
Total lon Current (TIC) profile was produced by monitoring the intensity of all the ions produced
and acquired in every scan during the chromatographic run.

Qualitative LC/MS in positive ion mode was performed using a Thermo Scientific Accela
HPLC system (Thermo Scientific, Germany) equipped with a Waters (Milford, MA, USA) X-
Select RP C18 column (150 mm x 2.1 mm, 3.5 um) and coupled to a LTQ-Orbitrap XL mass
spectrometer. The auxiliary gas that was set at 20 (arbitrary units) and the sheath gas at 10
(arbitrary units). The gradient programme was the same described above.

In LC/ESI/MS experiments Total lon Current (TIC) profile was produced by monitoring the
intensity of all the ions produced and acquired in every scan during the chromatographic run.
Additional LC/ESI/(Orbitrap)MS/MS experiments were carried out in order to select and submit
these ions to fragmentation experiments using the parameters previously chosen by ESI/MS direct
infusion experiments, and a collision energy of 30%. Compounds were identified by matching
experimental MS/MS spectra with those reported in a public repository of mass spectral data called

Mass Bank (Chang, & Wong, 2004).
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2.14. Statistical analyses

Graph Pad INSTAT software (GraphPad software, San Diego, CA, USA) was used to
calculate the means and standard deviations (SD) of two or three independent experiments
involving duplicate or triplicate analyses for each sample/condition. The evaluation of statistical
significance of observed differences was performed by one-way analysis of variance (One-way

ANOVA), using Bonferroni Multiple Comparisons Test.

3. Results and discussion

3.1. Technological properties of saffron floral by-products and juices

The present paper represents the first study of saffron juices since previous reports were focused
on extracts obtained with different solvents (Argento et al., 2010; Cravotto et al., 2011; Goupy et
al., 2013; Li et al., 2004; Montoro et al., 2012; Sariri et al., 2011; Serrano-Diaz et al., 2013;
Serrano-Diaz et al., 2014b; Vignolini et al., 2008; Zheng et al., 2011). Significant differences
between floral by-products pressed after 24 and 48 hours were noticed (Table 1). Particularly, the
juice yield increase after 48 hours (16.8 £ 1.3 mL/100 g). This could be due at least partially to the
loss of water (ca. 6 %, w/w) which was observed after 48h and to the possible breakdown of the
vegetable structures, which can facilitate the juice extraction process. The use of industrial presses
may allow to squeeze bio-waste more efficiently, which may lead to obtain similar amounts of
juice from the 24h and 48h floral by-products. Values of the physical-chemical parameters are
quite similar, although they are significantly different at p < 0.05 (Table 1). The dry matter
obtained from the juices was 6.1 + 0.0 and 6.3 + 0.0 %, respectively for the 24h and 48h juices.
The chromatic coordinates showed similar values of luminosity (L*) (72.9 + 0.3 and 73.7 + 0.2,

respectively for 24h and 48h juices), but the color turn to reddish after 48 h (C*., =79.9 £ 0.3). It
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is possible that the color change was caused by anthocyanins release from intra-cellular vacuoles
and/or by a decrease of the pH (pH = 5.73 + 0.01 at 24h, and pH = 5.00 £ 0.01 at 48h). Similar
phenomenon was indicated as being responsible for color changing in saffron flowers subjected to

different dehydration treatments (Serrano-Diaz, Sanchez, Alvarruiz, & Alonso, 2013b).
3.2. In-vitro antioxidant properties of the juices obtained from saffron floral by-products

The in-vitro antioxidant assays that were used indicated high values for total phenols (TP),
antioxidant (FRAP) and antiradical (DPPH) properties in the two juices (Table 1). Juices at 24h
had TP, FRAP, DPPH values of 4616.1 + 133.9 mg GAE/L, 35.5 + 1.4 mmol Fe*"/L, and 7.0 +
0.3 mmol TEACIL, respectively. Juices at 48h had an increased + 61, + 56, and + 76% for TP,
FRAP and DPPH, respectively. These findings are of particular interest since these values are at
least 2-3 times higher than the ones reported for red wines or berries extracts (Tuberoso et al.,
2013). The juices were also tested for their antioxidant activity during cholesterol oxidation in dry
state at 1 h. The consumption of cholesterol and the formation of its mayor oxidation products, the
7-keto and 7~-OH derivatives, were measured as markers of oxidative process. Figure 1 shows the
values of cholesterol, 74-OH, and 7-keto (expressed as xg) measured during cholesterol oxidation
in the controls (Ctrl) and in oxidized samples in the absence (0) or in the presence of different
amounts (0.1-30 L) of 24h (Fig. 1A) and 48h-juices (Fig. 1B). The 48h-juice exerted a complete
inhibition of cholesterol degradation from 0.25 xL showing a 50% protection at 0.1 «L. In this
system the 24h-juice, although less effective at low amounts, showed a complete inhibition of the
oxidative process from 0.5 L, with a 50% protection at 0.25 xL. The 24h juice could significantly
inhibit the formation of both oxysterols from 0.25 uL, while the 48h juice exerted a significant
decrease in 7-keto and 7-OH formation from 0.5 xL. The oxidative degradation of cholesterol,

which is an important component of biological membranes/lipoproteins, is known to play a role in
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the development of tissue damage and in a wide range of other pathological events. Furthermore,
oxysterols also have a variety of biological activities of interest to the biomedical research field
(e.g. cytotoxicity, angiotoxicity, and mutagenicity) (Garenc, Julien, & Levy, 2010). This model of
lipid oxidation has been widely used to assess the antioxidant properties of extracts and pure
phenolic compounds (Rosa et al, 2008; Rosa et al, 2011). Both saffron juices protected sterol
against free radical attack and inhibited oxysterol formation, showing scavenging ability against
peroxyl radicals LOO« (Rosa et al, 2008; Rosa et al, 2011).

To study lipid peroxidation, a model based on liposomes was used. Liposomes are
considered an important membrane model and much research has been carried out to understand
the effects of lipid oxidation in phospholipid membranes to develop strategies to prevent, modulate
and treat oxidative damage (Mosca, Ceglie, & Ambrosone, 2011). Therefore, the protective effect
of saffron juices for the lipid target of liposome oxidative injury was evaluated. Liposomes were
treated with 5 M Cu?* at 37 °C for 24 h and the changes in unsaturated fatty acids concentration,
together with the increase of the MDA secondary oxidative products, were analyzed as an index
of the lipid peroxidation process (Rosa et al., 2011). Control liposome (0 °C) values were: 18:1 n-
9, 95.97 + 3.76 ug; 20:4, 17.40 + 0.85 ug; 22:4, 18.20 + 0.90 ug; 22:6, 25.10+1.43 pg/mg
liposomes. Figure 2 shows the total values of the main unsaturated fatty acids 20:4 n-6, 22:4 n-6
and 22:6 n-3 (PUFA) (expressed as pug/mg liposomes) (Fig. 2A) and MDA (% control) (Fig. 2B),
measured in the control (Ctrl) and during liposome oxidation at 37 °C for 24 h with 5 ¢M CuSOg4
in the absence (0) and in the presence of different concentrations (1, 5, 10 uL) of 24h and 48h
juices. A strong significant decrease of the PUFA level was observed at 24 h oxidation. The 48h
juice significantly protected against Cu?*-mediated unsaturated fatty acid degradation starting at a
volume of 5 4L, significantly reducing MDA production in the liposome system at 10 L. In this

test, the 24h juice was not very effective at protecting PUFA against oxidative degradation, and a
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significant reduction in MDA generation was only observed when a 10 xL volume was used.
Conceivably, in this system the 24h-juice protected the liposome particles from copper-induced
oxidative damage by scavenging peroxyl radicals (acting as chain breaking antioxidant) and
chelating copper ions at the aqueous phase or at the liposome particle surface and/or core (Rosa et
al, 2008; Rosa et al, 2011).

The saffron juices were also tested and compared for cytotoxicity (MTT assay) in colon
cancer Caco-2 cell cultures. Figure 3 shows the viability, expressed as % of the control, of the
cancer Caco-2 cells after a 24 h incubation in the presence of different concentrations of extracts
(0.1-50 pL/mL). The treatment with the 48h-juice caused a significant reduction in cell viability
(30%), in comparison with control, from the concentration of 10 pL/mL. A significant 32%
decrease in Caco-2 cell viability was also observed with the 24h-juice, but only at a concentration
of 50 L /mL. Saffron stigma extracts were extensively studied for their chemopreventive potential
against cancer. Previous studies have also demonstrated the cytotoxic activity of liposoluble
extracts obtained from saffron floral by-products against cancer cell lines (Zheng et al., 2011).
Interestingly, aqueous extracts obtained from saffron floral bio-residues did not show cytotoxicity

against non-tumorigenic 3T3 fibroblast cells (Serrano-Diaz et al., 2014b).

3.3. Chemical composition of the juices obtained from saffron floral by-products

Recently, several studies have reported the use of LC-MS techniques to study C. sativus
floral by-products. However, this is is the first description of the use of high resolution mass
spectrometry approach to do a similar study. There is evidence for the use of metabolomics
approaches based on High Resolution Mass Spectrometry (MS) as a tool for the selection of
appropriate markers (Mathon, Duret, Kohler, Edder, Bieri, & Christen, 2013). The correct
determination of the elemental composition is the starting point for the identification of biomarkers

using untargeted metabolomics. Therefore, high mass accuracy, in combination with high spectral
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accuracy is a prerequisite and can only be achieved by using high resolution mass spectrometers,
such as Orbitrap, ToF and QToF technologies. In plant metabolomic, MS/MS or MS" analyzers
are considered a useful tool for the identification of secondary metabolites. In particular, LTQ FT
(Orbitrap)MS analyzers have MS" capabilities for enhanced levels of structural analysis.
Secondary metabolites belonging to the phenolic class have been frequently reported in C. sativus
petals. Anthocyanins and flavonoids are the typical metabolites of saffron petals. In LC-MS, when
positive ionization was performed, the flavonoids and flavonoids glycosides displayed the pseudo
molecular ion [M+H]*. On the other hand, ionization was obtained in negative ion mode too,
obtaining a deprotonated pseudomolecular ion [M-H]" for each of the compounds of interest. Thus,
the MS spectra in ESI positive and negative mode were both useful for the determination of the
molecular weight. The aim of identifying the flavonoids, anthocyanins and flavonoids glycosides
contained in C. sativus extracts was to compare the metabolic profiles of different waste products
obtained during production of the very expensive saffron spice. This study also aimed at describing
a system which possibly confirms the identity of these compounds without the use of external
standards, based on high resolution mass spectrometry data. The identification of the flavonoids
was in fact based on mass spectral data in combination with published data. Crude extracts
obtained from flowers were analyzed by an analytical method developed in LC/ESI/(Orbitrap)MS
and LC/ESI/(Orbitrap)MS/MS, in negative ion mode and positive ion mode. The positive LC-MS
profile indicated the presence of anthocyanins, and flavonoids. The negative LC-MS profile
indicated the presence of a larger group of compounds (Figure 4) corresponding to the
deprotonated molecular ions of different flavonoids and anthocyanins. The individual components
were identified by comparison of their m/z values in the Total lon Courrent (TIC) profile with
those of the selected compounds described in the literature (Table 2). Additional
LC/ESI/(Orbitrap)MS/MS experiments were carried out in order to select and submit these ions to

fragmentation experiments using the parameters previously chosen by ESI/MS direct infusion
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experiments. The compounds were identified by matching experimental MS/MS spectra with those

reported in a public repository of mass spectral data (Mass Bank).

The major compounds identified and quantified by HPLC-DAD and LC-ESI-MS" were
phenolic compounds such as flavonols and anthocyanins. The total flavonoid levels in the 24h-
and 48h-juices were 4259.8 + 105.0 and 3813.0 £ 82.1 mg/L, respectively. Among the flavonoids,
kaempferol 3-O-sophoroside was the most abundant (2.790.7 + 52.4 and 2.854.5 + 36.0 mg/L in
24h and 48h juice, respectively) followed by other kaempferol, quercetin and isorhamnetin
glycosides. Kaempferol derivatives accounted for more than 80 % of total flavonoids in both 24h-
and 48h juices. It is interesting to observe that the kaempferol 3,7-di-O-glucoside amount
decreased from 368.1 + 4.1 to 21.9 + 0.5 mg/L while kaempferol 7-O-glucoside increased from
96.3 £ 13.5 t0 232.4 £ 39.0 mg/L, in the 24h- and 48h- juices, respectively. Contrary to what saw
with the flavonoids, total anthocyanin levels increased from 1075.9 + 20.2 in the 24h-juices to
1316.7 + 109.8 mg/L in the 48h-juices. Delphinidin 3,5-di-O-glucoside was the most abundant
anthocyanin, reaching 1003.6 = 81.7 mg/L in the 48h juices and accounting for 76% of the total
anthocyanins, followed by delphinidin 3-O-glucoside, malvidin 3,5-di-O-glucoside, petunidin 3-
O-glucoside and petunidin 3,7-di-O-glucoside. Qualitative and quantitative profile of the
compounds detected in the juices matches what has been previously reported (Goupy et al., 2013;
Serrano-Diaz et al., 2014a; Serrano-Diaz et al., 2014b). The high levels of anthocyanins in saffron
juices suggest that, similar to what was proposed for saffron flower ethanolic extracts (Kakhki,
2010), they could also be used as beverage supplements. Some of the compounds found in saffron
juices are well-known for their biological activities. In particular, delphinidin 3,5-di-O-glucoside
was proven to have a dose dependent activity on the AhR—CYP1AL signaling pathway, which is
involved in drug metabolism and carcinogenesis (Kamenickova, Anzenbacherova, Pavek,

Soshilov, Denison, Zapletalova, et al., 2013). Moreover, delphinidin 3,5-O-diglucoside has been
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shown to play a role in preventing dry eye by managing tear secretion activity in the lacrimal gland
(Nakamura, Tanaka, Imada, Shimoda, & Tsubota, 2014). Kaempferol 3-O-sophoroside has
antiradical (Delazar, Lasheni, Fathi-Azad, Nahar, Rahman, Asnaashari, et al., 2010) and anti-
inflammatory activities (Kim, Ku, Lee, & Bae, 2012), and increases collagen production in a dose-

dependent manner (Yim, Jang, Moon, Lee, Kim, & Lee, 2015).

HPLC-DAD and LC-ESI-MS" chromatogram showed also the presence of some unknown
peaks (Figure 4) and the amino acids tyrosine (Tyr) and phenylalanine (Phe). The differences in
the 24h and 48h juices were not statistically significant, with concentrations of 679.8 + 146.9 and

1085.6 + 18.8 mg/L for Tyr and Phe, respectively, in 48h juices.

4. Conclusions

The overall data suggest that juices obtained from C. sativus floral by-products are an
interesting source of bioactive molecules. Moreover, floral wastes do not need excessive
precautions to preserve the integrity of their bioactive compounds and can be processed up to two
days after harvesting. The juices showed remarkable antioxidant activity in several in vitro systems
of oxidative stress. Additionally, they showed a mild effect on cell viability in colon cancer cell.
Future studies are needed to further investigate the mechanism underlying some of these bioactive

properties and to promote the use of extracts derived from saffron floral by-product.

Acknowledgments

The authors thank Mrs Maria Itria Paulis (Zafferano di Turri s.n.c., Sardinia, Italy), Mrs Denise
Frost and Mr Palmido Orru for supplying samples and Dr. Christina D. Orru, Rocky Mountain
Laboratories (NIH, NIAID, USA) for helpful discussion. This work has been fully supported by

the Fondazione Banco di Sardegna under the project “Exploitation of saffron’s by-products for the

21



490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

preparation of high-added value extracts to be used in the health products industry” (code 2014-

1568).

References

Argento, S., Branca, F., Siracusa, L., Strano, T., Napoli, E. M., & Ruberto, G. (2010). Re-
evaluation of saffron floral wastes: analysis of saffron flowers defatted hydro-alcoholic
extracts. Acta Horticulturae, 850, 251-260.

Bangham, A.D., Standish, M.M., & Watkins, J.C. (1965). Diffusion of univalent ion across the
lamellae of swollen phospholipids. Journal of Molecular Biology, 13, 238-252.

Chang, Q., & Wong, Y.S. (2004). Identification of flavonoids in Hakmeitau beans (Vigna sinensis)
by high-performance liquid chromatography-electrospray mass spectrometry (LC-ESI/MS).
Journal of Agricultural and Food Chemistry, 52, 6694-6699.

Chemat, F., Vian, M. A., & Cravotto, G. (2012). Green extraction of natural products: concept and
principles. International Journal of Molecular Sciences, 13, 8615-8627.

Cravotto, G., Binello, A., & Orio L. (2011). Green extraction techniques for high-quality natural
products. AgroFOOD Industry Hi-Tech, 22, 57-59.

Delazar, A., Lasheni, S., Fathi-Azad, F., Nahar, L., Rahman, M., Asnaashari, S., et al. (2010).
Free-radical scavenging flavonol 3-O-glycosides from the leaves of Ribes biebersteinii Berl.
Records of Natural Products, 4, 96-100.

Garenc, C., Julien, P., & Levy, E. (2010). Oxysterols in biological systems: the gastrointestinal
tract, liver, vascular wall and central nervous system. Free Radical Research, 44, 47-73.

Gazzetta Ufficiale Serie Generale n. 47 26-02-2009, 8-13
https://www.politicheagricole.it/flex/cm/pages/ServeAttachment.php/L/IT/D/0%252Fd%2

52F1%252FD.700903927a7117cdde53/P/BLOB%3AID%3D3345. Accessed 28.12.2014

22



514

515

516

517

518

519

520

521

522

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

Goupy, P., Vian, M.A., Chemat, F., & Caris-Veyrat, C. (2013). Identification and quantification
of flavonols, anthocyanins and lutein diesters in tepals of Crocus sativus by ultra
performance liquid chromatography coupled to diode array and ion trap mass spectrometry
detections. Industrial Crops and Products, 44, 496-510.

Heng, M. Y., Tan, S. N,, Yong, J. W. H., & Ong, E. S. (2013). Emerging green technologies for
the chemical standardization of botanicals and herbal preparations. TRAC- Trends in
Analytical Chemistry, 50, 1-10.

ICH Topic Q2 (R1) Validation of analytical procedures: Text and methodology. (2005).
http://www.ich.org/fileadmin/Public_Web_Site/ICH_Products/Guidelines/Quality/Q2_R1/
Step4/Q2_R1 _Guideline.pdf Accessed 10.01.15.

Kakhki, A.H. (2010). Stability of anthocyanin extracted from saffron (Crocus sativus L.) petals
in a model beverage. Acta Horticulturae, 850, 247-250.

Kamenickova, A., Anzenbacherova, E., Pavek, P., Soshilov, A.A., Denison, M.S., Zapletalova,
M., et al. (2013). Effects of anthocyanins on the AhR—CYP1A1 signaling pathway in human
hepatocytes and human cancer cell lines. Toxicology Letters, 221, 1-8.

Kim, S.K., & Nawar, W.W. (1993). Parameters influencing cholesterol oxidation. Lipids. 28, 917-
922.

Kim, T.H., Ku, S.-K,, Leg, I.-C., & Bae, J.-S. (2012). Anti-inflammatory effects of kaempferol-3-
O-sophoroside in human endothelial cells. Inflammation Research, 61, 217-224.

Li, C.-Y., Lee, E-J., & Wu, T.-S. (2004). Antityrosinase principles and constituents of the petals
of Crocus sativus. Journal of Natural Products, 67, 437-440.

Mathon, C., Duret, M., Kohler, M., Edder, P., Bieri, S., & Christen, P. (2013). Multi-targeted
screening of botanicals in food supplements by liquid chromatography with tandem mass

spectrometry. Food Chemistry, 138, 709-717.

23



538

539

540

541

542

543

544

545

546

o547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

Mari, A., Montoro, P., D'Urso, G., Macchia, M., Pizza, C., & Piacente, S. (2015). Metabolic
profiling of Vitex agnus castus leaves, fruits and sprouts: Analysis by LC/ESI/(QqQ)MS and
(HR) LC/ESI/(Orbitrap)/MSn. Journal of Pharmaceutical and Biomedical Analysis, 102,
215-221.

Montoro, P., Tuberoso, C.1.G., Maldini, M., Cabras, P., & Pizza, C. (2008). Qualitative profile and
quantitative determination of flavonoids from Crocus sativus L. petals by LC-MS/MS.
Natural Product Communications, 3, 2013-2016.

Montoro, P., Maldini, M., Luciani, L., Tuberoso, C.1.G., Congiu, F., & Pizza, C. (2012). Radical
scavenging activity and LC-MS metabolic profiling of petals, stamens, and flowers of
Crocus sativus L. Journal of Food Science, 77, C893-C900.

Mosca, M., Ceglie, A., & Ambrosone, L. (2011). Effect of membrane composition on lipid
oxidation in liposomes. Chemistry and Physics of Lipids, 164, 158-165.

Moshiri, E., Akhondzadeh, A. B., Noorbala, A.-A., Jamshidi, A. H., Abbasi, S. H., &
Akhondzadeh, S. (2006). Crocus sativus L. (petal) in the treatment of mild-to-moderate
depression: a doubleblind, randomized and placebo-controlled trial. Phytomedicine, 13, 607-
611.

Nakamura, S., Tanaka, J., Imada, T., Shimoda, H., & Tsubota, K. (2014). Delphinidin 3,5-O-
diglucoside, a constituent of the maqui berry (Aristotelia chilensis) anthocyanin, restores
tear secretion in a rat dry eye model. Journal of Functional Foods, 10, 346-354.

Rosa, A., Melis, M.P., Deiana, M., Atzeri, A., Appendino, G., Corona, G., et al. (2008). Protective
effect of the oligomeric acylphloroglucinols from Myrtus communis on cholesterol and
human low density lipoprotein oxidation. Chemistry and Physics of Lipids, 155, 16-23.

Rosa, A., Tuberoso, C. I. G., Atzeri, A., Bifulco, E., Melis, M. P., & Dessi, M. A. (2011).
Antioxidant profile of strawberry tree honey and its marker homogentisic acid in several

models of oxidative stress. Food Chemistry, 129, 1045-1053.

24



563

564

565

566

567

568

569

570

571

572

573

574

575

576

S77

578

579

580

581

582

583

584

585

586

587

Rosa, A., Scano, P., Atzeri, A., Deiana, M., & Falchi, A. M. (2013). Potential anti-tumor effects
of Mugil cephalus processed roe extracts on colon cancer cells. Food and Chemical
Toxicology, 60, 471-478.

Sanchez-Vioque, R., Rodriguez-Conde, M.F., Reina-Urefia, J.V., Escolano-Tercero, M.A.,
Herraiz-Pefalver, D., & Santana-Méridas, O. (2012). In vitro antioxidant and metal chelating
properties of corm, tepal and leaf from saffron (Crocus sativus L.). Industrial Crops and
Products, 39, 149-153.

Sariri, R., Sabbaghzadeh, R., & Poumohamad, F. (2011). In-vitro antioxidant and anti-tyrosinase
activity of methanol extracts from Crocus sativus flowers. Pharmacologyonline, 3, 1-11.

Schiller, C.J., Klainz, A., Mynett, K., & Gescher, A. (1992). Assessment of viability of hepatocytes
in suspension using the MTT assay. Toxicology in Vitro, 6, 575-578.

Serrano-Diaz, J., Sdnchez, A. M., Maggi, L., Martinez-Tomé, M., Garcia-Diz, L., Murcia, M. A.,
& Alonso, G. L. (2012). Increasing the applications of Crocus sativus flowers as natural
antioxidants. Journal of Food Science, 77, C1162- C1168.

Serrano-Diaz, J., Sanchez, A. M., Martinez-Tomé, M., Winterhalter, P., & Alonso, G. L. (2013a).
A contribution to nutritional studies on Crocus sativus flowers and their value as food.
Journal of Food Composition and Analysis, 31, 101-108.

Serrano-Diaz, J., Sanchez, A.M., Alvarruiz, A., & Alonso, G.L. (2013b). Preservation of saffron
floral bio-residues by hot air convection. Food Chemistry, 141, 1536-1543.

Serrano-Diaz, J., Sanchez, A. M., Martinez-Tomé, M., Winterhalter, P., & Alonso, G. L. (2014a).
Flavonoid determination in the quality control of floral bioresidues from Crocus sativus L.
Journal of Agricultural and Food Chemistry, 62, 3125-3133.

Serrano-Diaz, J., Estevan, C., Sogorb, M. A., Carmona, M., Alonso, G. L., & Vilanova, E. (2014b).
Cytotoxic effect against 3T3 fibroblasts cells of saffron floral bio-residues extracts. Food

Chemistry, 147, 55-59.

25



588

589

590

591

592

593

594

595

596

597

598

599

600

601

602

603

604

605

606

607

Templar, J., Kon, S. P., Milligan, T. P., Newman, D. J., & Raftery, M. J. (1999). Increased plasma
malondialdehyde levels in glomerular disease as determined by a fully validated HPLC
method. Nephrology Dialysis Transplantation, 14, 946-951.

Termentzi, A., & Kokkalou, E. (2008). LC-DAD-MS (ESI*) Analysis and antioxidant capacity of
Crocus sativus petal extracts. Planta Medica, 74, 573-81.

Travelin, S., Grasjo, J., Taipalensuu, J., Ocklind, G., & Artursson, P. (2002). Application of
epithelial cell culture in studies of drug transport. In C. Wise (Ed.), Epithelial cell culture
protocols, (pp. 233-272). Totowa: Humana Press.

Tuberoso, C.1 G., Boban, M., Bifulco, E., Budimir, D., & Pirisi, F.M. (2013). Antioxidant capacity
and vasodilatory properties of Mediterranean food: the case of Cannonau wine, myrtle
berries liqueur and strawberry-tree honey. Food Chemistry, 140, 686-691.

Vignolini, P., Heimler, D., Pinelli, P., leri, F., Sciullo, A., & Romani, A. (2008). Characterization
of by-products of saffron (Crocus sativus L.) production. Natural Product Communications,
3, 1959-1962.

Yim, J.H., Jang, M.S., Moon, M.Y ., Lee, H.Y., Kim, S.C., & Lee, N.H. (2015). Constituents from
the branches of Sambucus sieboldiana var. pendula with the properties of collagen synthesis
activation. Journal of Applied Pharmaceutical Science, 5, 119-122.

Zheng, C.-J., Li, L., Ma, W.-H., Han, T., & Qin, L.-P. (2011). Chemical constituents and
bioactivities of the liposoluble fraction from different medicinal parts of Crocus sativus.

Pharmaceutical Biology, 49, 756-763.

26



Figure captions

Figure 1. Cholesterol and oxysterols 75-OH and 7-keto (expressed as nug) measured in controls (Ctrl)
and oxidized samples in the absence (0) or in the presence of different amounts (0.1-30 L) of 24h
and 48h saffron flower juices, during the oxidation of cholesterol at 140 °C for 1 h. Three independent
experiments were performed and data are presented as mean + SD (n = 6); = p< 0.001; ® = p< 0.01;
¢ = p< 0.05 versus Ctrl; ¢ = p< 0.01 versus 0. All data are highly significant (p< 0.001) from the

amount of 0.5 xL.

Figure 2. Levels of total polyunsaturated fatty acids (PUFA) (ug/mg liposomes) (A) and
malonildyaldeide (MDA) (% control) (B) in control (Ctrl) samples and during liposome oxidation at
37 °C for 24 h with 5 M CuSOs4 in the absence (oxidized control, 0) or in the presence of different
amounts of 24h and 48h saffron flower juices. Two independent experiments were performed and
data are presented as mean + SD (n = 6); 2 = p< 0.001; ® = p< 0.01; ¢ = p< 0.05 versus Ctrl; ¢ = p<

0.001; f= p< 0.05 versus 0; 9 = p< 0.001 versus 1 pL;'=p<0.001 versus 5 sl ;

Figure 3. Viability MTT analysis, expressed as % of the control, following incubation in human
cancer of Caco-2 cell culture for 24 h with different concentrations of 24h and 48h saffron flower

juices (0.1-50 pL/mL). Three independent experiments were performed and data are presented as

mean + SD (n = 18); ° = p< 0.01; ¢ = p< 0.05 versus Ctrl.

Figure 4. LC-ESI-FT (Orbitrap) MS profile of 24h saffron flower juices in (+) ESI positive mode

and (-) ESI negative mode. Chromatographic conditions are described in the text. List of compounds

in Table 2; U = unknowns compounds.
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Table 1
Humidity of saffron floral by-products. Yield, humidity, CIE chromatic coordinates, total phenols
and antioxidant and antiradical properties of the saffron floral by-products juices

Parameter Sample?
28h floral by-products 48h floral by-products
Humidity (%, w/w) 88.6a +0.5 82.4b +1.3
Dry residue (%, w/w) 11.4a +0.5 17.6b +13
24h juice 48h juice
Yield (mL/100 g floral by-product) 5.4a +0.3 16.8 +13
Humidity (%, w/v) 93.9a +0.0 93.7b 0.0
Dry matter (%, w/v) 6.1a +0.0 6.3b 0.0
pH 5.73a +0.01 5.00b +0.01
CIE chromatic coordinates
L* 72.9a +0.3 73.7b +0.2
a* -5.2a +0.2 6.1b +0.2
b* 22.5a +0.2 22.8a +0.3
C*ab 23.1a +0.2 23.6b +0.2
h®b 103.0a +0.3 79.9b +0.3
Total phenols® (mg GAE/L) 4616.1a +133.9 7421.8b +380.7
FRAP® (mmol Fe?*/L) 35.5a +14 55.4b +4.2
DPPHY (mmol TEAC/L) 7.0a +0.3 12.3b +1.9

& Means * standard deviation (n = 3) in each row followed by different letters are significantly
different at p < 0.05. ® GAE: gallic acid equivalent. © FRAP value is expressed as Fe?*
millimolar concentration, obtained from a FeSO4 solution having an antioxidant capacity
equivalent to that of the dilution of the juice. ¢ DPPH value is expressed as TEAC millimolar
concentration, obtained from a Trolox solution having an antiradical capacity equivalent to
that of the dilution of the juice.
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Table 2

Phenolic compounds and amino acids® in saffron floral by-products juices

F1
F2
F3

F4
F5
F6

F7
F8
F9

F10

F11

F12

F13

F14

F15

F16

Al
A2
A3
Ad

Tyr

Compound

Flavonoids

Kaempferol 3-O-sophoroside-
7-0-glucoside®
Kaempferol 3,7-di-O-glucoside®

Kaempferol tri-O-glucoside® Isomer 1

Kaempferol tri-O-glucoside® Isomer 2
Isorhamnetin 3,4’-di-O-glucoside®
Kaempferol tri-O-glucoside® Isomer 3

Quercetin 3-O-sophoroside®
Quercetin 3-O-glucoside sophoroside?
Kaempferol 3-O-sophoroside®
Kaempferol 3- O-glucoside
Isorhamnetin 3-O-rutinoside
Quercetin 3- O-glucoside
Kaempferol 7- O-glucoside®
Quercetin
Kaempferol
Isorhamnetin
Anthocyanins
Delphinidin 3,5-di-O-glucoside
Petunidin 3,5-di-O-glucoside
Delphinidin 3-O-glucoside
Petunidin 3-O-glucoside
Amino acids
Tyrosine

tR
min

18.41
22.64
24.56

26.85
27.38
28.10

28.43
28.88
29.23
29.92
30.48
30.93
33.08
41.61
45.68
50.27

19.89
21.00
25.38
27.51

2.21

LOD LOQ
mg/L  mg/L
0.5 15
0.5 15
0.5 15
0.5 15
0.4 11
0.5 15
0.6 1.7
0.6 1.7
0.5 15
0.5 15
0.4 1.1
0.6 1.7
0.5 15
0.5 1.6
0.4 1.3
0.4 14
0.7 2.2
0.6 1.7
0.7 2.0
05 1.67
1.9 5.7

24h
mg/L

25.0a
368.1a
22.6a

9.7a
3.1a
172.5a

194.1a
2.6a
2.790.7a
2.0a
268.4a
184.1a
96.3a
1.6a
50.0a
1.2a

822.7a
84.6a
111.3a
28.7a

618.7a

Floral juices
48h
+SD mg/L +SD
0.8 27.7b 0.8
4.1 21.9b 0.5
3.0 3.3b 0.6
1.2 8.6a 2.6
0.2 2.9a 0.2
7.6 87.3b 4.2
52  207.4a 8.9
0.1 2.5a 0.1
524 2.8545a 36.0
0.2 3.6b 0.6
4.1 128.9a 0.8
14.8 154.6b 135
135  2324b  39.0
0.0 1.9b 0.2
4.3 58.0a 5.4
0.2 17.5b 0.1
204 1.003.6b 817
29  137.7b 3.8
2.3 111.7a 283
1.0 30.3a 1.6
89.0 679.8a 146.9

29

MW

772.2066
610.1533
772.6581

772.6581
640.1639
772.6581

626.1483
788.2011
610.5175
448.3769
624.5440
464.3763
448.3789
302.0426
286.0477
316.0583

627.1561
641.1717
465.1033
479.1189

181.0738

Formula

Ca3H0021
Ca7H30016
Ca3H0021

Ca3H0021
CaH32017
Ca3H0021

C27H30017
Ca3H40022
C27H30016
C21H20011
C28H32016
C21H20012
C21H20011
CisH1007
CisH1006
Ci6H1207

C27H31017
Ca2sH33017
C21H21012
C22H23012

CoH1:NO3

Typical ions
m/z
[MI*/[M+H]* MS?

773.2140 611.1612
611.1621 449.1083
773.2140 611.1622
773.2140 611.1622
641.1717 479.1189
773.2140 611.1622
627.1561 465.1030
789.2089 627.1561
611.1612 449.1083
449.1083 287.0585
625.1768 479.1189
465.1933 303.0512
449.1083 303.0553
303.0553 -

287.0445 -

317.0681 -

627.1561 465.1045
641.0014 465.1022
465.1033 303.0098
479.1258 317.2702
182.0817 165.0543

[M-H]

771.6502
609.1459
771.6502

771.6502
639.5355
771.6502

625.1490
787.1965
609.5096
447.0369
623.5361
463.3684
447.3690
301.0345
285.0397
315.0374

180.1806

MS?

609.5096

447.3690

609.1453
285.0397
609.1453
285.0397

477.4525

609.1453
285.0397

301.0346
625.1856
285.0314
285.0012
315.0426
301.0343
301.0325

162.0127



Phe  Phenilalanine 8.03 1.6 50 1.0729 1409 10856 188 165.0789 CyHuNO, 166.0868 120.0805 -

a Means + SD (n = 3) in each row followed by different letters are significantly different at p < 0.05. ® Dosed with the calibration curve of kaempferol 3-O-glucoside. ¢ Dosed with
the calibration curve of isorhamnetin 3-O-rutinoside. ¢ Dosed with the calibration curve of quercetin 3-O-glucoside. nd = < LOD. tr = < LOQ
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