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Abstract

Wine lees are rich in anthocyanins (AC), natural colorants with health promoting
properties. The extraction kinetics of AC from different wine lees in conventional
solid-liquid extraction were studied for the first time. The influence of parameters
such as temperature, solid-liquid ratio (Rs..) and type of solvent (hydro-alcoholic
mixtures) was also studied. Furthermore, microwaves (MW) and ultrasounds (US)
were used as pre-treatments (a prior step to the conventional extraction) in order to

increase AC yleld Maximum extraction yleld (278 mg|V|A|_V|D|N.EQU|VA|_ENT5/gDRy.
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Lees) Was achieved after 15 minutes at 25°C, with a Rs of 1/10 (g/mL) and with a
50%vol. ethanol mixture. When MW were used AC extraction yield was doubled
(6.20 mgmaLvipin-EQuIVALENTS/ODRY-LEES) and the required time to achieve a constant
yield was reduced (from 15 min to 90s). Meanwhile, US only shortened extraction
time in less proportion (from 15 to 5 min). Putative identification of main extract

compounds was performed by LC/MS-MS.

Keywords: Wine lees; anthocyanin extraction, kinetic study; microwave pre-

treatment; ultrasound pre-treatment

1. Introduction

Wine industry generates huge amounts of wastes and by-products, which are sources
of high value compounds, including vine pruning, grape stalks, grape pomace and
wine lees (WL) (Drosou, Kyriakopoulou, Bimpilas, Tsimogiannis, & Krokida, 2015).
WL are defined by EEC regulation n0.337/79 as ‘the residue formed at the bottom of
recipients containing wine, after fermentation, during storage or after authorized
treatments, as well as the residue obtained following filtration or centrifugation’.
Huge amounts of WL are produced per year; they constitute the 14% of the 2-3
million tons of wastes generated in vinification processes, only in Spain. The main
components of the solid phase of WL are yeast and bacteria, responsible for the
vinification process, tartaric acid salts, precipitated tannins, inorganic matter and free
phenolic compounds (Pérez-Serradilla & Luque de Castro, 2011; Dimou et al.,
2015). Different types of WL can be found depending on the vinification process. In
the case of red wine, it is possible to find first fermentation WL (generated in the

alcoholic fermentation) and second fermentation WL, (generated in the malolactic
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fermentation). Nevertheless, in the case of a Port wine, first fermentation is stopped
by adding extra ethanol (Perestrelo, Silva, Pereira, & Camara, 2016), and only one
type of WL are generated.

Historically, WL have been used for the recovery of tartaric acid
(Kontogiannopoulos, Patsios, Mitrouli, & Karabelas, 2017) or as fermentation
nutrient supplement (Dimou et al., 2015). However, in recent years the recovery of
anthocyanins (AC) from WL has attracted much attention since recent studies
showed that the concentration of these colorants is 10 times higher than in grape
skins (Peralbo-Molina & Luqgue de Castro, 2013). Moreover, AC present beneficial
effects on human health: its anti-inflammatory, antimicrobial and antioxidant
properties are well known (He & Giusti, 2010). Thereby, the exploitation of these
dregs would lead to a sustainable growth of the wine industry and would contribute
to reducing winery wastes hazards, as they have been classified as pollutants by the
European Union (Karpe, Beale, Harding, & Palombo, 2015).

The easiest and the most implemented way to extract compounds from a solid matrix
are solid-liquid (S-L) extractions. The most used solvents to recover polyphenols are
methanol, ethanol, ethyl acetate and acetone (Muhlack, Potumarthi, & Jeffery, 2017).
For example, Pérez-Serradilla et al. (Pérez-Serradilla & Luque de Castro, 2011)
recovered bioactive compounds from WL using mixtures of ethanol and water.
Acetone and methanol have been also used for the recovery of polyphenols from WL
(Dimou et al., 2015). Nonetheless, substances of interest usually have an intracellular
localisation which may represent a problem for the extraction procedure. The
movement of those substances of interest from the inside of the cell to the solvent is
usually hindered by the mass transfer processes. This is owing to all the mass transfer

stages occurring in these types of extractions. In a first step, the solvent should enter



74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

the matrix (internal transport), later the dissolution of the compounds in the solvent
(solubility) and the release of the solutes to the global phase (external transport). For
this reason, cell disruption methods (mechanical, chemical, thermal) can be applied
to promote the extraction of valuable intracellular components from diverse raw
materials (Kim et al., 2016) by enhancing the mass transfer steps. Within this
context, microwave (MW) assisted extraction has been broadly used to enhance the
extraction of active compounds from many vegetable matrixes (Rodriguez-Rojo,
Visentin, Maestri, & Cocero, 2012; Spigno & De Faveri, 2009), including grape
residues such as seeds (Dang, Zhang, & Xiu, 2014) and WL (Pérez-Serradilla &
Luque de Castro, 2011) as it has been shown that MW improve the extraction of
intracellular compounds as it enhances the internal mass transfer (Rodriguez-Rojo,
Visentin, Maestri, & Cocero, 2012) . Prominent among the advantages offered by
MW is the double effect of the MW energy. On one hand, the irradiation improves
the cellular lysis of materials with large quantities of water due to the rapid heating
and evaporation of the intracellular water. On the other hand, a non-thermal effect
appears as a result of the alteration of the dielectric camps which could provide a
breakdown of the hydrogen bonds of the macromolecules, breaking off their
structure (Ganzler, Salgo, & Valkd, 1986). Thanks to the efficiency of the
microwave, the heating process takes place in a few seconds. Recently, some authors
(Alvarez et al., 2017) suggested using MW pre-treatment as a previous step to the
conventional extraction, in which low residence time pre-treatments (below 120s) are
employed.

Another way to improve the recovery of bioactive compounds from natural matrixes
is the use of ultrasounds (US). US assisted extraction has already been applied to an

extensive variety of raw materials from vegetable matrixes (Rodriguez-Rojo et al.,
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2012) and from WL (Barcia et al., 2014; Tao, Wu, Zhang, & Sun, 2014), showing an
increasing of the recovery yield. US increase the external mass transfer due to their
mechanical background and ‘cavitation effect’. This phenomena takes place due to
the high frequency sound waves generated during US application, which generates
bubbles in the liquid that collapse. This collapse results in a change in temperature
and pressure (Wijngaard, Hossain, Rai, & Brunton, 2012) and the release of cell
contents into the medium is enhanced (Rodriguez-Rojo et al.,2012). Similarly, as
MW irradiation, US could be used as pre-treatment step before a conventional sold-
liquid extraction as an alternative to US assisted extraction to reduce the required
extraction time.

The work presented here is a study of the extraction kinetics of AC from different
types of WL. The study was focused in the maximization of AC extraction since they
are the most abundant polyphenols family present in red grapes and their
concentration in wine lees is even higher, as previously, indicated (Peralbo-Molina &
Luque de Castro, 2013) . Parameters such as solid-liquid ratio (g/mL), type of
solvent (hydro-alcoholic mixtures) and temperature were tested in conventional
solid-liquid extractions. Once all the parameters were studied, the best operating
conditions were selected. MW and US pre-treatments followed by solid-liquid
extraction at selected conditions were also studied for intensifying AC extraction.
Furthermore, process parameters for each type of pre-treatment were also
investigated such as time, type of solvent (hydro-alcoholic mixtures) and solid:liquid
ratio. Additionally, amplitude was studied for US. Optimum extracts were
characterized in terms of total polyphenol content, total anthocyanin content and
antioxidant activity. Further, putative identification of main component of the

selected extracts were identified by LC-MS/MS.
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125 2. Materials and methods

126 2.1 Raw Material

127 Port WL were kindly provided by Sogrape Vinhos S.A. (Port, Portugal) in 2015 and
128 immediately stored at 4°C in the absence of light. The lees were centrifuged (Avanti
129 J-26 XP1 with a rotor type JA-10) for 90 minutes at 10,000 rpm. The solid phase
130 obtained was freeze-dried (Micro Modulo EDWARDS) at -40°C for 72 hours, in
131 order to preserve the material and avoid the growth of bacteria. Particle size of dry
132 lees is mainly determined by the nature of solid part of the wine lees, composed

133 mainly by yeast and bacteria, as already mentioned; The freeze dry solid is easily
134 crumbled by hand and it was homogenised by a soft milling step using a chopper
135 (A320R1, Moulinex). Particle size distribution in volume was determined by laser
136 diffraction (Malvern Mastersizer 2000) using a dry disperser accessory (Scirocco
137 2000); A surface weighted mean particle size value of 13 um was obtained. Wine
138 lees were stored at room temperature, protected from light.

139 First (1F) and second fermentation (2F) red WL resulting from the fermentation of
140 Tempranillo grapes, from Ribera del Duero Denomination of Origin were kindly
141 provided by Matarromera winery (Valladolid, Spain) in 2015. WL were firstly stored
142 at 4°C, in the absence of light, and then processed as reported above for Port WL.
143 2.2 Chemicals

144 Solvents used for extractions were absolute ethanol (99.9% Carlo Erba Reagents,
145 France), bidistilled water (Milli-Q® Integral) and hydrochloric acid (>37%, puriss.
146 p.a., Riedel-de Haén, France). Chemicals used on the determination of total phenolic
147 content were sodium carbonate (Sigma-Aldrich, France), Folin Ciocalteau reagent
148 (Panreac, Spain) and gallic acid (Fluka, Germany). To determine total anthocyanin
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content potassium chloride (Riedel-de Haén, France), sodium acetate trihydrate
(>99.0%, Sigma-Aldrich, France) and hydrochloric acid (>37%, puriss. p.a., Riedel-
de Haén, France) were used to prepare the buffer solutions in bidistilled water.
Chemicals used for antioxidant activity assays were: 2°,2°-azobis(2-amidinopropane)
dihydrochloride (AAPH), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid
(Trolox) and disodium fluorescein (FS) from Sigma-Aldrich (France). Sodium
chloride (Sigma-Aldrich, France), potassium chloride (Riedel-de Haén, France),
sodium phosphate dibasic dihydrate (Sigma-Aldrich, France) and potassium
phosphate monobasic anhydrous (Amresco, USA) were used for phosphate buffer
solution (PBS) preparation in bidistilled water (Milli-Q® Integral). HPLC analyses
were performed using acetonitrile (99.9%, Sigma-Aldrich, France), ultrapure water
purified with a Milli-Q water purification system (Merck Millipore, USA), formic
acid (99-100%, VWR-CHEM, Spain) and malvidin-3-O-glucoside chloride
(Extrasynthese, France) as standard.

2.3 Methods

2.3.1 Anthocyanin Extraction Kinetics

2.3.1.1 Conventional solid-liquid extraction

Conventional S-L extractions were performed by putting in contact the desired
solvent with a known amount of dry WL. Parameters such as the Rs.. (0.1, 0.05,
0.033 and 0.025 g/mL), type of solvent (ethanol and hydroalcoholic mixtures varying
the percentage of ethanol in 25, 50 and 75%) and temperature (25, 35 and 45°C) were
studied in order to select the best conditions for AC extraction. All the S-L
extractions were performed with an agitation of 300 rpm. The pH was adjusted to 2.5
with HCI when the solvent was different from pure ethanol. Samples of 1.5 mL were

collected every 5 minutes during a total extraction time of 90 minutes. Total AC
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concentrations of each sample was measured in order to build the anthocyanin
kinetic extraction curve at different conditions. Conventional S-L extractions were
performed in triplicate and data were analysed by t-Student’s test (unpaired samples,
unequal variances) with a significance p-value of 0.05.

2.3.1.2 Microwave pre-treatments

MW pre-treatments were carried out in a CEM Discovery One Microwave (CEM
Corp.). Power was fixed at 300W since it has been found that energy levels do not
have a significant effect on the anthocyanin extraction (Sélyom, Mato, Pérez-Elvira,
& Cocero, 2011). A 100 mL QianCap (QLabtech) safe glass pressure reactor was
employed to maintain the solvent in a liquid phase. An exact mass of 7.5g of WL
was poured inside with a specified amount of solvent in order to reach the desired Rs.
L. The mixture was homogenised before MW irradiation. Three main parameters
were studied in these pre-treatment: Rs. (0.2, 0.15 and 0.1 g/mL), solvent mixture
(hydroalcoholic mixtures varying the percentage of water in 100, 50 and 10%) and
time of microwaves applied (30, 60 and 90s). Mixtures of ethanol and water were
chosen as solvent due to their environmentally friendly and low toxicity properties.
Preliminary analysis of the Rs.,_ revealed that higher values of Rs., were needed in
comparison with those of literature for grape marc (0.5g/mL) (Alvarez et al., 2017)
since freeze dried WL absorbs high amount of solvent due to their powdery nature.
When MW pre-treatment was completed, the vessel was cooled down in an ice batch
followed by the conventional S-L extraction.

A statistical surface response design was performed using Statgraphics® Centurion
XVII software in order to obtain the optimum conditions which maximize the final
AC content of the extracts. A central potential composite design 2”3 + stars (CCD),

which establish new extremes for the low and high settings for all factors, was
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applied. To check the reproducibility, a triplicate of the central point was done. Three
variables with three levels of response (-1, 0, 1) were employed. These three levels
correspond to the minimum (-1), medium (0) and maximum (1) values of each
variable. A total of 17 experiments were obtained.

Responses obtained from the statistical analysis were fitted to a second degree model
(Equation 1) that took into account, not only individual interactions, but also

quadratic relations between the variables:

Y =B+ Z?:l B;iX; + Z§=1 B X7 + Y, Z?=1 BijXiX; 1)

where Y corresponds to the response variable (AC content in this study), Bo, Bj, Bji
and fjj are regression coefficients; X stands for each operating variable. The
statistical evaluation was performed by analysis of variance (ANOVA) in order to
identify which factors contribute the most to the response. Effects with a p-value<
0.05 are statistically significant with a level of confidence of 95%.

2.3.1.3 Sonication pre-treatments

Preliminary experiments were performed with a BRASON (101-147-035)
Sonifier®Cell Disruptor Model 450 with a high gain horn of %4” of diameter. Time of
sonication and amplitude were varied in a first attempt between 30s and 90s and
between 10 and 100% that correspond to an amplitude value of the sound wave of 19
and 130 um, respectively. After sonication, samples were submitted to S-L
extractions at the best conditions previously studied and the kinetic curves were built
by gathering samples along time.

2.3.2 Extract Characterization

2.3.2.1 Total Phenolic Content (TPC)



222 The total phenolic content was determined by Folin-Ciocalteou method which

223 involves the reduction of the Folin-Ciocalteu reagent to produce a bluish mixture of
224 metal oxides which intensity is proportional to the phenolic content. Protocol was
225 followed as described elsewhere (Waterhouse, Waterhouse, & L., 2003) by putting in
226 contact the sample with the Folin-Ciocalteou reagent and the Na,CO3. Absorbance of
227 each sample was measured at 765nm against the blank in a UV 2550 Shimadzu

228 spectrophotometer. TPC values were expressed as milligrams of gallic acid

229 equivalents per gram of dry lees (mgeae/goL) and milligrams of gallic acid

230 equivalents per gram of dry extract (Mgcae/doe)-

231 2.3.2.2 Anthocyanin Content

232 Monomeric anthocyanin pigments content was evaluated following the AOAC

233 official method 2005.02. This pH differential method is based in the change of color
234 of AC with pH: at pH 1.0 colored oxonium ions are formed, whereas at pH 4.5

235 predominates the colorless hemiketal form. The difference in the absorbance of the
236 pigments at 520 nm is proportional to the pigment concentration. Briefly, each

237 sample was properly diluted in pH 1.0 buffer (potassium chloride, 0.025M) and pH
238 4.5 buffer (sodium acetate, 0.4M) and absorbance was determined at both 520 and
239 700 nm (Tecan Spark 10M).

20 (= sl BE ()

241 where ‘Ca’ is the anthocyanin content expressed in mgmive/doL; ‘A’ the absorbance
242 measurements; ‘M,,” the molecular weight of malvidin (493.4 g-mol™); ‘DF’ is the
243 dilution factor; ‘¢’ represents the molar extinction coefficient (28,000L-mol™-cm™);
244 ‘I’ is the path length in cm and ‘Rs..” is the solid-liquid ratio (g-mL™) used in the
245 extraction. Anthocyanin (AC) concentration was expressed as milligrams of
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malvidin-3-0-glucoside equivalents per gram of dry dry lees (mgcae/goL) and
milligrams of malvidin-3-o-glucoside equivalents per gram of dry extract
(Mgcate/doE).

2.3.2.3 Antioxidant Activity: ORAC

Oxygen Radical Absorbance Capacity (ORAC) is a method for the evaluation of
antioxidant ability of a specific substance based on the fluorescence quenching of
disodium fluorescein (FS) salt after exposure to AAPH (2,2-azobis(2-amidino-
propane) dihydrochloride), which generates oxygen radicals (ROO®) at a constant
rate (Garrett et al., 2014). ORAC assay was carried out by the method developed by
Huang et al. (Huang, Ou, Hampsch-Woodill, Flanagan, & Prior, 2002) and modified
for the FL800 microplate fluorescence reader (Bio-Tek Instruments, Winooski, VT,
USA), as described by Feliciano et al. (Feliciano et al., 2009). ORAC results were
given in umol of Trolox equivalents (TE) per gram of dry lees (umolre/gp.) and
umol of TE per gram of dry extract (umolre/gpe) as mean of three replicates.
2.3.2.4 Results basis: yield and richness

AC extraction yield was expressed in terms of milligrams of malvidin equivalents
per gram of dry lees (mgmLve/goL) in order to maximize AC extraction of from dry
WL. In addition, extracts were characterized in terms of richness to have an idea of
the purity of the extracts regarding AC. Richness was expresses in milligrams of
malvidin equivalents per gram of dry extract (mgmive/gpe). ORAC and TPC values
were also expressed either in mgmLve/goL OF Mgmive/Joe.

2.3.2.5 Solid residue

Sample extracts were evaporated until dryness using a vacuum centrifuge (Centrivap

concentrator, Labconco, Kansas City, MO, USA) with a MD 4C NT vacuum pump

11
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(Vacuubrand, Wertheim, Germany) for result expressions per gram of dry extract
(9oe)-

2.3.2.6 HPLC-DAD-MS/MS (High Performance Liquid chromatography—
mass spectrometry)

Main compounds in the WL extracts were identified by LC-MS/MS with a method

previously reported (Romero-Diez et al., 2018). The system used was a liquid
chromatography Waters Alliance 2695 Separation Module (Waters®, Ireland). The
mass spectrometer (MS/MS) used was a MicroMass Quattromicro® API (Waters®,
Ireland). Chromatographic separation of compounds was carried out in a reversed
phase LiChrospher® 100 RP-18 Sum LiChroCART® (250 x 4.0mm) column inside
a thermostated oven at 35°C. A binary mobile phase was used: eluent A consisted of
solution formic acid (0.5% v/v) and eluent B was acetonitrile. It was used at a
constant flowrate of 0.3 mL/min with the following gradient program: 99:1 A:B for 5
min, from 99:1 A:B to 40:60 A:B in 40 min, from 40:60 A:B to 10:90 A:B in 45 min,
held isocratically (90% B) for 10 min, from 10:90 A:B to 99:1 A:B in 10 min, and
finally held isocratically (99:1 A:B) for 10 min. The sample injection volume was 20
uL. Absorption spectra were acquired from 210 to 600 nm by a photodiode array
detector. AC were monitored at 520 nm, flavonols at 360 nm, phenolic acids at 320
nm, and phenolic compounds in general at 280 nm. Mass spectrometry was
performed using an electrospray ion source in negative and positive ion mode (ESI-
and ESI+). The ion source temperature was 120°C, the capillary voltage was 2.5 kV,
and the source voltage was 30 V. Compounds separated by HPLC were ionized and
the mass spectra were recorded in a full scan mode, between m/z 100 and 1500. High
purity nitrogen was used as drying and nebulizing gas, and ultrahigh purity argon

was used as collision gas. Different collision energy values were used in
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fragmentation experiments. For the data acquisition and processing MassLynx® 4.1
software was employed.

2.3.3 Statistical Analysis

All data were expressed as means + standard deviations (SD). Assays for TPC, AC
content and ORAC measurements were performed, at least, in triplicate. A statistical
analysis was done using SigmaStat 3.0® software. When homogeneous variances
were confirmed, data were analyzed by One Way Analysis of Variance (ANOVA)
coupled with the post-hoc Holm-Sidak test (p<0.05 was accepted as statistically

significant in all cases).

3. Results and Discussion

3.1 Best extraction conditions for AC

3.11 Conventional S-L extractions. Extraction kinetics of AC

The selection of the best conditions that influence AC extraction was firstly carried
out for Port WL, and later applied for 1F and 2F Ribera del Duero WL. Extractions
were performed during 90 minutes, but after 15 minutes a steady AC concentration
was achieved (Figure 1.A).

Firstly, the effect of Rs.. (0.100, 0.050, 0.033 and 0.025 g/mL) was studied. The rest
of parameters were kept constant: ethanol was used and a temperature was set at
25°C. Results revealed that, AC extraction yield slightly increased as Rs.,. decreased
(Figure 1.A). A Rs.. 0f 0.100 yielded 0.61 + 0.04 mgmLve/g oL When Rs._ decreased
to 0.050 and 0.033, AC content increased to 0.96 + 0.01 and 0.94 + 0.03 mgmLve/g
pL, respectively. However no significant differences were found between them. For
the case of a Rs.._ of 0.025, a minor increase in the final AC concentration was

observed (1.05 + 0.10 mgmLve/g o). However, this AC extraction yield increase

13



320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

implied the use of four times more of solvent, which clearly involves economic and
environmental issues (Drosou et al., 2015). Thus, it was decided to fix the Rs._ in
0.100. Additionally, this ratio has been also used by other authors for recovering of
polyphenols from WL with conventional extraction (Pérez-Serradilla & Luque de
Castro, 2011) .

Once the Rs.. was selected, four different hydro-alcoholic mixtures were studied.
The content of ethanol 100%, 75%, 50% and 25% (%vol. ethanol) was varied. In this
case parameters which were kept constant were the Rs.. (0.100) and temperature
(25°C). As shown in Figure 1.B, AC extraction was significantly enhanced as the
amount of ethanol increased from 25% to 75% in the mixture (0.79 £ 0.01 to 3.04 +
0.38 mgmLve/g pL, respectively), as it was expected due to the decrease in polarity
and dielectric constant values of the solvent mixture that, generally, increases the
solubility of polyphenols in hydroalcoholic mixtures as the % ethanol increases
(Cacace & Mazza, 2003b; Dimou et al., 2016). However, the use of 100% ethanol
did not improve AC extraction (0.51 £ 0.04 mgmive/g o) and the difference between
using a 50% (2.78 £ 0.18 mgmLve/g pL) or a 75% (3.04 £ 0.38 mgmLve/g pL) aqueous
ethanol mixture is not significant. This is mainly due to the fact that at acidic pH, AC
remain as ionic molecules (flavilium cation form, AH") and maximum AC extraction
yield is achieved at approximately 50% ethanol (Cacace & Mazza, 2003b).
Therefore, the hydroalcoholic 50% vol. ethanol mixture was selected, also from an
economical point of view, since it requires a lower amount of organic solvent.

At the end, the influence of the temperature on the AC yield was investigated. In this
context, three temperatures were tested (25, 35 and 45°C) maintaining, the other
parameters constant (50% vol. ethanol mixture, Rs. of 0.100). After 15 minutes of

extraction, an AC extraction yield of 2.78 + 0.18 mgmive/g pi, 3.12 + 0.27 mgmLve/g

14



345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

364

365

366

367

368

369

pr and 3.00 + 0.24 mgmve/g o Were achieved for 25, 35 and 45°C, respectively.
Within the studied range, higher temperature led to a slight increase of AC extraction
rate, (Figure 1.C). Although it was expected that temperature increases the AC
content by increasing the extraction coefficient (Pinelo, Fabbro, Manzocco, Nufiez,
& Nicoli, 2005), no significant differences were observed in terms of AC extraction
yield. So, to reduce the use of resources and energy, temperature was fixed in 25°C.
Though the use of 45°C reduces slightly the extraction time (Figure 1.C), it has been
demonstrated that low temperatures contribute to prevent anthocyanin degradation,
since AC stability is compromised even at 45°C along time (Cacace & Mazza,
2003a; So6lyom, Sola, Cocero, & Mato, 2014). AC extraction values for the study of
each variable are shown in Table S.1 of the Supplementary Material.

As a conclusion of the influence of each parameter, best conditions for AC extraction
were a Rs.. 0.100, a mixture with 50%vol. ethanol and a temperature of 25°C. Under
these conditions, a final AC extraction yield of 2.78 + 0.18 mgmLve/d oL was
obtained for Port WL. These conditions were also applied to the Ribera del Duero
WL. Final AC extraction yield of 3.04 + 0.03 mgm.ve/g o Was obtained for 1F WL,
while for 2F WL, lower AC content was achieved, 2.09 + 0.38 mgmiLve/d b
Although there is few available literature regarding AC extraction from WL, the AC
recovery from the different WL reached in this work are in accordance to those
found in literature. Tao et al. (Tao et al., 2014) recovered 5.55 + 0.19 mgmve/g p Of
AC from light lees via maceration in an aqueous ethanol solution (51% vol. EtOH) at
60°C during 36 minutes using a low Rs. (0.0167).

In addition, it has been shown that WL represent a richer source of AC compared to
other vinification residues. For example, Alvarez et al. (Alvarez et al., 2017) studied

the extraction kinetics of AC extraction from grape pomace from the same variety of
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grapes and provided by the same winery (Bodegas Matarromera) in year 2014. They
performed several S-L extractions, and AC content was also measured along time.
For their best conditions, only 1.20 mgmve/g oL were extracted and more than 60
minutes were required to attain a steady AC concentration. This can be due to the
much lower particle size of WL, which reduces internal mass transfer limitation and,
therefore, AC become more accessible.

3.1.2 Microwave pre-treatment

Table 1 collects all MW pre-treatments performed from the statistical analysis, AC
concentration just after the pre-treatment and the temperature achieved in each
experiment. As the objective was to optimize the MW pre-treatment, AC
concentrations were measured just after the pre-treatment for Port WL and, later,
applied for the rest of WL. At first glance, it can be observed that AC extraction
yield varied a lot depending on the pre-treatment parameters, namely the H,O
percentage (v/v). AC concentration in the extract after pre-treatment was really low
(experiment 1 as example) when only water was used. However, higher AC
extraction yields were achieved when more ethanol was employed. For example in
the experiment 15, AC extraction yield was twice higher (~6 mgmLve/g o) than
compared with those obtained in the conventional S-L extraction (~3 mgmive/d bL)-
Figure 2 shows the main effect diagram for each variable from the statistical study.
There were values for the type of solvent and S-L ratios that maximize the AC
extraction yield, which correspond to the optimum point. A different behaviour was
observed for the time: the greater the time, the higher the extraction yield of AC.
However, if time was increased, temperature would increase during the pre-treatment
and the degradation of AC would take place. It is known that AC degrade at

temperatures above 100°C during exposure times of 5-10 minutes (Sélyom et al.,
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2014). For this reason, no experiments at higher temperature were proposed. In this
work, the highest temperature achieved was 117°C, but only during a short period of
time (90s) avoiding AC degradation. Thus, the optimal values for each parameter
were: a hydro-alcoholic mixture of 40% vol. ethanol, a Rs. of 0.140 (g/mL) and a
time pre-treatment of 90s.
From the analysis of variance (Table S.2 in Supplementary Material), it could be
seen that the percentage of water was the parameter which influences the most in
anthocyanin extraction. Furthermore, the pre-treatment time and the interaction
between the water percentage and time were also crucial for the extraction.
The regression coefficients of second-order polynomial equation (Equation 1) were
obtained by fitting experimental results and extraction variables. The final expression
for the Equation 1 is shown below. Some parameters were negligible assuming the p-
values from the ANOVA table (Table S.2 in Supplementary Material).
AC = 5.0166 + 0.624926 -t — 0.00311123 - Rs; — 1.74735 - %H,0

+ 0.818187 - t? — 0.0485444 -t - R;;, — 0.448549 - t - %H,0

— 0.980728 * R34 + 0.060261 - R} - %H,0 — 3.07077 * %H,0?
‘AC’ corresponds to the anthocyanin extraction yield, ‘t’ is the time of pre-treatment
in seconds, ‘Rs. " is the solid-liquid ratio in g/mL and ‘%H,QO "’ is the %vol. of water
of the hydroalcoholic mixture.
With the optimal pre-treatment conditions, a MW pre-treatment was performed and,
in this case, followed by S-L extraction at the best studied conditions (exact amount
of solvent was added in order to obtain a Rs.. of 0.100 and hydro-alcoholic mixture
of 50% vol. ethanol) for each type of WL during 30 minutes. AC extraction yields
for the optimal conditions obtained for MW pre-treatments after 15 minutes are

shown in Table 2. Port WL showed the highest AC content (6.20 + 0.36 mgmLve/goL),
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followed by first fermentation lees (4.45 = 0.30 mgwmLve/gp) and second
fermentation lees (2.88 £ 0.22 mgmLve/goL) When MW are applied. The use of MW
pre-treatment provided an increment in the AC extraction yield of 2.7, 1.5 and 1.4
times compared with the S-L extraction from Port, 1F and 2F WL, respectively
(Supplementary material). The effect of MW was also confirmed by the reached
temperature in the optimum conditions (115°C). High temperatures made possible
the breakage of cell walls of the yeast of WL, leading to an improvement on the
anthocyanin yield extraction since AC linked to cell walls became more accessible
and the internal mass transfer is enhanced (Pérez-Serradilla & de Castro, 2008).
Furthermore, the implementation of MW reduces considerably the required
extraction time from 15 min to 90s, as the maximum AC extraction yield was
achieved just after the pretreatment (Figure S.2. Supplementary Material).

No comparison about AC extraction could be done due to the absence of information
in literature since previous works measured the TPC instead of AC content when
MW are used to recover polyphenols from WL. However, some authors (Pérez-
Serradilla & Luque de Castro, 2011) proved the efficiency of MW to enhance
polyphenols extraction from WL in a 10% compared to the yields obtained with a
Soxhlet extraction. Furthermore, AC yields from WL were higher if comparing to
those achieved from grape pomace by Alvarez et al. (Alvarez et al., 2017), who
achieved AC concentration values up to 1.75 mgmive/d ory pomace applying their
optimized parameters for MW pre-treatments.

3.1.3 Sonication pre-treatments

First sonication experiments were performed with the lowest (30s and 10%
amplitude) and the highest (90s and 100% amplitude) conditions, followed by a

conventional S-L extraction for Port WL. No significant differences were observed
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in the final AC concentration between the use of ultrasounds (3.02 = 0.13 mgmLve/g
pr and 3.17 + 0.08 mgmLve/g o) and the conventional S-L extraction (2.78 £ 0.18
mgmLve/g pL). It was thought that maybe the time of sonication pre-treatment was
very short, so a trial with a longer time of processing was carried out. The conditions
of 5 minutes and amplitude of 55% were defined for the ultrasounds assisted
extraction (USAE) of polyphenols based on a previous work for a different raw
material (Rodriguez-Rojo et al., 2012). These conditions were applied to Porto WL
and an AC extraction yield of 2.94 £+ 0.10 mgm.ve/goL Was achieved. From these
results it could be concluded that the AC extraction yield was not enhanced with the
use of US. US enhanced the external mass transfer and not the internal mass transfer,
which is the limiting step for the AC extraction from WL, so similar yields were
achieved. However, US produced a reduction of the required time to achieve a steady
AC extraction yield from 15min to 5min as can be seen in Figure S.2 in
Supplementary material.

3.2 Extracts characterization: yield and richness

3.2.1 Total Phenolic Content (TPC)

TPC quantification was performed only for those extracts obtained at best conditions
for the S-L extractions and the optimized MW pre-treatments. Results for the TPC
are shown in Table 2. Extracts obtained when MW were used as pre-treatment
showed higher yields, being the Port WL extract the one with the highest and
significant TPC yield (42.04 £ 0.22 mgcae/g o). For the conventional S-L
extractions, similar TPC yields were achieved for each type of WL, ranking from
23.42 +0.11to0 27.70 + 0.18 mgcae/g oL Nevertheless, these TPC recoveries
changed a lot if they were expressed in terms of richness: milligrams of gallic acid

equivalents per gram of dry extract (mgcae/g pe). The richest extract in terms of TPC
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were Ribera del Duero WL extracts, either for a conventional S-L extraction or with
MW pre-treatment. TPC richness for conventional extraction ranging from nearly
196 to 232 mgcae/g pe. Port WL appeared to be the poorest extract with only 68 + 7
mgcae/d pe. Same tendency was observed when MW were applied: 1F WL were the
richest extract (294 + 13 mgcae/g pe) followed by 2F WL extract (268 + 11 mgcae/g
pe). The explanation of these differences can be related to the vinification process.
Port WL presented a higher sugar concentration because first fermentation is stopped
by adding extra ethanol and all sugars were not processed (Perestrelo et al., 2016).
These sugars remained linked to WL and were also extracted together with AC
reducing the richness of the extract in terms of TPC and AC. Sugars and their
degradation compounds concentrations in WL extracts after 15 minutes of extraction
are shown in Table S.3 of the Supplementary material.

Although TPC values in this work were lower than those achieved when a MAE was
applied to 1F WL of syrah grapes (532 mgcae/g oL), mainly due the use of different
grape varieties (Pérez-Serradilla & Luque de Castro, 2011), WL can be considered
as a suitable source of polyphenols if compared with the results from others grape
residues. Casazza et al. (Casazza, Aliakbarian, Mantegna, Cravotto, & Perego, 2010)
extracted polyphenols from differences types of Vitis Vinifera wastes, in particular
grape seeds and skins, using non-conventional techniques such as HPTE (high
pressure and temperature extraction), UAE (ultrasound-assisted extraction) and MAE
(microwave-assisted extraction). The TPC in grape seeds was far higher (110 to 60
mMgcae/dory maTTER) than in grape skin (20 to 35 mgcae/dory matTeR) TOr every type
of extraction. Similar TPC values were achieved in literature from grape pomace
(261.5 + 2.5 mgeae/g pe) (Alvarez et al., 2017) when MW were used as pre-

treatment.
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3.2.2 Antioxidant Activity

ORAC assay was performed to evaluate the antioxidant ability of the extracts,
obtained with or without pre-treatments, as peroxyl radical scavengers. Table 2 shows
ORAC values in pmolte /go. and pmol+e /gpe for conventional S-L extracts and MW
pre-treatments after 15 minutes of extraction. A direct relation between the AC
concentrations and the ORAC values was found: the larger the concentration of AC,
the greater the ORAC value. When pre-treatments were used, TPC and AC content
increased and also ORAC values enhanced proportionally. For example, AC richness
from Port WL increased when MW pre-treatment was applied in 2.2 times (6.2 + 0.4
mgcae/d pr) compared with the S-L extraction (2.78 £ 0.18 mggeag/g p.) and the
ORAC values did also improved: 2.1 times (1040 £ 107 pmolyg/gpg) with MW than
without them (453 + 45 pmolye/gpe). 1F WL showed the highest ORAC values for
both yield and richness as it was expected due to it was the richest extract in terms of
TPC and AC. Moreover, the highest increment in ORAC activity between S-L
extraction (3201 + 347 ) and when MW were applied (4952 + 480 umolyg/gpe) was
found for 1F WL extract. Port WL presented almost five times lower antioxidant
capacitiy, with ORAC values up to 1040 £ 107 pumol te/gpe, when MW pre-
treatment was applied. These ORAC values were smaller than those obtained by
Pérez-Serradilla et al. (Pérez-Serradilla & Luque de Castro, 2011), who achieved
similar ORAC values when a conventional extraction was performed and a MAE
was applied to 1F WL from Syrah grape variety, 6100 and 6250 pmolte/gpe,
respectively, due to the higher content on TPC as previously mentioned. In contrast,
if ORAC values obtained from WL were compared with those obtained from grape

pomace extracts, it could be said that WL extracts presented higher antioxidant
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activities. Alvarez et al. (Alvarez et al., 2017) reported ORAC values between 1200-
2750 pmol te/gpe for different MW pre-treatments.

3.2.3 HPLC analysis

HPLC analyses were performed in order to determine the main compounds present in
WL extracts after 15 minutes of extraction. Figure S.3 (of the Supplementary
Material) shows, as an example, the chromatographic profile at 280 nm of a
conventional extraction (A) and after the MW pre-treatment (B) from Port WL. From
this figure it is possible to corroborate the effect of the MW pre-treatment on the
amount of extracted polyphenols.

As this work was focused on the maximization of the extraction of AC, an exhaustive
study for their determination was performed. Same AC were found in extracts from
1F and 2F WL, meanwhile for Port WL different compounds appeared. These
discrepancies can be seen in Figure 3 where a comparison between chromatograms at
520 nm of the WL 1F extract (A) and the Port WL extract (B) after the MW pre-
treatment is displayed.

For the determination of the anthocyanins present in the extracts, the LC-MS/MS
was used for the qualitative determination of the main compounds. Putative
identification of AC was also tested with other studies already reported in literature
(Cantos, Espin, & Toméas-Barberan, 2002; Delgado de la Torre, Priego-Capote, &
Luque de Castro, 2015; Sanz et al., 2012; Schwarz, Quast, von Baer, & Winterhalter,
2003; Vallverdu-Queralt et al., 2015; Wu & Prior, 2005) with comparable matrices
and databanks (“Database on Polyphenol Content in Foods - Phenol-Explorer,” n.d.;
“PhytoHub,” n.d.).

A total of twelve anthocyanins were identify as Table 3 shows. The respective m/z

values, the fragmentations, the putative identification, the phenolic subclass and the
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extract in which each anthocyanin appeared is also shown in Table 3. The most
interesting finding in this study was the presence of a pyranoanthocyanin, Vitisin A,
in both types of extracts at a retention time of 32.13 min. These A-type vitisins are
adducts resulting from the cycloaddition of pyruvic acid, a metabolite of the
alcoholic fermentation (Marquez, Serratosa, & Merida, 2013) to anthocyanin
molecules, usually formed during the maturation of wine. Until now, these types of
pyranoanthocyanins had been only identified in the dregs of an old Port wine bottle
(Marquez et al., 2013; Oliveira et al., 2010) and in aged red Chilean wine (Schwarz
et al., 2003). Additionally, another anthocyanin, petunidin-3-O-glucoside, appeared
to be co-eluted at the same retention time (32.13 min) in both Port and Ribera del
Duero extracts. However, in Port wine lees, Vitisin A was present in higher amounts
than petunidin-3-O-glucoside, whereas in Ribera del Duero wine lees the opposite
was observed. This tendency can be seen in Figure S.4 in the Supplementary
Material, where the signal for the Vitisin A (m/z 561) is much more pronounced than
the one for the petunidin-3-O-glucoside (m/z 479), which suggests that Vitisin A is
present in higher amounts than petunidin-3-O-glucoside in Port wine lees. In the
same way, for Ribera del Duero extracts, the opposite was observed from Figure S.5.
Nonetheless, to the best of our knowledge, these types of pyranoanthocyanins have
never been identified neither in 1F nor 2F Ribera del Duero extracts. Thus, with the
help of the novel extraction technique that has been introduced in this study, it was
possible to extract Vitisin-A from Ribera del Duero wine lees.

Apart from these AC, there were anthocyanins identified only in one type of extract,
which may be directly correlated to the vinification process. That was the case of
compounds such as delphinidin 3-O-(6"-p-acetylglucoside), cyanidin 3-O-(6"-p-

acetylglucoside) and delphinidin 3-O-(6"-p-coumaroyl-glucoside) which only
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appeared in Ribera del Duero WL extracts. Additionally, a derivate from malvidin
(malvidin-3-O-6-acetyl-glucoside) was found only in Porto WL extracts.

Although, the study here presented was focused on the optimization of AC extraction
and their identification, chromatograms of major polyphenol families present in the
extracts such as flavonoids or hydroxycinnamic acids are displayed in Supplementary
material in Figure S.6, Figure S.7 and Figure S.8 at 280 nm, 320 nm and 360 nm,
respectively. The putative identification of those compounds with higher
concentrations is shown in Table S.4 in the Supplementary material.

Some of the components were also identified in aging wine lees and correlated with
the antioxidant activity of the extract (Romero-Diez et al., 2018) such as myricetin
(flavonol) and several antocyanins (3-O-glucoside of delphinidin, petunidin and
malvidin, and 3-O-(6"-p-coumaroyl-glucoside) of delphinidin, petunidin and
malvidin).

4. Conclusions

WL have been pointed out as an important source of phenolic compounds, namely
anthocyanins. AC extraction kinetics from WL were studied. Parameters selected as
the best for AC recovery in S-L extractions were: Rs. of 0.100 g/mL, a hydro-
alcoholic mixture with 50% EtOH (% vol.) and at 25°C. Furthermore, two different
pre-treatments have been tested for AC recovery from WL. On the one hand, the use
of MW pre-treatment enhanced internal mass transfer, increasing AC extraction yield
and reducing the processing time, as well. On the other hand, US only influenced the
processing time having no effect on the AC extraction yield. Different origin WL
were processed, being red WL (Ribera del Duero) those that presented richer extracts
and higher antioxidant activity respect to Port WL. Main compounds were identified

finding distinctive anthocyanins for both types of lees. Furthermore, a
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pyranoanthocyanin, Vitisin A, was identified in both types of lees being

predominantly present in Port WL.

Acknowledgements

The authors thank financial support from the Marie Curie Industry-Academia
Partnerships and Pathways (FP7-PEOPLE-2013-1APP-612208) actions, project
VA040U16 from Junta de Castillay Leon (Spain) and Fundacéo para a Ciéncia e
Tecnologia (FCT) and Portugal 2020 to the Portuguese Mass Spectrometry Network
(LISBOA-01-0145-FEDER-402-022125). Soraya Rodriguez Rojo acknowledges
Junta de Castillay Ledn and FEDER 2014-2020 for her postdoctoral contract under
Project VA040U16. Rut Romero Diez thanks Junta de Castilla'y Leon for her
research fellowship. Ana A. Matias thanks FCT for the financial support through the

IF Starting Grant — GRAPHYT (IF/00723/2014).

25



605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

627

5. Literature
Alvarez, A., Poejo, J., Matias, A. A., Duarte, C. M. M., Cocero, M. J., & Mato, R. B.
(2017). Microwave pretreatment to improve extraction efficiency and polyphenol
extract richness from grape pomace. Effect on antioxidant bioactivity. Food and

Bioproducts Processing, 106, 162-170. http://doi.org/10.1016/J.FBP.2017.09.007

Barcia, M. T., Pertuzatti, P. B., Rodrigues, D., Gdbmez-Alonso, S., Hermosin-Gutiérrez,
l., & Godoy, H. T. (2014). Occurrence of low molecular weight phenolics in Vitis
vinifera red grape cultivars and their winemaking by-products from Séo Paulo
(Brazil). Food Research International, 62, 500-513.

http://doi.org/10.1016/j.foodres.2014.03.051

Cacace, J. E., & Mazza, G. (2003a). Mass transfer process during extraction of phenolic
compounds from milled berries. Journal of Food Engineering, 59(4), 379-389.

http://doi.org/10.1016/S0260-8774(02)00497-1

Cacace, J. E., & Mazza, G. (2003b). Optimization of Extraction of Anthocyanins from
Black Currants with Aqueous Ethanol. Journal of Food Science, 68(1), 240-248.

http://doi.org/10.1111/j.1365-2621.2003.th14146.x

Cantos, E., Espin, J. C., & Tomas-Barberan, F. A. (2002). Varietal differences among
the polyphenol profiles of seven table grape cultivars studied by LC-DAD-MS-
MS. Journal of Agricultural and Food Chemistry, 50(20), 5691-6. Retrieved from

http://www.ncbi.nlm.nih.gov/pubmed/12236700

Casazza, A. A., Aliakbarian, B., Mantegna, S., Cravotto, G., & Perego, P. (2010).
Extraction of phenolics from Vitis vinifera wastes using non-conventional

techniques. Journal of Food Engineering, 100(1), 50-55.

26



628

629

630

631

632

633

634

635

636

637

638

639

640

641

642

643

644

645

646

647

648

649

650

http://doi.org/10.1016/j.jfoodeng.2010.03.026

Dang, Y.-Y., Zhang, H., & Xiu, Z.-L. (2014). Microwave-assisted aqueous two-phase
extraction of phenolics from grape ( Vitis vinifera ) seed. Journal of Chemical

Technology & Biotechnology, 89(10), 1576-1581. http://doi.org/10.1002/jctb.4241

Database on Polyphenol Content in Foods - Phenol-Explorer. (n.d.). Retrieved October

18, 2017, from http://phenol-explorer.eu/

Delgado de la Torre, M. P., Priego-Capote, F., & Luque de Castro, M. D. (2015).
Characterization and Comparison of Wine Lees by Liquid Chromatography-Mass
Spectrometry in High-Resolution Mode. Journal of Agricultural and Food

Chemistry. http://doi.org/10.1021/jf505331f

Dimou, C., Kopsahelis, N., Papadaki, A., Papanikolaou, S., Kookos, I. K., Mandala, 1.,
& Koutinas, A. A. (2015). Wine lees valorisation: Biorefinery development
including production of a generic fermentation feedstock employed for

poly(hydroxybutyrate) synthesis. Food Research International, 73(50), 81-87.

Dimou, C., Vlysidis, A., Kopsahelis, N., Papanikolaou, S., Koutinas, A. A., & Kookos,
I. K. (2016). Techno-economic evaluation of wine lees refining for the production
of value-added products. Biochemical Engineering Journal, 116, 157-165.

http://doi.org/10.1016/j.bej.2016.09.004

Drosou, C., Kyriakopoulou, K., Bimpilas, A., Tsimogiannis, D., & Krokida, M. (2015).
A comparative study on different extraction techniques to recover red grape
pomace polyphenols from vinification byproducts. Industrial Crops and Products,

75, 141-149. http://doi.org/10.1016/j.indcrop.2015.05.063

Feliciano, R. P., Bravo, M. N., Pires, M. M., Serra, A. T., Duarte, C. M., Boas, L. V., &

27



651

652

653

654

655

656

657

658

659

660

661

662

663

664

665

666

667

668

669

670

671

672

673

Bronze, M. R. (2009). Phenolic Content and Antioxidant Activity of Moscatel
Dessert Wines from the Setibal Region in Portugal. Food Analytical Methods,

2(2), 149-161. http://doi.org/10.1007/s12161-008-9059-7

Ganzler, K., Salgo, A., & Valko, K. (1986). Microwave extraction : A novel sample
preparation method for chromatography. Journal of Chromatography A, 371, 299—

306. http://doi.org/10.1016/S0021-9673(01)94714-4

Garrett, A. R., Weagel, E. G., Martinez, A. D., Heaton, M., Robison, R. A., & O’Neill,
K. L. (2014). A novel method for predicting antioxidant activity based on amino
acid structure. Food Chemistry, 158, 490-6.

http://doi.org/10.1016/j.foodchem.2014.02.102

He, J., & Giusti, M. M. (2010). Anthocyanins: Natural Colorants with Health-
Promoting Properties. Annual Review of Food Science and Technology, 1(1), 163—

187. http://doi.org/10.1146/annurev.food.080708.100754

Huang, D., Ou, B., Hampsch-Woodill, M., Flanagan, J. A., & Prior, R. L. (2002). High-
throughput assay of oxygen radical absorbance capacity (ORAC) using a
multichannel liquid handling system coupled with a microplate fluorescence reader
in 96-well format. Journal of Agricultural and Food Chemistry, 50(16), 4437-44.

Retrieved from http://www.ncbi.nlm.nih.gov/pubmed/12137457

Karpe, A. V., Beale, D. J., Harding, |. H., & Palombo, E. A. (2015). Optimization of
degradation of winery-derived biomass waste by Ascomycetes. Journal of
Chemical Technology & Biotechnology, 90(10), 1793-1801.

http://doi.org/10.1002/jctb.4486

Kontogiannopoulos, K. N., Patsios, S. I., Mitrouli, S. T., & Karabelas, A. J. (2017).

28



674

675

676

677

678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

Tartaric acid and polyphenols recovery from winery waste lees using membrane
separation processes. Journal of Chemical Technology & Biotechnology, 92(12),

2934-2943. http://doi.org/10.1002/jcth.5313

Marquez, A., Serratosa, M. P., & Merida, J. (2013). Pyranoanthocyanin derived
pigments in wine: Structure and formation during winemaking. Journal of

Chemistry. http://doi.org/10.1155/2013/713028

Mateus, N., Silva, A. M. S., Vercauteren, J., & de Freitas, V. (2001). Occurrence of
Anthocyanin-Derived Pigments in Red Wines. Journal of Agricultural and Food

Chemistry, 49(10), 4836-4840. http://doi.org/10.1021/;f001505b

Muhlack, R. A., Potumarthi, R., & Jeffery, D. W. (2017). Sustainable wineries through
waste valorisation: A review of grape marc utilisation for value-added products.

Waste Management. http://doi.org/10.1016/J.WASMAN.2017.11.011

Oliveira, J., Azevedo, J., Silva, A. M. S,, Teixeira, N., Cruz, L., Mateus, N., & de
Freitas, V. (2010). Pyranoanthocyanin dimers: a new family of turquoise blue
anthocyanin-derived pigments found in Port wine. Journal of Agricultural and

Food Chemistry, 58(8), 5154-9. http://doi.org/10.1021/jf9044414

Peralbo-Molina, A., & Luque de Castro, M. D. (2013). Potential of residues from the
Mediterranean agriculture and agrifood industry. Trends in Food Science &

Technology, 32(1), 16-24. http://doi.org/10.1016/j.tifs.2013.03.007

Perestrelo, R., Silva, C., Pereira, J., & Camara, J. S. (2016). Wines: Madeira, Port and
Sherry Fortified Wines — The Sui Generis and Notable Peculiarities. Major
Differences and Chemical Patterns. In Encyclopedia of Food and Health (pp. 534—

555). http://doi.org/10.1016/B978-0-12-384947-2.00758-3

29



697

698

699

700

701

702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

Pérez-Serradilla, J. A., & de Castro, M. D. L. (2008). Role of lees in wine production: A
review. Food Chemistry, 111(2), 447-456.

http://doi.org/10.1016/j.foodchem.2008.04.019

Pérez-Serradilla, J. A., & Lugue de Castro, M. D. (2011). Microwave-assisted
extraction of phenolic compounds from wine lees and spray-drying of the extract.
Food Chemistry, 124(4), 1652-1659.

http://doi.org/10.1016/j.foodchem.2010.07.046
PhytoHub. (n.d.). Retrieved October 18, 2017, from http://phytohub.eu/

Pinelo, M., Fabbro, P. Del, Manzocco, L., Nufiez, M. J., & Nicoli, M. C. (2005).
Optimization of continuous phenol extraction from Vitis vinifera byproducts. Food

Chemistry, 92(1), 109-117. http://doi.org/10.1016/j.foodchem.2004.07.015

Rodriguez-Rojo, S., Visentin, A., Maestri, D., & Cocero, M. J. (2012). Assisted
extraction of rosemary antioxidants with green solvents. Journal of Food

Engineering, 109(1), 98-103. http://doi.org/10.1016/j.jfoodeng.2011.09.029

Romero-Diez, R., Rodriguez-Rojo, S., Cocero, M. J., Duarte, C. M. M., Matias, A. A.,
& Bronze, M. R. (2018). Phenolic characterization of aging wine lees: correlation
with antioxidant activities. Food Chemistry.

http://doi.org/10.1016/j.foodchem.2018.03.119

Sanz, M., Fernandez de Simoén, B., Esteruelas, E., Mufioz, A. M., Cadahia, E.,
Hernandez, M. T., ... Martinez, J. (2012). Polyphenols in red wine aged in acacia
(Robinia pseudoacacia) and oak (Quercus petraea) wood barrels. Analytica

Chimica Acta, 732, 83-90. http://doi.org/10.1016/j.aca.2012.01.061

Schwarz, M., Quast, P., von Baer, D., & Winterhalter, P. (2003). Vitisin A Content in

30



720

721

722

723

724

725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

Chilean Wines from Vitis vinifera Cv. Cabernet Sauvignon and Contribution to the
Color of Aged Red Wines. Journal of Agricultural and Food Chemistry, 51(21),

6261-6267. http://doi.org/10.1021/jf0346612

Solyom, K., Mato, R. B., Pérez-Elvira, S. I., & Cocero, M. J. (2011). The influence of
the energy absorbed from microwave pretreatment on biogas production from
secondary wastewater sludge. Bioresource Technology, 102(23), 10849-10854.

http://doi.org/10.1016/j.biortech.2011.09.052

Sélyom, K., Sola, R., Cocero, M. J., & Mato, R. B. (2014). Thermal degradation of
grape marc polyphenols. Food Chemistry, 159, 361-6.

http://doi.org/10.1016/j.foodchem.2014.03.021

Spigno, G., & De Faveri, D. M. (2009). Microwave-assisted extraction of tea phenols:
A phenomenological study. Journal of Food Engineering, 93(2), 210-217.

http://doi.org/10.1016/j.jfoodeng.2009.01.006

Tao, Y., Wu, D., Zhang, Q.-A., & Sun, D.-W. (2014). Ultrasound-assisted extraction of
phenolics from wine lees: Modeling, optimization and stability of extracts during
storage. Ultrasonics Sonochemistry, 21(2), 706-715.

http://doi.org/10.1016/J.ULTSONCH.2013.09.005

Vallverdu-Queralt, A., Boix, N., Piqué, E., Gomez-Catalan, J., Medina-Remon, A.,
Sasot, G., ... Lamuela-Raventos, R. M. (2015). Identification of phenolic
compounds in red wine extract samples and zebrafish embryos by HPLC-ESI-
LTQ-Orbitrap-MS. Food Chemistry, 181, 146-151.

http://doi.org/10.1016/j.foodchem.2015.02.098

Waterhouse, A. L., Waterhouse, & L., A. (2003). Determination of Total Phenolics. In

31



743

744

745

746

747

748

749

750

751

752

753

Current Protocols in Food Analytical Chemistry. Hoboken, NJ, USA: John Wiley

& Sons, Inc. http://doi.org/10.1002/0471142913.faa0101s06

Wijngaard, H., Hossain, M. B., Rai, D. K., & Brunton, N. (2012). Techniques to extract
bioactive compounds from food by-products of plant origin. Food Research

International, 46(2), 505-513. http://doi.org/10.1016/J.FOODRES.2011.09.027

Wu, X., & Prior, R. L. (2005). Systematic Identification and Characterization of
Anthocyanins by HPLC-ESI-MS/MS in Common Foods in the United States:
Fruits and Berries. Journal of Agricultural and Food Chemistry, 53(7), 2589-2599.

http://doi.org/10.1021/jf048068b

32



754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

775

776

i

778

Nomenclature
Abbreviations
1F: first fermentation
2F: second fermentation
AA: antioxidant activity
AAPH: 2, 2-azobis(2-amidino-propane) dihydrochloride
AC: anthocyanins
CCD: central composite design
CP: central point
DAD: diode array detection
DE: dry extract
DL: dry lees
FS: disodium fluorescein
GAE: gallic acid equivalents
GRAS: general recognize as safe
HPLC: high performance liquid chromatography
HPTE: high pressure and temperature extraction
MAE: microwave assisted extraction
MLVE: malvidin-3-o0-glucoside equivalents
MS/MS: mass spectrometer
MW: microwave
OP: optimum point
ORAC: oxygen radical absorbance capacity
SD: standard deviation

S-L: solid-liquid
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TE: trolox equivalents

TPC: total phenolic compounds

UAE: ultrasound-assisted extraction

US: ultrasounds

USAE: ultrasound assisted extraction

Greek letters

Y: response variable (anthocyanin concentration, mgmive/goL)

Po: independent coefficient

(13421

B Bii, Bij : interaction coefficients for variables “i” and *j”

X: stands for each operating variable
Symbols

A: absorbance, nm

DF: dilution factor

I: path length, cm

M,,: molecular weight of malvidine, m/mol
ROOQ®: oxygen radicals

Rs..: solid-liquid ratio, g/mL

34



10

List of tables

Table 1: CCD design set of experiments for application of MW pretreatment in Port wine lees. AC is
the anthocyanin content just after the pre-treatment, T represents the achieved temperature in the
MW pre-treatment. Rows in bold represent the triplicate of the central point and ‘Average CP’ is an
average of the central points. Runs 18 and 19 are the experiments performed with the optimized
variables and ‘Average OP’ is the average of the optimum. AC values with an asterisk are
significantly different (P<0.05) from the central point.

Table 2: total phenolic content, anthocyanin concentration and ORAC values for conventional solid-
liquid extracts and MW and US pre-treatments after 15 minutes of extraction. Values with an
asterisk in the same row are significantly different (P<0.05) for each type of wine lees.

Table 3: Putative identification of main anthocyanins (520nm Amax), in 1F wine lees and Port wine
lees extracts, retention time (tr: min) of each compound, M-H* values (m/z), MS/MS values and

wine lees extracts where each compound appeared.
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Table 1

AC
% H20 (v/iv) Rs.(g/mL) t(s) (mgmawvelgol) T (°C)
1 10 020 90 4.33 106
2 100 020 90 0.14* 17
3 50 015 60 5.64 73
4 10 010 30 2,68 53
5 100 020 30 0.03* 105
6 50 015 30 4.38 60
7 100 010 90 0.07* 68
8 50 015 60 5.25 72
9 10 020 30 2.71* 65
10 50 015 60 5.18 73
11 50 010 60 3.62° 68
12 50 020 60 3.95° 80
13 10 010 90 4.78 77
14 10 015 60 3.32* 75
15 50 015 90 6.78 98
16 100 010 30 0.04* 38
17 100 015 60 0.06* 88
A"grlfge 50 015 60  5.36+0.25 72
18 40 014 90 6.15 115
19 40 014 90 6.26 114
A"grsge 40 014 90  6.20£0.36 115
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15
16

Table 2

TPC TPC AC AC ORAC ORAC

(mgeae/goL) (mgcae/goE) (mgmwve/ gou)  (mgmve/goe)  (umole/goL) (M4molre/goe)

Es 15" 27.70+0.18 687 2.78+£0.18 36+0.2 195+ 20 453+ 45
Po::::ine MW15'  42.0+%0.2° 106+3" 6.2+ 04" 80+£04"° 402 +42° 1041 £ 107"

us 15' - 3.17+£0.08 2.91+0.13 312+34° 574 + 64
1st Es 15" 28.12+0.08 232+5 3.04 £0.03 17.07 £0.32 39242 3201 £ 347
Fermentation Mw 15"  37.03+0.15 295+ 13 445+030° 18.56* 1.26 655+ 63" 4952 * 480
2nd Es1 16" 23.42+0.11 196 £ 10 21104 109+0.8 304 +£20 2484 £+ 159
Fermentation Mw 15" 2344 +0.17 269+11° 29102 120+£141 512+ 54" 3867+ 406"




17 Table 3

Ribera del

Betentu;n [M-H* MS/MS Putative identification Phenolic subclass  Duero wine Port wine
time (min) (mfz) lees lees
30.03 463 303 Delphinidin-3-O-glucoside Anthocyanin 4 V4
32.13 561 399 Vitisin A Pyranoanthocyanin 4 v
479 317 Petunidin-3-O-glucoside Anthocyanin N4 N4
33.63 493 331 Malvidin-3-O-glucoside Anthocyanin 4 V4
34.88 507 - Delphinidin 3-O-(6"-p- Anthocyanin 4 X
acetylglucoside)
36.13 707 399 10-carboxypyranomalvidin-3-6"- Anthocyanin v v
p-coumaroyl-glucoside
36.77 491 - Cyanidin 3-O-(6"-p- Anthocyanin v X
acetylglucoside)
38.78 535 331 Malvidin-3-0-6"-acetyl-glucoside Anthocyanin X v
39.42 611 303  Delphinidin 3-O-(6"-p-coumaroyl- Anthocyanin v X
glucoside)
41.52 625 317 Petunidin 3-O-(6"-p-coumaroyl- Anthocyanin v v
glucoside)
43.23 639 331 Malvidin 3-O-(6"-p-coumaroyl- Anthocyanin 4 V4
glucoside)
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FIGURE CAPTIONS

Figure 1: influence of the solid-liquid ratio (g/mL) (1.A), type of solvent (%vol. ethanol) (1.B) and
temperature (°C) (1.C) on the AC extraction from Port wine lees in conventional extraction.

Figure 2: main effect diagram of each variable for AC content from the statistical study.

Figure 3: comparison of the chromatographic profiles at 520 nm for the extracts obtained after

MW pre-treatment of first fermentation wine lees (A) and Port wine lees (B)
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Figure S.1: comparison of the chromatographic profiles at 280nm for the extracts obtained from Port wine lees with a conventional solid-

liquid ratio (red) and applying MW pre-treatment (green).



7.00 -
6.00 { I 3 . . )

5.00 - . ]
4.00 -
3.00
2.00
1.00
0.00

Concentration
(Mg waLviDINE/D DRy LEES)

0 5 10 15 20 25 30
time (min)

MW Pre-treatment ~ —@— US Pre-treatment ~ —@— Solid-Liquid extraction
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53.74
3.8e-14

3.6e-14
3.484:
3.284:
3.084:
Z,BEJ:

2 6e-1

3387

2 de-14

2 2e-1

AU

2 0e-14

1.8e-1

1.6e-14

1.4e—1:
1,2e-1:
1,ne-1i
s,ne-Qi
fs.c]e-zi 9.53
A.UE—Z:

2.0e-24

B
A

0.0

"i000 | 1200 | 1400 | 1600 | 1800 | 2000 | 2200 | 2400 | 2600 | 2800 | 2000 4800 | 5000 | 5200 | 5400 | 5600
T

3200 | 3400 | 3600 | 3800 4000 | 4200 | 4400 | 4600
ime

Figure S.3: comparison of the chromatographic profiles at 280nm for the extracts obtained from first fermentation wine lees with a conventional

solid-liquid ratio (A) and applying MW pre-treatment (B)
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Figure S.6: comparison of the chromatographic profiles at 280nm for the extracts obtained after MW pre-treatment of first fermentation wine

lees (A) and Porto wine lees (B).
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Figure S.7: comparison of the chromatographic profiles at 320nm for the extracts obtained after MW pre-treatment of first fermentation wine

lees (A) and Porto wine lees (B).



38.05
1.15e-14

1.1e-14
1 05e-1]
10611
9 50-2]
0.00-2] 36.43
55021
50021 4p03
7 50-2]

7 0e-2

6.5e-2
E 31823245
7

2

6.0e-2
< 3

5.5e-2

50e-2

4 5e-2
E 337

4.0e-2

3.56-2] 40.95
3.0e-2
2502 26.62

2.0e-2

1.5e-2 3063

1.0e-2 9.56

EDE_E_Jf—- 8
0.0

800 | 1000 | 12000 | 1400 | 16.00 | 18.00 | 2000 | 2200 2400 = 2600  28.00 | 30.00 = 3200 & 3400 2600 & 38.00 @ 40.00 4200 = 4400 @ 4600 4800 & 5000 = 5200 5400 = 5600  58.00  60.00
Time

Figure S.8: comparison of the chromatographic profiles at 360nm for the extracts obtained after MW pre-treatment of first fermentation wine

lees (A) and Porto wine lees (B).



Table S.1: anthocyanin extraction yields (mgmLve/goL) for the study of ‘a’: solid-liquid ratio (g¢/mL), ‘b’: percentage of ethanol (%vol.)

and ‘c’: temperature (°C). Values with different lowercase letters in each row are significantly different (p<0.05)

a)
AC
Rs.L (g/mL
sLOML) g veol)
01 0.81 + 0.04%
0.05 0.96 + 0.01°
0.033 0.94 + 0.03
0.025 1.05 +0.10°
b)
AC
Ethanol (%ovol.) (MgmLve/dpL)
o5 0.79 +0.01%
50 2.78 +0.18°
75 3.04 +0.38"
100 0.66 + 0.04%
c)
AC
T (°C
(°C) (MgmLvegol)
25 2.78 +0.18°
35 3.12+0.27°
45 3.00 + 0.24°



Table S.2: ANOVA for total anthocyanin response. It is consider statically significant for p-values < 0.05.

Source DF Sum of Mean square  F-Value p-Value
squares
A:%H,0 1 30.532 30.532 114.78 0.0000
B:Rs+ 1 9.679E-05 9.679E-05 0.00 0.9853
C:t 1 3.905 3.905 14.68 0.0064
AA 1 25.264 25.264 94.98 0.0000
AB 1 0.029 0.029 0.11 0.7507
AC 1 1.609 1.609 6.05 0.0435
BB 1 2.576 2.576 9.69 0.0170
BC 1 0.018 0.018 0.07 0.7977
CcC 1 1.793 1.793 6.74 0.0356
Total Error 7 1.862 0.266007

Total (corr.) 16 82.217




Table S.3: Sugars and their degradation compounds concentrations (ppm) in wine lees extracts after 15 minutes of extraction analyzed by HPLC
according to the method described in (Cantero et al., 2015)

Sugar and derivates compounds concentrations (ppm)
Compound MW-1F S-L 1F MW-2F S-L2F MW-Porto  S-L Porto

Cellobiose 1345 160 497 144 1503 716
Glucose 26 463 796 552 14637 8654
Xylose 626 205 155 62 - -
Fructose - - - - 23589 14050
Arabinose 479 289 196 101 1314 1138
Piruvaldehide 942 459 610 425 - -
Lactic Acid 5207 353 718 191 - -
Formic Acid 3840 495 4578 1576 4713 3076
Acetic Acid 403 131 175 91 - -
Levulinic Acid 750 12 135 29 - -
Acrilic Acid 106 22 306 90 - -

Cantero, D.A., Vaquerizo, L., Martinez, C., Bermejo, M.D., Cocero, M.J., 2015. Selective transformation of fructose and high fructose content
biomass into lactic acid in supercritical water. Catal. Today 255, 80-86. doi:10.1016/J.CATTOD.2014.11.013



Table S.4: Putative identification of main phenolics (Amax 360nm, 320nm, 280nm), in 1F wine lees and Porto wine lees extracts. Wine lees

extracts where each compound appeared, M-H" values (m/z), putative identification.

, . Ribera del
I_?etentl(_)n Mas_sas [M- Putative identification Mass (g/mol) Phenolic subclass Duero wine Eorto
time (min) H] (m/z) (Amax) lees wine lees
31.82 479 (317) Myricetin-3-O-glucoside 480.38 Flavonol (360nm) v X
33.77 463 (301) Quercetin-3-O-glucoside 464.37 Flavonol (360nm) v X
36.46 507 (345) Syringetin-3-O-glucoside 508.43 Flavonol (360nm) v v
38.05 317 Myricetin 318.24 Flavonol (360nm) v v
42.03 301 Quercetin 302.24 Flavonol (360nm) v v
45.78 285 Kaempferol 286.23 Flavonol (360nm) v X
46.42 315 Rhamnetin 316.26 Flavonol (360nm) X v
311 . Hydroxycinnamic
26.60 (179,149) Caftaric acid 312.23 acid (320nm) v v
865/577/289; Procyanidin , Flavanols; Catechin;
29.61 295 trimer/dimer/catechin/epicatechin; 866'77/52286'5223/290'26’ Hydroxycinnamic v Coumaric
(163,149) Coutaric acid ' acid (320nm) acid
21.20 169 Gallic acid 170.12 Hydroxybenzoic v v

acid (280nm)



