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Abstract

Phenolic compounds extracted from the solid paftthe grapes during maceration-
fermentation stage define many of the sensorybates of red wine such as colour,

bitterness or astringency.

The effect of moderate a PEF treatment (M-PEF)M&tk*, 8.8 kJ.kg") and an intense
PEF treatment (I-PEF) (5 kV.c52.9 kJ.kd) on the reduction of maceration time

during vinification ofCaladocandGrenachegrapes was investigated.

In both grape varieties, M-PEF treatment combin&tl & days of maceration was the
most effective treatment in achieving high anthooyaontent, color intensity and total

phenol index at the end of fermentation. The I-REEBtment promoted a rapid release
of anthocyanins and phenolic compounds, along \waitfast increment in the color

intensity of the must after 24 h of macerationhaligh color intensity and anthocyanin
content decreased significantly throughout ferntemtawhen grape pomace was
removed after 24 h, these parameters were simfi@r, 3 months of bottling, in the case
of Caladocand slightly lower inGrenachethan the control wine, for which maceration

was extended for 10 days.

Therefore, results obtained in this investigation the first to demonstrate the potential

of I-PEF for the reduction of maceration time tolurs in red winemaking.

Keywords: Red wine; polyphenol compound; high intensity PERceration
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1. Introduction
Over the last decades, considerable research flave been devoted to the
development of non-thermal processing technologiésang, Barbosa-Canovas, &

Balasubramaniam, 2011).

These technologies permit improving different wperations in the food industry such

as extraction providing more sustainable and eiendity processes.
(Chemat et al. 2017).

PEF technology is regarded as a promising altermdt thermal processing with the
purpose of improving microbial inactivation (Wang al. 2018), mass transfer
(Puértolas, Luengo, Alvarez, & Raso, 2012), andcstire modification (Oey, Faridnia,
Leong, Burritt, & Liu, 2017). The treatment genesata high intensity electric field
between two electrodes by applying pulses of highage and short duration. The
effects of PEF on foods are attributed to a presusteictural rearrangement of the cell
membranes called electroporation, which consistthénformation of local defects or
pores (Kotnik, Rems, Tarek, & Mikl&wk, 2019). The electroporation of grape skin
cells with the purpose of improving the extractmhphenolic compounds during the
maceration-fermentation step in red winemakingns of the most widely investigated
applications of PEF in recent years (Ricci, Parpon& Versari, 2018). Maceration is
one of the most critical stages in red winemakiriguring maceration, phenolic
compounds that define many of the sensory attribatiered wine such as colour,
bitterness or astringency are transferred from skims and seeds into the must
(Bautista-Ortin, Busse-Valverde, LoOpez-Roca, Gilddn, & Gbomez-Plaza, 2014;
Busse-Valverde et al.,, 2010). Obtaining a wine wahough polyphenol content

required that the solid parts of the grapes renraicontact with the fermenting must
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between 7-10 days. In order to increase its preolicapacity, wineries are interested

in shortening the maceration time without affectivige quality.

Different studies conducted in the laboratory, &igb at pilot plant and semi-industrial
scale, have demonstrated that PEF treatments dew alinemakers to reduce
maceration time and/or obtain a wine with a greataount of phenolic compounds
(Puértolas, Lopez, Condén, Alvarez, & Raso, 20)view of such effects, PEF could
become an alternative to techniques such as themrfication or flash release,
currently used in wineries to improve polyphenotragtion based on the heating of
grapes. Whereas thermovinification consists inihgagrapes at temperatures between
70 and 75° C for a period ranging from 30 min toh®dirs (Sacchi, Bisson, & Adams,
2005), the process known as “flash release” cangista rapid heating of grapes (85-
95° C) with direct steam injection, after which gga are exposed to a vacuum that
induces instant vaporization of the water they ammntthereby cooling them and
weakening their skin cell envelopes (Moutounet Bsdudier 2000). After application
of these techniques, solid parts of the grapesesmeved after few hours of maceration
and fermentation is conducted in liquid phase. Dkeefits of fermenting in liquid
phase include a better use of the effective volofmibe tanks, an improved control of
fermentation temperature, and savings in labor el§ & in the energy consumption
required to periodically pump the wine over thenskiass that rises to the top of the

fermentation tanks.

Although it has been demonstrated that electromorabf grape skins by PEF
significantly improves the extraction of polyphemslch as anthocyanins and tannins, a
certain maceration time is required to obtain wingh a sufficient amount of these

compounds (Lépez et al. 2009). Typical maceratiores reported by different authors
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for wines obtained with grapes treated by PEF rang® 3 to 6 days (Maza et al.

2019).

In the present study, intense PEF treatments mst@f specific energy were applied to
electroporate grape skins of two grape varietieslg@c and Grenache) in order to

evaluate whether the maceration step could thdvsebeduced to just a few hours.

2. Material and methods

2.1. Grape samples

Seven hundred kilograms @aladoc (21.1°Brix, titratable acidity: 6.1 gl.tartaric
acid) andGrenache(26.9° Brix, titratable acidity: 4.8 gl tartaric acid) red grapes
(Fuendejalon, Spain) were manually harvested ir826tarvesting was carried out in
the first week of September f@aladoc grapes and in the first week of October for
Grenachegrapes. Prior to the PEF treatments, electricadaotivity was measured
with a FYA641LFP1 conductivity probe (Ahlaborn, Ekirchen, Germany) connected

to an Almemo 2590 data logger (Ahlaborn, Holzkirch&ermany).

2.2. PEF equipment and processing

An EPULSUS PM1-10 PEF-generator (Energy Pulse Systems LDg#bdr, Portugal)

was used. This apparatus, with an output voltagk anrent of 10 kV and 200 A,
respectively, generates monopolar square wavefantsep of 2 to 200 ps with a
frequency up to 200 Hz. The applied voltage wasswmes with a high voltage probe
(Tektronix, P6015A, Wilsonville, Oregon, USA) comted to an oscilloscope

(Tektronix, TBS 1102B-EDU, Wilsonville, Oregon, URA

The treatment chamber consisted of three staistess$ cylindrical electrodes, separated
by two methacrylate insulators based on a previesign by Toepfl et al. (2007).

Whereas the central electrode is connected toigtevoltage, the electrodes of the two
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extremes are grounded. Two cylindrical treatmenhezoof 2.0 cm between the
electrodes and an inner diameter of 2.0 cm wer@egfs a colinear configuration. The
electric field strength used to characterize th& BEatments corresponds to the field
strength in the middle position of the treatmenheZs central axis, which is almost
equivalent to the field strength calculated by dirng the applied voltage and the gap
between the electrodes (Toepfl et al. 2007). Méms fvas 140 kg.H, providing a
residence time of the medium in the treatment zoh&.32 s. Temperature was
measured before and after the PEF treatments byanefaa type K thermocouple
(Ahlborn, Holzkirchen, Germany) connected to an &no 2590 data logger (Ahlborn,
Holzkirchen, Germany). The characteristics of thpli@d PEF treatments and the outlet

temperature of the grape pomace are shown in Tlable

Total specific energy (Wed was calculated according to equations (1) andigit)g the
pulse numberry), the mass flow raten) and the energy delivered per pulse,(¥y that

was calculated from the applied voltay§®, the currentl) and pulse widthz].

w utise
Wipee = —24 (1)
Wpu|se: V I T (2)
2.3. Winemaking

The red grapes were weighed, crushed and destewitie@ Master E-10 destemmer
(Enomundi, Zaragoza, Spain). Then the crushed grajee pumped by a progressive
cavity pump (Rotor-MT, Bominox, Gerona, Spain) be tcolinear treatment chamber.
After PEF treatment, the crushed grapes was digéthinto fourteen stainless steel
tanks (eight forCaladoc and six for Grenachegrapes). Two additional batches of
untreated grapes were used as control for eacatyam each tank, ¥5,0s (10 mg.kg

HYand 15 g.ht of a commercial suspension of the yeSsiccharomyces cerevisiae
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(OenoFrance La Marquise E491, Epernay, France) wdded. All treatments were
fermented in duplicate at 22+1° C. Maceration tidepending on the intensity of the
applied PEF treatment were: 4 hours @aladocgrapes treated with the intense PEF
treatment (I-PEF), 24 hours f@aladocand Grenachegrapes treated with the I-PEF
treatment, 4 days foCaladoc and Grenache grapes treated with moderate PEF
treatment (M-PEF), and 10 days for untreafiadadoc and Grenachegrapes. During
the maceration- fermentation process, enologicahmpaters, temperature and must
density were monitored daily. Solid parts of theggs were punched down once a day
to maintain them in contact with the fermenting tmu$he concentration of residual
sugars at the end of fermentation (13 days) wasyawower than 3 gt After
fermentation, the wines were racked and stabilibedh period of one month at 2° C,
and finally racked again, bottled, and stored icoaditioned room kept at 18 = 1°C

until analyzed.

2.4. General wine analysis

During fermentation, all wines were analyzed actwydo the methods prescribed by
the OIV (Organization Internationale de la Vignedet Vin, 2009). At the end of
fermentation, alcohol content, total acidity, and were measured. The pH was

determined with a Crison Basic20 pH-meter (Crismstruments, SA, Barcelona).

2.4.1. Colorimetric index measurements

All samples were centrifuged in an Eppendorf AGtekmge for 15 min at 3000 rpm
(Eppendorf, Hamburg, Germany). The absorbance eitbsts was measured at 420,
520, and 620 nm by a Biochrom LibraS12 spectropheter (Biochrom Limited, UK)
with Hellm&® Analytics QS Quartz SUPRASTL300 Precision cells (light path 1 mm)
(Hellma Analytics, Mullheim, Germany). Color intetys(Cl) was calculated as the sum

of 420, 520, and 620 nm absorbance, and Hue waslatdd as the proportion of the
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absorbance measured at 420 nm and 520 nm accotdir@lories (1984). Total
polyphenol index (TPI) was determined by a direeiding of the absorbance at 280 nm
of diluted wine 1/100 (v.¥) with a Hellm& QS quartz SUPRASH_300 cuvette (light
path 10 mm) (Hellma Analytics, Mdullheim, GermanyJPl was calculated by
multiplying the absorbance measured at 280 nm LY. T@tal anthocyanins (AC)
expressed in milligrams per liter of malvidin-3-ghside were analyzed by determining
the absorbance at 520 nm of diluted wine 1/100fvwith 1 % (v.v') HCI (Ruiz-

Hernandez 2004).

2.4.2. Determination of condensed tannins

Condensed Tannins (TC) were determined according§armeckis et al. (2006). The
determination was carried out by precipitation wittethylcellulose. All values are
reported in mg.Lt of epicatechin equivalents according to a calibraturve obtained

from aqueous solutions of (-)-epicatechin (10, 3%, 75, 100, 150, and 200 m.lof

epicatechin).

2.4.3. High-Performance Liquid Chromatography (HPLC)

Anthocyanins were analyzed under the chromatogcamoinditions described by
Puértolas, Saldafia, et al. (2010). An HPLC VarianSRar high-performance liquid
chromatograph (Varian Inc., Walnut Creek, CA) eqgegb with a ProStar 240 ternary
pump, a ProStar 410 autosampler, and a ProStapB8®diode array detector were
used. Separation was achieved on a reverse-pheserc@LC Lun& 100 A C18 250 x
4.6 mm; 5um particle size, Phenomenex) with a pre-columrnefs¢ame material (LC
Luna® 50 x 4.6 mm; qum particle size, Phenomenex). Chromatograms ang2ere
recorded. The analyzed phenolic compounds werdifigehaccording to the retention

time and the UV-vis spectra of pure standards, acwbrding to the UV-vis spectral
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characteristics published in the literature (Puast@t al. 2011). The concentrations of

all studied compounds were expressed in mg.L

2.5. Statistical analysis

The data presented in tables and figures represean values + 95% confidence level.
Analysis of variance (ANOVA) was carried out usinfpStat statistical software in the
2018 version. The graphics were carried out usingp@Pad PRISM (GraphPad

Software, Inc., San Diego, CA).

3. Results

3.1. Effect of PEF treatments of different intensities on the extraction kinetics of
color intensity, anthocyanins, and total phenolic compounds after different

macer ation times

The evolution of color intensity, anthocyanin cartfeand total phenolic compounds
during the maceration-fermentation stageCafladocgrapes treated by I-PEF after 4
and 24 hours of maceration are shown in Figure e €volution of the same
oenological indexes during maceration-fermentatbruntreated and M-PEF treated
Caladocgrapes after 10 and 4 days of maceration, resgdgtiis also shown in Figure
1 for comparison. Considerable differences wereendesl between vinifications
conducted with PEF-electroporated grapes and witheated grapes from the earliest
moments of the maceration-fermentation stage onwené I-PEF treatment led to a
rapid release of anthocyanins and phenolic compguaddng with a rapid increment in
the color intensity of the must from the onseths tnaceration-fermentation step. After
4 hours of maceration, the color intensity, antlamiy content, and total phenolic index
of the must containing grapes treated with I-PEFewauch higher than those of the
fermenting must containing M-PEF-treat€dladocgrapes and control grapes, and the

same difference could still be observed even &fehours of maceration. However, a
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pronounced decrease in anthocyanin content and icémsity was observed when the
grape skins were removed after 4 hours of macerafibthe end of fermentation, as a
consequence of that tendency, wines obtained witipes treated by I-PEF with a

maceration of only 4 hours had the lowest valudHerthree indexes analyzed. Figure 1
also shows that color intensity, anthocyanins, tal phenolic index increased when
maceration time for the grapes treated by I-PEF exdsnded to 24 h. Although these
two indexes also declined after removing the gnapeace, the wine obtained at the
end of fermentation had higher anthocyanin congéent a similar color intensity and

total phenol index to that of the control wine irhigh grape pomace remained in

contact with fermenting must for 10 days.

Wine obtained with M-PEF-treated grapes after 4sdafymaceration was the one with
the highest anthocyanin content, color intensityd #otal phenolic index at the end of
fermentation. Although the values of anthocyanimtent and color intensity of the

fermenting must containing the grapes treated bi?BF after 4 days of maceration
were similar to those of the fermenting must camitay Caladoc grapes treated by I-

PEF after 24 hours of maceration, the decline th@yanin content and color intensity
after the removal of grape pomace was less promalinkhe stabilization of these two
indexes was probably related to the presence agfeehconcentration of tannins in the
wine after 4 days of maceration. It is well knownatt tannins are required to stabilize
unstable anthocyanin, and that the presence ohetl@necessary for the extraction of
tannins in the seeds (Busse-Valverde et al. 201€&n&hdez-Jiménez, Kennedy,
Bautista-Ortin, & Gémez-Plaza, 2012). Since ethamoitent in the first 24 hours of
maceration-fermentation is too low, no presencetaninins in the seeds of wines

obtained from such short maceration is expected.

10



239  The evolution of Cl, AC and TPI during the maceratfermentation stage @renache
240 grapes treated by I-PEF after 24 hours of macerasicompared with the evolution of
241 the same oenological indexes during macerationdatation of untreated and M-
242 PEF-treatedGrenache grapes after 10 and 4 days of maceration in Figre
243 respectively. Since a considerably pronounced weclin color intensity and
244  anthocyanin content i@aladocwas observed when the maceration time of the grape
245 treated by I-PEF was reduced to 4 hours, this coation was not evaluated when the
246  study was conducted darenachegrapes. Similarly to the case Galadocgrapes, the
247  application of an I-PEF treatment prior to vinificen caused a rapid increment of the
248 three indexes in the first 24 hours of maceratiemaentation. Anthocyanin content and
249  color intensity obtained after only 24 hours of eration were similar to the indexes
250 obtained in control wine after 10 days of maceratiblowever, as in the case of
251 Caladog the significant decrease observed in AC and @rahe removal of grape
252  skins entailed that those indexes were lower atetiek of fermentation than those of
253 control wine. Although the TPI did not decreasensigantly in the wine obtained with
254  grapes treated with I-PEF after 24 hours of mamerathe value of that index in the
255 wine after fermentation was lower than in contrahey due to the fact that polyphenol
256  extraction was more elevated when maceration tinas extended. In the case of
257  Grenache the low concentration of ethanol could also hheen the reason for the
258 lower total polyphenol index and the observed desmein Cl and AC when grape

259 pomace was removed after 24 hours of maceration.

260 As in the case dfaladog the moderate PEF treatment combined with 4 dagsmiact
261 of grape skins with the fermenting must was the tnedfective treatment in terms of

262 AC, CI, and TPI at the end of fermentation.

11
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3.2. Effect of PEF treatments of different intensities on oenological parameters of

wine.

Table 2 compares the oenological parameters ofailneCaladocwines and the three
Grenachewines after 3 months of bottling. As previouslpaeted by other authors, pH,
alcoholic content, and total acidity of the winddgained with grapes treated by PEF did
not significantly differ from control wines even those obtained with the most intense
PEF treatments (Garde-Cerdan et al. 2013). The icatidn most effective in
obtainingCaladocwine with the highest CI, AC, and TPI consistedha application of

a moderate electric field prior to vinification Wit4d days of maceration. The wine
obtained with this approach displayed AC, ClI, afd Falues that were 25, 81, and 26
% higher, respectively, than control wine with 1&8ysl of maceration. Similar results
have been reported in studies conducted with otirape varieties, which have
demonstrated the benefit of the application of aF PEeatment for increasing
polyphenol content or reducing maceration time @opt al. 2008; Maza et al. 2019;
Puértolas, Saldafa, et al. 2010). The lower TPl AGdvalues obtained in the wines
with only 4 hours of maceration significantly inased when maceration was extended
to 24 hours. After prolonging the maceration tinieghe grapes treated by I-PEF for 24
hours, the obtained wine was not significantly efiéint from control wine in terms of
AC, TPI, and TC, whereby CI was slightly higher. éthanol concentration after 24
hours of maceration is very low, tannins of theewvbtained after that short maceration

period should proceed from the grape skins ratioen feeds (Zamora 2003).

Similarly to Caladog the wine obtained witlsrenachegrapes treated with M-PEF after
4 days of maceration displayed the highest inddwegadepending on polyphenol
extraction. TPI, TC, and CI values of this wine geaignificantly higher compared to

those of the other two wines. The wine obtainechVIAPEF-treated grapes and short

12
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maceration (24 h) contained values that were lothan control for the 4 indexes
associated with polyphenol extraction. However, wiee obtained with PEF-treated

grapes displayed TPl and AC indexes similar to rabifless than 10% lower).

The application of M-PEF treatments of differenteimsity toCaladoc and Grenache
grapes prior to vinification did not significantiffect the %Ye, %Rd, and %BI of the
obtained wines. No statistically significant di#eces were found in these values for
wines after three months of aging. Therefore, aighothe PEF treatments improved the
extraction of those components of grapes respandidnt the color of wine, the
proportion in which these compounds were extraatasl similar to that of the untreated
grapes. In all cases, the values obtained in tbdydor the %Ye, %Rd, and %BIl were

within a range considered as optimal (Glories 1984)

3.3. Effect of PEF treatments of different intensities on anthocyanin composition
Individual anthocyanins of the obtained wines widantified and quantified. It is well
known that anthocyanins extracted from the skinsreaf grapes are the principal

components responsible for the red wine color ngpwines.

Table 3 compares the anthocyanin conten€Caladoc and Grenachewines obtained
from I-PEF treated grapes and short maceration {(dn@nd 24 hours) with the wines
obtained from M-PEF treated grapes and longer ratioertime (4 days), as well as
with untreated grapes (10 days maceration). Onrgenerms, similar anthocyanin
profiles were observed for all wines obtained vadth grape variety. Therefore, even
when maceration time was reduced to 24 hours an &8s, an M-PEF treatment did

not produce a selective effect on any anthocyanmpound.

Table 3 shows that monoglucoside derivates of anthocyan{hacylated)

predominated in all cases. Unacylated anthocyaeimesented 70-80% and 85-95% of

13
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total anthocyanins fo€aladocandGrenachewines, respectively. These differences in
the proportion of unacylated anthocyanins may béated to the grape variety, as has
been ascertained by other authors (Puértolas,.e204l1l). In the wines from two

varieties obtained with different procedures, ndihi3-glucoside was the most
dominant monomeric anthocyanin; nevertheless, gt amounts of petudin-3-

glucoside and delphinidin-3-glucoside were likewfsand. Similar results have also
been reported for wines obtained from other grageeties. Regarding acylated and
coumarylated compounds, conjugates of malvidin wleeeones most detected in all the
wines. These results agree with those reported thweroauthors concerning the
composition of anthocyanin derivates in red wineadl@, Fernandez, Ferreira, &

Castells, 1992; Puértolas et al. 2011)

4. Discussion

Polyphenol extraction during the maceration-ferragah step is a diffusion process in
which the diffusion rate and extraction yield amhbhighly dependent on the integrity
of grape skins’ cytoplasmic membrane (Cerpa-Caliendd Kennedy 2008; Pinelo et
al. 2006). Several investigations have demonstrdted the application of PEF

treatments of very low energy (<10 kJ¥gto grapes prior to the maceration-
fermentation step can accelerate the extractiopodyphenols (Delsart et al. 2014;

Lépez et al. 2008; Lopez-Giral et al. 2015). Hoem\several days of maceration are
required to obtain a sufficient amount of phenabenpounds in the final wine (Luengo

et al. 2012; Puértolas et al. 2010).

This research investigated the potential of ingrepthe total specific energy delivered
by PEF to the grapes for obtaining red wine wit feours of maceration for the first
time. The rapid increment observed in the indekas depend on polyphenol extraction

may be attributed to an increment in the numbefargize of the pores created in the

14
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cytoplasmic membrane of the grape skin cells, ocotld be associated with the
increment in the number of electroporated cellggiape skin tissues (Weaver and
Chizmadzhev 1996; Saulis. 2010). As compared withagallel electrode treatment
chamber configuration, the colinear configuratiaed in this investigation has lower
energetic requirements, thanks to its greater teatance. However, inhomogeneity in
the distribution of the electric field in this caogiiration could entail that a proportion of
cells of the grape skins may have been unaffecteshsufficiently affected by the
electric field when treatments of low specific epyewere applied (Huang, Yu, Gai, &
Wang, 2013; van de Bosh 2007). An increment in ifipeenergy delivered to the
treatment chamber by increasing the number of gpdied pulses could increase the
proportion of cells affected by the critical electfield required for electroporation.
This effect would be reflected in an incrementha amount of polyphenols released to

the must within a shorter time period.

The intense PEF treatment applied here was esjyeeidéctive in increasing color
intensity in the first moments of maceration asssmuence of the fast releasing of
anthocyanins that are responsible in the initiébicof red wine (Setford, Jeffery, Grbin,
& Muhlack, 2019). However, similarly to the datapoeted on evolution in wines
obtained with thermovinification or flash expansitathniques with or without very
short maceration periods wines obtained with ggapeated by PEF and short
macerations exhibited a considerable decreasetlmeyanin concentration when grape
pomace was removed from the fermenting must (Gamrd; Mazza, & Reynolds,

1997).

Generally, a decrease in anthocyanin content duhadirst days of maceration is not

observed. Then their concentration decreases whenate of various reactions that

15
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undergoing anthocyanins (oxidation, copigmentatemgorption by yeast) exceeds the

extraction rate.

(Hermosin-Gutiérrez, Sdnchez-Palomo Lorenzo, &resa Vicario, 2005; Morata et
al., 2003; Setford, Jeffery, Grbin, & Muhlack, 205henoy, 1993; Wesche-Ebeling &
Montgomery, 1990).

One of the drawbacks associated with oenologicdinigues aiming to eliminate or
reduce maceration time is that the wines thereltgioéd have poor color stability due
to their low tannin content, since the extractidriamnins from the berry seed requires
the presence of ethanol (Alcalde-Eon et al. 20Thgse molecules not only contribute
to astringency and mouthfeel, but they also paita in condensation reactions with
anthocyanins that ensure a stabilization of winlercafter bottling. It is remarkable to
note that the I-PEF treatment applied in this itigasion also encouraged the extraction
of tannins, even when the maceration period wasested to 24 hours. Those tannins,
therefore, helped maintain the color intensityGQdladoc and Grenachewines after
three months of aging in bottle, and helped enthaiethe CI values remained within
the range of those reported for other young winesined with longer maceration

periods.

5. Conclusions

In this investigation, the potential of the applioa of PEF for obtaining red wine with
a maceration time of only 24 hours has been demaigstfor the first time. Although
color intensity and anthocyanin content decreaggufieantly throughout fermentation
when grape pomace was removed, oenological paresnaitehe wines after 3 months
of bottling were similar and slightly lower thanrtml wine in the case daladocand

Grenachewines, respectively.
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Therefore, PEF could become an alternative to ntitechniques used in wineries to
improve polyphenolic extraction and, as a consecglerio eliminate or reduce
maceration time associated with the heating of egaPEF could solve several
problems associated with thermal methods sucheofis of varietal aromas through
temperature increment, the consumption of high tjues of energy, and space

requirements.
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Figure 1. Evolution of color intensity (A), total anthoayia content (B), and total
polyphenol index (C) along maceration-fermentatiérCaladocgrapes: €) untreated
grapes after 240 hours of maceration) Qrapes treated by a moderate PEF treatment
(M-PEF) (5 kV.cnmt', 88 kJ.kg") after 96 hours of maceration and grapes trelayesh
intense PEF treatment (I-PEF) (5 kVim52.9 kJ.kg) after @) 24 hours of

maceration ande() 4 hours of maceration.

Figure 2. Evolution of color intensity (A), total anthocyancontent (B), and total
polyphenol content (C), along maceration-fermeatatiof Grenache grapes: §)
untreated grapes after 240 hours of macerat®n,grapes treated by a moderate PEF
treatment (M-PEF) (5 kV.cth 88 kJ.kg") after @) grapes treated by an intense PEF

treatment (I-PEF) (5 kV.cth 52.9 kJ.kd) after 24 hours of maceration.
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Table 1: PEF treatments applied to the grape mash

Electric Temp after Specific
Treatment Va(lin/a)ge field treatment Numu:)SeerSof WigtLIl]IS(e s) 'I't|ifre;aetn(1esr;t energy
(KV.cm™) oC P H H (kJ.kg?)
I-PEF 10.00 5.00 37.2+0.6 46.00 40.00 1840.00 52.90
M-PEF 10.00 5.00 22.1+0.5 8.00 40.00 320.00 8.80

Moderate PEF (M-PEF)
Intense PEF (I-PEF)
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Table 2 Oenological parameters GaladocandGrenachewines after three months of bottling.

Caladoc Grenache
Control I-PEF I-PEF M-PEF Control I-PEF M-PEF
(4 hours) (24 hours) (4 days) (24 hours) (4 days)
pH 3.36 +0.02a 3.34+0.0la 3.37£0.04a 3.37 £ 0.05a 3.28 £ 0.02ab 3.26 +0.02a 3.29+0.01b
Alcohol 12.00 + 0.14a 12.05+0.07a  12.05+0.21a 11.95 +0.07a 16.75 + 0.07a 16.65 + 0.21a 16.6 £ 0.28a
Total acidity (g.L™) 5.91 +0.07a 5.82 +0.03a 5.84 + 0.06a 5.80 + 0.14a 4.37+0.22a 4.32+0.14a 4.21+0.14a
IC (A.U.) 12.66 + 0.44a 11.97 +0.66a 14.98 +0.71b 2290170 15.77 £ 0.52b 12.36 + 0.85a 18.57 £ 0.74c
AC (mg.L™H)” 766.26 +35.37a  746.61 +26.83a 799.26 +35.30a  954.38 + 23.46b 837.25 + 15.49b 749.00 + 11.03a 883.74 + 14.67c
Hue (420/520) 0.38 +0.02a 0.37+0.01a 0.37 £0.01a 0.36 +0.01a 0.49 +0.0la 0.59 +0.05b 0.48 +0.01a
TPI (A.U.) 38.90 £0.28¢c 30.00 + 0.85a 34.75£1.77b 49.2018d 51.55 + 1.34b 47.40 £ 1.41a 58.85 + 0.49c
TC (mg.L ™™ 1077.88 £27.53b  545.14 +170.21a  831.86 + 25.0311472.57 + 80.09¢c 1649.56 + 240.29ab 1207.08 +100.12a  2015.93 +52.57b
(%Y)= (A 42/Cl x 100) 24.19 +1.29a 24.76 £ 0.46a 24.82 £ 0.56a 243820 29.66 £ 0.12a 32.99 £ 1.43b 29.27 £0.13a
(%R) = (As2d/Cl x 100) 64.69 + 0.45a 67.33+1.20ab  67.46 + 1.34ab 67.001b 60.27 + 0.08a 55.87 + 2.64a 60.47 £0.12a
(%B) = (Ag2/Cl x 100) 11.13 +0.84b 7.92+0.74a 7.73+0.79a  7.74+0.59a 10.07 + 0.20a 11.14 +1.21a 10.26 + 0.01a

M-PEF (Moderate PEF): 5 kV.cm8.8 kJ.kg.

I-PEF (Intense-PEF): 5 kV.cm52.9 kJ.kg

Values represent means with their standard dewigtie?2)

Different letters within the same line and grapgets indicate significant differencep<0.05).

TPI: total polyphenol index; ClI: color intensityCAtotal anthocyanin content; TC: tannins condengede, %Rd, %Bl
colors respectively; A.U: absorbance units.

@ Expressed as tartaric acid

® Expressed as malvidin-3-glucoside.

¢ Expressed as epicatechin.

: percentages of yellow, red, angebl
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Table 3 Individual anthocyanin content (mg‘).of CaladocandGrenachewines after three months of bottling.

Caladoc Grenache
Control I-PEF I-PEF M-PEF Control I-PEF M-PEF
(4 hours) (24 hours) (4 days) (24 hours) (4 days)
Delphinidin-3G 28.22+1.41 ab 19.53+1.73a 34.28+8.42Db 52.3B3c 37.76 £0.95b 27.00+4.29 a 48.00882.
Cyanidin-3G 393+525a 1.45+0.27 a 3.63+263a 6.31282 587+4091a 1.45+0.66 a 745+0.70 a
Petunidin-3G 47.01 £16.57 ab 37.33+60 ab 20.92+15.25a H¥B28b 47.26 +7.86 ab 37.49+£5.78a 60.0044 b
Peonidin-3G 10.84+152a 781+0.21a 11.22+288a 18.193 b 41.16+0.30 b 2496+0.70 a 49.11 + £.87
Malvidin-3G 501.19+14.16 b 387.47+8.65a 489.00+25.34b 82.66+7.30C 547.36 +3.39b 436.66 +32.85a 3.@D+3.95b
Delphinidin-3G-Ac 3.94+164ab 259+0.16 a 4.30 £0.59 ab 6.088 b 550+1.41ab 400+0.71 a 7.30+0.71b
Cyanidin-3G-Ac 4.25+2.07a 148+1.33a 445+0.73 a 3.88+0.65a 1.75/8@ 235+0.71a 2.60x0.57a
Petunidin-3G-Ac 7.28+1.96 a 573+09 a 6.11+0.72a 8.26+0.29 a 4.9%4 @b 0.87+£0.56 a 6.70+2.40b
Malvidin-3G-Ac + peonidin-3G-Ac 54.11+598 a 54.20+5.89a 72.04+3.17b 74.842 b 11.97+1.19b 1.71+0.18 a 11.75 + h47
Delphinidin-3G-Cm 6.64+7.15a 1.86+0.52 a 143+0.44 a 2.713¢ @ 3.15+0.07 a 1.83+0.01a 3.80x0.99 a
Cyanidin-3G-Cm 199+143a 1.05+0.21a 1.96+0.48 a 0.27183 @ 0.41+0.01b nd 1.75+035¢c
Petunidin-3G-Cm 11.83+0.70b 3.65+0.04 a 522+346a 8.5%F @b 545+1.34b 0.32+0.16 a 555+0.07b
Peonidin-3G-Cm 7.05 £ 0.65 bc 1.89+0.37a 489+1.68b 8.2912t 6.36 £0.34b 0.39+0.09 a 795%+021c
Malvidin-3G-Cm 24.13 £0.66 ab 16.22+50 a 24.98 £0.66 b 33.3518 c 9.98+1.36a 7.80+0.48a 1520+1.16b
Unacylated 591.17 +10.58 b 45357 +4.31a 559.03+24.03b 17.8+2.82c 679.4+8.12b 527.55+22.83 a B85&5.62cC
Acetylated 69.57+0.31a 63.99+535a 86.9+£3.74b 92.6257 b 24.17+£0.08 b 8.93+0.74a 28.35 + 474
Coumarylated 51.63+7.73 bc 24.66 +4.37 a 38.47 £1.07 ab 8335.22¢c 25.35+3.13b 941+185a 34.2533@
Total anthocyanins 727.09 +£25.25 549.98 +2.33 801.47 +22.89 1109.26 +58.76 759.35 +14.31 549.3+25.22 897.93 +36.44

M-PEF(Moderate PEF): 5 kV.cmn8.8 kJ kg

I-PEF (Intense-PEF): 5 kV.cm52.9 kJ.kg

Values represent means with their standard devidtio?)
Different letters within the same line and grapgets indicate significant differencep<(0.05)
Anthocyanins: mean+SD, grlias malvidin-3-O-glucoside
nd: not detected. G: glucoside, Ac: acetylated, Goomarylated
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