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Abstract

The actual wine global market presents the risk of standardization of the wines and
the losses of wine grape peculiarities. To combat this fact, autochthonous wine grapes
are extremely interesting to use for winemaking. The use of the pre-fermentative
maceration technique in autochthonous grape varieties could be an alternative of in-
creasing their complexity. The aim of the present work was to compare the effect of
five different pre-fermentative maceration treatments on the colour, phenolic and
volatile composition of Prieto Picudo (PP) autochthonous red wines. The evolution
during 12 months of the different wines was also studied for one vintage. Enzymatic,
refrigerate and cryo-maceration treatments were applied to PP autochthonous grape
varieties. The study was carried out during two consecutive vintages. Results showed
that enzymatic maceration was the most effective treatment to improve levels of
phenols, colour intensity and volatile compounds. Cold maceration showed also
good effects. However, it was not able to improve the extractive effects of enzymatic
macerations. Generally, wines obtained with pre-fermentative maceration techniques
showed better colour and volatile stability than control wines.
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1. Introduction

The grape-wine viticultural heritage was drastically reduced during the last century,
and many autochthonous varieties were lost. During the last two or three decades, the
global market favoured the diffusion of a reduced number of grape varieties all over the
world with the high risk of standardisation and losses of peculiarities of the wines. To
combat this risk, autochthonous varieties become more important, and oenologist and
wine experts try to recover certain varieties with demonstrable oenological potential [1]
[2] [3]. Prieto Picudo (PP) is an autochthonous Spanish red grape ( Vitis vinifera) with
an intense dark colour, which is mainly cultivated in the North-West of Spain, and it is
the main grape variety used to make the wines under the registered Denomination of
Origen (DO) of “Tierra de Leon”. Red wines from this variety are considered to have
similar characteristics to Tempranillo with deep colour and marked aroma and have
been poorly studied until recently. San-Juan et al [4] analysed some uncommon thiols
in PP red wines, while other authors have published some recently data on PP rosé
wines [5] and sparkling wines [6] [7].

It is well known that volatile and phenolic compounds contribute strongly to the
quality of red wines and the composition of the wine for these compounds is affected by
different factors. Their levels in wine depend on the grape composition, the pre-fer-
mentative and fermentative techniques but also on the storage conditions. Due to the
fact that phenolic compounds and aroma precursors are mainly located in the solid
parts of the grapes [8], all strategies that can increase their extraction are potentially
useful to increase the quality of wines.

The enzymatic maceration has been demonstrated to be one of these strategies, and
nowadays is the oenological maceration technique most widely applied to make rosé
and red wines. There are a large number of commercial products, which usually con-
tain pectinase, cellulase and hemicellulase activities that degrade the cellular-walls im-
proving the extractability of phenols and aroma precursors [9] [10]. These products
have been extensively used to increase the extraction of phenols, especially of antho-
cyanins [11] [12] [13]. Wines with intense and stable colour, as well as with a pleasant
structure and mouthfeel have been obtained by applying extractive enzymes [14] [15]
[16]. However, other authors did not note these positive effects [17] [18]. The discrep-
ancies among published results are related to the variability among grape varieties, as
well as to the degree of ripeness of the grapes and the structure of the grape skin [19].
The degradation of cellular walls by extractive enzymes also favours the extraction of
aromatic compounds and certain aroma precursors [20] [21] [22]. Moreover, some au-
thors have detected glycosidase activity in some commercial products [20], which fa-
vours the breakdown of aromatic precursors (without any smell) and intensifies the
aromatic content of wines. This fact is beneficial to white wines [23], but not to red and
rosé ones, due to the degradation of pigments induced by the glycosidase activity [24].

From the late 90’s, and especially from the beginning of this century, cold pre-fer-
mentative maceration has also been used to assist with both the extraction of aroma

precursors and that of phenolic compounds. Wines with greater colour and body as
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well as with a more complex aromatic profile, have been obtained applying this meth-
odology; [20] [25] [26] [27] [28]. The pre-fermentative cold maceration is when one
maintains the crushed grapes at low temperatures (below 4°C or 8°C) for variable pe-
riods. During this time, the maceration of the solids takes place with the must, assisting
the preferential extraction of hydrosoluble compounds of the grape such as antho-
cyanins, free aromas, various aromatic precursors, polysaccharides and glycosylated
phenols. The desired temperature of the grapes can be achieved by storing them in a
cool room, using heat exchangers, or by using cryogenic agents such as dry ice. The
former two systems are used for the so called refrigerated maceration, while the mac-
eration with cryogenic agents is called cryo-maceration. Dry ice is the most widely used
cryogenic agent because it combines various effects: blocking the start of fermentation
by lowering temperatures, the partial freezing of grapes which produces the breakdown
of vegetal tissues and a cellular disorganization of skin and pulp improving the extrac-
tion of compounds of interest; and displacement of oxygen with the consequent protec-
tive effect against the oxidative degradations [25] [29] [30]. In addition, the effect of
cold produces a thermal shock that inhibits the action of various oxidative enzymes
[31]. This fact, together with the anaerobic ambient avoid enzymatic degradation of
pigments and volatile compounds. Pre-fermentative cold maceration has been applied
successfully in the vinification of red grapes with low levels of polyphenols and antho-
cyanins, such as Pinot Noir [27], but also in the vinification of grapes with a high phe-
nolic content, such as Sangiovese [29].

The present work shows a comparative study of various pre-fermentative maceration
techniques—enzymatic maceration, refrigerated maceration and cryo-maceration using
dry-ice pellets—as opposed to traditional vinification. The study was focused on the ef-
fects of pre-fermentative maceration techniques on phenolic, colour, antioxidant ca-
pacity and volatile composition of red wines made with Prieto Picudo Vitis vinifera
grapes. This study was carried out during two consecutive vintages, and additional

measurements were taken to test the storage effect over the last year of the study.

2. Materials and Methods
2.1. Reagents and Standards

Gallic acid, catechin, caffeic acid, quercetin, 2,2’-azinobis 3-ethylbenzothiazoline-6-
sulfonic acid (ABTS), 6-hydroxyl-2, 5, 7, 8-tetramethyl-2-carboxylic acid (TROLOX),
2,4,6-Tris (2-pyridyl)-S-triazine) (TPTZ), 2-deoxy-D-ribose, dichloromethane (HPLC
grade) were used from Sigma-Aldrich Co (Quimica S.A, Madrid, Spain).

Chemical standards used for gas chromatography quantitative analysis were pur-
chased from different companies: isobutyl alcohol, isoamyl acetate, ethyl hexanoate,
hexyl acetate, 3-methyl-1-pentanol, 1-hexanol, ethyl 3-hydroxy butanoate, diethyl-2-
hydroxy-glutarate, S-phenylethyl acetate, diethyl succinate, isoamyl lactate, phenylethyl
lactate, isovaleric acid, hexanoic acid, octanoic acid, decanoic acid and dodecanoic acid
from Fluka (Quimica S.A, Madrid, Spain); 2,3-butanediol, 1-octanol, benzyl alcohol,
2-phenylethyl alcohol, trans-3-hexen-1-ol, methionol, ethyl butanoate, ethyl lactate,
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ethyl octanoate, ethyl decanoate, ethyl dodecanoate, a-terpineol, S-citronellol, linalool,
geraniol, nerol, y-nonalactone and 4-ethoxycarbonyl-y-butyrolactone from Aldrich
(Quimica S.A, Madrid, Spain); isoamyl alcohol, cis-3-hexen-1-ol, benzaldehyde, and
y-butyrolactone from Sigma (Quimica S.A, Madrid, Spain).

Hydrogen, Nitrogen, Helium and Air gases were provided by CarburosMetalicos
(Barcelona, Spain).

Potassium persulfate, ferric (III) chloride acid, hydrogen peroxide, L-ascorbic acid
and trichloroacetic acid (TCA) were obtained from Panreac (Barcelona, Spain). Thio-
barbituric acid (TBA) and formic acid was purchased from Merck (Darmastadt, Ger-
many). TRIS and EDTA tetrasodium salt, from Amresco (Ohio, USA). Methanol from
Lab-Scan (Dublin, Ireland). Malvidin-3-glucoside from Extrasynthése (Lyon, France).

2.2. Samples

The different wines were obtained in the experimental pilot plant of the Department of
Food Technology (University of Burgos, Spain). Healthy grapes of the Prieto Picudo
red variety were collected in a vineyard situated in the Protected Denomination of Ori-
gin “Tierra de Leon” area. The grapes were harvested in the same vineyard over two
consecutive vintages. They were harvested in the early morning and immediately
transported to Burgos, in 15 Kg plastic boxes. Each vintage, after reception, the grapes
were randomly divided into twelve groups of 35 Kg of grapes, two groups of 35 Kg
grapesfor each treatment under study.

Control wines (C): grapes were destemmed, slightly crushed and sulphited (40

mg/Kg SO,), and then placed in stainless steel tanks to carry out the alcoholic fermen-
tation, which was induced by commercial yeast, Saccharomyces cerevisiae (Excellence
spLamothe-Abiet, France) inoculated in the doses recommended by the supplier. Al-
coholic fermentation was carried out at 25°C - 28°C until residual sugar level was lower
than 3 g/L. After 12 days of maceration, wines were racked off to clean stainless steel
tanks, where were mixed with first pressure wines, and then lactic acid bacteria Oeno-
coccusoeni (Viniferm Agrovin, Spain) were inoculated to induce malolactic fermenta-
tion, which was carried out at 20°C + 2°C. Once the malolactic fermentation fin-
ished(malic acid < 0.03 g/L), wines were racked off once more to clean tanks, where
they were clarified by natural decanting favoured by low temperatures (<7°C). This
process was carried out in a cool room. Wines were bottled without any filtration proc-
ess. Some bottles were stored under controlled temperature (=12°C) for one year.
Wines were analysed by triplicate (tree bottles by batch).

Wines from maceration treatment were made in similar way to the control wines
with the exception of the pre-fermentative maceration steps.

Enzymatic macerationwines (E), 3 g/HL of pectolytic enzymes (Vinozym FCE, No-

vozymes, France) were added to the crushed grapes before the inoculation of yeast,
which was retarded around eight hours, to favour the enzymatic action before the be-
ginning of the alcoholic fermentation.

Refrigeration wines (R) were made from groups of grapes that had previously been
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refrigerated, in a cool room, until raised 5°C. Cold grapes were destemmed, slightly
crushed and sulphited, similarly to previous cases, and the crushed grapes were main-
tained at 5°C, in the cool room, for 3 or 7 days (R3 and R7) to carry out refrigerated
maceration. At the end of maceration time, crushed grapes were put into stainless steel
tanks; the temperature was increased until 20°C and then, yeasts were inoculated to
make alcoholic fermentation.

Cryo-maceration wines (CM) were made in a similar way to R wines, but the tem-

perature of 5°C of crushed grapes was achieved and maintained by adding 3 mm dry ice
pellets. Maceration times of 3 and 7 days (CM3 and CM?7) were also studied.

2.3. Analytical Methods

The main oenological parameters ofwines: pH, titratable and volatile acidity, reducing
sugars and alcohol degree, were analysed according to OIV methods [32].

Total polyphenol content (TP, expressed as mg/L of gallic acid), total anthocyanin
content (Acy, expressed as mg/L of malvidin-3-glucoside), and levels of total catechins
(Cat, expressed as mg/L of D-catechin) were evaluated by classical spectrophotometer
methodologies [33]. Furthermore, total flavonol contents (Flav, quantified as mg/L of
quercetin) and total tartaric ester levels (Tar-Est, expressed as mg/L of caffeic acid)
were analysed according to Mazza et al. [34]. Total tannin levels (Tan) were quantified
as g/L of gallic acid [35]. Wine colour was evaluated by the Glories parameters: colour
intensity (CI), tonality (To), percentage of yellow (% Yellow), percentage of red (%Red)
and percentage of blue (%Blue) [36]. The contents of individual anthocyanins were de-
termined by HPLC in an Agilent Technologies LC Series 1100, with a diode-array de-
tection system, and the Pérez-Magarifio and Gonzalez-Sanjose [37] method was used.
Data on anthocyanin glucosides (AcyGls) (delphinidin, cyanidin, petunidin, peonidin,
and malvidin-3-glucosides), acetylated anthocyanins (Acy Ac) (delphinidin, cyanidin,
petunidin, peonidin, and malvidin acetyl-3-glucosides), cinnamylatedanthocyanins
(AcyCin) (delphinidin, petunidin, peonidin, and malvidin coumaryl-3-glucosides, and
malvidin caffeyl-3-glucoside) and pyruvic acid derivatives of delphinidin, petunidin,
and malvidin 3-glucoside (AcyPir) were considered in this study. All anthocyanins were
quantified as equivalents of mg/L of malvidin-3-glucoside, applying the respective ex-
ternal standard calibration curve.

The volatile compounds were extracted and analysed according to methodology de-
scribed by. Ortega-Heras et al. [38] that was slightly modified. They were extracted with
dichloromethane (250 mL wine/5 mL dichloromethane). Analyses were carried out by
direct injection of 1 uL of dichloromethane extract into a 7890A GC System Agilent
Technologies (Agilent technologies S.L, Madrid, Spain), with a FID detector. A Carbo-
wax 20 M column (60 m x 0.32 mm, 0.25 pm film thickness), from Quadrex Corpora-
tion (Symta, Madrid, Spain), was used. The oven column program was set at 40 °C and
held for 8 minutes, then raising to 85°C at 10°C/min and held for 1 minute, then raised
again to 230°C at 2°C /min and held for 35 minutes.

Compound identification was performed by recording the relative retention time of
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the standards in relation to the internal standard (2-octanol) and by verifying the MS
spectrum using a 5973 GC-MS equipment (Agilent Technologies) and the NIST library.
Quantification was performed using the internal standard method (2-octanol) and the
corresponding calibration curves for each quantified compound, expressed in mg/L. 39
volatile compounds were quantified, the data on which will be discussed by groups ac-
cording to their chemical families. The next groups of compounds were considered: fu-
sel alcohols (isobutyl alcohol, isoamyl alcohol, 2-phenylethyl alcohol), other alcohols
(2,3 butanediol, 3-methyl 1-pentanol, 1-octanol, benzyl alcohol), C6 alcohols (1-hexa-
nol, trans-3-hexen-1-ol, cis-3 hexen-1-ol), acetates (isoamyl acetate, hexyl acetate, S-
phenylethyl acetate), ethyl esters (ethyl butanoate, ethyl 3-hydroxy butanoate, ethyl
lactate, ethyl hexanoate, ethyl octanoate, ethyl decanoate, ethyl dodecanoate, diethyl
succinate, diethyl-2-hydroxyl-glutarate), lactates (isoamyl lactate, B-phenyl-ethyl lac-
tate), fatty acids (isovaleric acid, hexanoic acid, octanoic acid, decanoic acid, dode-
canoic acid), lactones (4-ethoxycarbonyl-y-butyrolactone, y-butyrolactone, y-nonalac-
tone) and terpenes (a-terpineol, S-citronellol, nerol, linalool, geraniol). Furthermore,
benzaldehyde and methionol were also considered, but as individual compounds.

Total antioxidant capacity was evaluated by ABTS and FRAP, and scavenger activity
was carried out using deoxyribose assay (HRSA), all of them according to the optimized
methods described by Rivero-Pérez et al. [39].

2.4. Statistical Analyses

The analysis of the variance (ANOVA) and the Least Significant Difference test (LSD)
were used to detect differences and to establish the values which can be considered sta-
tistically different at p < 0.05. Multivariate analyses were applied to find natural groups.
Factorial Analysis by Principal Components was chosen. Varimax criteria were applied
to factor rotation and eigenvalues over unit were applied as the criteria to select the

number of final factors to be considered.

3. Results and Discussion

The analysis of the wines showed some significant effects of maceration treatments on
the composition of the final wines so in their stability during storage, as it will be shown
below.

The pre-fermentative maceration treatments under study modified the phenolic
composition of the wines. From the point of view that oenological classical parameters
of all obtained wines were very similar among them (Table 1), the observed extractive
effects should be attributed to the maceration treatment and not to the alcohol degree
or the pH of the medium.

Generally, wines from enzymatic maceration (E) showed the highest levels of pheno-
lic compounds, this was equalled only one year by the wines obtained from the 7 days
cold maceration (Table 1). The enzymatic maceration had a stronger effect in the first
year when the total polyphenol level of the wines was increased by 16% while in the

second year it was increased by around 7.5%. Furthermore, in the first year tannin lev-
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Table 1. Oenological parameters, phenolic composition, colour parameters and antioxidant activity of studied Prieto Picudo wines at
bottling.
(o CM3 CM7 E R3 R7 C CM3 CM7 E R3 R7
1* Vintage 2" Vintage
pH  3.55+0.04* 3.51 +0.07*¢ 3.47 £ 0.19* 3.41 £ 0.01* 3.40 = 0.03* 3.45 + 0.10°3.96 + 0.02° 3.82 + 0.03* 3.98 + 0.00° 3.81 + 0.00* 3.83 + 0.04° 3.81 + 0.05"
T.A>.  545+0.12° 5.76 £0.05* 6.02+0.05* 6.07 +0.01* 5.88 +0.18" 6.90 + 0.61°|4.46 + 0.09* 4.50 + 0.00* 4.32 + 0.03* 4.98 +0.01® 4.43 + 0.01* 4.89 + 0.21°
V.A. 059 +0.02° 0.60 +0.01° 0.59 +0.14® 0.60 +0.01° 0.60 + 0.01° 0.50 + 0.00°|0.40 + 0.00" 0.30 + 0.02* 0.27 + 0.06* 0.40 % 0.04* 0.34 + 0.01?°0.30 + 0.02*
°oAlc  13.5%0.05° 13.4+0.33" 13.6+0.37° 12.6 £ 0.00° 13.5+0.49° 14.0 = 0.47°/12.9 £ 0.01° 12.7 £ 0.05® 13.5 + 0.06° 13.0 + 0.25° 12.5 + 0.06* 13.0+ 0.30°
TP 1186 + 54° 1161+ 60° 1301 + 113° 1377 £97° 1205+ 29% 1293 +95°| 1719 +22° 1388 £91° 1701 +14° 1849 +59° 1341 +76* 1683 + 43°
Acy 540+ 15" 500+51* 512+43® 507+16® 538+14 571+3° | 544+3° 469 +£29° 540+5  515+8" 501 +15° 536 +25™
Cat 226 £30° 273+22°  314+26° 33018 245+ 15" 33343 | 496+4° 358 £52° 572+22° 651+116° 31738 540 £27°
Tar-Est 174 +3* 156+ 15 170 £17° 188 +11% 151+8 191 +16° | 242 +1° 194 + 5° 23465  222+3> 190+14* 215%7°
Flav 128 +2*  115+11*° 135+21* 143410 126+4® 155+17° | 156+1*° 163 +4® 187 + §° 187 £4° 158 +14* 167 +5°
Tan 830 £20° 910+15° 1050+3° 1090 +3° 940 +5° 1.02+0.01° 1430+ 1° 1160+ 16° 1600+2° 1610+ 12% 990+ 8" 1410+ 6°
Acy Ac 29307 257+12° 21.5+0.9° 27105 258+0.1° 30.5+55 [41.7+ 14" 46.0+0.7° 429+0.5° 40.7+0.9° 426+ 17" 47.1+0.8°
AcyCin 764 +62° 580+3.4° 658+8.8"% 72.1+59™ 77.8+12.1° 79.1+0.1° 21.5+0.7° 328 +1.4% 240+ 1.4° 232+0.0" 219+ 1.1* 33.3+2.0°
AcyGls 417 +4™ 4237 413+16® 408 +9*  431+23° 50928 | 320+9>  326+1° 3214 293+3" 314+17° 350 +6°
AcyPir 0.57 £0.09" 0.42 +0.01* 0.44 +0.03* 0.66 +0.10° 0.46 +0.16* 0.40 % 0.00°|1.33 £ 0.01* 1.35 + 0.31* 1.15+0.04* 1.38 +0.33" 1.68 + 0.02" 1.61 + 0.13"
Total Acy 523 %3  507+7® 500+24° 508+7® 537+23 618+28" | 396+12° 415+1°  400+7° 3675  386+26° 443 +9¢
CI 13.0+05 11.8+0.6° 12.8+1.8 150+0.9° 11.8+16 156+0.6° 11.4+0.7° 10205 11.2+0.1° 12.8+0.6° 9.69 +1.07* 11.1 £0.4°
To  0.52%0.01%® 0.52+0.00° 0.52 +0.01*® 0.48 +0.03* 0.48 + 0.02* 0.53 + 0.08°/0.79 + 0.04® 0.73 + 0.03° 0.69 + 0.01* 0.71 + 0.01° 0.75 + 0.01° 0.68 * 0.02°
%Yellow 30.6+0.1" 30.8+0.2° 30.6+02® 29208 29.1+0.6" 31.3+3.0°|344+0.0° 37.1+0.7° 358%0.1° 36.0+0.1° 37.5+0.1¢ 354 +02®
% Blue 10.2+02% 10.1+0.1¢ 8.90 +0.08 9.50 + 0.70* 9.30 + 0.39™ 9.10 + 0.10*| 13.5 + 0.0° 122 +0.6° 12.5+0.6° 132+0.6" 12.1+0.3* 11.9+0.9"
%Red 59.3+0.3* 592+0.1° 59.5+0.1° 61.3+1.5° 59.6+29° 61.6+1.0° 482+0.1° 50.7+12° 51.7+0.7° 50.8+0.7* 503 +0.2° 52.7+ 1.0
ABTS 180+ 1.0° 17.7+3.0° 203+2.1® 208+34° 183+1.7® 177413229402 17.7+0.8° 21405 26.1+22° 19.1+0.9" 229+0.5¢
FRAP 37.0+05° 365+14° 41.6+1.1¢ 391+07° 33.7+12° 36.6%0.1°343+03° 29.0+1.1° 32.0+1.2° 392+48 30.3+1.7° 37.0+ 1.6
HRSA 47.4+14° 41018 43287 46.1+3.7° 462+4.0° 468+03%479+3.1° 454+29° 452+45° 373+ 1.3 47.7+£2.3" 447 +4.0°

*Mean values + standard deviation. N = 6 (2 different winemaking by studied treatment x 3 different bottles analysed by treatment and sample time); "T.A: titratable
acidity (g/L tartaric acid); V.A: volatile acidity (g/L acetic acid); °Alc (Alcoholic degree % vol); TP: total polyphenol content (mg/L gallic acid); Acy: total anthocyanin
content (mg/L malvidin-3-glucoside); Cat: total catechins (mg/L D-catechin); Flav: total flavonol content (mg/L of quercetine); Tar-Est: total tartaric ester levels

(mg/L caffeic acid); Tan: Total tannins (mg/L gallic acid); CI: colour intensity; To: tonality; Acy: anthocyanins, Ac: acetylated, Cin: cinnamylated, Gls: glucosides, Pir:
pyruvic acid derivative (all of them mg/L malvidin-3-glucoside); ABTS (mM of Trolox) and FRAP (mMFell); HRSA: scavenger activity against hydroxyl radical (%
Inhibition); “C-control; E-enzyme; CM~cryo-maceration; R-refrigeration; 3 and 7 duration of maceration (days). “The different letters by rows and vintage indicate

significant

differences among values at p < 0.05.

els of the wines from enzymatic maceration increased by around 31%, and catechin lev-
els by around 46%, while in the wines of the second vintage the increases were around
13% and 31%, respectively (Table 1). These results seem to be well correlated with dif-
ferent degrees of ripening of the grapes of the first and second vintages, which showed
values of the sugar/acidity ratio (classical ripening index) around 28 and 30, respec-

tively. According to the maturity index, less mature grapes from first vintage had a
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lower phenolic content (4.7 as against 7.9 g of gallic acid by kg of fresh grapes), and also
showed higher resistance to the extraction due to their thicker skins (visual observation
and higher weight: 139 g/100 grapes from first vintage comparing to 108 g/100 grapes
from second vintage). Previous papers also noted that maceration techniques are more
effectives when they are applied on less ripening grapes than on mature grapes [12] [14]
[18] [40] [41] [42].

The different ripening degree of the grapes of each vintage was reflected especially on
the composition of the control wines, which showed significant differences in a lotof
the variables under study (Figure 1). The higher levels of phenolic compounds of the
wines of the second vintage were well correlated with the higher content of phenolic
compounds of the grapes of this vintage (levels of: total polyphenols 7.9 as against 4.7 g
of gallic acid by kg of fresh grapes; total anthocyanins 6.6 as against 4.4 g of malvidin-
3-glucoside by kg of fresh grapes; total catechins 1.6 as against 0.4 g of D-catechin by kg
of fresh grapes; tartaric esters 0.07 as against 0.05 g of caffeic acid by kg of fresh grapes).

pHO®

Benzaldehyde*500 TAO®
Other alcohols*10 Alc. Degree (%vol) ©
Lactates*25 © V.A* 100

Methionol*10 © Potassium/20 ©

Fusel alcohols/50 © Acy/100
Terpenes*100 © TP/200 ©

Lactones*5 © Cat/100 ©

Bthylesters/5 © Tar. Est/50 ©
Fatty acids/2 © Flav/50 ©
C6 alcohols © Tan/100 ©
Acetates © Acy Ac/10 ©
% Red/ © Acy Cin/10 ©

% Blue © Acy Gls/100 ©
% Yellow/10 ©To *10© ClO© Acy Pir ©

[=+= Control wine 1st Vintage === Control wine 2nd Vintage|

Figure 1. Mean values of the parameters evaluated on Prieto Picudo control wines of both vin-
tages. N = 6 (2 different winemaking by studied treatment x 3 different bottles analysed by
treatment and sample time). Symbols (*/) and numbers alongside each variable name indicate a
scaling factor that permits the use of a similar range of values for all variables. © = values with
statistical differences. T.A: titratable acidity (g/L tartaric acid); V.A: volatile acidity (g/L acetic
acid), TP: total polyphenol content (mg/L gallic acid); Acy: total anthocyanin content (mg/L
malvidin-3-glucoside); Cat: total catechins (mg/L D-catechin); Flav: total flavonol content (mg/L
of quercetine); Tar-Est: total tartaric ester levels (mg/L caffeic acid); Tan: Total tannins (mg/L
gallic acid); CI: colour intensity; To: tonality; Acy Ac: acetylated anthocyanins; AcyCin: cinna-
mylatedanthocyanins; AcyGls: anthocyanin glucosides and AcyPir: pyruvic acid derivative an-
thocyanins (all of them mg/L malvidin-3-glucoside).
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The effects of pre-fermentative cold macerations, refrigeration and cryo-maceration,
were shown to be “time dependent”, especially in the first year, so the effect was clearly
different depending on the length of the maceration. In some cases, short macerations
did not improve extraction, and even worsened this process (Table 1). Similar results
were not previously published, although they were accrued out with other varieties [25]
[43] [44] [45]. The reduction of phenol levels in wines that underwent cold maceration
for a short time could be due to some blockage of the extraction due to the partial
freezing of the crushed grapes, or to the typical slowdown of extractive procedures to
low temperatures.

Levels of total anthocyanins were not increased by maceration techniques (Table 1).
Moreover, lower values for these pigments were frequently observed in maceration
wines, especially in wines from enzymatic maceration. Similar results have previously
been described [17] [46] [47], and usually the drop in levels of total and monomeric
anthocyanins was explained by the formation of larger amounts of condensation and
polymerisation pigments.

The wines made with enzymatic maceration showed the highest values for colour in-
tensity (Table 1). These data agree with those found but many other authors [11] [20]
[48] and agree with data of phenolic composition. Furthermore, the obtained values of
ABTS, FRAP and HSRA (Table 1) were wellcorrelated with the phenolic content of the
wines, and agree with the antioxidant capacity of wines described previously by other
authors [39] [49] [50] [51].

The effects of the maceration treatments under study on the volatile composition of
the wines were both qualitatively and quantitatively variable over the two years and
within the treatments. The effects were at times contrary (Figure 2). Only some similar
effects were detected for some specific compounds and treatments. Thus, the wines ob-
tained with enzymatic maceration always showed qualitatively higher levels of terpenes,
lactones and ethyl esters than control wines, but lower levels of methionol and some
alcohols such as 2-phenylethanol, isobutyl alcohol and 1-octanol. The increase of ter-
penes levels agrees with the results obtained from Monastrell wines made with enzy-
matic maceration [22]. The lower levels of alcohols agree with results previously ob-
tained. Gil and Vallés [20] observed lower levels of 1-octanol in red wines made with
enzymatic maceration, and Herndndez-Orte et al [21] also detected lower levels of
methionol and 1-octanol in macerated white wines from Macabeo grapes. The lower
levels of alcohols in Albillo wines made after increasing maceration were explained by
Sanchez-Palomo et al. [52] through the blocking of the Erlich mechanism, the main
pathway for alcohol formation. They suggested that, according to Rapp and Versini
[53], the blocking occurred due to the increasing of nitrogen compounds in the initial
must. However, other authors found contrary results. Armada et al [54] found higher
levels of alcohols in Albarifio wines made with enzymatic maceration; they noted espe-
cial increase forisoamyl alcohol and 2-phenylethanol levels. A higher content of esters
in wines from enzymatic maceration were also found by Hernandez-Orte et al. [21].

Other coincident results in both vintages were the higher levels of terpenes and ace-

tates of the cryo-maceration wines when compared with control wines. Furthermore,
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Other alcohols/2
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Figure 2. Effects of the different pre-fermentative maceration techniques on the volatile compo-
sition of studied Prieto Picudo wines. Columns show mean value percentage differences between
the wines elaborated with each pre-fermentative maceration technique and the control wines. n =
6 (2 different winemaking by studied treatment x 3 different bottles analysed by treatment and
sample time). E—enzyme; CM—cryo-maceration; R-refrigeration at 5°C; 3 and 7, duration time
of maceration (days). Symbol (/ and *) and numbers alongside variable names indicate thefactor

applied to enhance the graphic.
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these wines always showed lower levels of lactones and benzaldehyde than control
wines. However, quantitatively the differences were very different each year. Previ-
ousstudies showed similar results. Thus, higher acetate levels were described by Alvarez
et al. [25] and Kechagia et al [55]; and higher levels of terpenes in wines made with
cryo-maceration were found by De Santis and Frangipane [26] and Mihnea et al. [56].
However, effect on lactones levels is contrary to the results described by Alvarez et al.
[5] and Mihnea et al [56], especially due to higher levels of y-butyrolactone in wines
made with cryo-maceration.

Refrigerated maceration also showed some repetitive effect in both vintages. Macer-
ated wines showed lower levels of lactates, benzaldehyde and other alcohols, than con-
trol wines, and in the case of R7, also showed lower levels of lactones. Moreover, R3
showed higher levels of esters than control wines in both years.

In summary, the results from the volatile compounds demonstrated that maceration
techniques produced significant modifications in the volatile composition of wines;
however, the results also showed that achieving the control of the specific modifications
seems to be quite difficult. This fact is due to the large number of factors, which are able
to influence on the final effect of maceration techniques. The experimental data of this
work, as well as previous published papers, show that the degree of maturity of the
grapes [25] [41], the vintage [55] [56] [57], and the variety [58] are some of the most
important factors of variability.

It seems to be possible to assert that pre-fermentative cold macerations do not appear
to improve the extractive effects of enzymatic macerations, which are effective for the
extraction of phenols from Prieto Picudo grapes and which also have a positive effect
on the extraction of certain volatiles and of their precursors. Moreover, enzymatic
strategies are quicker and easier to apply than cold macerations. On the other hand,
enzymatic maceration will be applied without investments in special installations such
as cool rooms or dry ice containers and dispensers. Thus, a priori the enzymatic mac-
eration seems to be the most effective and efficient strategy to improve the extraction of
phenolic and volatile compounds and precursors from Prieto Picudo grapes. This tech-
nique also allows wines to be made with more colour intensity.

The majority of red wines are not consumed before the first six months after their
making. For this reason, their evolution during storage is very important. It is expected
that positive extractive effects of pre-fermentative maceration strategies produce sig-
nificant improvement of colour stability so as of the volatile profile of the wines. How-
ever, this fact should be tested. So, the evolution of the studied parameters, during one
year of bottled wines storage, was evaluated. This study was performed with wines from
the second vintage, which were analysed after 6 and at 12 months of storage.

Results showed a normal evolution of phenolic compounds during the storage, as
shown in Figure 3. A clear descendent tendency, which was more or less pronounced
depending on the type of compound and treatment, was observed. A marked drop in
the levels of total and monomeric anthocyanins was observed, as well as in tartaric es-

ters and catechins, whereas the level of condensed pigments increased, above all after
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Figure 3. Phenolic composition and colour intensity evolution of the wines from the second vin-
tage over 1 year of bottle storage. Columns shows mean values, n = 6 (2 different winemaking by
studied treatment x 3 different bottles analysed by treatment and sample time). 6M and 12M = 6
and 12 months of bottle storage. FML—end of malolactic fermentation. Acy—total anthocyanin
content and AcyGls and AcyPir—anthocyanin glucosides and pyruvic acid anthocyanins; Cat—
total catechins (mg/L of D catechin); Tar-Est: total tartaric esters levels (mg/L of caffeic acid);
CI—colour intensity. C—control; E—enzyme; CM—cryo-maceration; R—refrigeration at 5°C; 3
and 7, duration time of maceration (days).

12 months of storage. The chromatic intensity remained relatively constant, but from
month 6 some wines from maceration treatment showed slightly superior intensities
(Figure 3). These results agreewith those obtained in previous works [15] [16] [59]
[60].

The global volatile composition evolved to lower levels and, in general, the decreas-
ing tendency was more notable in the macerated wines than in control wines (Figure
4). The general reduction of the volatile content during the storage of the wines is ha-
bitual [61] [62]. However, the levels of some volatiles showed a tendency towards in-
creasing. So, levels of ethyl esters increased significantly after 6 months of bottle stor-
age. Similarly, levels of lactones and methionol also increased during the first six
months of storage, although more slowly than ethyl ester levels. Pérez-Coello et al. [63]
also observed an increase in lactones and methionol during storage of white wines. The
authors explained the observed increase by the higher level of the volatile precursors in
macerated wines. Therefore, in summary, it may be said that wines from pre-fermenta-
tive maceration behaved in a similar way to other wines. In general, they were richer in

phenolic compounds and their colour was more stable with time. However, they had
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Figure 4. Changes on volatile composition of bottled Prieto Picudo wines from the second vin-
tage during their storage. Columns represent mean values of the differences between levels (mg/L)
of volatile compounds in the wines recently bottled and in the wines after 6 and 12 months of
bottle storage, respectively. N = 6 (2 different winemaking by studied treatment x 3 different bot-
tles analysed by treatment and sample time). Symbol (/and *) and numbers alongside variable
names indicate the factor applied to enhance the graphic using a similar range of values for all
variables. C—control; E—enzyme; CM—cryo-maceration; R—refrigeration at 5°C; 3 and 7, du-

ration time of maceration (days).
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greater drops of volatile compounds than control wines, which could be due to their
higher initial levels of volatile compounds. Beside these, the effects of each macera-
tion treatment detected on young wines remained notable enough after 12 months
storage.

In order to better understand the previous commented results and to get a global
view of the different techniques effects, factorial analysis was employed. Three factors
were chosen to explain 74.1% of the total variance of the samples.

The distribution of the scored values of each wine on the plane defined by the two
main factors (Figure 5(a)), which together explained 66% of total variance, showed
that wines are grouped by age and vintage. The wines from the first vintage were posi-
tioned on the top of the figure, corresponding with higher values of factor 1 (F1). The
variables with more weight in F1 were the content of individual anthocyanins and the
chromatic parameter %Red, with positive scores, and the chromatic parameters %Yel-
low and %Blue so as the tonality, with negative scores. Furthermore, some volatiles also
were strongly associated to this factor. They were mainly fatty acids, terpenes, lactates
and fusel alcohols, with positive scores, and ethyl esters and lactones, with negative
scores. Wines from the first vintage showed higher levels of individual anthocyanins
and higher values of the red component, with quantitative strong differences in both
cases. Furthermore, they showed significant lower values of blue and yellow compo-
nent, so as of tonality. The chromatic and pigment levels in both groups of wines ex-
plained perfectly the position of first vintage wines on the plane. Moreover, data from
volatile composition contributed to this localization, due to the fact that first vintage
wines were richer in fatty acids, terpenes and lactates, but poorer in ethyl esters and
lactones. All the differences on composition and chromatic characteristics of both
groups of wines were mainly attributed to the different maturity stage of the grapes of
each vintage, and then F1 was considered as a “vintage” factor.

Regarding the age of the wines, the lower scores values of storage wines with respect
to young wines, in both factors (F1 and F2), were associated with the drop of phenolic
levels, colour changes and modifications on volatile composition that occurred during
storage. Lower values of F1 were associated mainly with the drop of anthocyanin levels
(Figure 3), but also with the reduction of levels of some volatiles as terpenes, fatty acids
and lactates, and with the increase of the levels of others as ethyl esters and lactones
(Figure 4). All these comments also explain why changes during the first six months
were more notable than those occurring in the last six months.

The variables with the highest weight in factor 2 (F2) were acetates, tartaric esters, C6
alcohols and other alcohols, with positive scores, and colour intensity with negative
score. The intense losses of tartaric esters (Figure 3) and of acetates (Figure 4), oc-
curred during the first six months of storage, were the main reasons to explain the evo-
lution of F2 values to negative zone, so the oldest wines showed the lowest values of F2.

Factor 3 (F3) associated with the rest of phenolic variables, total polyphenols, cate-
chins, tannins and flavanols, so as the antioxidant parameters, ABTS, FRAP and HSRA,
all of them with positive scores. The F3 values of wines under storage were clearly lower

than those of the young wines (Figure 5(b)). Once more, the reduction of F3 values
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Figure 5. (a) Scatter diagram: sample distribution on the plane defined by the two first principal
factors (F1 and F2), and (b) Scatter diagram: sample distribution on the plane defined by the first
and third factor (F1 and F3). C—control; E—enzyme; CM—cryo-maceration; R—refrigeration at
5°C; 3 and 7, duration time of maceration (days). 1V and 2V = wines from 0 months of bottling
in the first and second vintage; 6M and 12M = wines after 6 and 12 months of bottling in the
second vintage.
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were higher during the first six months of storage, in agreement with the high losses of
phenolic components, specially catechins and tannins, as it was previously commented
and showed (Figure 3).

According to the aforementioned comments, both F2 and F3 could be considered as
storage factors. Furthermore, F3 was considered as a “maceration factor” due to the
different scores of each group of wines by this factor. So, F3 scores indicated how, after
six months of storage, the wines showed the maximum variability (maximum disper-
sion) corresponding with the higher stability of the phenolic fraction of macerated
wines. After one year of storage, the differences among wines were generally reduced,
but most of the macerated wines continued showing higher values of F3, F2 and even of
F1, than the control wines (Figure 5(a) and Figure 5(b)). Then, it is possible to assert
that 12 months maceration wines showed higher colour, phenolic and volatile stability

than control ones.

4. Conclusion

It is difficult to determine the specific effect that pre-fermentative maceration tech-
niques produce on the phenolic and volatile composition of Prieto Picudo wines. In
spite of this uncertainty, it may be affirmed that maceration with enzymes is very effec-
tive in improving colour and phenolic contents, so as the content of some interesting
volatile compounds. Cold maceration also can improve volatile and phenolic extraction
but the final effects are more uncertain, and this type of techniques did not produce

better results than enzymatic maceration.
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