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Abstract

The phenolic composition of wine is mostly determined by the accumulation of the phenolic
compounds in the grapes, as well as their extraction into wine. To increase their concentration in grapes, yield
reduction is usually performed by pruning, while to increase the extraction in wines, the maceration on skins is
extended for longer periods of time. The present study focuses on the possibilities to apply both strategies to
improve the polyphenol composition of organic red wines of Romanian variety ‘Feteascd neagrd’, which stands
to benefit more from technological interventions than other varieties, which naturally accumulate higher
phenol concentrations in the grapes. In the vineyard three experimental pruning variants were made, with 20,
28 and 36 buds/vine, while for wine, maceration was performed for either 8 or 16 days for each grape variant.
The phenolic profiles of wines were determined by HPLC methods. The main anthocyanidins, such as
malvidin, petunidin, delphinidin, peonidin and cyanidin, as well as the acylated and coumaroylated derivatives
of malvidin and peonidin were quantitatively determined. Some other phenolic compounds, of various classes,
such as gallic, p-benzoic, p-coumaric and ferulic acid, catechin, epicatechin, myricetin, quercetin and trans-
resveratrol were also determined. The quality of the organic ‘Feteascd neagrd’ wines depended highly on the
vintage, but yield reduction and the extension of skin maceration duration were especially beneficial in the less
favourable year, when classical technologies lead to less accumulation of sugars, colour and other polyphenols.
Concomitant application of both strategies led to the best results, irrespective of the year.

Kcywords: cultivar; green pruning; maceration-fermentation; organic grapes

Introduction

At present more and more consumers are choosing their foods based on their nutritional value, safety
and even environmental impact. For this reason, the segment of population buying organic food products is at
an all-time high, including in Romania, where 80% of the tested consumers believe that the organic food is
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healthier, while also 75% of them understand that organic agriculture contributes to environmental protection
(Petrescu er al, 2015). This trend is also seen in viticulture products. At present, organic viticulture surfaces
have increased worldwide up to 3 times higher than 10 years ago, while organic winemaking enjoys the largest
recognition so far (Willer and Lernoud, 2017). Organic wines are more accessible and of a higher proven quality
(Antoce, 2019), especially since 2012 when the European legislation on organic wines entered in force (Reg.
EU 203, 2012). Organic production methods are rooted in the nature’s principles of production, which means
working in harmony with nature rather than trying to conquer it (Ozabagaoglu ez a/, 2007), thus conferring
sustainability.

Although the new generations are more interested in organic products for their link to sustainability,
they are also looking for products perceived as healthier. Consumers are more easily accepting organic wines
when these are also containing more components linked to a better human health. As it is very well known,
aside from alcohol, wine contains several polyphenolic compounds which have been shown to have multiple
positive effects on health (Hussain ez al, 2016; Antoce and Stockley, 2019). Polyphenols from grapes and wines
have proven beneficial effects for cardiovascular disease, diabetes, liver function, cognitive function, on
microbiota and other microbial-related diseases and even for some forms of cancer (Antoce and Stockley,
2019). Amongother European countries which are investing in organic viticulture, Romania has started to be
more active too. Data regarding Romanian organically produced wines are scarce, but there are some researchers
focusing on the determination of the health-related parameters and characteristics of our wines (Busuricu ez
al, 2013; Colibaba er al, 2019). As already stated, to meet the demand for wines more beneficial for human
health, one of the main preoccupations is to increase the concentration of polyphenolic compounds. This is
especially valid for the case of grapes with naturally lower accumulation of phenolic compounds, but all the
wines/varieties can benefit from an increase. This goal can be achieved by interventions in the vineyard, as well
as in the wine technology. By adjusting the canopy size and numbers of shoots and clusters per vine through
the level of the pruning applied, it is possible to significantly influence the grape yield, overall fruit quality and
its composition (Rahmani et a/, 2015). Winemaking techniques can also play an important role in the final
polyphenol composition, the extraction from the grape skins and seeds being highly influenced by the time of
contact during the maceration and fermentation processes, as well as other technological steps such as pressing,
maturation in contact with oak, finingand bottle aging (Ignat er a/, 2017; Luchian er a/, 2018). Maceration-
fermentation is the most critical stage in the red winemaking process. It is essential for obtaining high quality
red wines, but is also the one that requires the most energy and workforce. It is estimated that about 64.3% of
the total energy needed to produce wine is consumed during the maceration-fermentation stage (Genc er al,
2017).

The goal of this study was to optimize the phenolic composition and overall quality of red wines
produced from organically grown ‘Feteasci neagrd’ grapes, in the vineyard by regulating the yield through
pruning and in the winery by prolonging the usual period of maceration-fermentation on skins from 8 to 16

days.

Materials and Methods

Biological marerial

The grape used for the wine production is ‘Feteasci neagrid’ (Vidis vinifera cv.), a Romanian
autochthonous variety, which has gained more and more recognition for its quality wines (Antoce and
Cojocaru, 2018). In Murfatlar region, this variety accumulates sufficient polyphenolic compounds, around
1600 mg L' GAE, to give the wines a strong and stable colour, but does not reach the level naturally
accumulated by ‘Cabernet Sauvignon’, which is around 2,100 mg L' GAE (Dobrinas er a/, 2012). At the
Research and Development Station Murfatlar, the ‘Feteascd neagrd’ cultivar has been grown and certified in
accordance to the organic production principles and regulations (Reg. EU 848, 2018) since 2009 on a surface
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of 8.1 ha. The experimental plots are placed on a parcel with N-S exposition, slope of 3-5%, soil of chalky
chernozem type with clay texture. The vine is planted on the rootstock Vitis berlandieri x V. riparia
Oppenheim 4 selection, clone SO4-4 and trained with semi-high stems of 70 cm and bilateral cordons with cane
pruning. The density of the plantation is 4,132 vines/ha, with 2.2 m between rows and 1.1 m between trunks.
Each experimental plot consisted of 3 rows of vines for each variant and repetition. There were three
experimental variants: control variant (C) pruned with a bud-load of 28 buds/vine, variant T1 with 20
buds/vine and variant T2 with 36 buds/vine. For each variant of 21 vines, three repetitions were made, arranged
by randomized block design. The pruning was performed in March, when the danger of freezing and late frost
had mostly passed and the mounded soil used for winter vine protection was removed.

Vinrage

The grapes were manually harvested at a sugar concentration of 23.2 Brix in 2016, September 12 and
20.5 Brix in 2017, September 13™. The year of 2017 was less favourable, with an average of sunshine during the
growing season of 1,527 hours and rainfall of 333 mm as compared to 2016 with sunshine of 1,715 hours and
rainfall of 284 mm.

Wine production

For cach variant a total quantity of approximately 200 kg of grapes has been picked, transported to the
pilot winemaking station of the research unit and vinified by a classical maceration-fermentation technology.
The destemming and crushing, with an electrically-powered laboratory equipment (from Grifo, Italy) of
processing volume 1500 kg h™', were followed by the maceration of the mash in recipients of 120 L volume. For
an optimum skin contact, the must and solid parts were homogenized 3-4 times a day, by manually punching
down the cap formed from the grape skins and mixing it with the liquid. Maceration-fermentation temperature
was kept under 25 °C for the entire process. The solid parts separation was performed by a hydraulic wine press
(from Grifo, Italy), with maximum pressure of 3 bar, at 8 days and 16 days of contact, respectively. The
separated must was then introduced in 25 L demijohns and allowed to continue fermentation to dryness with
the native yeasts and to start malolactic fermentation as well. After malolactic fermentation was completed the
wine was racked from the lees, treated with a low dose of sulphur dioxide 50 mg L and bottled in 0.75 L glass
recipients. All the steps of the winemaking were performed in compliance with the rules for organic wines
included in the European Regulation 203/2012, which are designed to respect the natural traits of the product,
while keeping the wine diversity and quality.

Standard chemical analyses

To assess the quality of the wines and compliance with the regulations, the main physicochemical
parameters have been determined in accordance to the methods provided by OIV in the Compendium of
International Methods of Analysis (2008) and by ASRO (2012) in their standards. The tested parameters
included the alcoholic strength (% vol.), reducing sugar (g L), total acidity (g L tartaric acid), volatile acidity
(gL " acetic acid), total dry extract (g L"), non-reducing dry extract (g L"), total SO, (mg L") and free SO, (mg
LY.

HPLC analysis of phenolic compounds

To determine in more detail the wine quality and its potential to have a beneficial effect on the health,
specific phenolic compounds were also analysed.

Determination of these individual polyphenols was performed using an UltiMate 3000 HPLC from
Thermo Finnigan, equipped with an autosampler, a LC Pump (Quaternary gradient) and a Chromeleon
Workstation. Detection was made at 280 nm using a Diode Array Detector (DAD). Phenolic acids (gallic, p-
benzoic, p-coumaric and ferulic acid), flavanols (catechin and epicatechin), flavonols (myricetin, quercetin)
and trans-resveratrol were determined using a previously published HPLC method (Geana er a/, 2016). Also,
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the most important five anthocyanidin mono-glucosides (malvidin, petunidin, delphinidin, peonidin and
cyanidin), along with malvidin and peonidin acylated and coumaroylated derivatives were assessed by OIV
recommended HPLC methods (2008). Malvidin-3-O-glucoside (oenin) was identified using a calibration
curve obtained with a standard reagent (Sigma Aldrich), while the other anthocyanins were identified, as
presented in the OIV method, based on their order of elution from the C18 column and expressed as mg L™
malvidin-3-O-glucoside.

Statistical analysis

To determine if significant influences are incurred by the vintage, grape yield or the length of the
maceration period, analysis of variance (One-way ANOVA) has been performed and the mean differences of
the various samples were compared by a post-hoc test (Duncan multiple mean comparison test). The
confidence level used in the statistical analysis was 95%, which means that the maximum admissible probability
of a type I error was 5%. PCA analysis was performed with Origin 2018 software from OriginLab Corporation,
USA.

Results and Discussion

The chemical analyses of the red wine samples produced in both years of harvest are presented in Tables
1(2016) and Table 2 (2017). The parameters are reported for the three bud-load variants (C, T1 and T2) and,
for each bud-load variant, for the wines macerated for 8 days (V1) and 16 days (V2).

The results show that the wines recorded a normal to high alcohol concentration in both years, ranging,
in accordance to the experimental variants, from 11.2 to 12.7% vol. in 2016 and between 12.9 and 13.4% vol.
in 2017. The variants with reduced bud-load (T2=20 bud/vine) recorded significantly higher values for the
alcohol in wine compared to the control and to the variant with higher yield, due to a better sugar accumulation
in the berries. In 2016 the conditions were more favourable for the sugar accumulation, thus the variant T2 did
not differ significantly from the control (T1>C=T2), but in 2017, all the variants were different in this respect
(T1>C>T2), showing that in less favourable years a high yield has a negative effect on the final quality. In both
years the increase in alcohol concentration in the variant with the lowest grape yield (T1) was by about 4.3% as
compared to the control (C). A tendency for a slight increase in the alcohol concentration is observed also for
the wines macerated-fermented for 16 days as compared to 8 days, but the mean values differed significantly
only in the case of control.

The sugar which remained in wine after the fermentation did not differ significantly among variants
(2.2-2.6 gL"), as they were all fermented to dryness.

The fact that the high alcohol concentration is correlated with quality is demonstrated here by the fact
that a similar tendency is observed for the non-reducing dry extract, which is higher in the samples produced
from the low-yield variants. In the high yield variants, the average extract decreases by approximately 1 gL" as
compared to control and 2 g L as compared to the low-yield variants. This fact is not negligible, as a difference
of 1 gL dry extract may be perceivable by sensory analysis and, coupled with a lower alcoholic concentration,
gives the impression of a lighter-bodied wine. Generally, the naturally acquired extract of red wines produced
in Romanian vineyards have values between 18-30 g L, depending on the specificity of the vineyard, the
variety, the conditions of the year, but also depending on the technology applied (Antoce, 2007).

The total acidity also shows that 2017 was a less favourable year for grape maturation, with values of
6.25-6.83 gL C4H¢Op, as compared to 4.81-5.56 gL in 2016. The yield, however, did not induce significant

differences among variants.
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Table 1. Chemical composition of wines obtained in experimental variants of ‘Feteasci neagrd’, vintage

2016
C=28 buds T1=20 buds T2=36 buds
Compound V1=8 days V2=16 days V1=8 days V2=16 days V=8 days V2=16 days
maceration maceration maceration maceration maceration maceration
General composition
Alcoholic strength (% vol.) 13.0£0.1 ¢ 13.27+0.1 ab 13.36+0.1a 13.4140.1a 129402 ¢ 13.1£0.2 be
Reducing sugar (g L") 2.440.1bc 2.340.1c¢ 2.6+0.2a 2.5+0.1 ab 2.5+0.1ab 23+0.1¢
Total acidity (g L" tartaric acid) 5.11+£0.22 ab 4.81+0.26b 5.04+0.33 b 5.19£0.25 ab 5.04+0.31b 5.56£0.19 a
Volatile acidity (g L acetic acid) 0.46+0.11a 0.46+0.10 a 0.49£0.10 a 0.49+0.12a 0.41£0.15a 0.48+0.18 a
Total dry extract (g L") 27.140.2 ¢ 27.6£0.1 be 28.0+0.2 ab 28.6+0.2a 26.1+0.1d 26.8+0.2cd
Non-reducing dry extract (g L") 247402 ¢ 25.3+0.2b 25.4+0.1b 26.1+0.1a 23.8+0.1 ¢ 24.3+0.2d
Total SO, (mg L") 782+3.1a 79.5£3.8a 77.243.6a 80.0+4.2a 76.8+3.7 a 81.2435a
Free SO, (mgL™") 26.5+1.8ab 25.3+1.6b 28.1+2.0 ab 29.5+2.5ab 28.6+2.8ab 30.1+2.4a
Phenolic compounds
Phenolic acids (mg L")
Gallic acid 9.77+1.9 de 27.88+2.1b 13.4242.1d 34.87+2.7a 77612 ¢ 22.16+2.1c
p-Hydroxybenzoic acid 5.5+1.0b 7.04+1.5 ab 6.29+1.8ab 8.34+1.6a 2.05+0.9 ¢ 6.99+1.6ab
p-Coumaric acid 1.44+0.8 a 1.16+0.8 a 1.78+0.9 a 1.23£0.7a 1.0£0.2a 0.84+0.2a
Ferulic acid 4.37+1.3 be 6.31+1.6 ab 6.03+1.3 ab 7.52+1.5a 2.83+1.1c 4.13+1.2 bc
Flavanols (mgL")
Catechin 7.01+1.7 be 13.69+2.0 a 9.07+2.1b 14.61+2.3a 5.52+1.8 ¢ 10.04+£2.2b
Epicatechin 1.99+0.8 ab 2.1740.9 ab 2.71+1.5 ab 3.03+1.0a 0.87+0.1b 2.09+1.0 ab
Flavonols (mg L',
Myricetin 4.57+1.6a 3.94%15a 5.11%14a 4.69+1.2a 4.16x1.8a 3.61+12a
Quercetin 352+12b 121404 ¢ 5.94+1.7 a 2.9+0.9 be 3.44+1.1b 1.8+0.2 be
Stilbens (mg L")
Trans-resveratrol 1.18+0.5a 1.48+0.8 a | 1.37£0.9a 1.55+0.5a 1.01+0.2a 1.32+0.3a
Anthocyans (mg L malvidin)
Delphinidin 3- O-glucoside 4.89+1.3 ab 357+1.0b 7.1+1.9a 4.55+1.3b 4.09+1.1b 2.53+0.9 b
Cyanidin 3- O-glucoside 0.4+0.1 ab 0.37+0.1 ab 0.52+0.1a 0.42+0.1 ab 0.44+0.1 ab 0.324+0.1b
Peonidin 3- O-glucoside 5.75+1.2ab 4.85+12b 7.89+1.8a 5.71+1.3 ab 4.52+1.5b 3.46+0.9b
Petunidin 3- O-glucoside 8.82+1.7b 6.85+1.7 be 12.44+2.4a 8.26+2.0b 6.41+1.9 be 457+1.1c
Malvidin 3- O-glucoside 70.83+4.1 b 62.92+35¢ 80.88+3.2a 64.97+4.2 be 70.37£3.9b 40.89+3.5d
Toral glucosides (Glc) 90.69+1.7 b 78.6+1.5d 108.83+1.9a 83.91+1.8¢ 85.83+1.7 ¢ 517713
Peonidin 3- O-acetylglucoside 0.29+0.1a 0.26+0.1a 0.28+0.1a 0.26+0.1a 0.27+0.1a 0.27+0.1a
Malvidin 3- O- acetylglucoside 2.12+1.3ab 1.9240.4 ab 2.64+1.0a 2.0£0.9 ab 1.3140.2 be 0.44+0.1 ¢
Total acetylglucosides (AcGlc) 2.41+0.7 ab 2.18+0.3 ab 2.92+0.6a 2.26+0.5 ab 1.58+0.2b 0.71+0.1c
Peonidin 3- O-coumaroylglucoside 1.23+£0.8 ab 0.99+0.1 ab 1.6+0.2a 1.07+0.2 ab 1.2+0.1ab 0.7240.09 b
Malvidin 3- O-coumaroylglucoside 5.29+1.6 ab 3.99+1.1 be 697+15a 4.35+1.0 be 2.55+0.9 ¢ 2.55+0.7 ¢
Tortal coumaroyl-glucosides (coumGlc) 652+12b 4.98+0.6 cd 8.57+0.8a 5.4240.6 be 3.75+0.5 de 327+04¢
Total anthocyan-monoglycosides 99.62+12b 85.72+0.8d 120.30+1.1a 91.59+0.9 ¢ 91.16+0.8 ¢ 55.7540.6 ¢
>Gle/ZAcGle 37.63+24¢ 36.04+5.0 ¢ 37.27+3.1¢ 37.13+3.6¢ 54.3248.5b 72.92+13.0a
>Gle/ZcoumGle 13.91+1.4b 15.784+2.5b 12.70+2.3b 15.48+3.0b 22.89+3.4a 15.83+3.2b
ZAcGle /ZcoumGle 0.37+0.1 ab 0.44+0.1 a 0.34+0.1 ab 0.42+0.1a 0.42+0.1 a 0.22+0.1b

Average values + standard errors (n=3). The letters in the brackets show the statistical difference among results for

p<0.05. For the same compound, a common letter for 2 or more variants shows no significant difference among them.
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Table 2. Phenolic composition of wines obtained in experimental variants of ‘Feteascid neagrid’, vintage

2017
C=28 buds T1=20 buds T2=36 buds

Compound V1=8 days V2=16 days V1=8 days V2=16days V=8 days V2=16 days
maceration maceration maceration maceration maceration maceration

General composition
Alcoholic strength (% vol.) 11.9£0.1 b 12.1+£0.2b 12.610.1a 12.7£0.2a 11.240.2 ¢ 11.440.1 ¢

Reducing sugar (g L") 2.2+0.1b 2.2+0.1b 2.5+0.1a 2.3+0.2ab 24+0.2 ab 2.2+0.1b

Total acidity (g L™ tartaric acid) 6.26+0.20 b 6.75£0.24a 6.43+0.20 ab 6.75+0.18 a 6.25+0.21b 6.83+£0.26a
Volatile acidity (g L acetic acid) 0.41£0.13 a 0.42+0.11a 0.44+0.14a 0.45+0.10 a 0.43+0.10a 0.45+0.12a
Total dry extract (g L") 264103 ¢ 27.0+0.2b 27.8+0.2a 27.840.1a 25.2+0.3d 25240.1d
Non-reducing dry extract (g L") 24.24+02¢ 24.840.1b 25.3+0.1a 25.5+0.2a 22.8+0.2d 23.0+0.2d
Total SO, (mg L") 725+3.8b 78.4+3.0a 70.5+2.4b 74.5+2.8a 782+22a 79.14£2.7 a
Free SO, (mgL™") 22.8+2.4ab 23.4+2.1ab 225+2.0b 24.8+2.4ab 25.2+2.5ab 27.2422a

Phenolic compounds

Phenolic acids (mg L")
Gallic acid 33.08+2.9d 49.81+4.1b 36.34+3.2d 57.44+4.2 a 30.86+2.9d 4334432 ¢
p-Hydroxybenzoic acid 0.4+0.1 be 0.66+0.2 b 0.62+0.2b 0.974£0.1 a 0.31£0.1 ¢ 0.45+0.1 be
p-Coumaric acid 1.2£0.3 ab 0.15+£0.02 ¢ 1.56+0.8 a 1.15£0.4 ab 1.01£0.02 ab 0.69+0.1 be
Ferulic acid 0.03+0.01d 0.0940.01 ab 0.07+0.01 be 0.10+£0.02 a 0.03+0.01d 0.06+0.02 ¢

Flavanols (mg L")

Catechin 4.83%1.5cd 7.84+1.7 ab 5.75+1.4 abc 8.07+1.8a 2.58+0.5d 5.23+1.2 be
Epicatechin 424+12b 6.44+1.1 ab 491+12b 7.83+1.5 4.03+1.0b 5.88+1.5ab
Flavonols (mg L)

Myricetin 2.06+0.9 ab 0.37£0.1 ¢ 3.0+1.0a 1.23£0.5 be 1.86+0.6 ab 0.93+0.2 be
Quercetin 0.2+0.05 ¢ 0.15+0.09 ¢ 1.15+0.2a 0.39+0.1 b 0.10+£0.02 ¢ 0.03+£0.01 ¢
Stilbens (mg L)

Trans-resveratrol 364xl1c | 548+16bc | 623+13b 9.2942,1a 2.99+0,2 ¢ 4.96+0,8 be
Anthocyans (mg L' malvidina)

Delphinidin 3- O-glucoside 0.85+0.1 b 0.35+0.02 b 243+0.8a 1.93+0.3a 0.38+0.1b 0.22+0.09 b
Cyanidin 3- O-glucoside 0.31+0.09 b 0.28+0.1 b 1.06+0.2 a 1.08+0.3a 0.24+0.1 b 0.86+0.1a
Peonidin 3- O-glucoside 0.61+0.1b 0.37+0.09 b 227+03a 2.38+0.8a 0.25+0.1b 0.124+0.02 b
Petunidin 3- O-glucoside 2.28+1.0 ab 0.74+0.1 ¢ 3.17+1.1a 2.09+0.3 ab 1.940.2 be 1.43+0.1 be
Malvidin 3- O-glucoside 32.1243.2¢ 20.7242.3d 49.03+25a 41.79£29b 23.4+1.1d 1636+1.1¢
Toral glucosides (Glc) 36.1740.7 ¢ 2246105 ¢ 57.96+0.9 a 49.27+09b 26.17+0.1d 18.99+0.3 f
Peonidin 3- O-acetylglucoside 0.31+0.1a 0.26+0.1a 0.43+0.1a 0.42+0.1a 0.42+0.1a 0.4+0.1a
Malvidin 3- O- acetylglucoside 1.11£0.3 be 0.55+0.1¢ 27+1.1a 2.02+0.9 ab 1.46£0.2 be 1.4£0.3 be
Total acetyl-glucosides (AcGlc) 1.4240.2 ¢ 0.81+0.1d 3.13+0.6a 2.441+0.5b 1.88+0.2 be 1.840.2 be
Peonidin 3- O-coumaroylglucoside 0.25+0.08 b 0.240.07 b 0.88+0.2a 0.76+0.1 a 0.19+0.08 b 0.16+0.02 b
Malvidin 3- O-coumaroylglucoside 1.2940.4b 0.49£0.09 b 2.68+0.8 a 2.56+0.9a 1.19+£0.1b 1.11+0.1b
Total coumaroy-lglucosides (coumGlc) 1.54+0.2b 0.69+0.08 ¢ 3.56+0.5a 3.32405a 1.38+0.09 b 1.27+0.06 b
Total anthocyan-monoglycosides 39.13+04 ¢ 23.69+0.2 ¢ 64.65+0.6 a 55.03+0.6 b 29.43+0.1d 22.06+0.2 f
>Gle/ZAcGle 2547+15a 27.73+2.0a 18.52+1.3b 20.19+1.6 b 13.92+1.0c¢ 10.55+1.1d
2Gle/ZcoumGle 2349+1.8b 32.55+2.1a 16.28+1.0 cd 14.84+1.2d 18.96+15¢ 14.95+1.5d
>AcGlc /ZcoumGle 0.92+0.1¢ 1.17+0.1 b 0.88+0.1 cd 0.73+0.1d 1.364+0.1a 1.42+0.1a

Average values + standard errors (n=3). The letters in the brackets show the statistical difference among results for

p<0.05. For the same compound, a common letter for 2 or more variants shows no significant difference among them.

The other parameters, volatile acidity and the concentrations of free and total sulphur dioxide, are

mostly related to the winemaking technology and although very correlated with the final wine quality, they are

not supposed to be influenced by the grape-yield. Thus, the values determined are rightfully not significantly

different among these variants. The low values of volatile acidity, 0.41-0.49 g L acetic acid, demonstrate that

the alcoholic and malolactic fermentations were very well controlled, even in the presence of low quantities of

total sulphur dioxide, namely around 75 mg L. These are very good values for organic wines, in which, by law
should not exceed 130 mg L for red wines with more than 2 gL sugar (Reg. EU 203, 2012).
The polyphenolic profile of ‘Feteascd neagrd’, obtained by HPLC, shows the presence in wines of

important levels of phenolic acids, flavonols, flavanones, stilbens and anthocyanins, which are presented in

detail in Tables 1 and 2. To assess the influence of the independent factors on the polyphenol accumulation

and distribution, a PCA analysis was performed and the results are presented in Figure 1a-d.
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Figure 1. Principal Component Analysis (PCA) showing the components which explain the variation of
the samples obtained in 2016 and 2017: (a) Phenolic acids; (b) Flavonols, flavanols and stilbenes; (c)
Anthocyanin derivatives; (d) All polyphenols

Distribution of the polyphenols depending on the vintage (prefix 16 or 17 for 2016 or 2017), bud-load/vine (T20,
C28, T36 for loads of 20, 28 and 36 bud/vine) or maceration time (suffix-8 or 16 for the days of maceration)

From the phenolic acids class, as reported by other authors too, both on ‘Feteasci neagrd’ (Geana et al,
2011) and other varieties (Porgall era/, 2012), gallic acid predominates, with values ranging in our experiment
from 9.77 to 57.44 mg L', higher values being present in 2017 (Figure 1a). Its concentration increases with the
time of maceration during winemaking (Figure 1a), while the grape yield has less influence on this parameter.
The other phenolic acids, p-hydroxybenzoic, p-coumaric and ferulic, tend to have an inverse accumulation with
the gallic acid (Figure 1a), their values being higher in 2016, a more favourable year for grape quality.

As regards the flavanols, their values also increased with the maceration time, especially in the case of
catechin, for which the concentration almost doubled in cight days of additional maceration. This is in
agreement with other authors’ observations who reported increase in catechins and proanthocyanidins in 14
days of maceration on skins in red wines (Kovac er al, 1992). As shown in Figurelb, the catechin level was
higher in favourable years (2016), while epicatechin increased in less favourable years (2017). From the flavonol
class myricetin and quercetin higher concentrations are also correlated with the favourable 2016 vintage, while
the stilbene and trans-resveratrol tended to accumulate more in the less favourable 2017 (Figure 1b). The
extraction was significantly increased by the longer maceration on skins (Figure 1b) whenever the specific
phenol was present in sufficient quantities on the skins. As we can see for the case of resveratrol, in 2016 its
levels were relatively low, around 1 mg L" (Table 1), thus its increase toward 1.5 mg L through longer
maceration did not attain significance level, while in 2017, the resveratrol increased from 2.99-6.23 mg L to
4.96-9.29 mg L" in eight supplementary days of maceration (Table 2). In accordance to other authors too,
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when present in skins, the resveratrol extraction can be increased even by 13 times by maceration as compared
to the values in the free-run musts (Jeandet er al, 1995).

The anthocyanins, the red pigments of wine, influence the colour shade and intensity through their
concentration and their proportion, each anthocyanin having colours which depend on their chemical
structure and external factors, such as the pH or sulphur dioxide. Thus, any change in the anthocyanin profile
leads to colour change. Obviously, in the more favourable year, 2016, the anthocyanin accumulation was much
higher, especially as regards the malvidin 3-O-glucoside, which is the most representative anthocyanin found
in ‘Feteascid neagrd’. Malvidin 3-O-glucoside content is approximately double in 2016, with an average value of
65.14 mg L as compared to 2017, when the average was 30.57 mg L. This happened with all the other
determined anthocyanins, with the exception of cyanidin-3-O-glucoside and peonidin 3-O-acetylglucoside
(Figure 1c), which had a slight increase in 2017 as compared to 2016, but their values are too small to influence
the overall colour. The other anthocyanins accumulated better in warmer years, so that the initial values of
delphinidin, peonidin, petunidin were several times higher in the favourable vintage 0of 2016 (Table 1), than in
2017 (Table 2). Anthocyanins is the class of polyphenols which is the most influenced by the grape yield, the
variant with the reduced yield, 20 bud/vine, having the higher anthocyanin concentration (Figure 1c). The
longer maceration period, 16 days, decreased the content of malvidin derivatives by an average of 25.5%. The
other free anthocyanins decreased as well during maceration (Tables 1 and 2), due to polymerisation or
condensation with other polyphenols. This fact was confirmed by other previous studies on other grape
varieties (Herjavec et al, 2012).

Overall, it can be observed from the PCA analyses (Figure 1 a-d), that the less favourable year (2017)
was characterized by an increase in gallic acid, epicatechin, resveratrol and a decrease in catechine, myricetin
and quercetin, ferulic, p-hydroxibenzoic and p-coumaric acids and, especially, in most of the colour
compounds. As displayed in Figure 1d the samples of 2017 and 2016 are differentiated mostly based on the
red-coloured phenolic compounds, which are included in the Principal Component 1, which accounts for
64.69% of the total variance. Most other determined phenolic compounds, from the classes of phenolic acids,
flavanols, flavonols and stilbenes are included in the Principal Component 2, which explains only 17.79% of
the variance.

Conclusions

This study showed that the quality of the organic wines depends highly on the climatic conditions and
that the most influence on the chemical parameters was exerted by the year of harvest. However, the yield
reduction, coupled with prolongation of the maceration time on skins during winemaking, especially in the less
favourable years, can lead to better accumulation of sugars, of the colour pigments and other polyphenols
(ferulic acid, p-coumaric acid and p-hydroxybenzoic acid, catechin, myricetin, quercetin). The accumulation
of trans-resveratrol, a stilbene correlated with many health benefits in humans, is lower in favourable climatic
years (average of 1.1 mg L"), therefore, even though maceration increases its extraction (average of 1.45 mg L"),
the increase is insignificant. However, in less favourable years resveratrol accumulates in higher quantities (average
4.28 mg L") and its concentration in wine can be increased by longer maceration on skins, up to an average of 6.57
mg L. Thus, especially in the less favourable years, interventions in the vineyard and in winemaking process are
necessary to optimize the content of quality-related compounds.
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