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Abstract: Sulfur dioxide (S5O,) is widely the most used enological additive with reductive,
antiseptic and dissolving properties. According to increasing health concerns and the gradual
decrease in total SO, concentrations allowed in wine, alternative and supplementary agents
for preservation are being investigated. For this reason, the current study was focused on the
impact of different commercial reductive agents on white wine antioxidant activity and chemical
composition. The effect of additives that combine sulfites, ascorbic acid and enological tannins were
compared against standard 5% sulfurous acid (H,SO3) during the pre-fermentative treatments of
Sauvignon Blanc must (Vitis vinifera L.). The basic parameters of quality, free amino-nitrogen and
total polyphenoliccompounds in must were analyzed. Gas chromatography and spectrophotometric
methods were used to investigate the overall volatile composition, antioxidant and chromatic
parameters in wines. The obtained results undoubtedly pointed out the positive effect of sulfuric
acid on the fermentation dynamics. Furthermore, application of combined reducing additives
with potassium metabisulfite, L-ascorbic acid, gallotannins and ellagitannins, resulted in a higher
antioxidant capacity and increased concentration of aromatic compounds and their odor activity
values in Sauvignon Blanc wine.

Keywords: antioxidant activity; aromatic compounds; chromatic parameters; OAV; reducing agents;
ROC; Sauvignon Blang; sulfites; white wine

1. Introduction

Sulfites or sulfiting agents such as sulfur-containing salts (sodium and potassium metabisulfite
or bisulfite), sulfurous acid and sulfur dioxide (SO;) are the most utilized preservatives and seem
indispensable in winemaking due to their antioxidative, antimicrobial and dissolving properties.
While moderate oxidation improves the quality and sensory characteristics of red wines, SO, is
essential for the preservation of the color and aroma of white wines. Due to its positive conservation
and regeneration effect on wine aroma, SO; is the most effective additive in wine production [1].
Besides the direct oxygen scavenging and inhibition of oxidation enzymes, the main antioxidative
function of SO, is in its binding to hydrogen peroxide, which is the product of oxygen reduction. In that
process, it prevents the aldehyde production and oxidation of other readily oxidizable compounds [2—4].
Moreover, SO, also reduces quinones (brown polymers) back to their phenol form and improves
polyphenolic wine composition [5]. Among its multifunctional properties, SO, has a very important
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antimicrobial role against different unwanted microorganisms such as epiphytic yeasts, lactic acid
bacteria (LAB) and, to a lesser extent, acetic acid bacteria [6].

In addition to being convenient and versatile, the excessive use of SO, can have a detrimental
effect on wine quality, including the neutralization of wine aroma, the formation of hydrogen sulfide,
unwanted aromas and flavors and cloudiness after bottling [7,8]. Unfortunately, SO, may cause a range
of adverse clinical effects in sensitive individuals, from headaches, dermatitis, abdominal pain, diarrhea,
asthma and bronchoconstriction [6,9]. As a commonly used preservative in low pH foods, such as juices
and fermentable drinks, it is important to consider the cumulative effect on the consumers [10]. For these
reasons, the International Organization of Vine and Wine gradually decreased the maximum permitted
levels of total SO, in wine [11]. In the European Union, the allowed limit for conventional wines is
up to 150 mL/L in red ones and 200 mL/L in white and rosé wines [8]. A typical target for free SO, to
prevent wine oxidation is 20 to 40 mg/L [4], depending on wine style, aging conditions and expected
shelf-life [12]. Contemporary trends that include a healthy lifestyle mean that consumers are looking for
healthier and higher quality products. Due to increasing demands for low-sulfite or sulfite-free products,
winemakers are facing one of the biggest challenges of modern winemaking, i.e., how to find healthier
alternatives that could replace the positive properties of SO, or to use it in combination with reduced
doses of SO, in order to protect the chemical and sensory properties of the wine.

In recent years, various groups of chemical, physical and natural methods have been proposed
as promising tools for the replacement of SO, and have been discussed in different reviews, mainly
through antimicrobial properties [8,12—-14]. Until today, only a few authors have analyzed the influence
of some alternative antioxidants and their combined effect with SO, on the white wine oxidation
process, volatile composition and shelf life, mainly by addition prior to bottling [15-17]. As a strong
antioxidant and reducing agent, more active with molecular oxygen, through the autooxidation, which
generates dehydroascorbic acid and hydrogen peroxide (H,O;), ascorbic acid is used to complement
the effect of SO, [16]. The main disadvantage is affecting color development in white wines and use
of SO, as a complementary agent, which can ensure efficient scavenging of dehydroascorbic acid,
H,0, and its degradation products [16,18]. However, according to [16] its impact on oxidative wine
aging is controversial and debatable. In order to improve chemical and sensory characteristics of
white wine, plant extracts, like tannins have been investigated [15,17,19,20]. Hydrolysable tannins,
such as gallotannins extracted from oak galls and ellagitannins from oak or chestnut, which are not
naturally present in grapes, make up the most sold commercial tannins [19]. According to [15] the
pre-fermentative addition of enological tannins can effectively influence the oxidative phenomena on
white must and wine.

Color is one of the most important sensory characteristics of white wine and according to [21],
it plays a greater role in defining perceived odor than the chemical constitution of wine. Color intensity
and hue measurements give useful information about phenolic concentration and tendency for
oxidation, especially for wines treated with alternative reduction agents [8]. Wine aroma is a rather
complex feature, formed by aromatic compounds from grapes as well as from compounds formed
during and after alcoholic fermentation. The aromatic properties of Sauvignon Blanc wines mainly arise
from varietal thiols and methoxypirazine, while the esters, terpenes and other aromatic compounds
play a supporting role, enhancing the complexity of the wine [22]. The majority of aromas are developed
during the process of alcohol fermentation and storage via enzymatic or non-enzymatic esterification
of carboxylic acids [4].

There are some studies about the influence of alternative agents compared to sulfites on white
wine properties, added in different stages of vinification [1,15-17,23]. One of the main concerns
regarding these studies is that they were conducted on a laboratory-scale and on model wines so
there are insufficient data on how commercially available antioxidative alternatives affect the color
and aroma of different white wine styles on a larger scale. Despite growing interest in the use of
natural/organic preparations as potential alternatives to SO, (phenolics or natural extracts), the results
so far have been discouraging [24]. Therefore, this paper reports on the effects of different commercial
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reducing agents that complement SO, with ascorbic acid and enological tannins, added in the early
stages of the processing, i.e., before the alcoholic fermentation with the main purpose of preserving
white wine aromas, color and prevention of oxidation.

2. Materials and Methods

2.1. Wine Production

The grape variety used in this experiment was Sauvignon Blanc (Vitis vinifera L.), cultivated
and processed at the Experiment Station of Faculty of Agriculture (growing hill Zagreb, Croatian
Uplands). Experimental wines were produced by the processing of 450 kg of grapes. Manual grape
harvesting was conducted on the 6th September 2018. The grapes were processed by using of automatic
destemmer and crusher and pressing was done by a hydraulic press. Basic must quality parameters
like sugar concentration, total acidity, pH, free x-amino nitrogen and total phenols were determined.
The must was divided into six 50 L -stainless steel vessels (samples A, B, C, D, E, F) and different
reducing agents were added to each sample (Figure 1). The reductive addition treatments were:
(A) SUMPOvin (Inovet doo, Varazdin, Croatia), a 5%-sulfurous acid used in the standard dosage
100 mL/hL; (B) SUMPOVvin, 5%-sulfurous acid, 50 mL/hL, (C) Aromax® (AEB, Brescia, Italy) combines
50% potassium metabisulfite (54 mg/L of SO;) and 50% L-ascorbic acid (60 mg/L); (D) Aromax Super®
(AEB, Brescia, Italy) 50% potassium metabisulfite, 35% L-ascorbic acid and 15% pure gallotannins;
(E) Aromax Gal® (AEB, Brescia, Italy) 50% of potassium metabisulfite, 35% of L-ascorbic acid and
15% of pure gallo- and ellagitannins; and (F) Noxitan® (AEB, Brescia, Italy) combination of potassium
metabisulfite (50 mg/L SO,) and ellagitannins. After 24 h of sedimentation, clear musts were separated
from the sediment using closed pumping and were put into 12 glass containers of 25 L. Six types of
Sauvignon wines were elaborated—each experimental variant was reproduced in two replicates for
each one (n = 2). The grape musts were inoculated with Saccharomyces cerevisiae Excellence TXL®
yeasts (20 g/hL, Lamothe Abiet, Canejan, France) with activator of the yeast Oenostim® (30 g/hL,
Lamothe Abiet, Canejan, France). Complex yeast nutrition Vitaferment® (Lamothe Abiet, Canejan,
France) based on ammonium and vitamin Bl was added to help the yeast reproduction and decrease
anomalies in the fermentation dynamics conducted at 15°C. At the end of fermentation, the basic
enological analyses were done, and 5%-H;SO3; was added to correct the free SO, concentration level at
25 mg/L. After approximately 60 days, each treatment was bottled and the wines were analyzed after
3 months of storage at cellar temperature (15-17 °C).

Must
l l v v l l
A B C D E F
5%- H,S0, 5%- H,50;4 Aromax?® Aromax Super® Aromax Gal® Noxitan®
(100 mL/hL) (50 mL/hL) (20 mg/L) (20 mg/L) (20 mg/L) (10 mg/L)

IS N S SR

Fermentation -Saccharomyces cerevisiae Excellence TXL®
- yeast nutrition Vitaferment®
-l4 days/15°C

'

| Sedimentation |

'

| Maturation |

I

| Bottling |

'

‘ Physicochemical analysis

Figure 1. Scheme of the production of Sauvignon Blanc cv. white wine.
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2.2. Must and Wine Analyses

2.2.1. Physicochemical Analysis

Basic wine parameters including alcohol strength (% v/v), reducing sugar, total and volatile acids,
extracts, ash, free and total SO, and pH values of the given samples were analyzed using the methods
prescribed by OIV [25].

2.2.2. Free a-Amino Nitrogen

Free o-amino nitrogen (FAN) was determined by spectrophotometer Specord 400, (Analytik Jena,
Jena, Germany), using the method proposed by Dukes and Butzke (1998) [26].

2.2.3. Total Phenols

Total phenols (TP) were determined spectrophotometrically using the method by Singelton and
Rossi [27] based on the color reaction of the phenolic compounds with the Folin—Ciocalteu reagent.
The average of three measurements was used as the final absorbance value. The results were expressed
in gallic acid equivalents (mg/L of gallic acid).

2.2.4. Total Antioxidant Activity

The total antioxidant activity (AA) of the wines was evaluated using the ABTS-free radical
method described by Re et al. (1999) [28] Absorbance measurements were transformed to antioxidant
activity using Trolox as a reference. Absorbance measurements were recorded on a Specord 400
spectrophotometer. The cation radical ABTS™ is generated directly by the reaction of an ABTS stock
solution (7 mmol/L) with 140 mmol/L potassium persulfite in a 1:0.5 stoichiometric ratio; the mixture
was allowed to stand in the dark for 12 to 16 h. Next, 5 mL of the formed cation radical ABTS™ was
mixed with 50 pL aliquots of wine and the absorbance was measured at 734 nm, 6 min after mixing.
A blank control of an ethanol/water mixture was run for each assay. Results are expressed as pmol of
Trolox equivalents/L of wine (TEAC/L). All determinations were carried out in triplicate.

2.2.5. Color Parameters

Color intensity, hue/tint/tonality and pigments were analyzed by direct measurement of wine
absorbance at 420, 520, and 620 nm by using a Specord 400 spectrophotometer (Analytik Jena, Jena,
Germany). The color intensity (CI), color tint/tonality/hue (T), and the proportion of yellow (% Ye),
red (% Rd), and blue (% Bl) pigments were calculated as follows: CI = Abs 420 + Abs 520 + Abs 620;
T = Abs 420/Abs 520; % Ye = (Abs 420/CI) x 100, % Rd = (Abs 520/CI) x 100, % Bl = (Abs 620/CI) x
100 [29].

2.2.6. Volatile Compounds Analysis

Analysis of wine volatile compounds was performed according to the method described by [30].
In brief, isolation of volatile compounds was done by applying solid phase extraction procedure on
LiChrolut EN cartridges (200 mg/3 mL, Merck, Darmstadt, Germany). The GC analysis was performed
on an Agilent 6890 system coupled with 5973 N mass spectrometer with a ZebronTM ZB-WAX capillary
column (60 m X 0.32 mm i.d., with 0.5 um film thickness, Phenomenal, Torrance, USA). The flow rate
of helium was 1 mL/min. The mass spectrometer was operated in an electron ionization mode at
70 eV with selected ion monitoring (SIM) with selected ions. Compounds were first identified using
NIST/EPA/NIH MS Search 2.0 and our own mass spectra libraries. Identities of most of them were then
confirmed by comparison of their linear retention indices and EI mass spectra with those of reference
compounds. Quantification of all examined compounds was done by the external standard method.
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2.2.7. Odor Activity Values and Relative Odor Contributions

Odor activity values (OAV) and relative odor contributions (ROC) are two conventional indicators
used to estimate the sensory contribution of the aromatic compounds to the overall flavor of wines.
OAV is calculated as the quotients of their concentration (c) and the corresponding odor perception
threshold (t) reported in the literature [31]. Aromatic compounds with OAV > 1 can contribute to the
overall aroma of wine [32]. The ROC of each aroma compound is calculated as the ratio of the OAV of
the respective compound to the total OAV of each wine [33].

2.3. Statistical Analysis

Mean values of concentrations and their standard deviations were calculated from three replicates.
One-way analysis of variance (ANOVA) was performed using the SAS System for Windows 9.0, 2004
(SAS Institute Inc., USA). The differences in the content levels were estimated by t-test. The probability
of p < 0.05 was considered statistically significant. Multivariate analysis was carried out with XLSTAT
software v.2020.3.1. (Addinsoft, New York USA). The results of Principal Components Analysis (PCA)
presented as two-dimensional PCA plots were used to identify the differences between wines.

3. Results and Discussion

3.1. Must Composition

After the primary processing of grapes, the concentration of sugar (95 °Oe), total acidity (7.4 g of
tartaric acid equivalents/L), free x-amino nitrogen (28.49 (FAN)/mg/L), total phenols (340.35 (TP)/mg/L)
and pH value (pH 3.3) in the sample of Sauvignon blanc must were determined. A relatively high
sugar concentration determined in the must indicated a higher alcohol percentage > 13 vol. % in the
final product. Sauvignon Blanc must contained a high amount of total acidity and the pH value was
within the range that is optimal for white wines (from 3.1 to 3.4) [34]. The free x-amino nitrogen (FAN)
concentration of the must indicated that the grape must have needed to be supplemented with yeast
nutrients, which provides the regular course of the alcoholic fermentation.

3.2. Physicochemical Properties, Total Phenols and Antioxidant Potential of Wines

The results of basic physicochemical analysis of wines are shown in Table 1. According to the
sugar concentration of the must, concentrations of alcohol were in the range 13.5-13.7%, v/v. Only
the samples A and B fermented to dryness (< 4 g/L of residual sugar), while all the other treatments
resulted in semi-dry wines. Due to the fact that the same type of base wine and the same yeast
were used, the difference in the fermentation dynamics can be partially prescribed to the different
reducing agents used. Sugar-free extract was in the range of 17.7-18.9 g/L, while the highest value
was registered in sample B. Extract is a very important component of the wine’s quality, which hugely
improves its fullness and harmony and the range for dry white wines is usually below 25 g/L [35].
The total acidity (TA) was between 5.8 and 6.6 g/L. The highest concentration was measured in sample
B, while the were significantly lower in samples A and D. Volatile acid concentration was between
0.54 and 0.70 g/L, which is in accordance with the values prescribed in the Regulations of the Wine
Production [36]. Considering the fact that the use of sulfites in different dosages and combinations is
the main subject of this work, it is important to note that the results of the free, bound and total SO, in
wines after the fermentation showed the expected absence of the free SO,. Bound SO, ranged from 37
to 59 mg/L, while the concentration increased in the following way: A < B <F < C <D < E. The total
SO, concentration met the regulations prescribed in the Regulations of the Wine Production [36].

According to other studies, final results of TP (Table 1) were within the range of 92-482 mg/L
found in white wines from Croatia [37-39]. There were significant differences in TP values among
all samples, from the lowest concentration in sample A to the highest in sample E. Similar values for
TP, ranging from 191-248 mg/L, were found in other Sauvignon Blanc wines [22]. Contrary to other
research [24,40], a high concentration of TP was found in wines with a higher total SO, concentration,
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which may have prevented phenolic oxidation. Results highlighted the lowest ABTS and TP values
in wines with 5% H»5SO3; added in both doses (A and B) and in wine F (potassium metabisulfite +
ellagitannins). Significantly high antioxidant activity was detected in wines with a high concentration
of bioactive phenolic compounds that were treated with reducing agents containing ascorbic acid and
tannins (C, D and E).

Table 1. Physicochemical properties, total phenols and antioxidant capacity of Sauvignon Blanc wines.

Parameter A B C D E F
Alcohol (%, v/v) 13. 7+ 0.0 13.6 £ 0.0 13.6 + 0.0 135+ 0.0 13.7 £ 0.0 13.6 £ 0.0
Residual sugars (g/L) 28+01¢ 27+01¢ 58+0.1P 62+012 53+0.14 56+0.1¢
Sugar-free extract (g/L) 18.0+0.14 189 +0.12 184 +0.1P 17.7+0.1f 179 +0.1°¢ 183 +0.1¢
Total acidity * (g/L) 58+0.1¢° 6.6+0.12 6.0+014 59+00¢ 62+01°¢ 64+00°
Volatile acidity ** (g/L) 0.60 +£0.0°¢ 0.54+00d 0.65+0.0° 0.70 £0.02 0.65+0.0° 059+00¢
pH 33+00 3.3 +0.0 33+0.0 33+0.0 3.3+0.0 33+0.0
SO2 bound (mg/L) 370+ 05f 400+05¢ 59.0 £ 0.52 55.0 + 0.5 °¢ 570+05°  450+054
SO2 total (mg/L) 37.0+005f  40.0x00¢ 59.0 £ 0.52 55.0 £ 0.5°¢ 570+05°  450+054
Ash (g/L) 1.71+0.04 1.74 £ 0.0° 1.73 £0.0¢ 1.72+£0.0°¢ 1.72+£00°¢ 1.78 £0.02
Total phenols (mg/L GAE)  241.69 +0.0f 250.75+0.09 27563 +0.0° 267.8+0.0¢  278.02+0.12 247.77+0.0¢
ABTS (uM/L TE) 126 +0.04 1.34 + 0.0 ¢ 144 +002P 142 +002bc  150+002 137+0.0b¢

* tartaric acid and ** acetic acid equivalents. ABTS = antioxidant capacity (umol of Trolox equivalents/L) by
2,20-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS*). Concentrations expressed as mean =+
standard deviation (n = 3). Means with different superscript letters in the same row differ significantly (p < 0.05).

3.3. Chromatic Properties

Figure 2 shows the results of color evaluation in terms of color intensity (CI), hue value (T) and
proportion of yellow (% Ye), red (% Rd) and blue (% Bl) pigments. White wines transmit essentially all
wavelengths of light to a high degree (around 80%), but then absorb strongly in the short wavelength
end of the spectrum. The absorbance values on 420 nm are conventional reference absorbance values for
the evaluation of white wine color (Figure 2a). Thus, they are absorbing blue light while transmitting
other wavelengths resulting in their typical yellow color [41]. Significantly higher absorbance at all
wavelengths, especially at 420 nm, was noticed in samples C and D, together with highest color intensity.
The low absorbance was in samples A and B, which had lower concentrations of total SO, total phenols
and antioxidant activity. These results are in agreement with [15], who observed an increase in optical
density at 420 nm when studying the substitution of SO, by lysozyme. A significantly high proportion
of yellow was detected in sample E with a high concentration of TP, antioxidant activity and total SO,.
A significant decrease in hue value was observed in all samples compared to sample E (p < 0.0001).
There was no direct correlation between concentration of total SO, and color parameters in other
wine samples.
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Figure 2. Absorbance at420, 520 and 620 nm; (a), color intensity (CI) and color hue values; (b) proportion
of yellow (% Ye), red (% Rd) and blue (% BI) for Sauvignon Blanc wines; (c) columns marked with
different letters (a, b, ¢, d, e, f) differ significantly (p < 0.05) among treatments.

3.4. Aroma Compounds

Besides the basic enological properties, 92 volatile compounds divided into 7 chemical groups
were analyzed (Table 2). The highest number of compounds was in the group of alcohols (24),
followed by esters (21), monoterpenes (17), volatile phenols (8), aldehydes (5), fatty acids (5) and
miscellaneous compounds (9). The concentration of the total aromatic compounds increased following
the succession: A <D < C < F < E < B. The most represented group of the individual compounds
were the alcohols with highest total concentration in samples B and E. According to [15], SO, had a
significant influence on alcohol production that was not completely confirmed by actual study. In this
research, the total concentration of the alcohols was in the range of 99.45-127.94 mg/L, which still has a
positive impact on the wine aromas and enhances aromatic complexity according to [42]. The most
abundant compound related to whiskey, solvent or nail polish aroma was isoamyl alcohol. The alcohols
that could contribute to the wine aroma with concentrations above their sensory perception threshold
were phenyl ethyl alcohol with rose notes (the highest concentration being in samples B and E),
2-methyl-1-butanol associated with black truffle (with no statistical difference among all samples)
and 1-hexanol with a freshly cut grass aroma (the highest concentration in samples B and A) [43].
The highest concentration of fruity esters was found in sample D, while the lowest was found in sample
A. The tannins seemed to have the most positive influence on ester production, which is in accordance
with [15]. As suggested in other papers, these results may be due to the ability of tannins added
before fermentation to affect the presence of oxygen in musts and wines, as a consequence of a double
mechanism of enzyme inhibition and of radical-scavenging activity. Tannins can quickly drop the
oxygen availability, contributing to preserve the ester amounts in wines [44]. The most representative
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ester in all samples was ethyl-hydrogen succinate. Esters of the succinic acid are used to imitate the
smell of butter, rum, brandy, grapes and raspberries [45]. The second most representative ester was
isoamyl acetate with a banana scent, then diethyl succinate with an apple aroma, ethyl octanoate with
the scent of pears and ethyl decanoate with sweet fruity aroma. According to [39], the most abundant
ester in white wines from Croatia, after ethyl acetate, was isoamyl acetate with a concentration between
0.31-4.14 mg/L, then ethyl hexanoate and ethyl octanoate. A study on Sauvignon Blanc wines by [22]
reported that ethyl acetate, isoamyl acetate and ethyl hexanoate were dominant esters.

The group of monoterpenes is representative of grape variety aroma profiles. The most common
compound was nerol, with the highest concentration in samples B and D, and geraniol in sample
D. The aroma of nerol can be described as flower/citrus, while the geraniol can be described as rose.
This research showed different results compared to the results of the indigenous white varieties in
Croatia, where the most representative monoterpene was linalool with a citrus-flowery aroma [39].
B-damascenone, a representative of C13-norisoprenoid, with its flowery aroma that improves the
aroma of Sauvignon Blanc wines, was also analyzed. The concentrations were above its threshold with
the highest concentration in sample F. The most abundant compound in the group of volatile phenols
was tyrosol (11-23 mg/L), a natural antioxidant present in wine, as the product of the yeast metabolism.
The highest concentration was in sample A. Tyrosol concentrations above 25 mg/L in still wines can
cause a bitter taste [46]. The second most-represented compound was the compound with a pleasant
jasmine and almond taste—benzyl alcohol, with the highest concentrations found in samples A and B.
The fatty acid with the highest concentrations was propionic acid, which was quantified in sample
D. All the fatty acids analyzed in this research were present in the concentrations below the sensory
perception threshold that usually has a positive impact on aroma complexity. The highest concentration
of the total aldehydes was in sample D, while the most abundant compound was 2-octenal with its
green-nutty aroma.

In order to evaluate the effect of applied reducing agents on the groups of the aromatic compounds
in Sauvignon Blanc wines, a PCA analysis was conducted as well. The results of PCA are shown in
Figure 3, where the first two components explained 70.54% of the total variance. A clear separation of
the analyzed samples in a two-dimensional coordinate system was evident. Wines treated with 5%
H,S0;3 (A and B) and potassium metabisulfite/ellagitannins (F) were clearly separated by PC1 from
wines treated with reductive agents that include ascorbic acid (Figure 3). Pre-fermentation treatment
with H,SO3 and potassium metabisulfite/ellagitannins was characterized with total higher alcohols and
volatile phenols. Wines produced with reductive agents that include ascorbic acid were discriminated
by the majority of aromatic compound groups analyzed. It was supposed that sample D, located at the
rightmost of PC1, was positively correlated with total esters, aldehydes and terpenes.
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Table 2. Concentration of volatile compounds in Sauvignon Blanc wines (mg/L).
Compounds Qion  R¢ A B C D E F
Aldehydes
Hexanal 44 2193 460.00 + 071 46686 + 0492 33328 + 122f 38117 + 112¢ 42769 + 037¢ 39771 + 0799
2-Pentanal 55 2413 1250 + 026° 1652 + 0.02b 1547 + 027° 2506 + 015% 1443 =+ 0014 1400 =+ 0119
2-Octenal (g/L) 41 4471 115 = 000°¢ 118 + 001¢ 272+  000P 283  + 0.00? 179 = 0004 194 + 0.00°
Decanal 43 4897 088 = 001f 277 £ 0.0849 196 + 003° 547 + 0.062 344  +  0.02¢ 493  + 0.03P
Benzaldehyde 106 51.01 1760 =+ 001> 2104 + 0128 1324 + 007¢ 1706 =+ 015¢ 11.89 = o010f 1406 + 0239
Esters
Isobutyl acetate 43 1683 5417 = 0029 4441 =+ 006 8056 + 016P 8306 + 0128 5769 + 038° 5734 + 023°
Ethyl butanoate 71 1803 28150 =+ 057° 23608 + 1299 34064 =+ 494P 35540 =+ 1330% 28354 + 070¢ 28457 x 0.78°¢
Ethyl-2-methylbutanoate 57 1910 1841 =+ 0.03°¢ 2182 x 005> 1763 + 001f 1906 = 0019 2209 = 004% 1936 x 0.06°
Ethyl-3-methylbutanoate 88 2011 2656 =+ 001b 2837 + 005 2277 + 0019 2494 = 013° 2914 + 0222 2534 x 0.68P¢
Isoamyl acetate (g/L) 43 2351 169 = 0009 1.06 £ 000°¢ 223+ 0.00P 228 + 0012 170 = 0.009 178 £ 075°¢
Ethyl hexanoate 88 3112 31608 =+ 067° 21950 =+ 0.69f 54554 + 086P 56351 =+ 232@ 35784 =+ 2169 38587 x 041°
Ethyl lactate 45 3867 1875 + 006 1976 + 0.14* 1395 + 007¢ 1345 + 004f 1595 + 0099 1840 £ 0.05°¢
Ethyl-2-hydroxy-3-methylbutancate ~ 73 4452 417.86 =+ 100¢ 29381 = 0.65f 67294 =+ 222b 69727 =+ 5462 44019 = 0749 47698 = 146¢
Ethyl octanoate 88 4469 58583 + 042° 409.07 =+ 029f 94326 + 191° 97904 =+ 1095% 62044 =+ 1704 67191 + 221°
Isobutyl lactate 45 5370 8793 + 016° 11487 + 041 7230 + 011° 7172 + 016° 6857 = 0019 5784 x 064°
Isoamyl lactate 45 5370 3166 + 003 4264 x 0042 3150 + 007P 2728 = 0.02° 2308 = 0069 2235 & 0.04°
Ethyl furoate 95 5688 1588 + 0.01¢ 1089 + 003f 2554 + oo01P 2811 + 037%® 1816 = 0039 1931 x 0.01°
Ethyl decanoate 88 5731 52686 + 0.01° 36589 =+ 004f 88098 + 246 93510 =+ 078% 591.66 =+ 1429 65937 + 150°¢
Diethyl succinate (g/L) 101 5967 115 x 0.04P 130 £ 0.02° 088 + 0009 099 = 0.02° 112+ 001° 123+ 070
Ethylmethyl succinate 101 61.00 3831 + 001° 268 + 004f 6178 + 002P 6576 = 0027 4241 = 0019 4734 x 0.08°
Diethyl glutarate 143 6593 060 x 0019 111 = 0012 044 + 001°¢ 066 + 001°¢ 098 x 001P 070 + 001°¢
Methyl-3-hydroxyoctanoate 103 7710 085 + 0.04P 260 o+ 011° 032 + 0019 089 + 002P 067 + 002°¢ 099 + 001°
Diethyl malonate 117 7986 036 + 0.03° 073 £ 003° 047  + 0.02P 031 =+ 001° 035 + 002°¢ 032 + 002°¢
Ethyl hexadecanoate 88 8841 829 + 0199 773 &+ 009¢ 1630 + 007P 2140 + 0602 912 + 0239 1218 + 021°¢
Ethyl hydrogensuccinate (g/L) 101 9660 226 + 000Pc 260 + 0002 190 + 0.00¢ 230+ 000P 221+ 0024 218 o+ 0024
Ethyl linoleate 67 10116 217 = 0.02P 381 + 006° 179 = 0.04¢ 154 = 0074 127+ 001¢ 124 = 001¢
Alcohols

1-Butanol 56 24.66 2821 + 0.04° 2894 x 0.10¢ 8867 + 049° 9705 = 0042 7454 + 0759 7843 + 015°
2-Methyl-1-butanol (g/L) 55 2896 3140 + 0062 3218 + 002 2645 + 006 3092 + 005 3101 =+ 008* 3049 + 0012
Isoamyl alcohol (g/L) 41 2903 3353 =+ 003f 6075 &+ 003* 4910 + 007° 5855 + 006f 5925 + 003° 5701 + 0109
1-Pentanol 42 3220 207 = 0012 159 = 0.02P 077+ 0069 1.07 + 0.03° 012 + 002°¢ 024 + 001°¢
4-Methyl-1-pentanol 56 3670 10177 + 008 7966 + 048°¢ 8677 + 0084 10136 =+ 025P 11760 = 0.02% 9776 x 0.29°¢
2-Heptanol 45 3690 109 = 001P 015 + 001¢ 169 = 0022 017 + 001°¢ 059 + 002°¢ 026 + 0014
2-Pentene-1-ol 57 3710 5820 + 0019 4448 + 006f 5427 + 039° 6424 = 003" 6945 £ 0647 5994 + 0.05°€
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Table 2. Cont.
Compounds Qion Rt A B C D E F
Alcohols
3-Methyl-1-pentanol 56 3756 22787 + 0.169 18003 + 030f 21865 + 0.62° 25242 + 037P 27734 + 0702 24088 + 025°¢
1-Hexanol (g/L) 56 3988 105 + 001P 112+ 0012 068 + 000f 077 + 001° 08 = 00049 091 + 0.00¢
3-Hexene-1-ol, trans 41 398 3260 + 0144 3150 + 011°¢ 5616 + 004P 5918 + 0212 5215 + 029¢ 3104 + 039°¢
3-Hexene-1-ol, cis 67 4176 1638 + 004°¢ 1239 + 012f 2663 + 028P 2817 + 021 1977 + 00749 2110 + 0.06°¢
Cyclohexanol 57 418 150 + 0112 129 = 001° 092 + 0.02¢ 080 + 0024 117 + 001° 073 = 0034
2-Hexene-1-0l, trans 57 4272 921 + 0252 806 + 003P 481 + 0059 546 + 0.1549 624 + 037°¢ 755 + 0.11P
1-Octen-3-ol 57 4553 3936 + 052P 4470 + 097® 2501 + 1.03¢ 3037 + 0139 3543 + 065° 3377 = 0.66°¢
1-Heptanol 70 4593 113 + 0019 082 + 004° 249 + 0052 259  + 0.06? 160 + 001P 139  + 004
2-Ethyl-1-hexanol 57 48.07 081 + 0.022 0.51 + 0.03¢ 064 = 0.04P 084 + 0032 066 + 0.01P 039 + 0034
2,6-Dimethyl-4-heptanol 69 518 527 + 004%> 38 + 011°¢ 442 = 0.039 489 + 001°¢ 503 + 005b< 529 + 0032
1-Octanol 56 5232 543 + 0.01°¢ 514 + 0014 559 + 0.04P 576  + 0.04P 563 = 0.05P 604 = 0042
2,3-Butanediol 45 5352 1109 + 0.02°¢ 558 + 001°® 738 + 0059 556 + 001 1186 + 008> 1591 =+ 0.13°
2-Octen-1-ol 57  56.04 0.1 + 001°¢ 023 + 0.02P 024 = 0.00P 025 £+ 001° 010 £ 001°€ 034 + 0012
1-Decanol 55 6427 444 + 001P 507 + 0022 376 + 0.04¢ 427 + 002¢ 431 + 002°¢ 406 + 0014
Phenylethyl Alcohol (g/L) 91 7278 3293 + 044bc 3342 + 010 2982 + 0029 3339 =+ 0072 3399 s+ 008* 3197 x 011°¢
2-Pentadecanol 45 7497 320 = 001P 280 + 0.13¢ 282 + 001¢ 287 + 001°¢ 294 + 0.03¢ 421  + 0022
1-Octadecanol 83 10443 355 £ 0.102 260 = 0.07P 273  + 001P 237 + 013b 242+ 0.04P 240 + 006P
Terpenes

y-Terpinene 93 3203 2539 + 006P 2855 + 035% 2010 + 0169 2219 + 0.08¢ 2524 + 038P 2816 + 0022
Tetrahydrolinalool 73 4432 5327 + 0.09P 5979 + 0242 2407 =+ 023f 2926 + 009¢ 3994 =+ 012°¢ 3415 =+ 0239
Linalyl formate 69 4698 1502 + 009 1570 + 0092 1221 + 014 1495 = 028® 1470 + 033® 1499 x 011P
Linalool 71 5172 4663 + 0.09P 5294 + 0762 3501 + 040° 3940 =+ 0079 4284 + 003° 4047 =+ 0129
Terpinene-4-ol 71 5547 3772 + 035P 4044 + 040° 3600 + 086P¢ 4216 + 0422 3718 + 028P 3504 + 0.04°¢
Hotrienol 71 5574 5116 + 072¢ 5572 + 021 5114 + 002°¢ 5802 + 0162 5136 + 024 4823 + 0309
-Terpineol 59 6092 493 + 0012 495 + 0032 402 + 006°¢ 458 + 006P 499 + 0052 453 + 0052
Linalool oxide pyran 68 6338 552 + 0.01P 438  +  0.06¢ 556 + 0042 569 + 0012 439  + 001°¢ 559  + 0.023P
Citronellol 69 6453 1098 + 0.06P 1910 =+ 0112 810 = 0044 1134 + 0.08P 1021 + 0.13°¢ 1004 + 011°¢
Nerol 69 6654 159.66 + 074°¢ 17177 + 0692 15052 + 0234 17411 =+ 0782 16461 + 148P 15798 =+ 0.03°¢
Geraniol 69 6899 4929 + 052¢ 4018 + 001f 818 + 002P 838 + 0302 5535 + 0549 5761 =+ 0.28°¢
Terpendiol I 67 7409 3980 + 021 2234 + 0229 4187 + 0182 4105 =+ 0362 3472 + 014 4199 =+ 0.09°
6,7-Dihydro-7-hydroxylinalool 71 7547 339 + 0.18P 268 = 0.04°¢ 424 + 020° 399  + 0.16° 231 = 010°¢ 324 + o0.10P
Neralidol 69 7855 1849 + 0062 1201 + 0084 1722 =+ 0.14° 1794 + 0.04P 1228 + 0119 1868 =+ 0.012
Geranyl acetate 69 9121 757 + 0.02°¢ 703 + 0.06° 454 = 0184 924 + 0.08P 9.05 + 013P 1119 + 0.262
8-Hidroxylinalool 43 9141 451 = 00149 181 + 001¢ 750 + 021¢ 1322  + 047° 462 + 0119 1202 + 0.02P
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Table 2. Cont.
Compounds Qion Rt A B C D E F
Volatile phenols
Benzaacetaldehyde 91 5828 000 +  0.00 000 + 0.0 341 + 0012 278 +  002°¢ 282 + 0.01P 1.08 + 0014
Benzylalcohol 78 7092 452 o+ 0.02° 479  + 0022 357  + 0.04°¢ 399 + 0.18P 338  + 006°¢ 374 + 0.06°¢
4-Ethylguaiacol 85 7884 395 + 0.042 000 =+ 0.0 316 + 0.01P 000 =+ 0.0 401  + 0042 000 = 0.0
Tyrosol 107 9721 2388 =+ 0.082 632 + 001° 1815 + 0.01P 1581 =+ 0.02f 1682 + 040° 1112 =+ 03149
Vanilin 151 10278 471 + 0012 450 + 0.01P 459 = 0.02°P 514 + 006P 443  + 0.12b 452  + 0.04P
Methyl vanillate 151 10417 275 + 001°¢ 321 + 0032 261 = 0.06°¢ 294 + 003b 247  + 0014 228 + 0.01°¢
Ethyl vanillate 151 10662 3.06 + 0.03P 5890 + 0062 045 + 0.02¢ 000 + 0.0 048 + 002°¢ 000 + 0.0
Homovanillyl alcohol 137 11517 140 + 0.01P 037 + 001° 155 + 0.04° 127  + 0.01°¢ 038 + 001° 077 + 0.0449
Fatty acids
Propanoic acid 74 5197 2995 + 0.04¢ 2047 =+ 002f 3391 =+ 010° 3220 + 0074 3842 + 001* 3609 + 0.04P
2-Methylpropionic acid 43 5457 777 + 001P 630 + 0.02°¢ 509 + 0.02¢ 1096 + 0.132 623 = 003° 558 + 0.039
Isovaleric acid 60 6048 441 + 0019 530 + 0.07°¢ 553 + 0.05°¢ 824 + 008P 1102 + 0.092 546  + 0.08°¢
Heptanoic acid 60 7504 890 + 0089 823 + 006° 848 + 0.02°¢ 1063 + 0.05P 969 + 006°¢ 1122+ 0162
Octanoic acid 60 8035 850 £ 0.012 657 £ 0.02°€ 238 + 005¢ 733 = 0.04P 426 = 0174 440 + 0.0149
Miscellaneous
4-Methyl-2-penten-2-one 55 2445 2186 + 0.02°¢ 2204 + 004° 4122 + 024> 4777 + 010® 3177 =+ 0629 3405 =+ 0.11°¢
Acetoin 45 3489 497 + 0.08P 5.61 + 0.022 495 = 0.04P 453 + 0.03° 421 + 0.03d 488 = 0.01°
6-Methyl-5-hepten-2-on 43 3852 15075 + 0.13°¢ 16477 + 0719 14979 + 0.05° 18168 + 0.64¢ 18790 + 0.11P 21240 + 0442
N-Ethylacetamide 43 5777 387 + 0214 505 + 0.02°¢ 251  + 001°¢ 738 + 0.04° 577 + 0.01P 248 + 0.03°
Dihydro-2-methyl-3(2H)furanone 43 6267 276 + 0002 225  + 0.02P 270+ 0012 164 £ 0.03¢ 013 =+ o001°© 094 = 0059
B-Damascenone 69 6811 664 = 0.04P 680 = 0.15P 570 + 0014 577 + 0.014 610 = 007°¢ 744 £ 0.042
4-(Methylthio)-1-butanol 61 6956 28997 + 033¢ 21035 =+ 1.75f 49034 + 685P 50799 + 0322 32150 =+ 0749 34092 + 1.08°¢
y-Carboethoxy-y-butyrolactone 85 8557 10990 + 0.11°¢ 1504 + 003 2913 + 078°¢ 6623 + 0819 39076 =+ 10702 16920 + 6.33P
N-(2-phenylethyl) acetamide 104 10627 282 x 0.01P 279  + 004b 308 x 0017 284 = 004° 259 o+ 0049 250 = 0069

Concentrations expressed as mean + standard deviation (n = 3). Means with different superscript letters in the same row differ significantly (p < 0.05). Legend: Qy,, = Ion quantifier;

Rt = retention time.
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Figure 3. Distribution of the wine samples in a two-dimensional coordinate system defined by the first
two principal components (PC1 and PC2) according to the applied reducing agents (A, B, C, D, E, F)
and groups of aromatic compounds.

3.5. Odor Activity Value (OAV) and Relative Odor Contribution (ROC)

To evaluate the effects of individual aromatic compounds on overall aroma profile of Sauvignon
Blanc wines, OAV values and ROC indexes were calculated. Each aromatic compound has been
associated with an odor descriptor as reported in the literature (Table 3). Only 17 compounds out of 92
exceeded the threshold values (OAV > 1). In sample D, 2-octenal (OAV = 942.40) had the highest OAV
among all compounds, more than two times higher than in samples A and B. Together with hexanal
(OAV =103.75 in B) it has an enhanced green and grass aroma, common descriptors of Sauvignon
Blanc wines. i-damascenone had the second highest OAV (148.80) in sample F. Isoamyl acetate had the
highest OAV (76.01) in sample D, again more than two times higher than in sample B. Among terpenes,
only geraniol and linalool had an OAV > 1, both with a flowery-citrus aroma, with high values in
samples A and B. The higher alcohol, i.e., 1-octen-3-ol, which had the highest OAV in samples B (44.70)
and A (39.36), is associated with a mushroom aroma. The highest OAV (2.42) of rose-like phenylethyl
alcohol was noted in sample E. The same number of the highest OAVs was found in samples D and B,
mostly from fruity esters, but the highest OAV in total was noted for sample D. On the basis of the ROC
index, a further contribution of each individual compound on the wine aroma was analyzed (Table 3).
Although the most abundant compounds with the highest OAVs were found in wine sample D, some
of them, like 2-octenal and ethyl hexanoate, ethyl octanoate and ethyl butanoate displayed greater
relative odor contribution (ROC) in samples C and A. Phenylethyl alcohol and 3-damascenone had the
highest ROCs in sample B, even though their OAVs were the highest in samples E and F, respectively.
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Table 3. Odor activity values (OAV), relative odor contribution (ROC) and odor thresholds (OTH) of aromatic compounds with OAV > 1 in Sauvignon Blanc wines.

Compounds (S‘;ILI) Odor Descriptor OAV ROC (%)
A B C D E F A B C D E F

2-Octenal 0.003 1 Green, nut, fat 384.00 394.64 905.60 94240 597.70 64729  46.82 49.72 69.61 69.13 60.37 60.87
Hexanal 0.0451 Green, grass 102.22  103.75  74.06 84.70 95.04 88.38 12.46 13.07 5.69 6.21 9.60 8.31
Isoamyl acetate 0.030 2 Banana 56.42 35.24 74.45 76.01 56.76 59.47 6.88 4.40 5.72 5.57 5.73 5.59
Ethyl octanoate 0.5803 Sweet, floral, fruity, pear 1.01 <1 1.62 1.69 1.07 116 0.12 - 0.12 0.12 0.11 0.11
Ethyl decanoate 0.2003 Floral 2.63 1.83 4.40 4.67 2.96 3.30 0.32 0.23 0.33 0.34 0.30 0.31
Ethyl hexanoate 0.014 2 Fruity, green apple, banana 22.56 15.68 38.97 40.25 25.56 27.56 2.75 1.98 2.99 2.95 2.58 2.59
Ethyl butanoate 0.0204 Pineapple, apple 14.07 11.80 17.03 17.77 14.18 14.23 171 1.49 1.30 1.30 1.43 1.34
Isoamyl lactate 0.0016° Fruit, apple, banana 19.79 26.65 19.69 17.05 14.42 13.97 241 3.36 151 1.25 1.45 131
Ethyl-3-methylbutanoate 0.003 4 Fruity, pineapple 8.85 9.46 7.59 8.31 9.71 8.45 1.07 1.19 0.58 0.61 0.98 0.79
Ethyl-2-methylbutanoate 0.018* Apple 1.02 121 <1 1.06 1.23 1.08 0.12 0.15 - 0.07 0.12 0.10
Ethyl hexadecanoate 0.0015 © Fruity, wax 5.53 5.15 10.87 14.27 6.08 8.12 0.67 0.65 0.83 1.04 0.61 0.76
Phenylethyl alcohol 142 Floral, rose, honey 2.35 2.39 2.13 2.38 242 2.28 0.28 0.30 0.16 0.17 0.24 0.21
2-Methyl-1-butanol 307 Whiskey, burnt, nail polish 1.05 1.07 <1 1.03 1.03 1.02 0.13 0.13 - 0.07 0.10 0.09
1-Octen-3-ol 0.001 8 Mushroom 39.36 44.70 25.01 30.37 35.43 33.77 4.80 5.63 1.92 2.22 3.58 3.17
Geraniol 0.020 2 Citrus, citric fruit 24.64 2.01 4.09 4.19 2.77 2.88 3.00 0.25 0.31 0.31 0.28 0.27
Linalool 0.0252 Citrus, floral, sweet 1.86 2.12 1.40 1.58 1.71 1.62 0.23 0.27 0.11 0.11 0.17 0.15
-Damascenone 0.00005 * Sweet, fruity, floral, honey =~ 132.80 136.00 114.00 11540 122.00 148.80  16.19 17.13 8.76 8.46 12.32 13.99

Odor threshold values (OTH) from the literature: ! [47], 2 [48], 3 [49], 4 [50], ® [51], © [52], 7 [53], & [54], ? [55].
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To further define the aromatic compounds influencing the wines, OAV data were used for PCA
analyses (Figure 4). Variables included in the PCA were limited to OAV > 1 (Table 3). As it can be
seen from Figure 4, the first principal component (PC1), accounting for 70.50% of the total variance,
differentiates samples C and D from the other four samples, while PC2 that explains 12.51% of variance
separates samples A, B, C from D, E and F. In the loading plot shown, most varietal aromas like linalool,
geraniol and 3-damascenone were located on the right side, positively linked with PC1, indicating that
the addition of H,SOj3 resulted in a higher sensory contribution of these aromatic compounds. On the
other hand, PC2 contributed to the differentiation of wines D and E from the other samples. Wine
D treated with potassium metabisulfite, ascorbic acid and gallotannins, on the negative side of PC2,
was characterized with higher contributions of most ethyl esters and therefore, fruity aromas. The PCA
analysis shows that the treatment of wine E with a combination of potassium metabisulfite/ascorbic
acid/gallo- and ellagitannins, increased the sensory contribution of higher alcohols like phenylethyl
alcohol with a floral aroma.

Phenylethyl alcohol
Ethyl-2-methylbutanoate
Methyl-1-butanol

4 Ethyl hexadecanoate 1 Ethyl-3-methylbutanoate

Ethyl decanoate
Ispa Z_I%Cctgtr;ﬂa[!e
Etgy[%yctanoate
2 Ethyl butanoate

Ethyl hexanoate Hexanal

1-Octen-3-ol

F2 (12.51 %)
o

Linalool e
R-Damascenone

Geraniol

Isoamyl lactate

F1 (70.50 %)

Figure 4. Distribution of the wine samples in a two-dimensional coordinate system defined by the first
two principal components (PC1 and PC2) according to the applied reducing agents (A, B, C, D, E, F)
and aromatic compounds with OAV > 1 in Sauvignon Blanc wines.

4. Conclusions

Pre-fermentative treatments with different reducing agents had a significant effect on the
physicochemical, antioxidant, aromatic and chromatic parameters of Sauvignon Blanc wines. It can be
concluded that only treatments with 5% sulfurous acid resulted in complete alcoholic fermentation, i.e.,
dry wines and lowest absorbance in wines. Addition of reducing agents containing ascorbic acid and
tannins increased total phenols, antioxidant activity and color intensity in wines. Significant differences
in the aromatic profile of wines were noticed due to the difference in the total and individual aromatic
compound concentrations. Based on the achieved results, a combination of potassium metabisulfite,
ascorbic acid, gallotannins and ellagitannins positively influenced the concentrations and OAVs of some
individual and total aldehydes, esters and terpenes with medial concentration of total SO, in wine.
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