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In this study, we estimated the usage of Cabernet Sauvignon in microvinifications, obtaining wines
with increased phenolic compound content. Kinetic extraction of phenolic compounds during alcoholic
fermentation was affected by maceration time (3, 5, 7, 14 and 21 days) and the addition and kinetics of
enzyme preparations (EP). The highest extraction rates were observed for catechin (EXV EP — EXV en-
zyme preparation and CP EP — Color plus enzyme preparation) and p-hydroxybenzoic acid (Car EP - Ca-
ractere enzyme preparation). According to extraction time of the analyzed phenolic compounds, maximal
values (ellagic acid, ferulic acid, chlorogenic acid, caffeic acid, naringenin, p-hydroxybenzoic acid, p-
coumaric acid, protocatechuic acid, trans-resveratrol, syringic acid, vanillin, and vanillic acid) were ob-
tained on day 15 of maceration with addition of CP EP, with exceptions of gallic acid, catechin, and my-
ricetin. Prolonged maceration times, up to 21 days, showed the most potent DPPH free radical scavenging
activity with Car EP and the highest Ferric Reducing Ability of Plasma (FRAP) values with CP EP.

Keywords: Cabernet Sauvignon; enzyme preparations; Kinetic extraction; maceration time;
Ultra Performance Liquid Chromatography

EKCTPAKIIMOHA KMHETHUKA HA HEKOU ®EHOJIHU COEJIMHEHHUJA BO TEKOT
HA AJIKOXOJIHATA ®EPMEHTAIIMJA HA T'PO3JE O/ COPTATA KABEPHE COBUHOH
N AHTUOKCHUJJAHTHH CBOJCTBA HA TOBMEHUTE BUHA

Bo oBa ucTpaxkyBame Oellle MpUMEHETa MHUKPOBHHHU(HKAILIMja Ha Tpo3je O coprarta KaOepHe
COBHIOH M Oea OOMEHM BHMHA CO 3rojieMeHa COApXKHMHA Ha ()eHONHH coequHeHHja. beie 3abenexano
JleKa KMHETHYIKaTa eKCTpakKldja Ha (PEHOTHHWTE COCIMHEHHja BO TEKOT Ha aJKOXONHATa (hepMeHTamuja
3aBHUCH OJ BpeMeTo Ha mamepanuja (3, 5, 7, 14 u 21 neH) u o JOIAaBaKkETO M KUHETHKATa Ha €H3UMCKUTE
mpenapatu (EP). Hajromema excrpakmmja Oeme 3abemexana 3a karexuH (EXV EP — komeprmjanen
ensumcku npernapat u CP EP — ensumMcku mpenapar) u p-xuapokcubenzoeBa kucenuna (Car EP —
ensumcku npemapar Caractere). Bo omHOC Ha BIHjaHHETO Ha BpPEMETO HA CKCTPakmuja Bp3
aHaNM3UpaHuTe (PEHOIHH COSANHEHM]ja (eIaroBa KUCeNrnHa, (hepyliHa KHCEIWHA, XJIOPOreHCKa KHUCEIINHA,
KoeMHCKa KUCeNMHA, HAPWHICHWH, [P-XHUAPOKCHOCH30€Ba  KHCENMHA, [P-KyMapHa KHCENWHa,
MIPOTOKATEXMHCKA KHCENHMHA, {rans-pecBeparpoi, CHPHHTMHCKA KHCEJIWHA, BAHWIMH M BaHWIHA
KHCEJIMHA ), MAaKCUMAJIHU BPETHOCTH CE JOOMEHH MEeTHAeCeTTHOT JIeH OJ] Malepalyja co nonasame Ha CP
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EP, co uckiny4ok Ha ramHa KHCEWHA, KATEXWH W MUPHUIETHH. [IpOOIKEHOTO BpeMe Ha Marieparnuja 10
21 meH AoBene MO HAjBUCOKA aHTHOKCHAAHTHA aKTHBHOCT ofpezaeHa co meromute DPPH u FRAP, kaj

BuHara co Car EP u CP EP.

Kayunu 360poBu: Kabepre CoBHIOH; €H3UMCKHU TpenapaTy; KHHETHYKA eKCTPaKIHja;
BpEeMe Ha Mallepaliija; ynTpaedukacHa TedHa XpoMaTorpaduja

1. INTRODUCTION

Wine composition depends on variety, cli-
matic conditions, soil, cultivation techniques, and
time of vintage during the berry ripening and
winemaking process [1, 2]. Improving the extrac-
tion of phenolic compounds from grape during
winemaking is an important step in optimizing the
enological process. Different winemaking tech-
niques can be applied, such as increased macera-
tion temperature (thermovinification), cold mac-
eration, must or grape freezing, and addition of
enzyme preparations [3]. The addition of pectolytic
enzyme preparations (PEPs) is an enological prac-
tice used to reduce maceration time during vinifi-
cation, yielding wines with higher values of total
phenolic content (TPC), tannins and color intensity
[4]. Pre-fermentative practices, such as addition of
SO, and ascorbic acid before grape crushing, also
influence the content of phenolic compounds. Ad-
ditionally, technological operations, such as mac-
eration, alcoholic fermentation, inoculation of dif-
ferent yeast strains, S-glucosidase activity and clar-
ification with some fining agents, also influenced
the phenolic profile [5].

The most abundant non-colored phenolic
compounds in grape skin are flavonols. In grape
seeds, flavan-3-ol monomers, such as (+)-catechin
and (—)-epicatechin, as well as dimers, trimmers,
and polymeric forms, also called procyanidins (2—
10 units) are present [6]. Beside their antioxidant
properties, procyanidins and flavan-3-ols are main-
ly responsible for the astringency, bitterness and
structure of wines [7]. Stilbenes (mainly resvera-
trol) exhibit beneficial health effects, such as car-
diovascular  disease  prevention and anti-
inflammatory and anti-cancerogenic properties [8].
The polyphenolic molecules have a functional role,
acting as antioxidants against free radicals, as well
as a physiological role. In fact, phenolic com-
pounds present in red wine contribute to antioxi-
dant properties and have beneficial health effects
on human organisms after consumption [9, 10].

A vital step during the technological process
used for red wine production is PEP addition,
which improves juice yield and clarification by
breaking down pectin provided from the berry’s

structure. Breaking down skin cell walls also im-
proves the release of intracellular pigments, which
are important for the aroma and color of wines [11,
12]. The purpose of this study was to show how
different technological processes, such as macera-
tion times (3, 5, 7, 14 and 21 days) and the addition
of pectolytic and glycolytic enzyme preparations
(kinetic of enzyme preparations), influenced the
maximal extraction of selected phenolic com-
pounds, extraction rate, and antioxidant properties
of Cabernet Sauvignon wines.

2. MATERIALS AND METHODS
2.1. Chemicals

Acetonitrile, methanol and formic acid were
High Performance Liquid Chromatography grade
(HPLC) and purchased from Merck (Darmstadt,
Germany). Ultra-pure water (MicroPure water pu-
rification system, 0.055 pS/cm; Thermofisher
TKA, Germany) was used for solid phase extrac-
tion (SPE) and liquid chromatography/mass spec-
trometry (UPLC-MS/MS) analyses. The Oasis
HLB bcc/200 um SPE cartridges (Waters, Milford,
MA, USA), were used for SPE of samples. Phenolic
compound standards were purchased from Sigma—
Aldrich (Steinheim, Germany) and Fluka (Buch,
Switzerland). Trolox (6-hydroxy-2,5,7,8-tetrame-
thylchroman-2-carboxylic acid), 2,2-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS), 2,2-
diphenyl-1-picrylhydrazyl (DPPH), and potassium
persulfate were purchased from Sigma-Aldrich
(Steinheim, Germany). Folin-Ciocalteu (FC) rea-
gent was obtained from Merck (Darmstadt, Ger-
many). TPTZ (2,4,6-trypyridyl-s-triazine) was pur-
chased from Fluka Analytical (Switzerland).

2.2. Plant material

Wines were made at the oenological station
of the Faculty of Agriculture, Radmilovac, in Bel-
grade, Serbia, from the grape variety of Cabernet
Sauvignon. The experimental vineyard was built in
2003 and includes growing grapes in rows with a
formed Single Guyot training system. The number
of fruiting buds per cane was eight. Spacing be-
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tween rows was 3 m, with 1 m between vines in
the row. The row directions were North-East-
South-West, and the average yield of grapes per
vine was 2 kilos. Grapes were harvested at techno-
logical maturity (phytosanitary health 100 %). The
sugar content in must was 23 %, while the total
titratable acid was 6.8 g/l, expressed as tartaric ac-
id. Sugar content of grape must was analyzed using
the Oechsle tester, an apparatus for measuring
grape must density, and the titratable acid content
was determined by a volumetric method.

2.3. Wine making

After removing grape berries from stems,
berries were crushed automatically, and 10 g of
potassium metabisulfite (K2S:0s) was added to
grape must per 100 kg of crushed grapes. About
100 kilos of grapes were required for all experi-
ments. Microvinification, which included alcohol
fermentation and maceration, was carried out at
25+3 °C, using a watts with pigéage system (me-
chanically punching down the solids into the lig-
uid) twice a day. Wine yeast, Saccharomyces cere-
visiae (BDX, Lallemand, Canada; 20 g/hl), was
added. PEP Color Plus (CP; Enartis, Italy), enzyme
preparation Caractere (Car; Enartis, Italy) with
pectolytic, hemicellulase and 3-glycosidase activi-
ty, and EXV (commercial enzyme preparation;
Lallemand, Canada) with pectolytic activity were
added, as well (2 g/hl each). Five skin maceration
periods were applied at 3, 5, 7, 14 and 21 days.
The liquid portion was separated after the five
maceration periods, and alcoholic fermentation of
the liquid was conducted after separation of solids
(seeds and skin). After racking twice, wines were
bottled (750 ml bottles) and stored until analysis.
The assay included a total of 16 wine samples
(triplicate), including a control sample of wine
fermented without pomace (separated immediately
after crushing).

2.4. SPE

Aiming to decrease the matrix influence dur-
ing phenolic identification and quantification, SPE
was performed, as described by Ljekocevic et al.
[13]. This extraction was performed on a vacuum
device (SPE Vacuum Manifold Baker SPE12G)
using Oasis HLB bcc/200 um cartridges. The car-
tridge was conditioned with 5 ml of methanol, fol-
lowed by 5 ml of distilled water. A wine sample (5
ml) was passed through the cartridge, washed with
2 ml of water, and eluted with 2 ml of methanol.
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The samples were collected and analyzed by
UPLC/MS-MS.

2.5. UPLC-MS/MS

UPLC-MS/MS analysis was performed us-
ing a Waters Acquity UPLC H-Class System (Wa-
ters, Milford, MA, USA). Separation was achieved
on the Acquity UPLC BEH Cjs column (50 x 2.1
mm; 1.7 um). The mobile phase consisted of 0.2 %
formic acid in water (solvent A) and acetonitrile
(solvent B). The following gradient was used: 0-1
min, 1 % B; 1-1.5 min, 1-3 % B; 1.5-13.5 min, 3—
32 % B; 13.5-18.5 min, 32-60 % B; 18.5-20.5
min, 60-99 % B; 20.5-24.9 min, 99 % B; 24.9-25
min, 99-1 % B; and 25-30 min, 1 % B. During
analysis, the column was kept at 45 °C, while flow
rate and injection volume were 0.40 ml/min and 10
ul, respectively. The IntelliStart feature of Mass-
Lynx V4.1 (Waters, Milford, MA, USA, 2005), by
direct injection of methanolic standard solution
into the mass spectrometer, was used to obtain op-
timized parameters for quantification of investigat-
ed components, including ionization mode, cone
voltage, collision energy, and characteristic transi-
tions (MRM, multiple reaction monitoring; Table
1). The electrospray source was operated under
conditions described by Ljekocevi¢ et al. [13] with
slight modification. Argon was used as the colli-
sion gas, and system operation (data collection and
processing) was controlled by MassLynx V 4.1
software (Waters, Milford, MA, USA, 2005). To
identify and determine the content of selected phe-
nolic compounds (ellagic acid, ferulic acid, chloro-
genic acid, caffeic acid, naringenin, p-hydroxy-
benzoic acid, p-coumaric acid, protocatechuic acid,
trans-resveratrol, syringic acid, vanillin, vanillic
acid, gallic acid, catechin and myricetin) in wine
samples, methanolic solutions of these compounds
with concentrations of 0.001, 0.002, 0.005, 0.01,
0.02, 0.05, 0.1, 0.2, 0.5, 1, 2, 5, 10, 20 and 50
pug/ml were recorded under the same conditions
used to measure the samples.

Phenolic compounds were identified by
comparison of their retention times (tg) and mass
spectra (MRM — Multiple reaction monitoring of
transitions in electrospray ionisation ESI- or ESI+
modes) with relevant standards. Based on calibra-
tion curves, which were constructed using the de-
pendence of signal surface area for the appropriate
substance transition on the substance concentration
in the standard solution, the contents of tested phe-
nolic compounds in the analyzed wine samples
were calculated.
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2.6. Ferric reducing ability of plasma (FRAP)

Redox potentials of wine samples were de-
termined using the FRAP test [14]. The FRAP as-
say depends on the conversion of the ferric tripyri-
dyltriazine (Fe(ll1)-TPTZ) complex to ferrous tri-
pyridyltriazine (Fe(I1)-TPTZ) by a reductant at low
pH. Fe(ll)-TPTZ had an intense blue color and was
monitored at 593 nm. The FRAP working solution
was prepared as a mixture with acetate buffer (pH
= 3.6), TPTZ solution, and FeCls-:6H,O solution
(10:1:1). Then, 75 ul of appropriately diluted wine
samples were mixed with 2.25 ml of FRAP work-
ing solution. After reacting for 6 min at 37 °C, the
absorbance was measured at 593 nm using a Ultra-
violet-Visible double beam spectrophotometer
(HALO DB-20; Dynamica GmbH). Aqueous solu-
tions of known Fe(Il) concentrations were used for
calibration (100-1000 pmol/l), and the obtained
results were expressed in mmol/l Fe?*.

2.7. DPPH free radical scavenging activity

Antioxidant potential (AOP) or free radical
scavenging activities were thoroughly studied, and
various experimental assays were developed for
their evaluation. The DPPH assay measures the
intrinsic ability of a compound to transfer a hydro-
gen atom or electron to the DPPH radical, which
results in the formation of colorless DPPH,, with a

Table 1

corresponding decrease in DPPH concentration
[15]. Hydrogen atom transfer from non-ionized
antioxidants is the other mechanism involved in
the reaction of polyphenolic antioxidants with free
radicals [16, 17]. This method involves a stable
radical molecule DPPH, and results are expressed
as mean scavenging concentration, 1Csp (inhibition
concentration), representing the amount of antioxi-
dant necessary to decrease the DPPH radical con-
centration by 50 %. Prior to testing, wine samples
were diluted with water in rations from 1:2 to 1:20,
depending on antioxidant activity strength of the
wine samples. Experimental findings demonstrated
that this range exhibits a linear relationship be-
tween absorbance and concentration. Each sample
was prepared with five dilutions, in triplicate. The
ICso value was obtained from a chart, where the
inhibition percentage was presented against con-
centration | (%) = f(c). Percentage of DPPH radical
inhibition was calculated according to Eq. 1:
| (%) =100 ((Ablank - Asample)/Ablank) Eq 1
where Apiank is the absorbance of DPPH with etha-
nol, while Asampie describes the absorbance of
DPPH after reaction with the tested wine sample.
The absorbance was read after 40 min at 525 nm,
against ethanol. The results were expressed as the
reciprocal value 1 (%) multiplied by 100 [18].

Parameters for identification and quantification of selected compounds
in Cabernet Sauvignon wine samples

Phenolic Molecular Molecular tr ESI MRM Cone Collision
Compound formula mass (min) mode transition voltage energy
V) (eV)
Ellagic acid C14H6Os 302 3.8 303—89 50 56
Ferulic acid C10H1004 194 3.8 195—145 20 16
Gallic acid C7HesOs 170 0.8 - 169—125 30 20
Chlorogenic acid Ci6H1809 354 2.6 + 355—163 20 12
Caffeic acid CoHsO4 180 2.8 - 179—135 30 20
Catechin C15H1406 290 2.5 + 291—139 26 20
Myricetin CisH100s8 318 4.6 - 317—-151 48 24
Naringenin C1sH120s 272 6.0 - 271—-151 24 24
p';}’gmxybe”m'c CrHeOs 138 21 - 13793 30 20
p-Coumaric acid CoHsOs3 164 3.4 - 163—119 15 30
Protocatechuic acid C7H6O4 154 1.3 - 153—109 30 20
trans-Resveratrol C14H1203 228 4.8 + 229—107 34 24
Syringic acid CoH100s 198 2.9 - 197—121 28 18
Vanillin CgHsO3 152 3.3 — 151—136 30 14
Vanillic acid CsHsO4 168 2.7 + 169—93 15 30
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2.8. Trolox equivalent antioxidant capacity
(TEAC)

The TEAC test is based on reduction of the
ABTS cation radical and was carried out according
to the procedure described by Re et al. [19] with
slight modifications. Briefly, ABTS radical cations
were generated by reacting aqueous ABTS with
potassium persulfate and maintaining the mixture
in the dark at room temperature for at least 12 h
before use. Afterwards, the absorbance of the
ABTS solution was set to 0.70 + 0.02 at 734 nm by
adding phosphate buffer. Then, 30 ul of appropri-
ately diluted wine samples were mixed with 3 mL
of ABTS solution. After reacting for 7 min, the
absorbance was measured at 734 nm using a UV-
Vis double beam spectrophotometer (HALO DB-
20; Dynamica GmbH). Antioxidant activity was
calculated on the basis of decreasing absorbance
and expressed as mmol of Trolox equivalents per
liter of wine (Trolox mmol/l).

29.TPC

The TPCs of wine samples were estimated
by the FC method using gallic acid as a standard
[20]. Briefly, 1 ml of diluted wine (1:5), mixed
with 75 ml of distilled water, was added in a volu-
metric flask (100 ml). After 3 min, 5 ml of FC rea-
gent was added. The contents were mixed by man-
ual shaking for 15-20 s.

Then, 10 ml of saturated sodium carbonate
solution was added, followed by filling the volu-
metric flask with distilled water to the mark. The
reaction mixture was incubated at room tempera-
ture for 60 min, and its absorbance was measured
at 720 nm using a UV-Vis double beam spectro-
photometer (HALO DB-20; Dynamica GmbH).
The TPC was determined using a calibration curve
prepared with a gallic acid standard as a reference.
The values were reported as mg of gallic acid
equivalent (GAE), referring to the gallic acid
standard curve, and the results were expressed in
mg of GAEs per liter of wine (mg GAE/L).

2.10. Total corrected FRAP

One of the most important agents added to
wines, to prevent oxidative processes, is SO, (sul-
fur dioxide). As well as having antioxidant activi-
ty, SO, serves as an antimicrobial agent [21]. The
influence of free SO, on total antioxidant activity
was eliminated by forming a corrected curve
(FRAPorrected). Model solutions with free SO, con-
centrations from 2 to 7 g/hl were prepared by the
addition of K,S,0s. The pH value of initial solu-
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tion was 3.5, adjusted by the addition of tartaric
acid. K;S;0s was added in amounts necessary to
provide free SO, concentrations from 10 to 35
mg/l. lodometric titrations, according to Ripper,
were used to estimate the free SO, concentrations,
both in model solutions and wine samples [20].
Model solutions were analyzed by the FRAP
method, and obtained results were expressed as
FRAPmodel solution.  The corrected FRAP value
(FRAPcoreced) Was obtained from the difference
between the FRAP values of the wine samples with
free SO, (FRAP ) and model solution values with
the same SO, concentration (FRAP model solution).

2.11. Statistical analysis

Statistical analysis was conducted using
SPSS Statistical V20.0 software (IBM, Chicago,
IL, USA; 2014), one sample T-test, paired samples
T-test and principal component analysis (PCA).
Linear regression correlation analysis was obtained
with Origin Pro 8 (OriginLab, Northampton, MA,
USA,; 2008).

3. RESULTS AND DISCUSSION

3.1. Influence of maceration time and enzyme
preparations on the phenolic profile of wine

The duration of maceration time during mi-
crovinification is vitally important for the extrac-
tion of phenolic compounds in wine. The addition
of three enzyme preparations (EXV, CP and Car)
during maceration time was analyzed, with an ad-
ditional focus on Kinetic extraction of certain quan-
tified phenolic compounds. Prolonged maceration
time has been shown to increase the content of cer-
tain phenolic compounds (Figs. 1-3) [22]. The
concentration of gallic acid increased during alco-
holic fermentation and maceration, until day 20
(34.92 £ 1.35 mg/I; Figs. 1C, 2C and 3C). General-
ly, the TPC increased with prolonged maceration
time, reaching a maximum value (854.9 mg/l) on
day 90 of post-fermentation maceration. However,
a prior study compared kinetic extraction of some
phenolic compounds until day 20, and results were
in accordance with our findings [23]. Obtained
results for protocatechuic, p-coumaric, syringic
and vanillic acids showed maximum extraction
between days 10 and 16 (Figs. 1A, Band C, 2A, B
and C, and 3A, B and C). This extraction was
much more efficient compared to day 20 for the
same compounds, as reported by Francesca et al.
[23], while caffeic acid content increased exponen-
tially, similar to our results (Figs. 1A, 2A and 3A).
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According to other studies, concentrations of
naringenin, trans-resveratrol and catechin showed
regular trends, increasing for all 20 days of macer-
ation [23-25]. However, contrary to literature data,
our results for the same three phenolic compounds
showed exponentially increasing concentrations
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with extraction maxima obtained a few days earlier
(Figs. 1A and B, 2A and B, and 3A and B). This
difference can be explained by the use of different
enzyme preparations during maceration, which can
accelerate extraction of phenolic compounds [26].
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Application of enzyme preparation during
microvinification increased the extraction of phe-
nolic compounds and significantly influenced bio-
logical activity of the wines [27].

Extraction maximum of certain phenolic
compounds was evaluated over 21 days of macera-
tion with three types of enzyme preparations.
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Comparing the three different enzyme prepara-
tions, extraction maxima for naringenin (day 10)
and p-hydroxybenzoic acid (day 13) occurred on
the same day for all three preparations (Table 2).
For other analyzed phenolic compounds, extraction
maxima were obtained on different days with vari-
ous extraction rates (Table 2). Different extraction
maxima for the phenolic compounds depended on
the technological process (temperature, pH, irriga-
tion of grape must). In fact, seed flavan-3-ols were
the last extracted compounds, since they are pro-
tected with a cuticle layer (composed of waxes),
which is disrupted once an appropriate content of
alcohol is formed, allowing their release from the
seeds [28]. Longer skin contact leads to higher ex-
traction of phenolic compounds, especially at the
beginning of maceration when anthocyanins and
flavonols are the first compounds extracted from
the skins, while extraction of seed flavan-3-ols oc-
curs in the later days [29]. Maximum extraction for
trans-resveratrol occurred around day 15 of macer-
ation, which is in accordance with results from
Lingua et al. [30], where the content of the same
compound was significantly increased (p < 0.0001)
in Cabernet Sauvignon. During alcoholic fermenta-
tion, trans-resveratrol was extracted from skin,
while in the later steps of winemaking, it under-
went changes altering its content, which decreased
after day 15 of maceration [31]. Importantly, the
extraction rate of different phenolic compounds
from must to wine depends on maceration condi-
tions, such as temperature, enzyme, yeast, etc. [32,
33], and further, proper vineyard management in-
fluences the content of flavonols in grapes [34].

In order separate the fifteen phenolic com-
pounds quantified during microvinification con-
ducted with enzyme preparations, PCA statistical
analysis was applied. This method reduces a large
number of data sets (single compounds) by adding
factors that have their own factor loadings, con-
taining properties of the reduced elements. The
parameters for PCA statistical analysis were
equamax rotation, Kaiser-Meyer-Olkin criterion
0.695, and Bartlett's test of sphericity with statisti-
cal significance (p < 0.05), while factor loadings
below 0.3 were excluded. Equamax rotation
showed distinctly better separation of components
than gquartimax and varimax. The selected rotation
most clearly separated variables, polyphenols, in
the factor loading function. Four components were
selected (84.091 variability, cumulatively) and
were proven using the Cattell criterion. Briefly,
two groups were clearly distinguished. The first
one contained derivatives of cinnamic acid and
corresponded to component 2 (Fig. 4). The second
group included different groups of phenolic com-
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pounds, such as stilbenes (trans-resveratrol), fla-
van-3-ols (catechin), derivatives of hydroxybenzo-
ic acid (vanillin, p-hydroxybenzoic acid, proto-

Table 2

catechuic acid, syringic acid, vanillic acid and gal-
lic acid), flavonols (myricetin) and flavanone
(naringenin), as shown in Figure 4.

Days of maceration with maximal extraction amounts of certain phenolic compounds
and corresponding extraction rates

Time Amount  Extraction Time

Amount Time Amount

. Extraction Extraction
Phenolic of max of max rate of max of max rate of max of max rate
compound extraction ~extraction extraction extraction (mg/day) extraction extraction (mg/day)

(day) (mg/n) (mg/day) (day) (mg/n) (day) (mg/l)
Enzyme

preparation EXV Car cp
Ellagic acid 15. 0.4467  0.00156 21. 0.6584  0.00039 15. 04166  0.00119
Ferulic acid 12. 0.1983  0.00133 12. 01951  0.00063 10. 0.1857  0.00149
Gallic acid 21. 04083  0.00031 18. 04264  0.03350 18. 0.3274  0.00121
;:Crilzjorogenlc 8. 00175  0.00010 9. 0.0155  0.00002 13. 00154  0.00001
Caffeic acid 18. 1.8570  0.00590 13. 2.8510  0.02660 12. 17930  0.01280
Catechin 18. 8.0070  0.04240 21. 10476  0.01070 20. 8.2850  0.03120
Myricetin 15. 05100  0.00454 10. 0.2860  0.00239 18. 0.6460  0.00443
Naringenin 10. 00327  0.00022 10. 0.0300  0.00022 10. 0.0420  0.00050
g'Hyd.rOXy.' 13. 0.3340  0.00330 13. 0.3556  0.04540 13. 0.3530  0.00322

enzoic acid
;’éicd"“ma“c 16. 07483  0.00260 12. 1.3350  0.01510 10. 0.9155  0.00851
Zcrioéocatem”'c 13. 07663  0.00630 12. 0.6560  0.00515 13. 09300  0.00990
g’;‘r”cfl'ReS"e' 16. 0.6021  0.00400 17. 0.6660  0.00490 15. 05950  0.00481
Syringic acid 10. 0.9986  0.00710 11. 1.090  0.00590 11. 1.0740  0.00726
Vanillin 11. 0.0022  0.00003 10. 0.0014  0.00002 13. 0.0017  0.00008
Vanillic acid 12. 1.0311  0.01040 14. 1.1703  0.00825 13. 11310  0.01062

/\
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Fig. 4. Component plot analysis of principal components

3.2. Influence of maceration time and enzyme
preparations on antiradical and antioxidant
properties of wine

In order to estimate the influence of different
enzyme preparations on antiradical and antioxidant
properties of wine samples, the one sample T-test
was applied. The addition of enzyme preparations
during maceration effected DPPH free radical-
scavenging activity and antioxidant properties (FRAP
and TEAC assays) of all wine samples (p < 0.01). To
evaluate the influence of free SO, on the FRAP val-
ues of analyzed wines, a paired sample T-test was
applied. Statistically significant differences (p < 0.01)
between FRAPww and FRAPmeed Values of wine
samples with addition of enzyme preparations CP,
EXV, and Car were revealed (Figs. 5C, D and E).
Further, the antiradical and antioxidant activity of
wine samples produced with the addition of different
enzyme preparations (EXV, CP and Car) showed
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statistically significant differences (p < 0.01), con-
sistent with literature data [35].

During prolonged maceration, an enrichment
of the phenolic fraction (mainly flavan-3-ols and pro-
cyanidins) occurs, which are the most potent antioxi-
dants, and this observation could explain the signifi-
cant increase in antioxidant capacity of Cabernet
Sauvignon with prolonged skin maceration. Higher
alcohol levels improved the extraction of phenolic
compounds, leading to better antioxidant capacities in
the wine samples [36], and higher TPC values influ-
enced the increase of antioxidant properties [32].

Differences in concentrations of certain phe-
nolic compounds were related to the different anti-

_ —cp
1 - EXV
) Car

T(%e)

Trolox (mmol/ L)

B Maceration time (days)

oxidant capacities of the wines. In some research,
varieties, such as Merlot or Cabernet Sauvignon,
have high concentrations of catechin and higher
antioxidant capacity values. In contrast, other vari-
eties, such as Sangiovese, showed lower values of
catechin and, consequently, lower antioxidant ca-
pacities [37]. Our results indicated that the domi-
nant phenolic compound was catechin and its con-
tent increased during maceration, consequently,
increasing antioxidant capacities. Antioxidant ca-
pacities of all wine samples increased linearly for
the FRAP assay and DPPH free radical scavenging
activity (Figs. 5A, C, D and E). However, the
TEAC assay increased exponentially (Fig. 5B).

——FRAP
Prs—— FR_AP

cormected

Fe *(mmol/L)

20

3 T T 0
C Maceration time with CP (days)

Fe''(mmoliL)

D Maceration time with EXV (days)
24 ——FRAP
R FRAP«VMIM

g 2
]
E
E
R E

11

0 5 0 15
E Maceration time with Car (days)

Fig. 5. DPPH free radical scavenging activity of wine samples (A) and TEAC values (B) over 21 days of maceration with three
different enzymes. The influence of SOz on total antioxidant activity, measured by the FRAP assay, is shown in (C), (D) and (E).
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The lowest antioxidant capacity measured
by the FRAP assay was observed on day 3 of mac-
eration with Car (12 + 1.17 mmol/l Fe?*; Fig. 5E)
and the highest was observed on day 21 with CP
(36 + 2.56 mmol/l Fe*"; Fig. 5C). The results ob-
tained by the FRAP assay for all enzyme prepara-
tions showed statistically significant differences
between the control sample and sample obtained
after 21 days of maceration. Also, there were sta-
tistically significant differences between results of
the FRAP test for samples with and without correc-
tion for free SO, (Figs. 5C, D and E). The lowest
DPPH free radical scavenging activity was ob-
served on day 3 with Car (40.66 %), and the high-
est was measured on day 21 for the wine sample
with the same enzyme preparation (5.8 %; Fig.
5A). Statistically significant differences were ob-
served between antioxidant capacities of the con-
trol sample and those at days 3 to 21 for all three
enzyme preparations measured by DPPH free radi-
cal scavenging activity (p < 0.05). For samples
with other enzyme preparations (EXV and CP), the
highest antioxidant capacities were also achieved
on day 21 (7.33 % and 6.48 %; Fig. 5A). The anti-
oxidant capacity, measured by TEAC method,
showed the highest value on day 21 (17.20 + 1.57
Trolox mmol/l) with EXV and the lowest on day 3
(8.06 + 0.65 Trolox mmol/l) with Car (Fig. 5B).
Antioxidant capacity, measured by the TEAC as-
say, showed significant differences between the
control sample and samples on days 5, 14 and 21
for all enzyme preparations. The obtained results
were in a good agreement with the previous study,
focusing on the Croatian variety, Teran, macerated
for 21 days, as well [38]. According to Villafio et
al. [39], TEAC values more than 11 are considered
very high. The highest TEAC values were obtained
using EXV, ranging from 11.38+1.32 (day 3) to
17.20+1.57 (day 10), expressed as Trolox (mmol/I;
Fig. 5B). For Cabernet Sauvignon samples from
Argentina, Lingua et al. [30] found a similar TEAC
value (12.8 mmol/l) after alcohol fermentation, and
Maleti¢ et al. [40] reported TEAC values after 14
days of maceration for Babi¢ (18.1 Trolox mmol/I)
and Plavac mali (39.2 Trolox mmol/l), demonstrat-
ing that antioxidant capacity largely depends on va-
riety.

3.3. Influence of maceration time and enzyme
preparation additions on TPC

The experimental results demonstrated that
prolonged maceration time yielded higher TPC, in
accordance with the findings of Kocabey et al.
[35], who reported increased TPC during macera-

tion lasting 15 days. Obtained results indicate that
TPC increased until day 21 for all wine samples
macerated with different enzyme preparations
(EXV, CP and Car; Fig. 6). The highest values of
TPC among all other samples were observed in
wines produced with EXV enzyme preparation,
which possesses pectolytic activity. In those wines,
on day 21 of maceration, a TPC value of 1175.00 +
60.75 mg GAE/l was determined, which was the
highest value obtained in this study. According to
Sacchi et al. [41], early reports on the effect of
pectinases demonstrated an increase in color and
TPC at the end of fermentation with Grenache,
Carignane, Zinfandel, and Petite Sirah. Our exper-
imental results indicated that extraction dynamics
of phenolic compounds during alcoholic fermenta-
tion were exponential (Fig. 6). The maximum ex-
traction rate in samples produced with enzyme
preparation Car was achieved on day 7 of macera-
tion with a TPC of 721.9 mg GAE/Il. Enzyme prep-
arations CP and EXV showed maximum extraction
on day 5 with TPC values of 609.41 and 652.71
mg GAE/I, respectively. These values are similar
to those presented in literature, reporting a contin-
uous increase of proanthocyanidins over days 15 to
19 in wines of grape variety Blaufrénkisch, while
longer contact led to some losses (low and high
molecular weight proanthocyanidins increased up
to day 19) [42].

CP

Car
—EXV
100(

75(

500

Total phenolic content (mg/L)

25(

0 3 T0 T3 70 75
Maceration time (days)

Fig. 6. Extraction dynamics of TPC over 21 days of maceration

Another study on the Teran variety showed
that the highest TPC, flavonoid, and non-flavonoid
contents were achieved on day 17 of skin macera-
tion, which was conducted during five different
periods (3, 7, 12, 17 and 21 days) [38]. Literature
data indicated increasing TPC at the end of fer-
mentation for Cabernet Sauvignon and Isabel
wines produced with enzyme preparation treat-
ment, while such behavior was not observed from
wines made from Syrah [41]. Comparing TPCs of
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a control wine sample and enzyme treated samples,
a significant statistical difference (p < 0.01) is
highlighted. These results were in accordance with
previous investigations, confirming that the TPC,
flavonoid and non-flavonoid contents increased
during prolonged skin contact periods [25].

4. CONCLUSION

The results presented in this study highlight-
ed that kinetic extraction of phenolic compounds
during alcoholic fermentation was greatly affected
by maceration time and the addition and kinetics of
enzyme preparations. The highest extraction rates
were observed for catechin (EXV and CP) and p-
hydroxybenzoic acid (Car). According to extrac-
tion time of the analyzed phenolic compounds,
maximam values were obtained at the end of day
15 for maceration with the addition of enzyme
preparation CP, with exceptions of gallic acid, cat-
echin, and myricetin. Those compounds required
longer maceration times for maximum extraction,
which was increased by using enzyme prepara-
tions. Longer maceration times increased antiradi-
cal and antioxidant properties of wines, while the
addition of enzyme preparation EXV showed the
highest value for TPC.
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