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Summary

Effects of maceration duration on the phenolic composition and antioxidant capac-
ity in red grapevine variety “Teran’ (Vitis vinifera L.) was investigated in this study.
Total phenolics, flavonoids, nonflavonoids, individual and total anthocyanins, vanilin
index and antioxidant capacity measured by DPPH, ABST and FRAP methods were
determined in ‘Teran’ wines during five different skin maceration periods (3, 7, 12,

17 and 21 days). The highest increase in the concentration of the most phenolic com-
pounds and antioxidant capacity was obtained between the 314 and 7th day of macera-
tion. Prolonging the maceration from 7 to 21 days did not lead to significantly higher
concentrations of total phenolics, flavonoids, nonflavonoids, total anthocyanins and
antioxidant capacity measured with ABTS and FRAP methods. It is concluded that
maceration duration of seven days is the most appropriate in order to obtain high
concentrations of total phenolics and anthocyanins and high antioxidant capacity of
‘Teran’ wines.
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Introduction

Phenolic compounds are important constituents in wines,
since they contribute to wine organoleptic properties such as
colour, astringency, bitterness and most of them may show bio-
logical properties related to their antioxidant capacity (Kelebek
et al., 2009). Grapes contain non-flavonoid compounds mainly
in the pulp, while flavonoid compounds are located mainly in
the skins, seeds, and stems (Gémez-Plaza et al., 2001). The phe-
nolic composition of wines depends on their concentrations in
grapes, the winemaking technology used and their transforma-
tion during wine aging process (Gonzales-Neves et al., 2001;
Sacchi et al., 2005).

Extraction of phenolic compounds during maceration, during
which phenols turn into wine from solid parts of grapes, depends
on vinification conditions (Budi¢-Leto et al., 2008), while the
maceration duration has the greatest influence (Gémez-Plaza
et al.,, 2001; Vrhovsek et al., 2002).

Among other factors, the optimum pomace contact time
needed to achieve the proper level and composition of pheno-
lics in wine depends on the desired wine style and cultivar. The
colour of the young red wines mainly depends on the extrac-
tion of anthocyanins from grape skin during maceration pro-
cess (Gomez-Plaza et al., 2001). Several studies demonstrated
that the largest increase in anthocyanin extraction of red Vitis
vinifera wines occurred early in fermentation (in the first 3 to 4
days of skin maceration), while little increase occurred after 10
days of skin contact and then show a decrease (Gémez-Plaza et
al., 2001; Sacchi et al., 2005). Tannins and flavonoids continue
to be extracted during skin maceration after anthocyanin ex-
traction has reached a maximum, up to the end of alcoholic fer-
mentation (Yokotsuka et al., 2000). High levels of tannins may
stabilize the anthocyanins and wine color and may contribute
to excessive astringency (Sacchi et al., 2005). The astrigency and
bitterness of the wine are mainly attributed to proanthocyan-
idins (Kovac et al., 1992). It was shown that the extraction of
proanthocyanidins and catechins increased progressively with
the lenght of maceration (Vrhovsek et al., 2002).

Another favorable aspect of phenolic compounds is their
contribution to the antioxidant properties of food and so there is
considerable interest in the possible health effects of these com-
pounds (Budi¢-Leto et al., 2008). The antioxidant compounds
present in wine are derived almost exclusively from grapes and
have been identified as phenolic acids, flavonols, monomeric cat-
echins and anthocyanidins (Katalini¢ et al., 2004). According
to the same authors, high flavonoid content in red wines con-
tributes to its increased antioxidant potential.

The influence of different maceration duration on phenolic
composition of wines produced in several wine regions has been
extensively studied (Kovac et al., 1992; Gémez-Plaza et al., 2001;
Kelebek et al., 2009). However, there are no data on the influ-
ence of maceration duration on wine phenolic composition of
‘Teran’, a major autochthonous red grapevine variety in Istria
(Croatia). Several studies have been published on the effect of
enological practices on red wine antioxidant capacity (Netzel
et al., 2003; Villano et al., 2006), but few data are available on
Croatian red wines (Katalinié et al., 2004; Maleti¢ et al., 2009).

Furthermore, there is no available data concerning the variation
of antioxidant capacity during different skin maceration periods
of ‘“Teran’ wine. Nowadays, the enhancement of “Teran”s wine
phenolic concentration has become the aim of many producers
who wish to achieve high quality “Teran’ wine with optimized
levels of natural antioxidants.

The aim of this research was to determine the influence of
different maceration periods (3, 7, 12, 17 and 21 days of mac-
eration) on the phenolic composition and antioxidant capacity
of ‘Teran’ wines.

Materials and methods

The grapes of “Teran’ (Vitis vinifera, L.), cultivated near Pore¢
in West Istrian wine growing region were hand-harvested in
the vintage 2006, when reducing sugars reached 21 Brix and 8.5
g/L of total acidity (expressed as g/L of tartaric acid) and pH
3.0. Standard viticultural practices for the cultivar and region
were performed during vineyard management. Vinification
was performed at the Experimental winery of the Department
of Agriculture, Polytechnic of Rijeka, located in Pore¢, Croatia.
Experiment was carried out with 500 kg of grapes divided in four
replicates. A random distribution of harvested grape among the
different replicates was done to avoid any initial uncontrolled
difference in grape composition. Grapes were crushed and
destemmed immediately after harvest and then homogenously
transferred into four 130 L stainless steel tanks for maceration
with the addition of sulphur dioxide (40 mg/L). Alcoholic fer-
mentation was conducted by Saccharomyces cerevisiae “Premium
Zinfandel” wine yeast (Enologica Vason S.r.l., Verona, Italy).
No pectolytic enzymes were added. Throughout the skin con-
tact period, the cup was manually punched down twice a day
to encourage the extraction of phenolic compounds. The initial
fermentation temperature was 20°C ant it was controlled to a
maximum of 27°C. All vinifications were controlled daily by
measuring the temperature and optical density. Wine samples
(300 ml) were collected five times from each replicate (on days
3, 7,12, 17 and 21 from the beginning of maceration). All sam-
ples were frozed until the moment of the analysis.

Total phenolics were evaluated as stated by Singleton and
Rossi (1965) using Folin-Ciocalteau reagent. The quantification of
total phenolics was carried out using a calibration curve prepared
with known amounts of gallic acid and results are expressed as
mg/L gallic acid equivalents (GAE). The flavonoid content was
determined spectrophotometrically according to the method of
Lee et al. (2003). Gallic acid was used as standard and results are
expressed as mg/L GAE. The amount of non-flavonoid content
was calculated as difference between total phenols and flavonoids
in wine. Flavan-3-ols were determined using vanilin assay de-
scribed by Di Stefano et al. (1989) and the results are expressed
as mg/L (+)-catechin equivalents (CTE). The total anthocya-
nins content in wines was determined using bisulfite bleaching
method (Ribéreau-Gayon and Stonestreet, 1965) and expressed
in mg/L malvidin-3-glucoside equivalents.

The free anthocyanins content was determined with HPLC
according to method of Berente et al. (2000). The wine samples
were filtered through a 0.45 pm filter (Nylon Membranes, Supelco,
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Bellefonte, USA) before the HPLC analysis. Twenty microliters of
each sample was injected for HPLC analysis using a Varian Pro
Star Solvent Delivery System 230 (Varian, Walnut Creek, USA)
and a Photodiode Array detector Varian Pro Star 330 (Varian,
Walnut Creek, USA) using a reversed-phase column Pinnacle II
C-18 column (Restek, USA) (250x4.6 mm, 5 pm ID). The follow-
ing mobile phases were used: buffer: 10 mM KH,PO,+H;PO,
to pH 1.6, solvent A: acetonitrile-buffer (5:95), and solvent B
acetonitrile-buffer (50:50). The oven temperature was 50 °C.
Gradient eluation was applied at 1 ml/min flow-rate accord-
ing to the program that was described by Berente et al. (2000).
Chromatograms were recorded at 518 nm. Detection was per-
formed with a Photodiode Array Detector by scanning between
200-600 nm, with a resolution of 1.2 nm. Individual anthocyanins
were identified by comparing their retention times and visible
spectra with those of authentic standards. Quantitative determi-
nations were performed using standard curves of malvidin-3-O-
glucoside (Polyphenols, Sandnes, Norway). The data acquisition
and treatment were conducted using the Star Chromatography
Workstation Version 5 software. All analyses were repeated
three times and results were expressed in mg/L of wine sample.

Antioxidant capacity of wine samples was determined with
2.2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging method
according to the technique reported by Brand-Williams et al.
(1995) and the results are expressed in mmol/L Trolox equivalents.
Determination of antioxidant capacity was also estimated with
2.2>-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS™)
radical scavenging method using the procedure of Ivekovic et al.
(1995) and the results are expressed as mmol/L Trolox equiva-
lents. The ferric reducing antioxidant power (FRAP) assay was
carried according to technique reported by Benzie and Strain
(1996) and the results are expressed as mmol/L Fe SO,. Data were
analyzed by the analysis of variance (ANOVA) using Statistica
software package (version 9. StatSoft, Tulsa, OK, USA). Means
comparisons were performed by LSD test at p < 0.05.

Results and discussion

The concentration of total phenolic compounds, flavonoids
and nonflavonoids increased with increasing skin contact period
(Table 1) and are in accordance with other findings (Scudamore-
Smith et al., 1990; Kovac et al., 1992; Auw et al.,, 1996). A sig-
nificant increase in concentration of total phenolics, flavonoids
and nonflavonoids was achieved between 3rd and 7th day of the
maceration, while with longer maceration periods no signifi-
cant increase in concentrations of these compounds occurred.

The highest concentration of total phenolics, flavonoids and
nonflavonoids was achieved on the 17th day of maceration, but
differences among 17th day and 7th, 12th and 215t day were not
significant. Changes in the concentration of nonflavonoids after
the 7th day of maceration were not significant, which agrees
with previous findings that they are not influenced by extended
pomace contact after the end of fermentation (Rossi et al., 1990;
Scudamore-Smith et al., 1990). The decrease in total phenolics
with longer maceration periods could be explaned by the de-
crease of some fractions caused by precipitation, re-fixation on
the solid parts and on yeast cell wall, degradation, anthocyanin-
phenolics polymerization ecc. (Kelebek et al., 2009). We found
that the concentration of total phenolics decreased in ‘Teran’
wines after 21th day, although the increase slowed after 7th day.
Yokotsuka et al. (2000) reported for ‘Merlot’ that total phenolics
increased up to 36 days of pomace contact, though the increase
slows around 10th day.

A significant increase in the concentration of total anthocya-
nins was achieved from 314 to 7th day of the maceration. Increased
maceration temperature (27°C), with concurrent action of al-
cohol, favourably influences the release of anthocyanins from
grape skin cells (Sacchi et al., 2005), and this was the cause of
a substantial increase in anthocyanin concentration after the
third day of maceration. On the 12th day of maceration, the total
amount of anthocyanins in ‘Teran’ wine reached a maximum of
762 mg/L. The decrease in anthocyanin concentration was ob-
served from the 12th to 215t day of maceration (from 762 to 597
mg/L). The decrease in the level of anthocyanins in wines found
from the 12th day of maceration could be due to the fixation of
compounds on yeasts or solid parts and by reactions of degrada-
tion and condensation with tannins (Auw et al., 1996; Kelebek
et al,, 2009). Flavan-3-ols, evaluated by vanillin assay, in wines
significantly increased with longer skin contact and reached the
highest concentrations on the 215t day of skin maceration, which
is in agreement with the research on ‘Plavac mali’ and ‘Babi¢’
wines (Budié-Leto et al., 2008).

The evaluation of individual wine anthocyanins is shown
in Table 2. Eleven different anthocyanins were detected and
determined quantitatively in ‘Teran’ wines. Delphinidin, cya-
nidin, petunidin, peonidin and malvidin were mainly found as
3-O-monoglucosides, and in a minor proportions, as esters of
acetic and p-coumaric acids. The highest increase in the con-
centration of anthocyanins was found between days 3 and 7, and
a further, but less pronounced increase was observed from 7th
to 17th day of maceration. From 17th to 215t day of maceration

Table 1. Effects of maceration duration on the phenolic composition in “Teran’ wine

Compounds 3 days
Total phenols (mg/L) 615b
Flavonoids (mg/L) 508 b
Non-flavonoids (mg/L) 108 b
Total anthocyanins (mg/L) 257 ¢
Vanillin assay (mg/L) 403 ¢

7 days 12 days 17 days 21 days
2003 a 1815a 2425a 1863 a
1578 a 1485a 1993 a 1448 a
425a 330 ab 433a 415a
653 ab 762 a 684 ab 597 b
1250 b 1401 ab 1212b 284 ab

Values within each row followed by the different letter are significantly different (p<0.05)
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Table 2. Effects of maceration duration on the anthocyanin content (mg/L) in Teran wine

Compound 3 days
Delphinidin-3-0-monoglucoside 10.7b
Cyanidin-3-0-monoglucoside 1.6b
Petunidin-3-0-monoglucoside 13.3b
Peonidin-3-0-monoglucoside 13.5

Malvidin-3-0-monoglucoside 21.8d
Delphinidin-3-0-acetylglucoside 41b
Cyanidin-3-0-acetylglucoside 0.4c
Peonidin-3-0-acetylglucoside 2.8¢
Malvidin-3-0-acetylglucoside 14.3b
Peonidin-3-0-coumarylglucoside 1.1b
Malvidin-3-0-coumarylglucoside 8.6

7 days 12 days 17 days 21 days
20.7 a 26.0a 253a 18.5ab
3.0ab 4.0 ab 45a 3.1ab
22.9 ab 26.5a 29.7 a 254a
21.6 24.4 24.7 20.5
76.8 ¢ 134.0 ab 167.6 a 109.8 bc
4.9 ab 6.3 ab 7.8a 5.6 ab
1.1bc 2.1ab 2.8a 2.6a
3.9bc 4.7 ab 6.4a 4.7 ab
18.1b 24.0 ab 31.1a 19.7 ab
2.1ab 2.7 ab 33a 1.9ab
11.0 13.0 16.4 12.0

Values within each row followed by the different letter are significantly different at (p<0.05)

a slight decrease in the concentration of monomeric anthocy-
anins occured. Almost all anthocyanins and their derivatives
were present at the highest concentrations at day 17 of macera-
tion, when alcoholic fermentation was finished. Several studies
have shown that maximum pigmentation is reached between 3
and 4 days of skin maceration and further skin contact has no
effect in increasing pigment concentration (Auw et al., 1996).
Polymerisation, fixation of anthocyanins on yeasts or solid parts
and reactions of degradation are important mechanisms occur-
ring during vinification (Kelebek et al., 2009), and probably that
are the reasons for the decrease in monomeric anthocyanins
after the 17th day of skin maceration.

Anthocyanin monoglucosides were the major anthocyanins
in ‘“Teran’ wines (Table 2), as well as in most other Vitis vinifera
cultivars (Mazza, 1995; Netzel et al., 2003; Kelebek et al., 2009).
Malvidin-3-O-monoglucoside was the most dominant antho-
cyanin in all ‘Teran” wines, with concentrations between 21.8
and 167.6 mg/L and it is the most dominant individual antho-
cyanin in most previous studies (Kelebek et al., 2009; Maleti¢ et
al., 2009). Petunidin-3-O-monoglucoside was the second most
abundant pigment in ‘Teran’ wines. Cyanidin-3-O-monoglucoside
was the anthocyanin present in the lowest concentrations in all
‘Teran’ wines, and it is the anthocyanin present in the lowest
concentrations in most Vitis vinifera cultivars, with the excep-
tion of some cultivars (Yokotsuka et al., 2000). Kelebek et al.
(2009) point out that cyanidin is considered by some authors
to be the precursor of the other anthocyanidins and also as the
most hydroxylated anthocyanin undergoes oxidation in the early
hours after crushing.

The major acetyl and p-coumaryl derivatives present in ‘Teran’
wines were malvidin-3-O- acetylglucoside and malvidin-3-O-cou-
marylglucoside (Table 2). These findings are in accordance with
previous studies of ‘Tannat’, ‘Cabernet Sauvignon’ and ‘Merlot’
cultivars (Gonzales-Neves et al., 2001). Acylated anthocyanins
reached a maximum concentration on 17th day of skin macera-
tion. As previously reported, malvidin-3-O-acetylglucoside along
with malvidin-3-O-coumarylglucoside are considered to be the
most important derivatives for the characterization of varieties
(Mazza, 1995). We found that the proportion of total malvidin
derivatives increased with increasing skin contact period, from
48.5% (3rd day) to 67.4% (17th day) and after that showed a slight
decrease, but on average was close to 60% in “Teran’ wines. The

concentrations of malvidin derivatives decrease less during fer-
mentation and in the post-fermentation period, because they are
structurally more stable anthocyanic forms in comparison to
other anthocyanins (Gonzales-Neves et al., 2001).

Antioxidant capacity was measured by radical cation decol-
ourisation (ABTS), ferric reducing/antioxidant power (FRAP)
and radical scavenging assay (DPPH). The in vitro antioxidant
capacities of wines at day 3 were significantly lower than those
at days 7 to 21 (Table 3). During prolonged maceration there is
an enrichment of phenolic fraction (mainly flavan-3-ols and an-
thocyanins), which are proved to be the most potent in terms of
antioxidant capacity (Villano et al., 2006). This could explain the
significant increase in the antioxidant capacity of “Teran’ wine
during prolonged skin maceration.

Table 3. Effects of maceration duration on the antioxidant
capacity in ‘Teran’ wine

Antioxidant capacity 3days 7 days 12 17 21
days days days
ABTS (mmol/L Trolox) 23.1b 304a 302a 305a 30.6a
FRAP (mmol/L FeSO,)  21.0b 28.1a 283a 283a 28.6a
DPPH (mmol/L Trolox) 2.85¢ 4.12b 427b 52la 5.52a

Values within each row followed by the different letter are significantly
different at (p<0.05).

However, the antioxidant capacity, measured by ABST and
FRAP method was not modified by the variation of phenolic
composition during prolonged skin maceration (from 7th to 21st
day of maceration), indicating that the major reactions among
polyphenols or reactions between phenols and other non-phe-
nolics did not modify the in vitro antioxidant capacity, which
agrees with previous findings (Villano et al., 2006). On the other
hand, the antioxidant capacity measured by DPPH method was
significantly higher at 17th and 215t day of maceration in com-
parison to 7th and 12th day of maceration. According to Villatio
et al. (2006) ABTS values greater than 11 are considered very
high. ‘Teran’ wines showed high antioxidant capacity ranging
from 23.1 (3th day) to 30.6 mmol/l (215t day), expressed as trolox
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equivalents. Maleti¢ et al. (2009) reported that ABTS values after
14 days of maceration were for Babi¢ (18.1 mmol/L trolox) and
for ‘Plavac mali’ wines (39.2 mmol/L trolox) showing that anti-
oxidant capacity largely depends on variety. The high flavonoid
content in red wine (80.6% for ‘Teran’ wine) contributes to its
increased antioxidant potential (Katalini¢ et al., 2004). The an-
tioxidant capacity of ‘Teran’ wines determined with FRAP test
was similar to other monovarietal wines made from red grape-
vine cultivars in Croatia (Katalini¢ et al., 2004), which ranged
from 20.6 to 32.3 mmol/L.

Conclusions

The phenolic composition of ‘“Teran’ wine varied significantly
during winemaking. There was a significant difference in total
phenols, flavonoids, vanillin index, total anthocyanins and in-
dividual anthocyanins between three days of skin maceration
and longer maceration duration. Three day maceration showed
significantly lower antioxidant capacity than prolonged skin con-
tact duration regardless of the antioxidant measurement method
used. The concentrations of most phenolic compounds and anti-
oxidant capacity did not vary significantly between the 7th and
215t day of maceration. Results of this study indicate that mac-
eration duration of seven days is the most appropriate in order
to achieve high concentrations of total phenolics and anthocy-
anins in ‘Teran’ wines with high levels of natural antioxidants.
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