Effects of fining on phenolic compounds and colour of red wine obtained
with addition of increased amounts of grape solid phase in pomace
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Abstract

The purpose of this work is to study the effect of grape pomace enrichment in solid phase
(stems and seeds) on phenolic compounds and colour stability of obtained red wines,
before and after use of different fining agents. Results have shown increase in total
phenols and flavan-3-ols content after grape solid phase addition. On the other hand,
decrease in anthocyanins content has generally been recorded in all wine samples except
in wines obtained with addition of 40 g/l of seeds during maceration. Stems addition
caused decrease in colour intensity while addition of seeds has increased this colour
parameter. The use of four fining agents (albumin, gelatine, bentonite and PVPP) has been
investigated and compared, especially in terms of their influence on potential stabilization
effect of grape solid phase on wine colour. Fined wines tended to have considerably lower
anthocyanin and flavan-3-ol levels, especially in the case of gelatine and PVPP treatment
(decrease up to 60 and 70%, respectively). In the case of chromatic parameters, the used
fining agents caused colour intensity decrease but it is important to emphasize that their
values, after fining, were still as high as expected from red wine. This can be explained by
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the stabilization effect of increased flavan-3-ols content.
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Grapes contain a great amount of different phenolic
compounds, which are located in different parts of
grape cluster (seeds, pulp, skin and cluster stems), and
their types and amount are affected by several factors
[1-6]. These compounds, especially anthocyanins and
proanthocyanidols, are extracted in the maceration
process and they are responsible for the characteristic
colour, flavour and astringency of red wine. Seeds,
stems and skin are the main source of these
compounds in wine [7-9]. Seeds contain about 60% of
total phenolic compounds of grapes, wherein most of
these compounds are flavan-3-ol monomers and poly-
mers (proanthocyanidols) [10]. Significant concentra-
tions of tannins are found in cluster stems, of which
40-50% is polymerized [11]. Flavan-3-ols and tannin ex-
traction from seeds is more intensive with the increase
of ethanol content in pomace during vinification, ac-
cording to their lower solubility in water [5,12]. Cate-
chins, as the most widespread in the plant world, are
the most important flavan-3-ol derivative. These com-
pounds are found in free form, but can also be este-
rified, most commonly with gallic acid. In grapes and
wine (+)-catechin, (-)-epicatechin, epicatechin-3-O-gal-
late and their dimers, trimers and oligomers are found
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[13—-15]. Clarification and stabilization of wine are es-
sential processes of removing haze particles and un-
stable wine substances, which can cause subsequent
instability. The clarified wine should remain clear and
the fining process should not have any undesirable ef-
fects, such as removal of desired or addition of unde-
sired flavour components [16]. Commonly used fining
agents in the wine industry such as bentonite, gelatine,
casein, egg albumin and PVPP can lead to considerable
decrease in some phenolic compounds [16—18]. How-
ever, it has also been reported that phenolic compo-
sition and content of wine were not significantly af-
fected by gelatine fining treatments [19,20]. Further-
more, it was shown that the use of bentonite plus ge-
latine as fining agents produced a poor wine colour,
while treatment with PVPP resulted in more coloured
and less brown wine [21]. Albumin was proven to be an
especially efficient fining agent for highly polymerized
tannins [16,19]. Previous studies [22,23] emphasized
the positive effect of pomace supplementation with
grape solid phase on the colour of obtained wines.
However, the effects of fining on chromatic parameters
of such wines had never been investigated.

The purpose of this research was to investigate the
effects of different fining agents on phenolic com-
pounds and colour of red wines obtained after applying
different ratios of seeds and stems during the macera-
tion process.
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MATERIALS AND METHODS

Grape and wines

The research was carried out on young wines made
from the Cabernet Sauvignon grape grown in the expe-
rimental vineyard of Faculty of Agriculture in Sremski
Karlovci (Novi Sad, Serbia). The grape was hand-har-
vested at technological maturity in 2009. Grape proces-
sing in laboratory conditions was carried out imme-
diately after harvest. Microvinification was performed
with 5 kg of pomace per each experiment. The pomace
was treated with K,S,05 (200 mg/kg grape). Alcoholic
fermentation was conducted by use of commercial
yeast Saccharomyces cerevisiae (Anchor WE372, South
Africa), which was rehydrated and inoculated in the
pomace (0.2 g/kg pomace). Microvinification (macera-
tion and alcoholic fermentation) was carried out at
28-30 °C during 6 and 9 days after which the pomace
was pressed. After 2 days wine was separated from
yeast lees, while, concentration of total sulphur dioxide
was set at about 100 mg/L of wine in all samples. The
first racking was conducted after one month. After
racking, wine is poured into 500 ml glass bottles closed
with crown closures. Wine is kept at about 10-12 °C
during two months, after which fining and wine anal-
yses were carried out.

Two series of experiments were performed. The
first series of samples (A) were obtained from pomace
supplemented with 25 (A;), 50 (A;) and 100% (As) of
previously separated stems, while the second series (B)
is obtained from pomace supplemented with 40 (B,),
80 (B,) and 120 g/L (B3) of seeds. Control wines (K)
were produced from pomace contained original
content of seed (40 g/kg grape), while the stem was
separated.

Fining

Fining of obtained wines was performed with fol-
lowing fining agents: gelatine (GELAXINA ORO, Gruppo
Vason, ltaly), albumin (ALBUCAR, Gruppo Vason, Italy),
Na-bentonite (PLUSGRAN, Gruppo Vason, lItaly), and
PVPP (Gruppo Vason, ltaly). After four days, the wines
were separated from a precipitate and analysed. The
dosage of gelatine, albumin and PVPP used in this study
was 0.2 g/L of wine, while the dosage of bentonite was
0.75 g/L of wine.

Analysis

Total phenols were analysed by the Folin—Ciocalteu
method [24], with gallic acid standard, and results were
expressed as gallic acid equivalent (GAE). Chromatic
characteristics of wine were determined spectrophoto-
metrically by measuring absorbance at 420, 520 and
620 nm in a 1 mm cell in regard to double distilled wa-
ter [25]. Total anthocyanins were determined by spec-
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trophotometry at 520 nm, according to the ability of
anthocyanins to discolour after addition of SO, (in the
K,S,05 form) at pH 1 [26]. Total flavan-3-ols content
was analysed by the Vanillic method [27] by use of (+)-
-catechin as a standard.

HPLC Analysis

The analyses of catechins were carried out in ethyl
acetate fraction obtained by using the wine phenolics
fractionation procedure [28]. This involves the use of
Sep-Pak C,g cartridges (Waters Associate). The fraction
was dried under vacuum at 30 °C, dissolved in 50% me-
thanol (500 pL) and stored at —18 °C until analysis. The
content of phenolic compounds in samples was deter-
mined by HPLC on a liquid chromatograph HP 1090
(Hewlett-Packard, USA). A ZORBAX SB-C18 column,
5 um, 3.0 mmx250 mm, protected with a ZORBAX SB-
C18 pre-column, 5 um, 4.6 mmx12.5 mm (Agilent, USA)
was used. Detection of separated peaks was performed
using a detector with a series diode (Diode Array De-
tector, DAD) at 277 nm and absorption spectra of com-
ponents were recorded in the range of 210 to 400 nm.
As a mobile phase solvent system was used: A — 1%
(v/v) glacial acetic acid in water and B — acetonitrile.
Separation of components was performed using the
following linear gradient: 0-20 min, 95-87% A, 20-30
min, 87% A, 30—45 min, 87-10% A and 45—65 min, 10%
A. The column was balanced on the initial conditions,
95% A, 10 min. The mobile phase flow rate was 0.300
ml/min. Ten pL of sample solution was injected ma-
nually. (+)-Catechin and (—)-epicatechin standards (Fluka
AG, Switzerland) had been used.

Statistical analysis

Statistical analyses in the present study were per-
formed using Statistica 10.0 (Statsoft, 2011). Data in
tables represents average values of three replications.
Statistical significance of differences among average
values for samples of varieties or treatments was esti-
mated by analyses of variance (Anova) at the 95% con-
fidence level. Values detected as significantly different
were marked with different letters (a, b, c, etc.).

RESULTS AND DISCUSSION

Effects of pomace enrichment in grape solid phase

Sample wines made using traditional vinification,
obtained from the pomace with an increased content
of grape solid phase, were treated by the usual fining
agents. The influence of fining with different fining
agents on the amount of total phenolic compounds,
anthocyanins and flavan-3-ols in wines made after 6
and 9 days of vinification is shown in Table 1.

The enrichment of pomace by grape seeds and stems
during maceration clearly affected the total phenols
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Table 1. Total phenols [g/L], anthocyanins [g/L] and flavan-3-ols [g/L] content in wines obtained with addition of supplementary
quantities of grape solid phase during 6 and 9 days of maceration, with and without fining. K, Control sample; A;, 25% of stems;
A,, 50% of stems; A3, 100% of stems; B;, 40 g/L of seeds, B,, 80 g/L of seeds; B3, 120 g/L of seeds; Ty, without fining; T,, albumin;
T,, gelatine; T, Na-bentonite; T,, polyvinylpolypyrolidone (PVPP). Data given in the table present mean values from three repli-

cations (n = 3); Different letters within the same separated section (combination of effects: type and share of solid phase, fining
agents, length of maceration) mean significant differences (p < 0.05)

Mace.ration sample Total phenols Anthocyanins flavan-3-ols

duratlon’ dayS 0 Tl TZ T3 T4 T0 Tl TZ T3 T4 TU Tl TZ T3 T4

6 K 1.21° 1.17° 1.09° 0.94° 1.12° 0.27" 0.23% 0.19° 0.22° 0.16* 0.16° 0.07°® 0.06* 0.09° 0.15“
A1 139" 1.37% 1.358" 1.05° 1.32%" 0.28" 0.24° 0.21% 0.21% 0.21" 0.25' 0.15% 0.17% 0.22%" 0.18°"
A2 1.43% 1.30%" 1.38" 1.11° 1.35" 0.258" 0.20“ 0.16% 0.19°“ 0.15* 0.29' 0.19°"°0.18°* 0.23" 0.18°*
A3 156 1.32% 1.28" 1.25" 1.41% 0.24%" 0.20“ 0.16° 0.18° 0.15° 048 0.25' 0.22% 0.28' 0.19°
K 1.21° 1.17° 1.09° 0.94° 1.12° 0.27° 0.23° 0.19 0.22* 0.16" 0.16°* 0.07°® 0.06° 0.09° 0.15°
Bl  1.52" 1.29° 1.38" 1.25% 1.46% 0.29% 0.25° 0.24° 0.25° 0.22° 0.29%" 0.19% 0.13* 0.27% 0.13°
B2 1.77 1.07° 1.68 1.22% 1.55" 0.25° 0.22% 0.18" 0.23° 0.19® 0.33' 0.25" 0.19% 0.30" 0.19°
B3  3.61° 2.69 3.20" 2.82' 3.13™ 0.23° 0.18™ 0.11° 0.18" 0.09° 1.15™ 0.65* 0.53' 1.04' 0.61

9 K 1.55%" 1.48% 1.51°® 143 1.51°® 0.34° 0.26' 0.22%" 0.25" 0.20°% 0.26° 0.24°* 0.15° 0.25% 0.19°
Al 1.58" 1.38° 1.56%" 1.35% 1.47°" 0.34° 0.30' 0.19°" 0.28' 0.21% 0.29% 0.27°" 0.17*® 0.25* 0.14°
A2 162" 1.35% 1.49% 1.32° 1.47°" 0.25" 0.19°® 0.14" 0.18" 0.16° 0.33%" 0.28% 0.17*® 0.20™ 0.15
A3 173 1.52%" 163" 162 1.65 0.12° 0.09°° 0.05° 0.10™ 0.07° 0.52' 0.36" 0.26° 0.32%" 0.20°
K  1.55° 1.48° 1.51° 1.43° 1.51° 0.34' 0.26' 0.22%" 0.25" 0.20%" 0.265" 0.24" 0.15" 0.25%" 0.19°*
B1  1.81° 1.60° 1.69° 1.62° 1.75' 0.42* 0.33' 0.25" 0.31' 0.23*" 0.44' 0.20 0.13° 0.36' 0.14™
B2 236 1.81° 2.01' 1.84° 1.94" 0.245"0.19% 0.10°° 0.19% 0.17* 0.62* 0.29" 0.17° 0.35' 0.23°"
B3  3.93" 3.05 2.85° 3.06 3.08' 0.21°% 0.16™ 0.08" 0.18% 0.13* 1.27" 0.79™ 0.43' 0.68' 0.45

content in obtained wines. As expected, the content of
total phenolic compounds is increased by extending the
duration of maceration, from 6 to 9 days, in all samp-
les. This was also detected by other researchers [22,23].
Addition of 100% of previously removed stems resulted
in increased total phenols content by 30% comparing
with control wine after 6 days of maceration. Further-
more, addition of 80 and 120 g seed/kg grape pomace
caused 0.5 and 2 times higher content of total phenolic
compounds in comparison to control wine after 6 days
of maceration and a similar trend is obtained also for 9
days of maceration. In wines obtained with supplemen-
tation by grape stems, prolonged maceration caused
increase in total phenols content in average by 15%,
while addition of seeds has caused enhancement by
20%. Content of flavan-3-ols showed a similar increase
trend as total phenols, and their share in total phenols
was up to 35%. Generally, addition of seeds caused
relatively higher content of flavan-3-ols then addition
of stems. Previous studies showed flavan-3-ol mono-
mers as main constituents of grape seed phenolic com-
pounds [29]. Extension of maceration led to slightly
increase of flavan-3-ols content in all wines. The results
obtained by HPLC analysis (Table 2) showed that stems
and seeds contribute to higher concentrations of cate-
chins. The presented results represent average values
of HPLC analysis. In control wine, the concentration of
(+)-catechin was 27.5 mg/L and after addition of 100%

stems, 48.9 mg/L, while the addition of 80 and 120 g
seed/kg grape pomace caused increase of (+)-catechin
to 69 and 105 mg/L, respectively. On the other hand,
the content of (-)-epicatechin was 42.7 mg/L in control
wine and 65 mg/L after 100% stems addition. (—)-epica-
techin content in wines obtained with addition of 80
and 120 g seed/kg pomace were 93 and 129 mg/L, res-
pectively. These results are comparable with those of
Fuleki et al. [29] who found that (-)-epicatechin con-
tent in grape seed extracts is higher than (+)-catechin.
The influence of prolonged maceration on the sum of
(+)-catechin and (—)-epicatechin was expressed through
the 15% increase after addition of seeds while in wines
obtained with addition of stems the changes in cate-
chins content were less pronounced.

From the obtained results it can be seen that addi-
tion of seeds in lower amounts (40 g/kg of pomace) led
to significant (p < 0.05) increase in anthocyanins con-
tent. Further increase in seed share in pomace (B, and
Bs) caused considerable (p < 0.05) decrease in the con-
tent of this parameter. Addition of stems in pomace ge-
nerally caused decrease in anthocyanins content. Fur-
thermore, decrease in anthocyanins content in wines
produced with supplementary quantities of grape solid
phase was more expressed after 9 day long maceration
process while after 6 days of maceration this trend was
insignificant (p > 0.05). Similar results were obtained in
previous experiments [21,23,30]. This can be explained
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Table 2. (+)-Catechin and (-)-epicatechin content in wines obtained with addition of supplementary quantities of grape solid phase
during 6 and 9 days of maceration, with and without fining. K, Control sample; A;, 25% of stems; A,, 50% of stems; A3, 100% of
stems; By, 40 g/L of seeds, B,, 80 g/L of seeds; B3,120 g/L of seeds; T,, without fining; T;, albumin; T,, gelatine; T;, Na-bentonite;
T4, polyvinylpolypyrolidone (PVPP). Data given in the table present mean values from three replications (n = 3); Different letters
within the same separated section (combination of effects: type and share of solid phase, fining agents, length of maceration)

mean significant differences (p < 0.05)

Maceration duration, days Sample (+)-Catechin (F)-Epicatechin
0 Tl TZ T3 T4 TO Tl TZ T3 T4

6 K 275 19.8° 17.9° 237" 212° 427 298 261° 351" 274"
A 307 225° 197 251" 221% 477™ 367" 358 384 35
A, 36.7° 279" 247¢ 287 238 523" 35 31°  a48°  322°
A, 48.9° 343™ 321" 401" 349"  65° 48™ 467 50.1° 48.8"
K 27.5°  19.8° 17.9° 23.7° 21.2° 42.7° 298 261° 351° 27.4°
B, 413" 3128 289" 327" 285" 611 4528 413° 503" 429
B, 69" 501 447  52™ 489 93" 684" 675 718" 669
B, 105° 78° 73° 81.1" 71.8° 129° 101.2° 94° 105"  95.2°

9 K 293 18.9° 212 228" 221° 433 312° 284 36 287
A 299  20° 18.1° 24% 197 499 341 301° 402" 33.7°
A, 3877 261" 269" 31 299% 524™ 351° 349° 369¢ 358
As 529" 37.1° 347" 4219 358" 703° 50 4720 552" 49.1
K 29.3°  18.9° 212° 228" 221° 433" 312° 28 36 287"
B, 439" 334" 301" 338" 328 668 486" 412° 502 46.38
B, 793° 5317 535 63 559 110° 795 753 88" 75
B, 118° 8229 76.8" 92 782" 147.6" 103.4° 103° 112 101.4"

by the fact that content of free anthocyanins usually
increases in the early stages of maceration and after
two-seven days from beginning of maceration it starts
to decrease for several reasons [31,32]. It should be
mentioned that share of anthocyanins in the total phe-
nols was 24 and 21% after 6 and 9 days of maceration,
respectively.

In Table 3, the influence of fining treatment on
chromatic characteristics of obtained wines is shown.
The addition of seeds in pomace caused higher colour
intensity in wines than addition of stems. Furthermore,
stems addition has caused decrease in colour intensity
and, on the other hand, addition of seeds has increased
this colour parameter. The increase in colour intensity,
despite the decline of anthocyanins content, can be
explained by the increase of flavan-3-ols from seeds,
which are responsible for increased absorbance at 420
nm (yellow colour), but also for stabilization of red
wine colour. Obtained results can imply that stems
have been causing much greater adsorption of co-
loured compounds than grape seeds and that fact can
explain the previously mentioned decrease in colour
intensity after addition of stems in pomace. With re-
gard to hue, an increasing trend can be noticed in ob-
tained wines. The highest values were determined in
wines obtained with addition of stems, especially in
wines with 100% of stems after 9 days of maceration
(0.686). In most cases, these results may be explained
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by the decrease of content of anthocyanins (red colour
constituents) due to polymerization reactions, interac-
tions with other phenolic compounds, adsorption of
stems and, also, length of maceration [16]. On the
other hand, previously mentioned increase of flavan-3-
-ols, also contributes to hue increase. It was reported
that use of whole clusters (100% of stems) in wine pro-
duction did not have significant influence on colori-
metric parameters (colour intensity and hue) during
the first 7 days of maceration, but also that dramatic
changes had occurred after 14 days of maceration [22].

Effects of fining agents

The use of fining agents should have insignificant
effect on aromatic and flavour compounds of wine and
it should allow the wine to preserve clarity and charac-
teristic flavour, colour and bouquet as long as neces-
sary before consummation.

The impact of fining agents on the changes in phe-
nolic compounds in wines obtained after addition of
supplementary quantities of seeds and stem is given in
Table 1. As already mentioned, in the winemaking pro-
tocols 6 and 9 days maceration was applied.

The largest amounts of phenolic compounds from
obtained wines were removed by use of albumin and
bentonite. Albumin treatment has caused a conside-
rable (p < 0.05) decrease (from 15 to 26%) in total phe-
nols especially in wines obtained with addition of seeds.
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Table 3. Colour intensity and hue values of wines obtained with addition of supplementary quantities of grape solid phase® during
6 and 9 days of maceration, with and without fining. K, Control sample; A;, 25% of stems; A,, 50% of stems; A3, 100% of stems; B,
40 g/L of seeds, B,, 80 g/L of seeds; B3,120 g/l of seeds; T,, without fining; T;, albumin; T,, gelatine; T;, Na-bentonite; T,, polyvinyl-
polypyrolidone (PVPP). Data given in the table present mean values from three replications (n = 3); Different letters within
the same separated section (combination of effects: type and share of solid phase, fining agents, length of maceration)

mean significant differences (p < 0.05)

Maceration duration, days Sample Colour intensity Hue
0 Tl TO Tl T0 Tl TU Tl TU Tl
6 K 1.034' 1.013% 1.034' 1.013“ 1.034' 1.013* 1.034' 1.013“ 1.034' 1.013
A 0.988 0.972" 0988 0972 0988 0.972" 0.988 0.972" 0988 0.972
A, 1.067™ 1.022Y 1.067™ 1.022Y 1.067™ 1.022" 1.067™ 1.022" 1.067™ 1.022"
A, 0.854° 0.776° 0.854° 0.776° 0.854° 0.776° 0.854° 0.776° 0.854° 0.776"
K 1.034° 1.013% 1.034° 1.013* 1.034° 1.013% 1.034° 1.013* 1.034° 1.013¢
B, 1.111" 1.052" 1.111" 1.052° 1.111" 1.052" 1.111" 1.052" 1.111" 1.052f
B, 1.194" 1.180° 1.194' 1.180% 1.194' 1.180° 1.194' 1.180" 1.194' 1.180"
B, 1.321% 1.312° 1.321% 1.312° 1.321% 1.312° 1.321° 1.312° 1.321% 1.312°
9 K 1.058" 0.946' 1.058" 0.946 1.058" 0.946' 1.058" 0.946' 1.058" 0.946
A 0.985' 0.929" 0.985 0.929" 0985 0.929" 0985 0.929" 0.985 0.929"
A, 0941 0.876° 0941 0876° 0941 0876° 0941 0.876° 0.941 0.876°
A 0.913¢ 0.895° 0.913¢% 0.895° 0.913% 0.895° 0.913% 0.895° 0.913% 0.895°
K 1.058° 0.946° 1.058° 0.946° 1.058° 0.946° 1.058° 0.946° 1.058° 0.946"
B, 1.225' 1.087° 1225 1.087° 1225 1.087 1225 1.087° 1225 1.087
B, 1254 1.236 1.254 1236 1.254 1236 1.254 1236 1.254 1.236
B, 1.360™ 1.352™ 1.360™ 1.352™ 1.360™ 1.352™ 1.360" 1.352™ 1.360" 1.352"

In wines produced with stem addition, the decrease
was up to 15%. Fining with bentonite (0.75 g/L) re-
sulted in decrease of total phenols by 14—24%. Previous
reports of bentonite use as a fining agent [18,33]
showed that concentration of 1 g/L can cause a de-
crease in total phenols for up to 40%. Major drop in
phenolic compounds content has been reported in wines
which were more enriched in grape seeds during vini-
fication (B3). This can be explained by the fact that ad-
dition of 120 g/| of seeds in pomace led to extraction of
greater amounts of flavan-3-ols which, in such large
guantities, partially existed in less polymerized and less
stable forms. These forms were easily removed by ap-
plication of all fining agents. Treatments with gelatine
and PVPP had lower impact on total phenols, and re-
moval was below 12% in most of studied wines. Fining
treatments on obtained wines were not influenced by
the length of maceration.

The used fining agents had significant (p < 0.05) in-
fluence on anthocyanins content in all the wines stu-
died. Wines fined with gelatine and PVPP suffered
major reduction in anthocyanins content, especially
wines obtained after 9 days maceration. Gelatine treat-
ment caused the anthocyanin decrease by 25 to 35% in
the case of 6 days maceration meanwhile, in wines pro-
duced after 9 days maceration a decrease by 45 to
even 60% was recorded. PVPP promoted a similar fall
of these compounds. A possible explanation can be

found in the fact that more significant flavan-3-ols ex-
traction from grape solid phase is starting after the
sixth day of maceration and that a certain portion of
anthocyanins was additionally removed after complex
binding with flavan-3-ols [16]. It can be also seen that
removal of anthocyanins is more intensive in wines ob-
tained after supplementation of pomace with greater
amounts of grape solid phase. High decrease in free an-
thocyanins (even to 74.1%) was shown when gelatine
was used in dosage of 0.4 g/L [33]. A similar decreasing
trend was noticed after treatment with other fining
agents. The lowest decrease of anthocyanins content
was obtained using albumin (10-25%).

Flavan-3-ols content was significantly (p < 0.05) de-
creased after fining. The decrease from about 35 to
70% has been achieved. Particularly strong removal
effect was noted with use of gelatine and PVPP (45—
-55%, in average). The treatment with these fining
agents caused the greatest impact on the wines that
had had the highest content of flavan-3-ols before
fining. It can be noticed that in wines obtained with
addition of 120 g seed/kg grape pomace and fined with
gelatine and PVPP, flavan-3-ols content was 2-3 times
lower than in the unfined control wine. Even after such
a significant decrease in the flavan-3-ols content after
fining, their amounts are still much higher than in con-
trol wines. It should also be mentioned that prolonged
maceration has led to even higher decrease in their
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content (even by 70%). HPLC analyses of wines, after
fining procedure, gave information about catechins
content and their stability (Table 2). All applied fining
agents showed similar results. Decrease in (+)-catechin
content was 30%, and decrease in (—)-epicatechin was
35%, in average. Bentonite showed lower impact on
total flavan-3-ols content (decrease from about 15 to
40%) and also on catechins content (decrease from 19
to 25%).

The influence of fining agents on colour intensity
and hue is presented in Table 3. The colour intensity of
fined wines was generally lower than before fining
while fining treatments have been causing increase in
colour hue. In addition to this, the intensity of yellow
colour (absorbance at 420 nm) increased, while the
intensity of red and blue colour (absorbance at 520 and
620 nm) decreased (results are not shown). The great-
est impact on colour intensity was caused by use of
bentonite (decrease from about 7 to 17%). It is impor-
tant to emphasize the fact that use of bentonite also
provides the highest colour hue (increase for about
10%). PVPP caused lower intensity changes in colour
intensity (5% decrease, in average) while some pre-
vious reports indicated that PVPP was the agent that
promoted significant fall of anthocyanins and colour
intensity [17,34]. It was expected that increased con-
tent of flavan-3-ols (caused by enrichment in solid
phase) should protect anthocyanins and colour inten-
sity in a way to contribute to their stability [16,33]. This
study has shown stabilization effect of flavan-3-ols ex-
tracted from grape seeds on chromatic characteristics
whose values after fining are still as high as expected
from red wine. Addition of grape stems had caused de-
crease in colour intensity and this parameter was
further reduced after fining treatment.

CONCLUSION

The enrichment of pomace by grape seeds and
stems during maceration has caused a considerable
increase in the content of phenolic compounds of red
wines (even two times higher content of total phenols
in comparison to control wine). Furthermore, content
of total phenols was increased (by about 15-20%) by
extending the duration of maceration, from 6 to 9 days,
in all samples. The share of flavan-3-ols in total phenols
was up to 35%. Generally, addition of seeds caused
relatively higher content of flavan-3-ols then addition
of stems. Results have also showed that stems and
seeds have been causing a progressive increase in the
content of catechins, especially (—)-epicatechin.

The colour of red wine was affected by the addition
of supplementary quantities of seeds and stems. The
increase of colour intensity and hue, despite the de-
cline of anthocyanins content, was caused by the in-
crease of flavan-3-ols, originating from added grape
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seeds, and their stabilization effect. Addition of stems
in pomace reduced colour intensity of final wines while
colour hue was increased.

Treatment with applied fining agents has caused con-
siderable (p < 0.05) decrease in phenolic compounds.
On the other hand, fining had different effects on chro-
matic characteristics. Colour intensity was decreased
while hue was increased after fining. Gelatine and PVPP
had the greatest impact on anthocyanins and flavan-3-
-ols content (decrease up to 70%) after prolonged ma-
ceration while bentonite has caused the most signifi-
cant decrease (7-17%) in colour intensity. Stabilization
effect of supplementary quantities of flavan-3-ols from
seeds on red wine colour has been noticed in fined
wines whose colour intensity stayed as high as expec-
ted from red wine, meanwhile hue was increased com-
paring to the colour hue before fining. Addition of
stems did not have significant stabilization effect on
wine colour after fining as addition of seeds, and it has
even caused decrease in colour intensity.
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1ZVvOD

UTICAJ POSTUPKA BISTRENJA NA FENOLNE MATERIJE | BOJU CRVENIH VINA DOBUENIH UZ DODATAK POVECANIH

KOLICINA CVRSTE FAZE GROZDA U KLIUK

Vladimir S. Puskas, Uros D. Milji¢

Univerzitet u Novom Sadu, Tehnoloski fakultet, Novi Sad, Srbija
(Naucni rad)

Svrha ovog rada je da se ispita uticaj povecanog sadrzaja Sepurine i semenki u
kljuku na sadrzaj fenolnih materija i stabilnost boje dobijenih crvenih vina, pre i
nakon upotrebe razli¢itih sredstava za bistrenje. Prilikom proizvodnje svih eksperi-
mentalnih uzoraka vina, faza maceracije je trajala Sest i devet dana. 1z dobijenih
rezultata se moZe zapaziti povecéanje sadrzaja ukupnih fenola i flavan-3-ola nakon
dodatka cvrstih delova grozda. S druge strane, smanjenje sadrZaja antocijana je
uglavnom zapaZeno u svim uzorcima vina, osim u vinima proizvedenim sa dodat-
kom 40 g/l semenki u kljuk pre pocetka maceracije. Ova koli¢ina semenki je dovela
do povecanja sadrzaja antocijana. Dodatak Sepurine u kljuk je doveo do smanjenja
intenziteta boje dok je dodatak semenki uzrokovao porast ovog parametara.
Ispitana je i uporedena upotreba cetiri sredstva za bistrenje (albumin, Zelatin,
bentonit i PVPP), pre svega, po pitanju njihovog uticaja na potencijalni efekat sta-
bilizacije boje vina kao posledice povecanog sadrzaja fenolnih jedinjenja semenki i
Sepurine. Obrada eksperimentalnih vina navedenim enoloskim sredstvima dovela
je do znacdajnog smanjenja sadrzaja antocijana i flavan-3-ola. Ovo smanjenje je
najizrazenije u slucaju obrade vina proizvedenih nakon devetodnevne maceracije
Zelatinom i PVPP-om, gde je utvrdeno smanjenje sadrZaja antocijana za c¢ak 60 i
70%. ProduZena faza maceracije prilikom proizvodnje vina je dovela do inteziv-
nijeg smanjenja sadrZaja fenolnih jedinjenja prilikom kasnije obrade sredstvima za
bistrenje. Po pitanju parametara boje, postupak bistrenja je doveo do smanjenja
intenziteta boje, medutim, vazno je naglasiti da su dobijene vrednosti ovog para-
metra, nakon bistrenja, i dalje na nivou ocekivanih vrednosti za crvena vina. Ova
pojava se moze objasniti stabilizuju¢im efektom povecanog sadrzaja flavan-3-ola,
poreklom iz ¢vrstih delova grozda, pre svega semenki. Dodatak Sepurine nije uti-
cao znacajnije na stabilnost boje vina nakon bistrenja, pre svega usled efekta ad-
sorbcije antocijana na Sepurini.
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Kiju¢ne reci: Crveno vino e Sepurina
Semenke e Bistrila ® Fenolne materije
Boja
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