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Abstract
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The extraction of polyphenols and colour parameter development of the grape variety André processed by thermal
maceration techniques were examited. Comparing four different thermal maceration processes we have found out that
the cold soak combined with classical maceration had the most significant effect on the extraction of total polyphe-
nols and anthocyanins. Concentration of total phenols was more than 27% higher than in a thermovinificated sample.
These techniques have also offered wines with the highest colour intensity. There was no considerable influence of

maceration on the main products of ethanol fermentation but an effect on the concentration of total acids in wine

was observed. In all cases fermentation caused a decrease of total phenols in André wines.
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There are many methods of red grape processing
used to produce different styles of red wines, all
with one aim: to achieve more intense colour, full
and balanced taste, and also the highest antioxidant
capacity. As for old red grape varieties, the process
of extraction of polyphenols during different types
of maceration has been studied in detail but new
varieties are not described so well.

Anthocyanins are the most important substances
affecting the colour of red and rosé wine. SACCHI et
al. (2005) noted that anthocyanin extraction reaches
the maximum in early stages of fermentation and this
concentration decreases while extraction of tannin
increases proportionally to the continuing contact
of grape skins and seeds. Postfermentation factors
(maturing, aging) cause a decrease of free antho-
cyanin concentration and an increase of polymeric
pigment content. No differences were observed in the
anthocyanin content of wines made with addition of
different sulphur dioxide levels at crushing (0, 50, and
100 mg/l) (WATsON et al. 1995; SaccHI et al. 2005).

Thermal treatment. There are two ways of thermal
treatment — heating and cooling. Heating the grape
mash to a defined temperature can be carried out for
a short (few minutes) or for a long time (few hours).
Heat damages the hypodermal cell walls and mem-
branes of grape berry tissues releasing anthocyanins.
Heat also prevents browning due to denaturation of
polyphenol oxidase. During thermovinification the
concentration of anthocyanins increases twice (GAO
et al. 1997). The highest anthocyanin content can
be determined at the end of thermal treatment, and
then during fermentation it decreases continuously
(Gao etal. 1997). If the temperature does not exceed
65°C, there is no cooking tone in wine flavour (STEIDL
2002). Wines prepared by this technology are suitable
for fast consumption (RIBEREAU-GAYON et al. 2006).

During short-time thermal treatment the grape
mash is heated to 70°C and after 10 or 20 min it is
cooled back to 20°C. Pressed must is rich in aromatic
compounds and anthocyanins, but poor in tannins. By
the action of heating grape berry cells are disrupted
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and colour pigments are released. This method is
often used for the processing of low quality grapes
to eliminate future bacterial contamination (STEIDL
2002). Heating young wine together with grape mash
to 35-40°C causes an increase of tannin content
in mixture and resulting wine becomes more full-
bodied. This type of technology cannot be used for
the production of full wines from less ripe grapes.

Cold soak. Cold soak is a method when the grape
mash is cooled to a low temperature and kept for
several days. It could be done by cooling the whole
fermentation tank or by using dry ice. Cold soak has
been reported to have a low effect on the phenolic
composition of resulting wines compared to freezing
the mash before fermentation. Grape mash freezing
causes berry cells to burst, cell walls to break and
anthocyanins to be released (SAccHI et al. 2005).
The use of solid carbon dioxide has an additional
advantage: after freezing the grapes it sublimes on
the surface of berries protecting them against the
subsequent action of oxygen. It is interesting that
this method reportedly increases the concentration of
tannins while the heat treatment of berries enhances
only anthocyanins. Freezing may also disrupt tannin-
containing cells of the seeds, increasing total poly-
phenol extractability (PEINADO et al. 2004; SACCHI
et al. 2005). ORTEGA-HERAS et al. (2012) reported
that using dry ice to maintain the temperature is
better for phenolics extraction.

New grape varieties have to be examined for the
most suitable method for phenols extraction. This
work deals with pre-fermentation conditions and their
influence on phenolic parameters of wine. Various
maceration techniques influence the sensory profile
of wine differently.

MATERIAL AND METHODS

In this experiment was used the Vitis vinifera L. cul-
tivar André (vintage 2013, collected October 26, 2013,

Table 1. Description of used methods of grape processing
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concentration of reducing sugars 230 g/1, Malokar-
patsky winegrowing region, Modra winegrowing
area, Suchy vrch vineyard, latitude 48°16'23.3004"VW,
longitude 17°21'51.7746"E). The André cultivar is a
relatively new grape variety (approved by the law
in 1980) which was created by crossbreeding of
Blaufrankisch x Saint Laurent (seedling A16/76).
In an experiment healthy grapes of cv. André were
destemmed and berries were divided into the same
parts with the same weight (400 g). Description of pro-
cesses used in the experiment is presented in Table 1.
Grapes used for the preparation of all experimental
samples were crushed, treated with 30 mg/1 K,S,0,
(Sigma-Aldrich, Darmstadt, Germany) (antimicrobial
and antioxidant agent) and macerated for 4 days.
After this time all samples were pressed and 70 mg/1
K,S,0, and 240 mg/l (NH,),HPO, (both Sigma-
Aldrich, Darmstadt, Germany) as a nitrogen source
were added to all liquid samples (BArRoON 2011). All
samples were inoculated with 0.3 g/l active dry yeasts
Saccharomyces cerevisiae var. bayanus FERMIVIN
(Biowin, L6dzZ, Poland) and let to ferment in 500 ml
flasks closed with fermentation stopper in cellar
conditions (21°C). Sample 2 was macerated at 4°C
for 4 days before classical maceration at 21°C. After
23 days of processing (pre-maceration, maceration,
fermentation) the profile of polyphenols was deter-
mined in all samples of wines.

Determination of polyphenols. Concentrations of
total phenols were determined by the alkali Folin-
Ciocalteu method (SINGLETON et al. 1999) using
the Folin-Ciocalteu reagent with gallic acid (both
Sigma-Aldrich, Darmstadt, Germany) as a standard.

For detailed view on phenolic compounds, samples
were analysed by Agillent 1100 Series HPLC (Agillent,
Santa Clara, USA) with UV detector. Single poly-
phenols in samples (20 pl injection) were separated
on a LiChrospher 100 RP-18 column (5 um) (Merck
Millipore, Darmstadt, Germany) with constant flow
0.5 ml/min. The mobile phase consisted of A (acetic
acid:water = 1:99), B (acetic acid : water = 6:94),

No. Name Description
1 control classical maceration for 4 day at 21°C
cold soak pre-maceration for 4 days at 4°C and than 4 days of classical maceration at 21°C
3 20% thermovinification ~ 20% of mash thermally treated for 1 h at 65°C and added back to the rest of mash;
then followed by classical 4 days maceration
4 20% cryomaceration 20% of mash cryomacerated for 4 days at —18°C, 80% of mash was macerated at 21°C
5 thermovinification mash heated for 1 min at 45°C
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and C (acetic acid : water : acetonitrile = 5:65:30)
and was changed according to the time schedule:
0-15 min 100% A — 100% B; 15-30 min 100% B;
30-50 min 100% B — 90% B and 10%C; 50—60 min
90% B and 10% C — 80% B and 20% C; 60—80 min 80%
Band 20% C — 70% B and 30% C; 80—125 min 100%
C; 125-130 min 100% C — 100% A. Single polyphenols
were detected at defined detection wavelengths: gal-
lic acid (97.5%) 272 nm, caffeic acid (= 98%) 320 nm,
vanillic acid (= 97%) 272 nm, catechin (> 96%) 280 nm,
polydatin (= 95%) (all from Sigma Aldrich) 320 nm.

Basic chemical analysis. Basic technological
parameters of wine were determined by standard
methods according to OIV (OIV-MA-AS-311-01A,
2009). Anthocyanins were determined by a modified
method according to Somers (SOMERS & EvVAaNS 1977).

Statistical analysis. All results are described as
mean values of triplicate measured samples. Standard
deviation was calculated using MS Excel (Microsoft
Office 2007; Microsoft, Redmond, USA).

RESULTS AND DISCUSSION

Comparing basic technological parameters (Table 2)
of wine produced by various maceration techniques
we can see that the final ethanol concentration and
the concentration of residual reducing sugars are
very similar. Differences were observed in particular
organic acids (depending on the state of malolactic
fermentation) and in the concentration of dry extract,
which was the highest in sample 2.

During alcoholic fermentation colourless pheno-
lics increase, reaching maximum values at pressing,
and remain stable during malolactic fermentation

and subsequent storage. Anthocyanin concentra-
tion increases during the early stages of alcoholic
fermentation, reaching maximum values 2-3 days
(3—6% v/v of ethanol) after the start of fermentation,
and decreases during the storage of wine (Auw et
al. 1996).

On the other hand, cold maceration (‘cold soak’)
may be useful to increase anthocyanin to tannin ratio
in lightly coloured vine varieties by increasing the
time of extraction from the berry skins without the
simultaneous increase in extraction from the seeds
(Kovac et al. 1992).

By cold soak total anthocyanin concentration in-
creased during pre-maceration from an average
concentration of 64—102 mg/l (BALIK et al. 2013).
After 4 days of maceration total anthocyanins in-
creased to 365—-592 mg/l. During fermentation, the
concentration of total anthocyanins increased, but
finally, after fermentation total anthocyanin con-
centration decreased in all samples (270-403 mg/1)
compared to the end of maceration. The highest
concentration of total anthocyanins was determined
in sample 3. GIRARD et al. (1997) observed a more
than twofold increase of total anthocyanins during
60°C thermovinification. During the first days of
fermentation we measured approximately 50% higher
concentration of total anthocyanins. On the other
hand, Gao et al. (1997) determined 3 times higher
total anthocyanins (compared to the control) in the
first days of fermentation.

The colour form of anthocyanins is only one part
of total anthocyanins. At the end of fermentation,
the highest value was recorded in cold soak. Similar
results were reported by GiL-MuNoz et al (2008).
Progress of total anthocyanins and their colour form

Table 2. Basic analytical parameters of André wines after fermentation

Sample No.
1 2 3 4 5
Ethanol (% v/v) 10.7 £ 0.1 10.4 £ 0.1 10.7 £ 0.1 10.4 £ 0.1 104+ 0.1
Glucose + fructose (g/1) 1.33 £ 0.21 1.47 £ 0.21 1.23 £ 0.24 1.09 £ 0.20 1.40 £ 0.21
pH (-) 3.28 £ 0.01 3.24 + 0.01 3.06 £ 0.01 3.17 £ 0.01 3.24 + 0.01
Total acids (g/1) 6.87 £ 0.07 7.91 + 0.05 8.81 £ 0.07 7.55 £ 0.06 7.80 £ 0.09
Volatile acids (g/1) 0.28 £ 0.03 0.13 £0.03 0.24 £ 0.03 0.36 £ 0.03 0.17 £0.03
Malic acid (g/1) 0.34 £ 0.02 1.66 + 0.05 1.81 + 0.06 0.19 £ 0.02 1.59 + 0.04
Tartaric acid (g/1) 3.42 £ 0.02 3.58 £ 0.03 3.70 + 0.04 3.39 £ 0.03 2.98 £ 0.02
Lactic acid (g/1) 2.62 = 0.06 1.09 £ 0.03 1.12 + 0.04 2.55 £ 0.07 1.48 £ 0.05
Dry extract (g/1) 26.9 £ 0.1 309 +0.2 28.8+0.1 27.6 £0.1 28.1+0.1

Concentrations are expressed as mean + standard deviation
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Figure 1. Progress of (A) gallic acid, (B) caffeic acid, (C)vanillic acid, (D) polydatin, (E) resveratrol, and (F) catechin

extraction

Sample No.:¢ —1; @ —2;4 -3; X —4; ® -5

have the same trend. The highest detected value of
131 mg/1 (cold soak) decreased during fermentation
to final 89 mg/l. The lowest value after 4 days of
maceration (67 mg/l) was determined in sample 1, fol-
lowed by the sample which was partially treated with
cryomaceration. The trend of final concentrations
of colour anthocyanins copies the values recorded
after 4 days of maceration (Table 3).

Table 3. Anthocyanin concentration in André wine samples

Total phenolic content increased during cold
soak only moderately (from initial 411.4 mg/l to
490.0 mg/l). Afterwards, during 4 days of macera-
tion the concentration of total phenols increased
2-3 times. The highest concentration of total phenols
was reached in sample 5 after 4 days of fermenta-
tion (1454.2 mg/l) and then during fermentation
the concentration of total phenols decreased. These

:g Total anthocyanins (mg/1) Color anthocyanins (mg/1)

= 4 days after after 4 days after after

[;)E“ premaceration maceration fermentation fermentation premaceration maceration fermentation fermentation
1 - 365 + 37 374 + 32 327 £ 30 - 67 6 69 +7 51+6

2 102 + 11 592 + 37 511 +£41 357 + 30 21+2 131 +12 93+9 89+8

3 - 439 + 36 475 + 35 403 + 27 - 84+ 9 90+9 76+ 9

4 - 387 + 35 443 + 32 334+ 31 - 75+ 8 75+ 8 52+7

5 - 436 + 36 544 + 36 270 + 25 - 83+8 90+9 77 + 8

Concentrations are expressed as mean + standard deviation
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Table 4. Concentration (mg/1) of total phenols

4 days after After

fermentation

No.

premaceration maceration fermentation

- 1122.1 £23.31094.3 £ 22.7 708.5 £ 22.3
490.0 £ 22.4 1555.0 + 23.9 1454.2 + 24.1 974.7 + 23.7
- 1086.4 +21.31022.9 £ 20.9 644.4 +22.1
- 968.6 +19.0 944.3 £19.7 587.0 +23.3

[SATETN w N = Sample

- 1222.1 £21.31094.3 £ 22.0 762.1 £22.6

Concentrations are expressed as mean + standard deviation

results correlate with Bubpi¢-LETo et al. (2005). In
their work, samples reached the maximum total
phenolic content after the first 5 days of fermenta-
tion. Total phenolics decreased in all samples to
587.0-974.7 mg/l. On the other hand, HEREDIA et
al. (2010) found differences in the concentration of
total phenols between cold soak (1288.3 mg/l) and
freezing grapes (2841.6 mg/l).

Gallic acid showed an increase during maceration
and first days of fermentation. The greatest increase
(388 mg/1) was detected in cold soak. The second high-
est increase of gallic acid (298 mg/l) was determined
in a sample treated with thermovinification at 45°C.
Control sample showed a slower beginning (Figure 1a),
but during fermentation the concentration of gallic
acid increased to 179 mg/l. According to BORAZAN
and BozAN (2013) this increase of gallic acid can be
caused by hydrolysis of gallotannins at defined pH.

The concentration of caffeic acid rose for the whole
time (Figure 1B), except for sample 2, where its con-
centration decreased after 4 days of fermentation.
Maximum concentration was detected in control
sample (35 mg/l) at the end of fermentation.

Vanillic acid showed a rapid increase between the
fourth and eighth day of processing (Figure 1C),
except for sample 2. Finally, it seems that thermal
maceration techniques do not significantly influence
the final concentration of vanillic acid.

During maceration polydatin concentration in-
creased the most (Figure 1D). Then during fermen-
tation, the concentration of polydatin decreased.
It can be caused by pB-glucosidase (E.C. 3.2.1.21),
which can degrade polydatin to resveratrol. Com-
paring polydatin and resveratrol concentrations,
we can see that the concentration of resveratrol
rises parallelly with polydatin decrease. The highest
concentration of polydatin was detected in control

sample, but during fermentation it fell to one half.
After fermentation, the concentration of polydatin
diminished to a concentration similar to that at the
beginning. The highest concentration of resveratrol
was extracted in sample 4 (Figure 1E).

Catechin was extracted continuously for 4 days
with almost the same rate (Figure 1f), except for the
control sample, where extraction took a twice longer
time. Finally, all the concentrations were almost the
same, except for sample 5.

CONCLUSION

When comparing the basic parameters of wine,
all winemaking techniques influence the wine mini-
mally. Total phenolic content was highest in a sample
treated with cold soak. In all cases, fermentation
caused the decrease of total phenols in wines. The
lowest phenolic content was recorded in a sample
with 20% cryomaceration.

The lowest total anthocyanin content was measured
after fermentation in control sample and sample with
20% of cryomacerated fraction. In most samples total
anthocyanin concentration reached the highest values
after 4 days of fermentation. During fermentation
their concentration decreased. The highest diminu-
tion was observed in a cold soaked sample where the
concentration of total anthocyanins decreased from
592 mg/lto 357 mg/L

Taking all together, cold soak positively influences
the tested colour and basic analytical parameters of
André wine in the most important way. The lowest
increase of total phenols, anthocyanins, and colour
intensity was recorded in control sample treated only
with the addition of potassium disulphite.

Acknowledgement. We would like to thank the com-
pany Karpatsk4 perla s.r.o., Senkovice, Czech Republic
for grape samples.

References

Auw J.M., Blanco V., O’Keefe F., Sims C.A. (1996): Effect of
processing on the phenolics and color of Cabernet Sauvi-
gnon, Chambourcin, and Noble wines and juices. Ameri-
can Journal of Enology and Viticulture, 47: 279-286.

Balik J., Kums$ta M., Rop O. (2013): Comparison of antho-
cyanins present in grapes on Vitis vinifera L. varieties
and interspecific hybrids grown in the Czech Republic.
Chemical Papers, 67: 1285-1292.

95



Food Technology and Economy, Engineering and Physical Properties

Czech J. Food Sci., 33, 2015 (1): 91-96

Baron M. (2011): Yeast assimilable nitrogen in South Moravian
grape musts and its effect on acetic acid production during
fermentation. Czech Journal of Food Sciences, 29: 603—-609.

Borazan A.A., Bozan B. (2013): The influence of pectolytic
enzyme addition and prefermentative mash heating dur-
ing the winemaking process on the phemolic composition
of Okuzgozu red wine. Food Chemistry, 138: 389-395.

Budi¢-Leto L., Lovri¢ T., Pezo 1., Gajdo$ Kljusuri¢ J. (2005):
Study of dynamics of polyphenol extraction during tra-
ditional and advanced maceration processes of the Babi¢
grape variety. Food Technology and Biotechnology, 43:
47-53.

Gao L., Girard B., Mazza G., Reynolds A.G. (1997): Changes
in anthocyanins and color characteristics of Pinot noir
wines during different vinification processes. Journal of
Agricultural and Food Chemistry, 45: 2003-2008.

Gil-Muiioz R,, Moreno-Perez A., Vila-Lopez R., Ferndndez-
Ferndndez J.I, Martinez-Cutillas A, Gomez-Plaza E..
(2009): Influence of low tem-perature prefermentative
techniques on chromatic and phenolic characteristics
of Syrah and Cabernet Sauvignon wines. European Food
Research and Technology, 228: 777-788.

Girard B., Kopp T.G., Reynolds A.G., Cliff M. (1997): Influ-
ence of vinification treatments on aroma constituents
and sensory descriptors of Pinot noir wines. American
Journal of Enology and Viticulture, 48: 198-206.

Heredia F.J., Escudero-Gilete M.L,, Hernanz D., Gordillo B.,
Melendez-Martinez A.J, Vicario .M., Gonzdlez-Miret
M.L. (2010): Influence of the refrigeration technique on
the colour and phenolic composition of Syrah red wines
obtained by pre-fermentative cold maceration. Food
Chemistry, 118: 377-383.

Kovac V., Alonso E., Bourzeix M., Revilla E. (1992): Effect
of several enological practices on the content of catechins
and proanthocyanidins of red wines. Journal of Agricul-
tural and Food Chemistry, 40: 1953-1957.

doi: 10.17221/286/2014-CJES

OIV-MA-AS-311-01A (2009): Compendium of internation-
al methods of analysis-OIV. Resolution Oeno377/2009.

Ortega-Heras M., Pérez-Magarino S., Gonzélez-Sanjosé
M.L. (2012): Comparative study of the use of macera-
tion enzymes and cold pre-fermentative maceration on
phenolic and anthocyanic composition and colour of a
Mencia red wine. LWT-Food Science and Technology,
48: 1-8.

Peinado R.A., Moreno J., Bueno J.E., Moreno J.A., Mauricio
J.C. (2004): Comparative study of aromatic compounds
in two young white wines subjected to pre-fermentative
cryomaceration. Food Chemistry, 84: 585-590.

Ribéreau-Gayon P., Dubourdieu D., Donéche B., Lonfaud
A. (2006): Handbook of Enology. Chichester, John Wiley
& Sons Ltd.

Sacchi K.L., Bisson L.F., Adams D.O. (2005): A review of the
effect of winemaking techniques on phenolic extraction
in red wines. American Journal of Enology and Viticul-
ture, 56: 197-206.

Singleton V.L., Orthofer R., Lamuela-Raventos R.M. (1999):
Analysis of total phenols and other oxidation substrates
and antioxidants by means of folin-ciocalteu reagent.
Methods in Enzymology, 299: 152-178.

Somers T.C., Evans M.E. (1977): Spectral evaluation of
young red wine, anthocyanin equilibrium, total phenolic,
free and molecular SO,,. Journal of the Science of Food
and Agriculture, 28: 279-287.

Steidl R. (2002): Sklepni hospodéfstvi. Narodni salon vin,
Valtice.

Watson B., Price S.F., Valladao M. (1995): Effect of fermen-
tation practices on the anthocyanin and phenol compo-
sition of Pinot Noir. American Journal of Enology and
Viticulture, 46: 404.

Received: 2014—-05-28
Accepted after corrections: 2014—07-10

Corresponding author:

Ing. JozEF SEVCECH, Slovenska technicka univerzita v Bratislave, Fakulta chemickej a potravinarskej technoldgie,

Ustav biotechnolégie a potravindrstva, Radlinského 9, 812 37 Bratislava, Slovak Republic; E-mail: sevcechjo@pobox.sk

96



