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Summary

The phenolic composition including hydroxyben-

zoic acids, hydroxycinnamic acids and flavan-3-ols was
identified and quantified in all studied samples by using
a reversed-phase high-performance liquid chromato-
graphy (HPLC) system coupled with diode array detec-
tion. Gallic, protocatechuic, p-coumaric and vanillic ac-
ids were the major phenolic substances in grape juice,
whereas caffeic acid was the most abundant phenolic
acid in the wine after a short time of storage. For more
reliable results, the antioxidant activity of grape juice
and wine was measured by B-carotene bleaching (BCB)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical sca-
venging methods.
The content changes of volatile compounds in the grape
juice and wine were determined by using headspace
solid phase microextraction (HS-SPME) coupled with
gas chromatography (GC/FID and GC/MS). Hexanal,
(E)-2-hexenal, 2-ethyl-1-hexanol, 1-hexanol, (Z)-nerol-
oxide and linalool were the most representative com-
pounds determined in grape juice, whereas ethyl esters
of hexanoic, octanoic, decanoic and dodecanoic acids,
hexyl acetate, isoamyl acetate, as well as isobutanol, iso-
amyl alcohol and 1-hexanol were identified as the main
compounds.

Key words: antioxidant activity, BCB, DPPH, fermen-
tation, polyphenols, volatiles, wine.

Introduction

Aroma and polyphenolic compounds are important
constituents of wine as they contribute to the quality of
the final product. The combination of different aroma
compounds such as alcohols, esters, organic acids, alde-
hydes, ketones and terpenes forms the character of wine
and differentiates one wine from another (DEMYTTENAERE
et al. 2003). Wine is also an excellent source of various
classes of polyphenols, which are responsible for the sen-
sory characteristics, particularly color, astringency and bit-
terness (RosicHaUD and NoBLE 1990). White wine contains
significantly lower amounts of total polyphenols compared
with red wines, mainly hydroxycinnamic acids (HCA), hy-
droxybenzoic acids (HBA) and flavan-3-ols (MakRris et al.
2003). The total phenol content of white wines, vinified

with a minimal skin contact, is in the range between 100
and 250 mg-1". Approximately 30 mg-1"' of this amount is
accounted by flavonoid phenols, mainly flavan-3-ol (-)-
epicatechin and (+)-catechin and its dimers, oligomers and
polymers (FisHer and NoBLE 1994, NosLE 1990). Phenolic
acids in grape berries are located primarily in the skin,
whereas catechins and procyanidins are located in solid
parts of the berry, particularly in the seeds (Simon et al.
1992). Skin contact may greatly increase both the total hy-
droxycinnamate and flavanol concentration, but decreases
in total hydroxycinnamate content may be observed during
fermentation (BaraNowskl and NAGEL 1981). In contrast to
the general practise to determine the phenolic compounds
in red wine grape varieties (LARRAURI ef al. 1999, LEE et al.
2003), it seems that little attention has been paid to the
non-colored phenolic acids in white varietal grapes (Ramos
et al. 1999). Thus, this work examines the content changes
of several phenolic acids and flavan-3-ols as well as of
aroma compounds in white wine sampled during fermenta-
tion and after a short time of storage. Recently numerous
research studies have associated the consumption of foods
rich in polyphenols, including wine, with the prevention
of cardiovascular diseases, certain types of cancer and
other diseases related to aging, thanks to their antioxidant
properties (Rice-Evans and Packer 1998, VisioLi et al.
2000, GREENWALD et al. 2001). The antioxidant activity
of phenolic acids and their esters depends on the number
of hydroxyl groups in the molecule strengthened by steric
hindrance (Rice-Evans et al. 1997). During fermentation
and ageing of wine, various reactions take place, in which
HCA and HBA acids change their form and content (Som-
ERS et al. 1987). In order to obtain more reliable results, the
antioxidant activity in the present study by using DPPH
and BCB methods was measured.

In the case of wine, the aroma properties have a di-
rect influence on the acceptance or rejection of the product
(MarTt et al. 2003). The aroma of wine is influenced by
the action of several different compounds on the sensory
organs. These volatile aromatic compounds are produced
through metabolic pathways during ripening and harvest
of grapes, during their fermentation and/or also during the
storage of wine. Wine aroma contains hundreds of com-
ponents that belong to very heterogenecous groups such as
alcohols, aldehydes, ketones, esters, acids, terpenes, etc.
(MarTI et al. 2003). It is known that several volatile com-
pounds are responsible for the fermentation aroma in wines
such as ethyl esters of C6, C8 and C10 fatty acids and ace-
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tates of higher alcohols, which enhance the fruity and floral
character of white wines, whereas large amounts of higher
alcohols and volatile acids may degrade the wine aroma
(KaraGianNis et al. 2000). This complexity and the low
levels of compounds, ranging from several mg 1! to a few
ng 1!, require the use of extraction and also concentration
techniques. In the last years the effective SPME technique
is frequently used. Its main advantages are simplicity and
little sample manipulation (MaARTI ef al. 2003). However,
the SPME method has been shown to be very sensitive to
the operating conditions and any variation of the experi-
mental parameters markedly affects the distribution and
the adsorption of the analytes (GuaDARRAMA ef al. 2001).
Therefore the use of an SPME autosampler is strongly rec-
ommended.

Material and Methods

Samples: Wine was made from native grape
varieties (Vitis vinifera L.) grown on the location Gornja
Voc¢a in the subregion Zagorje (winery of Branko Kos)
and harvested at the technological state of ripeness in Sep-
tember 2005. After harvesting, blending of grapes (‘Rhine
Riesling' 80 %, 'Sipon' 15 % and 5 % mixed grapes) was
performed. The technical production procedure consisted
of the following steps: after pressing, the obtained must
was placed in stainless steel tanks; then, 20 g hl!' of potas-
sium-metabisulphite was added followed by sedimentation
at 12 °C for 48 h. Pure must was decanted. The culture of
multiplied selected yeast Saccharomyces cerevisiae, under
the commercial name VIN13 (Anchor Biotechnologies,
South Africa), was added in a quantity of 20 g-hl"'. The fer-
mentation temperature was kept at 14 °C. After fermenta-
tion (sugar content below 2.5 g-1'"), the wine was decanted.
The wine was kept under controlled conditions and was
regularly analysed for the level of free SO,. The descrip-
tion of samples regarding their sampling time is included
in Tab. 1.

Chemicals: Vanillic and p-coumaric acids were
obtained from Fluka (Buchs, Switzerland). Ferulic acid,
gallic acid, protocatechuic acid, (+)-catechin, (-)-epicate-
chin and (-)-epicatechin gallate were obtained from Sigma
(Sigma-Aldrich Chemie, Steinheim, Germany). Caffeic
acid and HPLC grade methanol were obtained from Merck,
(Darmstadt, Germany). Formic acid and Folin-Ciocalteu
were of analytical grade and supplied by Kemika (Zagreb,
Croatia). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-
2-carboxylic acid) and linoleic acid were obtained from
Aldrich (Sigma-Aldrich Chemie, Steinheim, Germany).
DPPH (2,2-diphenyl-1-picrylhydrazyl) and Tween 40 were
purchased from Fluka (Buchs, Switzerland). B-carotene
was obtained from Sigma (Sigma-Aldrich Chemie, Stein-
heim, Germany). All standards of aroma compounds, ex-
cept 1-hexanol and 3-decanol, were purchased from Sigma.
1-hexanol and 3-decanol were obtained from Fluka and
ABCR GmbH & Co (Karlsruhe, Germany), respectively.

Total phenolic content (TPC): The
total phenol content in selected samples was determined

spectrophotometrically according to the Folin-Ciocalteu
colorimetric method (SINGLETON and Rossi 1965). The
measurements were calibrated against gallic acid stand-
ards and the results were expressed as mg-1"! of gallic acid
equivalents (GAE). The data represent the average of three
measurements.

Antioxidant activity

Determination of antioxidant activity
with the DPPH radical scavenging
method: The samples were analyzed according to
the technique reported by BrRAND-WiLLIAMS ef al. (1995).
An aliquote of 20 pl was added to a volume of 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH) 0.094 mM in methanol up
to completing 1 ml. The free radical scavenging activity
using the free radical DPPH reaction was evaluated by
measuring the absorbance at 515 nm after 60 min of re-
action at 20 °C in a water bath. The reaction was carried
out in closed Eppendorf tubes shaken at 20 °C. The results
were expressed as mmol 1! Trolox equivalents, a vitamin E
analogue (YaMaGucHi ef al. 1998). All determinations were
performed in triplicate.

Determination of antioxidant
activity with the fp-carotene bleaching
method: The antioxidant activity with the BCB meth-
od was measured using the procedure of Von Gadow et al.
(1997). 200 pl of undiluted grape juice or wine sample was
added to the reaction mixtures. Readings were taken imme-
diately (t =0) and at 15 min intervals for 2 h (t = 120 min)
on a spectrophotometer UV-VIS Unicam, Helios § spec-
trophotometer, at 470 nm. The vials were placed in a water
bath at 50 °C between measurements.

The antioxidant activity coefficient (AAC) was calcu-
lated from the data according to the formula (MALLET et al.

1994):

AAC = [(AA(IZO)_ AC(]ZO)) / (AC(O)_ AC(IZO))] X_ 10.00
where AA(]ZO) is the absorbance of the antioxidant at
t=120 min, A is the absorbance of the control at

C(120) 3
t=120 min and AC(O) is the absorbance of control at

t =0 min. All determinations were also performed in trip-
licate.

HPLC analysis: The samples were filtered
through a 0.45 pm filter (Nylon Membranes, Supelco,
Bellefonte, USA) before HPLC analysis. 20 ul of each
sample were 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) by using a reversed-phase
column Pinnacle II C-18 column (Restek, USA) (250 x
4.6 mm, 5 pmi.d.). The solvents employed were water plus
3 % formic acid (solvent A) and HPLC grade methanol
(solvent B) at a flow rate of 1 ml'min”'. The elution was
performed with a gradient starting at 2 % B to reach 32 %
B at 20 min, 40 % B at 30 min and 95 % B at 40 min, and
became isocratic for 5 min. Chromatograms were recorded
at 278 nm.

Detection was performed with a Photodiode Array
Detector by scanning between 200-400 nm, with a reso-
lution of 1.2 nm. Phenolic compounds were identified by



Phenolic and volatile composition of white wine 79

Table 1

Antioxidative activity and contents of total phenols, hydroxybenzoic acids, hydoxycinnamic acids and flavan-3-ols

No. day tpc dpph bcb ga pro van Syr caf cou fer cat  epi gal
1 0 228 0478 278.61 1.19 194 736 2.02 248 2.63 2.16 2.63 4.68 422
2 6 260 1.051 28821 4.16 500 835 048 245 1.71 287 3.03 142 995
3 8 246 0525 303.00 2.02 269 517 025 205 185 2.02 1.84 0.67 10.15
4 10 235 0474 23327 229 755 10.19 029 227 027 205 196 227 1039
5 15 237 0.655 23827 255 895 1046 031 415 034 249 228 2.69 11.45
6 21 242 0.674 27392 284 10.09 12.17 036 476 036 2.59 284 249 11.62
7 26 286 1.098 309.93 3.04 847 11.94 037 489 042 2.65 2.73 2.02 11.68
8 33 342 1.208 325.17 323 831 1229 037 594 0.66 2.80 2.69 1.89 11.82
9 63 325 1.165 314.87 3.06 8.03 1031 047 6.21 135 283 254 1.64 12.04
10 94 347 1.238 335.02 289 7.73 1278 097 690 1.69 298 252 1.59 12.24
11 125 345 1.230 33464 2.63 6.62 1239 248 822 1.88 320 2.23 1.52 1340

Day 0 - date of harvesting; day 6 - start of fermentation; tpc - total phenol content in mg GAE™; dpph - 2,2-diphenyl-1-pic-
rylhydrazyl content in mmol Trolox I''; beb - B-carotene bleaching in AAC; ga- gallic acid; pro - protocatechuic acid; van -
vanillic acid; syr - syringic acid; caf - caffeic acid: cou - coumaric acid; fer - ferulic acid; cat - catechin; epi - epicatechin;
gal - epicatechin gallate. Values are expressed as mean values in mg 1! sample (n = 3). The standard error depends on the

compound and is around 10 %.

comparing the retention times and spectral data with those
of authentic standards. Quantitative determinations were
performed using standard curves. The data acquisition and
treatment were conducted using the Star Chromatography
Workstation Version 5 software. All analyses were re-
peated three times, and the results were expressed as mean
values in milligrams per liter of wine.

Headspace-SPME: The wine volatiles were
sampled by HS-SPME with a 100 pum PDMS fiber (Supel-
co) using an MPS 2 autosampler from Gerstel GmbH, Ger-
many. To the sample of wine (200 ml) the internal stand-
ard 3-decanol was added resulting in a concentration of
0.1 ppm (v/v). An aliquot of 10 ml was placed into a 20-ml
headspace vial containing solid NaCl p.a. (3 g) and capped
with a crimp cap and teflon-lined septum. Equilibration
time before absorption was 10 min at 35 °C and shaking
(300 rpm). The fiber was exposed to the wine headspace
for 15 min at 35 °C with further shaking. Thermal desorp-
tion followed for 2 min in the injector (splitless mode) at
250 °C and additional thermal cleaning (3 min at 250 °C,
split ratio 1:10).

Gas chromatographic analyses by
GC/FID and GC/MS: The analyses were per-
formed with an Agilent Technologies 6890 gas chroma-
tograph equipped with a flame ionization detector (FID).
Compounds were separated on a polar column HP IN-
NOWax, 0.25 mm ID x 30 m length x 0.5 um film thick-
ness. The FID temperature was 250 °C. Helium was used
as a carrier gas with a column flow rate of 1.1 ml min™'. The
temperature program was the following: 40 °C (3 min),
from 40 to 200 °C at 3 K min™! and 15 min at 200 °C.

For identification, the same GC with an Agilent 5973
MSD in the electron impact ionization mode (70 eV)
was used. GC run parameters were the same as described
above. Compounds were identified using the Wiley 138,
NISTO02 and HPCH 1607 (Allured Corp., USA) libraries of
mass spectra or by comparison with the mass spectrum and

retention index of authentic references. Results were ex-
pressed as relative content of aroma compounds calculated
on the basis of the peak area of the individual compounds
in relation to the internal standard.

Statistical analysis: The statistical treat-
ment of the data was performed by the software Statistica
7.1 (StatSoft, Inc., Tulsa, OK, USA).

Results and Discussion

Blending of wines of different grape varieties has a
long tradition in Croatian wine growing regions (Ko-
VACEVIC GaNIC ef al. 2003). The wine studied in this paper
presents one of the most often prepared blended wine in
Croatian subregion Zagorje. Blending of 'Sipon', 'Riesling'
and Muscat grape varieties leads to an improvement in the
sensory quality of wine, which is the result of an increased
refinedness and complexity of the aroma of blended wine.

The content of total phenols, determined by the Fo-
lin-Ciocalteu method, in grape juice and wine samples is
given in Tab. 1. These values varied from 228 to 347 mg-1'!
gallic acid equivalents (GAE). As can be seen all samples
tested in this study showed an evident antioxidant effect.
Because the methods used to measure the antioxidant ac-
tivity are extremely dependent on the reaction conditions
and the substrates or products, all methods do not yield the
same values for the activity (Fukumoto and Mazza 2000).
Therefore, FRANKEL ef al. (1993) and WARNER (1997) sug-
gested using more than one method to measure the anti-
oxidant activity, by detecting the primary and secondary
oxidation products, and using tests that detect specific sub-
strates or products. The antioxidant activity of grape juice
and wine was measured by [(-carotene bleaching (BCB)
and 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scav-
enging methods. Upon comparing the total phenol content
and antioxidant activity of samples, it can be observed that
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the content of total phenols in wine is higher than in grape
juice, as well as the values of the antioxidant activity meas-
ured by the DPPH and -carotene bleaching methods. The
results obtained by BrRaND-WiLIamS ef al. (1995) demon-
strated that the number of DPPH radical molecules reduced
by the phenolic acids decreased in the order caffeic acid >
protocatechuic acid > ferulic acid > vanillic acid > p-cou-
maric acid. From this sequence it can be concluded that
cinnamic acid derivatives are better antioxidants than their
benzoic acid counterparts. This can be explained in terms
of the CH = CHCOOH group, which participates in sta-
bilizing the radicals of cinnamic acid derivatives by reso-
nance. Further, caffeic acid exhibited stronger antioxidant
effect compared with both catechin and epicatechin, using
B—carotene and DPPH methods (Fukumoto and Mazza
2000). A previous study (Makgris ef al. 2003) demonstrated
that the antioxidant activity of grape juices and wine is
not a property of single phytochemical compounds, but is
widely distributed among the phenolic constituents and it
is dependent on both the total polyphenolic content and the
relative amounts of individual polyphenols. Tab. 1 summa-
rizes the content of identified hydroxybenzoic acids in the
studied samples. Vanillic acid was detected as the major
hydroxybenzoic acid in grape juice, followed by syringic,
protocatechuic and gallic acids. In the final phenolic com-
position of wine the content of protocatechuic and gallic
acids was higher than the content of syringic acid. With the
value of 12.39 mg "' (Tab. 1) vanillic acid was the domi-
nant hydroxybenzoic acid in wine. The identified hydroxy-
benzoic acids represent 5.5 and 7.0 % of the total phenols in
grape juice and wine, respectively. Hydroxycinnamic acids
in wine originate from hydroxycinnamic tartaric esters’ hy-
drolysis during fermentation (CHEYNIER et al. 1986). These
acids, as secondary metabolites of phenylalanine, are well
known in grapes representing potential browning and oxi-
dation substrates, as well as contributing to the bitterness of
wines and juices (BaArRaNowskl and NAGEL 1981). As can be
seen (Tab. 1) the content of caffeic acid, as the major com-
pound of this group, increased from 2.48 mg-l"! in grape
juice to 8.22 mg-1" in wine. The content of p-coumaric
and ferulic acids amounted to 2.63 mg-1"' and 2.16 mg 1!
in grape juice as well as to 1.88 and 3.20 mg'1" in wine,
respectively. The content of all identified hydroxycinnamic
acids was the lowest during the fermentation, especially in
the first few days. This evolution of p-coumaric acid can
be related to the activity of some of the microorganisms
present in grape, which can metabolize the free phenolic
acids into volatile phenols (4-vinyl and 4-ethyl derivatives).
The volatile phenols contribute to the aroma of wine. In
light of this, still Smit et al. (2003) offered very interesting
prospects for the development of wine yeast starter strains
with optimized decarboxylation activity on phenolic acids
and the improvement of wine aroma in the future.

The most important group of phenolic compounds
causing bitterness in red and white wines is flavan-3-ols.
These phenols are extracted from the skins, stems and
seeds of grapes in the course of vinification. (+)-Catechin,
(-)-epicatechin and (-)-epicatechin gallate were identified
from this group (Tab. 1). The lowest content of (+)-cat-
echin (1.84 mg1") and (-)-epicatechin (0.67 mg-l"') was

determined on the second day of fermentation when the
fermentation reactions were the strongest. Generally,
the content of (+)-catechin content varied from 1.84 to
3.03 mg-1" (mean 2.26 mg-1""). The content of (-)-epicate-
chin ranged from 0.67 to 1.68 mg-I"' (mean 2.10 mg-1"") and
the mean content of (-)-epicatechin gallate was 10.86 m-I"".
The identified flavan-3-ols represent 5.7 % of the total phe-
nols in wine. This is less than in typical red wines but in
accordance with the values expected for white wines with
no maceration (GOLDBERG et al. 1999; BADERSCHNEIDER and
WINTERHALTER 2001). These compounds also possess po-
tent antioxidant, anticarcinogenic and anti-inflammatory
properties (KArRaGIANNIS ef al. 2000). Among the tested
samples, significant differences were observed in the con-
tent of caffeic acid and epicatechin gallate, the content of
which steadily increased from grape juice to the last wine
sample. A direct correlation between the antioxidant effec-
tiveness of grape juices and their total phenol content was
demonstrated by a correlation analysis (Tab. 1). The ob-
tained results showed a good correlation between the total
polyphenol content of wine and their antioxidant activity
measured by the DPPH (0.92) and the BCB (0.84) meth-
ods, as well as between the results of both used methods
(0.81). In the past few years, an increasing interest in plant
polyphenols, which are frequent components of the human
diet, has been manifested. The supplementation of natural
antioxidants contained in the food including wine through
a balanced diet could be more effective and also more eco-
nomical than the supplementation of an individual antioxi-
dant in protecting the body against oxidative damage under
different conditions (RAPISARDA et al. 1999).

Aroma substances are important in wine as they con-
tribute to the quality of the final product, form the character
of wine and differentiate one wine from another (DEMYTE-
NAERE ef al. 2003).

Tab. 2 summarizes all identified aroma compounds de-
termined in studied samples. From an enological point of
view, these compounds could be divided into two groups:
one including compounds of fermentation origin and the
second group including compounds, which have varietal
or pre-fermentative origin and are scarcely affected by the
fermantation process (Bueno et al. 2003). As can be seen,
hexanal, (£)-2-hexenal, 1-hexanol, 2-ethyl-1-hexanol, (2)-
neroloxide and linalool were the most abundant aroma
compounds in grape juice. The contribution of (£)-2-hex-
enal to the aroma is the greatest of these compounds, which
supports the observation that the hexenols formed enzy-
matically when the grapes are crushed and oxidized during
the aging process (CHisHOLM et al. 1995). Terpene com-
pounds form an important part of the grape bouquet (DE-
MYTTENAERA et al. 2003). These compounds do not change
during the alcoholic fermentation and they are present in
both the grape juice and wine. In accordance with the liter-
ature data, the higher alcohols, fatty acids and esters are the
most important groups of the yeast-synthesised aroma sub-
stances of the fermentation bouquet. The content of aroma
compounds increase after fermentation. Ethyl esters of
hexanoic, octanoic, decanoic and dodecanoic acids are the
most represented aroma compounds of studied wine. Ethyl
esters hydrolyze more slowly than acetates, so their fruit
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Table 2
Peak area ratio of selected aroma compounds
No. Compounds / day 0 6 8 10 15 21 26 33 63 94 125
al ethyl acetate 0.00 0.05 043 058 087 095 1.05 1.02 081 074 0.71
a2 ethyl butanoate 0.00 0.00 0.05 007 0.10 009 0.11 0.13 0.09 0.07 0.07
a3 hexanal 0.01 0.00 0.00 0.00 0.00 000 0.00 0.00 000 0.00 0.00
a4  isobutanol 0.00 0.00 0.07 0.08 026 032 039 032 023 0.17 0.09
a5 isoamyl acetate 0.01 0.01 172 261 341 321 318 3.15 276 206 1.39
a6 isoamyl alcohol 0.01 0.02 122 259 395 411 382 3.63 3.64 348 3.36
a7  (E)-2-hexenal 0.01 0.00 0.00 0.00 000 000 0.00 0.00 000 0.00 0.00
a8 ethyl hexanoate 0.00 0.01 378 510 7.06 674 526 530 339 3.09 1.38
a9 hexyl acetate 0.01 0.03 205 199 193 172 1.64 157 132 0.68 043
al0 terpinolen 0.00 0.01 o0.01 o0.01 o001 001 001 001 059 001 0.01
all 3-hydroxy-2-butanaone 0.01 0.01 o001 0.02 002 002 0.04 004 002 002 0.01
al2 (Z)-3-hexen-1-ol acetate 0.01 0.00 0.02 0.02 0.02 0.02 002 0.02 003 0.02 0.01
al3 I-hexanol 0.12 0.15 0.15 0.16 020 0.18 021 0.17 0.16 0.13 0.05
al4 (Z)-3-hexen-1-ol 0.00 0.00 0.04 004 005 006 006 004 003 0.03 0.03
al5 ethyl octanoate 0.00 0.04 19.02 3499 62.10 64.92 64.18 58.39 44.06 28.19 20.61
al6 (Z)-neroloxide 0.02 0.01 0.02 0.02 002 002 0.02 0.03 003 002 0.02
al7 2-ethyl-1-hexanol 0.01 0.05 006 0.09 002 003 011 011 0.12 0.05 0.02
al8 linalool 0.04 0.03 0.05 0.08 009 0.09 0.07 007 007 0.04 0.03
al9 1-octanol 0.00 0.00 0.00 0.01 o0.01 o001 0.01 o0.01 001 001 0.00
a20 methyl decanoate 0.00 0.00 o0.01 0.01 0.00 000 0.01 o0.01 001 0.00 0.00
a2l ethyl decanoate 0.00 0.02 621 7.86 29.22 30.13 2799 2511 26.75 23.41 13.18
a22 3-methylbutyl octanoate  0.00 0.00 026 034 040 039 041 022 0.13 0.08 0.07
a23 diethyl succinate 0.00 0.00 o0.01 0.01 o001 o001 0.01 o0.01 001 001 0.01
a24 ethyl 9-decanoate 0.00 0.00 0.03 0.04 007 002 0.01 0.02 001 002 0.01
a25 o-terpineol 0.00 0.00 o0.01 0.01 0.00 000 0.01 o0.01 000 000 0.01
a26 citronellol 0.01 0.01 0.00 0.01 0.01 001 0.01 0.01 001 001 0.00
a27 nerol 0.01r o0.01r o0.01 0.01 o001 o001 0.01 0.01 0.01 0.00 0.00
a28 2-phenylethyl acetate 0.04 0.05 0.14 0.16 0.17 0.17 0.19 0.19 0.17 0.14 0.11
a29 p-damascenone 0.00 0.00 0.00 0.00 0.00 001 0.01 o0.01 o001 001 0.00
a30 ethyl dodecanoate 0.00 0.00 1.15 1.54 226 262 283 184 089 040 040
a3l geraniol 0.00 0.00 0.00 0.00 001 o001 001 001 001 0.01 0.01
a32 3-methylbutyl decanoate 0.00 0.00 0.04 0.07 0.19 0.17 0.18 0.04 0.03 0.02 0.02
a33 2-phenylethanol 0.00 0.01 o0.11 024 053 039 032 035 030 0.11 0.14
a34 octanoic acid 0.01 0.04 044 044 090 065 0.66 054 048 049 037
a35 decanoic acid 0.03 0.07 050 043 047 052 048 046 084 0.75 0.56

Results are expressed as relative concentrations calculated on the basis of peak area of the individual compounds in relation to the
peak area of an internal standard. The values are mean values of three replications. The standard error of concentration depends on the

compound and is around 10 %.

aroma (apple, banana) would not be lost as fast. Other im-
portant esters of wine were isoamyl acetate, hexyl acetate,
ethyl acetate and 2-phenylethyl acetate. Acetates, which
are initially produced enzymatically, are slowly hydrolyzed
during storage until equilibrium is reached with the corre-
sponding acids and alcohols, increasing the concentration
of acetic acid. A decrease in acetate concentration could
be responsible for a loss in fruitiness while an increase in
acetic acid concentration could be detected if other aging
processes such as oxidation have raised the acetic acid level
to above threshold concentrations (CHisHOLM ef al. 1995).
In very low content, ethyl acetate has a pleasant odor that
contributes to the olfactory complexity and has a signifi-
cant influence on the quality of wine. But the content of
ethyl acetate contributes significantly to the volatile char-
acter of “acetic nose” and levels of 150 to 200 mg-I"! impart

spoilage character to wine. (RIBEREAU-GAYON ef al. 1999).
Among the alcohols isoamyl alcohol, 1-hexanol, 2-ethyl-
1-hexanol, isobutanol and 2-phenylethylethanol were the
most representative compounds. The isoamyl alcohol con-
tributes to the chemical and harsh odor, whereas 1-hexanol
and (Z)-3-hexenol resemble the green, grassy odor (Komes
et al. 2005). The presence of 2-phenylethyl alcohol as well
as the presence of -damascenone in wine can result in a
rose-like flavor (DEMYTTENAERE et al. 2003).

The principal component analysis (PCA) and the cor-
relation analysis reveal a lot of significant interactions be-
tween the 34 estimated parameters (Figs 1, 2 and Tab. 3).
The highest correlation coefficients between the sum pa-
rameter methods (TPC, DPPH, BCB) and single phenols
appear between DPPH and ferulic acid (0.92), DPPH and
caffeic acid (0.80) as well as between TPC and caffeic
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acid (0.88). The obtained results showed a good correla-
tion between the total polyphenol content of samples and
antioxidant activity measured by the DPPH (0.91) and the
BCB (0.85) methods, as well as between the results of both
used methods (0.80). The numerous relationships exist be-
tween phenols and volatiles. The most significant correla-
tions were determined between protocatechuic acid (pro)
and eight volatiles: ethyl acetate (0.86), isobutanol (0.81),
isoamyl acetate (0.83), isoamyl alcohol (0.90), ethyl oc-
tanoate (0.86), ethyl decanoate (0.87), diethyl succinate
(0.84) and 2-phenylethanol (0.81). The higest correlation
was determined also between vanillic acid and -damas-
cenone as well as between caffeic acid and geraniol. On the
other hand between coumaric acid (cou) and volatiles exist
almost all negative correlations, except between this acid
and hexanal (0.64) and (E)-2-hexenal (0.64).

The data points of the eleven samples in Fig. 1 repre-
sent the development of the totality of the 48 parameters
from must to the wine at day 125.

The present study provides new insights into the
changes of polyphenolic and aroma compositions during

the fermentation and a short time of storage. Therefore, in
order to obtain the complete information regarding these
changes during aging of wine, this research will be con-
tinued.
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