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A B S T R A C T

The phenolic composition of the Croatian dessert wine Prošek and dry wines Plavac mali and Pošip produced
from the same autochthonous cultivars was investigated to determine which phenolic compounds best dis-
criminate between these wine types. The wines were analyzed by the targeted metabolomic method using UPLC/
QqQ-MS/MS. Forty-five (45) phenolic compounds were identified and classified into five groups based on
chemical structure: benzoic acid derivatives, cinnamic acid derivatives, flavan-3-ols, stilbenes and flavonols.
ANOVA indicated that the grape-drying process heavily influences the complex phenolic composition of Prošek
dessert wine, which differs significantly from dry wines produced from the same cultivars. The data was grouped
by principal component analysis and linear discriminant analysis to derive a classification function that dis-
tinguished dry and dessert wines with 98% accuracy. Principal component analysis separated the samples and
showed that 23 phenolic compounds depending to phenolic acids, phenolic aldehydes, flavan-3-ols and flavonols
were the compounds that best differentiated the Prošek from the dry wines.

1. Introduction

Recent research has focused on plant bioactive compounds with
potential beneficial effects on human health. Phenolic compounds may
have the potential to naturally prevent some major diseases such as
cancer, cardiovascular and neurodegenerative diseases like Parkinson’s
and Alzheimer’s (Aguilera et al., 2016; Rangel-Huerta et al., 2015;
Rodriguez-Mateos et al., 2014; Stefani and Rigacci, 2014). Wine is a
rich source of dietary phenols, particularly red wine. Wine contains
different classes of flavonoid and non-flavonoid phenolic compounds
originating from grapes (Mattivi et al., 2006). The phenolic composi-
tion of a wine depends on grape variety, ripeness, cultivation system,
sunlight exposure and UV radiation, winemaking process and phenolic
reactivity during winemaking and ageing (Lorrain et al., 2011; Bindon
et al., 2013; Fulcrand et al., 2006; Song et al., 2015).

Traditional sweet dessert wines produced in winemaking regions
where grapes are dried to naturally concentrate sugars are rich in
phenolic compounds and demonstrate interesting antioxidant activity
(Moreno et al., 2008; Loizzo et al., 2013). The dessert wine Prošek is
produced exclusively on the Mediterranean coast of Croatia (Dalmatia)
and can be made only from autochthonous cultivars. An important step
in Prošek production is the dehydration of grapes prior to vinification

by sun drying or under controlled conditions with the temperature
below 40 °C. Dehydration increases the sugar concentration and sub-
stantially modifies the chemical composition of phenolics due to
changes in concentration, chemical modification or degradation (López
de Lerma et al., 2014; Sarratosa et al., 2008; De Torres et al., 2010).
Water evaporation can cause grape skin deterioration that allows
phenolic compounds to migrate from the skin to the pulp, increasing
the pulp concentration (Panceri et al., 2013). However, phenols present
in grape juice can participate in reactions of enzymatic oxidation and
non-enzymatic browning, reducing their concentration (Serratosa et al.,
2008).

Recently, attention in Croatia has focused on enological and overall
evaluation of wines from native cultivars. Phenolic compounds play an
important role in understanding the unique qualities of wines produced
from native cultivars (Tamborra et al., 2003; Letaief et al., 2007).
Phenolic characterization has highlighted the contribution of these
compounds to the structure and overall quality of wine. Total phenolic
content has been studied in several commercial Croatian wine samples
(Piljac et al., 2005), and several studies have examined flavonoids,
phenolic acids, anthocyanins and resveratrol (Herjavec et al., 2007;
Rastija et al., 2009; Vinković Vrček et al., 2011). However, none of
these studies provided a detailed phenolic profile of Prošek dessert
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wines. The objectives of this work were (i) to identify and quantify
multiple classes of phenolics in Prošek sweet wines using targeted
metabolomics methodology (UPLC/QqQ-MS/MS); and (ii) to differ-
entiate the dessert wine Prošek from dry wines made from the same
autochthonous cultivars based on their phenolic composition (Villiers
et al., 2005). To our knowledge, this in the first comprehensive study on
the polyphenol composition of Prošek dessert wines encompassing
ANOVA and PCA to classify wine types based on the phenolic compo-
sition.

2. Material and methods

2.1. Wine samples

Experimental dry wines Plavac mali of vintages 2007 and 2011 and
Pošip (2010) (Table 1) from the principal Croatian autochthonous
cultivars, red Plavac mali and white Pošip, were selected. All wines
were made from grape samples from the germplasm collection at the
Institute for Adriatic Crops and Karst Reclamation in Split in the wine-
producing area of Croatia, Dalmatia. The wines were produced using
micro-scale vinification in three biological replicates as part of an
evaluation of the enological properties of autochthonous cultivars
maintained in the germplasm collection at IAC. The original technology
for making Prošek wine involves drying the grapes, but commercial
wines produced by different methods are currently on the Croatian
market. To equalize the production conditions of samples and facilitate
direct comparison, we produced (in IAC) experimental Prošek dessert
wines from both Plavac mali and Pošip grape samples from the wine-
producing area of Dalmatia (Pelješac and Korčula, respectively; more
details about grape sampling and experimental winemaking are in-
cluded in online Supplementary information 1).

2.2. Experimental winemaking

Table 1 presents the list of wine samples produced for this study; the
process is described below.

2.2.1. Prošek dessert wines
Approximately 400 kg of grapes were dried in a greenhouse

equipped with a system for temperature control and ventilation (max-
imum daily temperature 40 °C) until the berries reached ∼ 32 Brix. The
dried fruit was destemmed, crushed, sulfited and divided into three
containers for alcoholic fermentation using the commercial yeast strain
EC1118 (Saccharomyces bayanus, Lallemand Inc, Montreal, Quebec,
Canada). Fermentation of Plavac mali was carried out with five days of
skin contact, while fermentation of Pošip was done without skin con-
tact. The pomace was pressed in a hydraulic press at< 2 bar. The must
was put in 25 L glass vessels, where alcoholic fermentation continued.
The first racking was done at ∼ 30 days and the second six months after
the beginning of fermentation. After the second racking, wines were
sulfited to 50 mg/L free sulfur dioxide (SO2) and bottled. The wines
were stored at the experimental winery until analysis.

2.2.2. Dry wines
Approximately 50 kg of grapes was destemmed, crushed, sulfited to

25 mg/L free sulfur dioxide (SO2) and stored in a 10 L stainless steel
vat. Micro-scaled fermentations were carried out using the commercial
strain EC1118 in three replicates. Red pomace from Plavac mali was
punched down twice daily until it remained submerged during the six-
day maceration. The wine was then pressed and transferred to a
stainless tank at 20 °C. Fermentation of white Pošip grapes was done
without skin contact. At the completion of fermentation, the wine was
racked and sulfited to 50 mg/L (SO2). Malolactic fermentation was not
performed.

2.3. Ultra high-performance liquid chromatography

Samples were analyzed by targeted metabolomics using ultra high-
performance liquid chromatography coupled with triple-quadrupole
mass spectrometers (UPLC/QqQ-MS/MS). Methods for identifying and
quantifying non-colored phenolic compounds were as described
(Vrhovšek et al., 2012; Arapitsas et al., 2012). Wine was filtered with a
0.2 μm PTFE filter prior liquid chromatography with a Waters Acquity
UPLC system (Miliford, MA, USA) coupled to a Waters Xevo TQMS in
ESI ionization mode. The separation of the phenolic compounds was
achieved on a Waters Acquity HSS T3 column 1.8 μm,
100 mm× 2.1 mm (Miliford, MA, USA) kept at 40 °C. In the end, 2 μL
were injected in the instrument by an auto-sampler at the temperature
of 6 °C. Data were processed by the Waters MassLynx 4.1 and Target
Lynux software.

Basic chemical parameters were determined according to reference
OIV methods for wine analysis (OIV, 2005).

2.4. Chemicals and reagents

Methanol and acetonitrile were of LC–MS grade and were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Formic acid was also pur-
chased from Sigma-Aldrich. Milli-Q water was used for the chromato-
graphy. The chemical standards were obtained from different suppliers
or isolated as described in Vrhovšek et al., 2012.

2.5. Data analysis

Statistical analysis used average values of triplicate determinations.
The data matrix was constructed from the analytical data obtained for
wines, with rows representing wine samples (two varieties, two dif-
ferent wine types and four different vintage years – objects) and col-
umns representing chemical measurements (45 phenolic compounds –
variables). Autoscaling was used to produce variables with zero means
and unit standard deviation (De Villiers et al., 2005). To establish which
compounds differed significantly among wines, univariate character-
ization based on Fischer’s weight (F) was conducted using one-way
ANOVA. For multivariate analysis, factor analysis (FA) and principle
component analysis (PCA) were used. FA and PCA present unsupervised
pattern recognition techniques that seek to summarize and explain key
feature of the data. Factorial analysis was used to reduce the initial set
of 45 phenolic parameters to 23. Varimax rotation was performed on
the reduced dataset to obtain maximum information from the extracted
PCs. Linear discriminant analysis (LDA) was used to evaluate the effi-
ciency of wine separation based on type. LDA is a supervised pattern
recognition technique whit the task of inferring a function from labeled
training data. The training data were wines types, including only the
significant phenolic components, and the validation set was the starting
data set of wines with all observed phenolic compounds included (see
Supplementary material, Table S1 for all 45 phenolic parameters). All
statistical data analysis was performed using STATISTICA, version 8.1
(Statsoft Inc., Tulsa, OK, USA).

Table 1
List of the wine samples produced in three biological replicates.

Variety Wine type Vintage Wine color Maceration

Plavac mali dessert 2007 red +
Plavac mali dessert 2008 red +
Pošip dessert 2008 white –
Plavac mali dry 2007 red +
Pošip dry 2010 white –
Plavac mali dry 2011 red +
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3. Results and discussion

3.1. Chemical composition of wines

The standard physical-chemical parameters of the wines were ex-
amined using ANOVA (Table 2). Dessert wines showed statistically
greater total dry extract (152 ± 95 g/L), reducing sugars,
(110 ± 93 g/L) and volatile acidity (1.0 ± 0.4 g/L) than the dry
wines. The values for Prošek dessert wine are similar to Passito wines,
where the alcohol concentrations were 14.2 ± 0.6 vol%, reducing
sugars were 116 ± 4.5 g/L, total dry extracts were 151 ± 2.8 g/L and
volatile acidities were 0.9 ± 0.1 g/L (Loizzo et al., 2013). These
parameters vary according to the origin and processing technology of
sweet wines, especially to the degree of dehydration of grape. Climate
conditions (temperature, humidity) and the date of harvest are crucial
factor for determine the sugar content and acidity level of grapes.
Usually, a higher sugar content in dehydrate grape is always associated
with a higher volatile acidity in sweet wine, as it was the case of the
Prošek wine.

3.2. Phenolic composition of Prošek dessert wine and dry wines

Forty-five non-colored phenolic compounds from Prošek dessert
wine were identified and quantified using targeted metabolomics based
on the importance of the metabolite for wine quality, covering the
major classes of low molecular weight phenolic compounds. Phenolic
compounds were grouped into five classes on the basis of their chemical
structure: benzoic acid derivatives (hydroxybenzoic acids (HBA) and
phenolic aldehydes), cinnamic acid derivatives (hydroxycinnamic acids
(HCA) and their esters), flavan-3-ols, stilbenes and flavonols (Table 3).
There was wide variability in the phenolic composition and critical
Fisher coefficients of 18 wine samples (Table 4). Significant differences
in phenolic compounds were found by wine type, variety and vintage
(p < 0.05). The expected large variability among varieties was con-
firmed for almost all phenolic compounds and vintages. The ANOVA
results for the vintage showed that the reduction of significant phenolic
compounds reduced from 45 to 34. The vintage showed no significant
differences for following eleven compounds: PHBA, CA, FA, cfA, tPic,
cPic, Ast, Iso, Phl, Ar and iPP.

The effect of variety was clearly evident for 27 phenolic compounds.
However, only 11 of these were significantly different between dessert
and dry wines: ellagic acid, trans-caftaric acid, trans-coutaric acid,
epigalocatechin, gallocatechin, procyanins B2 + B4, kaempferol,
quercetin, isorhamnetin, syringetin-3-glucoside + syringetin-3-ga-
lactoside and quercetin-3-glucuronide. The complete lack of kaemp-
ferol, myricetin, larticitrin, myricitrin and isorhamnetin in Pošip is
probably due to berry color and consistent with a classification of red
and white grape varieties based on six flavonol aglycones not found in
white varieties (Mattivi et al., 2006).

The following discussion focuses on those phenolic compounds that
significantly distinguish wine type (Table 4). Eight non-flavonoids (4-
aminobenzoic acid, p-hydroxybenzoic acid, syringaldehyde, ellagic
acid, p-coumaric acid, ferulic acid, trans-caftaric acid, and trans-coutaric
acid) and 15 flavonoid compounds (catechin, epicatechin, epigalloca-
techin, gallocatechin, procyanidin B2 + B4, procyanidin B3,

kampferol, quercetin isorhamnetin, syringetin-3-glucoside + syr-
ingetin-3-galactoside, quercetin-3-glucuronide, kaempferol-3-glucur-
onide, caffeic acid + catechin condensation, quercetin-3-gluconoride
+ quercetin-3-galactoside and quercetin-3,4-diglucoside) were ex-
tracted.

The low molecular weight flavan-3-ols are important compounds in
red wines because their polymerization reactions lead to tannins, which

Table 2
Significant differences and standard deviations between means for basic physical-chemical parameters of wines.

Relative density Alcohol Total dry extract Reducing sugars Total acidity Volatile acidity pH Ash

(20/20 °C) (% vol) (g/L) (g/L) g/L (as tartaric acid) g/L (as acetic acid) (g/L)

dessert 1.0385 ± 0.038 15.3 ± 1.2 151 ± 94 110 ± 93 5.7 ± 1.0 1.0 ± 0.4 3.9 ± 0.28 4.2 ± 1.0
dry 0.9941 ± 0.002 13.2 ± 2.2 29.1 ± 8.9 3.1 ± 1.6 5.5 ± 0.9 0.5 ± 0.1 3.6 ± 0.39 3.3 ± 0.9

ns ns * * ns * ns ns

* – significant differences (p < 0.05); ns – not significant.

Table 3
Phenolic classes of 45 compounds observed in wine samples with their abbreviations.

Phenolic group Sample Abbreviation

Phenolic acid-HBA anthranilic acid ANA
4-aminobenzoic acid PABA
p-hydroxybenzoic acid PHBA
vanillic acid VA
gallic acid GA
ellagic acid EA

Phenolic acid-HCA p-coumaric acid pCA
caffeic acid CA
ferulic acid FA
trans-caftaric acid cfA
trans-fertaric acid ferA
trans-coutaric acid t couA

Phenolic aldehyde vanillin V
syringaldehyde SYAL

Stilbenes trans-piceide tPic
cis-piceide cPic
astringin Ast
isorhapontin Iso
pallidol Pal
isohopeaphenol iPP

Flavan-3-ols catechin Cat
epicatechin EC
epigallocatechin EGC
gallocatechin GC
procyanidin B1 B1
procyanidin B2 + B4 B2B4
procyanidin B3 B3
caffeic acid + catechin condensation CA CC

Hydroquinone arbutin Ar

Flavonols kaempferol Ka
quercetin Q
taxifolin T
isorhamnetin IS
myricetin My
laricitrin Lar
syringetin Syr
quercetin-3-rhamnoside Q 3 Rha
syringetin-3-glucoside + syringetin-3-
galactoside

syr 3 Glc

quercetin-3-gluconoride Q3G
kaempferol-3-glucuronide Ka_3G
myricitrin Myr
quercetin-3-glucoside + quercetin-3-
galactoside

que 3 glc

isorhamnetin-3-glucoside iso 3 Glc
quercetin-3,4-diglucoside Q 3 4 diG

Dehydroflavonol phlorizn Phl
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are responsible for wine astringency (McRae and Kennedy, 2011). The
dessert wines had much lower concentrations of low molecular weight
flavan-3-ols than the dry wines (0.21 mg/L (+)-catechin in dessert
wines compared to 3.27 mg/L in dry wines). Dimers of procyanidin B3
were less abundant in sweet wines at only 0.01 mg/L while dry wines
had 0.51 mg/L. Similarly, the concentration of the procyanidins
B2 + B4 averaged 0.01 mg/L in sweet wines but 1.69 mg/L in dry
wines. Lower concentrations of flavan-3-ols in dessert wines suggest
that these compounds become substrates for polymerization or de-
gradation reactions during grape drying or subsequent vinification and
wine ageing. Marquez et al. (2013) found very low concentrations of
flavan-3-ols in sweet wines produced from red grapes subjected to
traditional sun drying: only 1.6 mg/L (+)-catechin and 4.6 mg/L
(−)-epicatechin. A significant decreasing in flavan-3-ols was observed
in sweet red wine during one year of ageing (Marquez et al., 2014).
Likewise, some high molecular weight derivatives of flavan-3-ols can
originate from low molecular weight flavan-3-ols in the dehydrated
grapes (Serratosa et al., 2008). High molecular weight tannins were not
included in this study, but further investigation might lead to de-
termination of polymers in Prošek wines. Moreover, flavan-3-ols

participate in polymerization and copigmentation reactions, so de-
creased concentrations could be due to their conversion into high mo-
lecular weight proanthocyanidins during bottle storage of sweet wines
(Fulcrand et al., 2006; Marquez et al., 2014).

Among flavonols, the dessert wine Prošek and dry wines from
Plavac mali and Pošip contained the aglycones kaempferol, quercetin,
myricetin, myricitrin, laricitrin, isorhamnetin and syringetin.
Dehydroflavonol taxifolin was the most abundant compound in this
phenolic class at 0.85 mg/L. Similar results were found by Marquez
et al. (2013), where in production of red dessert wines the major fla-
vanol quercetin had concentrations from 0.69 to 1.97 mg/L depending
on the grape drying method applied before vinification. The con-
centrations of berry flavonols in the resulting wines are known to de-
pend on the grape variety, cultural practices and environmental factors
(Mattivi et al., 2006; Downey et al., 2006; Petropoulos et al., 2011).
Partial hydrolysis reactions of grape flavonols substantially decreased
concentrations of berry-derived 3-O-glycosides in favor of the corre-
sponding aglycones during storage of dessert wine (Castillo-Muñoz
et al., 2007; Marquez et al., 2014). There were statistically lower con-
centrations of the flavonol aglycones kaempferol, quercetin, and

Table 4
ANOVA results and mean values of phenolic compounds observed in different wine samples (two varieties, two wine types, and four vintages).

Variety Wine type Vintage

Compounds PM P Fcal dessert dry Fcal 2007 2008 2010 2011 Fcal

ANA 0.002 0.001 0.033 0.001 0.002 2.961 n.d. 0.001 0.002 0.004 7.157*
PABA 0.002 0.001 2.916 0.001 0.002 5.227* 0.001 0.001 0.001 0.004 10.150*
PHBA 0.191 0.146 0.621 0.235 0.117 6.374* 0.176 0.212 0.037 0.243 2.636
V 0.025 0.017 1.133 0.018 0.027 1.782 0.016 0.023 0.009 0.050 16.899*
VA 0.390 0.067 45.211* 0.345 0.219 2.316 0.344 0.281 0.029 0.415 4.214*
GA 3.705 0.036 24.377* 1.787 3.178 1.731 3.532 0.783 0.073 6.192 58.919*
SYAL 0.054 0.020 2.228 0.020 0.066 5.417* 0.031 0.022 0.011 0.141 58.982*
EA 0.319 n.d. 3.743* 0.047 0.379 4.802* 0.173 n.d. n.d. 0.930 49.082*
pCA 0.229 0.267 0.153 0.404 0.079 54.645* 0.241 0.396 0.058 0.117 4.217*
CA 0.465 0.367 0.602 0.423 0.441 0.022 0.363 0.427 0.638 0.375 0.872
FA 0.049 0.089 1.398 0.097 0.027 6.154* 0.038 0.112 0.034 0.039 1.824
cfA 9.670 2.356 27.924* 5.192 9.272 4.579* 7.903 5.234 4.398 12.720 3.369
ferA 1.928 1.732 1.795 1.809 1.917 0.577 1.741 1.886 1.569 2.353 11.362*
t_couA 6.198 1.227 11.017* 2.672 6.410 5.601* 5.303 3.398 0.511 9.332 5.296*
tPic 0.864 0.020 10.711* 0.602 0.564 0.015 0.367 0.847 0.023 1.048 2.214
cPic 2.832 0.046 10.968* 1.825 1.982 0.023 1.122 2.686 0.069 3.734 2.625
Ast 0.262 0.009 9.647* 0.220 0.135 0.797 0.111 0.277 0.018 0.270 1.778
Iso 0.235 n.d. 9.933* 0.208 0.105 1.433 0.141 0.259 0.000 0.141 1.474
Phl 0.215 0.030 13.808* 0.103 0.204 2.946 0.172 0.137 0.025 0.276 2.298
Cat 2.389 0.442 4.218 0.211 3.268 22.004* 1.954 0.297 0.885 5.053 9.041*
EC 0.647 0.072 4.239 0.029 0.883 17.227* 0.565 0.043 0.144 1.373 7.540*
EGC 0.170 0.009 5.290* 0.012 0.221 14.409* 0.175 0.017 0.018 0.296 4.588*
GC 1.163 0.029 6.425* 0.110 1.461 13.481* 1.225 0.160 0.058 1.885 4.404*
B1 4.717 0.013 5.221* 0.016 6.282 15.453 4.686 0.024 0.027 9.448 7.443*
B2B4 1.266 0.005 4.531* 0.007 1.685 12.552* 1.028 0.010 0.010 2.988 11.029*
B3 0.382 0.001 4.068 0.006 0.504 10.174* 0.271 0.009 0.001 0.969 12.414*
Ka 0.010 n.d. 6.023* 0.002 0.011 7.731* 0.013 n.d. n.d. 0.012 6.122*
Q 0.176 0.002 12.402* 0.053 0.183 5.991* 0.228 0.007 0.000 0.238 24.672*
T 1.736 0.096 30.495* 0.850 1.528 2.305 1.482 0.618 0.089 2.845 32.223*
IS 0.011 n.d. 6.610* 0.002 0.013 9.980* 0.013 n.d. n.d. 0.017 8.059*
My 0.070 n.d. 15.433* 0.030 0.064 2.425 0.089 0.022 n.d. 0.061 5.277*
Lar 0.044 n.d. 9.949* 0.021 0.037 1.015 0.069 0.004 n.d. 0.030 18.556*
Syr 0.014 0.001 8.470* 0.012 0.007 1.047 0.021 0.003 n.d. 0.011 7.451*
Q_3_Rha 0.362 0.002 21.837* 0.155 0.329 2.874 0.269 0.156 0.004 0.597 9.239*
syr_3_Glc 0.951 n.d. 13.659* 0.320 0.948 4.675* 0.643 0.335 n.d. 1.847 17.016*
Q3G 2.285 0.001 4.990* 0.004 3.044 14.404* 1.900 0.002 0.001 5.336 13.563*
Ka_3G 0.068 n.d. 4.165 n.d. 0.090 11.260* 0.048 n.d. n.d. 0.175 16.421*
Ar 0.024 0.002 5.757* 0.023 0.011 1.577 0.014 0.024 0.002 0.023 0.940
CA_CC 1.134 n.d. 3.955 n.d. 1.513 10.506* 0.730 n.d. n.d. 3.079 21.441*
Pal 0.245 0.039 2.834 0.098 0.255 1.727 0.054 0.147 n.d. 0.657 16.327*
iPP 1.030 0.066 5.015* 1.128 0.289 4.074 0.384 1.432 n.d. 0.622 2.400
Myr 0.686 n.d. 17.189* 0.302 0.612 2.160 0.461 0.341 n.d. 1.140 6.436*
que_3_glc 1.198 n.d. 2.382 0.049 1.548 4.729* 0.245 0.025 n.d. 4.251 170.172*
iso_3_Glc 0.221 n.d. 1.908 n.d. 0.295 4.331 0.020 n.d. n.d. 0.846 98.847*
Q_3_4_diG 0.183 n.d. 4.456 0.024 0.221 6.287* 0.074 0.036 n.d. 0.514 50.816*

PM – Plavac mali; P – Pošip; *significance level p < 0.05, n.d. – not detected.
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isorhamnetin in Prošek than in the dry wines.

3.3. Differentiation of dessert and dry wine using multivariate analysis

Factor analysis (FA) was applied to identify the most important
phenolic compounds and reduce the input data set of 45 variables to
group and validate clustering based on the phenolic components. The
FA identified 23 phenolic compounds as important for separating the
wine types. Those percentages show the dominance of the phenolic
components 4-aminobenzoic acid, p-hydroxybenzoic acid, syr-
ingaldehyde, ellagic acid, p-coumaric acid, ferulic acid, caftaric acid,
trans-coutaric acid, catechin, epicatechin, epigallocatechin, galloca-
techin, procyanidin B2 + B4, procyanidin B3, kampferol, quarcetin,
isorhamnetin, syringetin-3-glucoside, quercetin-3-glucuronide, kaemp-
ferol-3-glucuronide, caffeic acid + catechin condensation, quercetin-3-
glucoside+ quercetin-3-galactoside and quercetin-3,4-diglucoside.

To identify patterns in experimental data, group or separate the
phenolic compounds and screen for possible outliers, we used principal
component analysis (PCA). This multivariate tool will derive a small
number of independent linear combinations (principal components,
PCs) for our observed set of variables, retaining as much information as
possible. PCA was applied to detect patterns between specific phenolic
compounds that can be used to distinguish among wines whether pro-
duced using standard winemaking processes for white or red wine or
using drying of grapes before alcoholic fermentation to make dessert
wine. Grouping of dessert and dry wines was efficient, accounting for
84.5% of all variance in the data set. PCA showed that the first three
PCs (based on the eigenvalues 1 criterion) account for over 90.6% of the
variation in the whine phenolic compounds data set PC1 (73.3% of the
total variance) correlates with phenolic compounds as catechin, quer-
cetin-3-glucuronide as well as epicatechin, kaempferol-3-glucuronide
and caffeic acid + catechin condensation. PC2 (11.2%) is described
with three phenolic acid-HCA: p-hydroxybenzoic acid, p-coumaric acid,

ferulic acid, and PC3 (6.2%) by two flavonols: kaempferol and quer-
cetin.

The dessert wines grouped in the fourth quadrant based on sig-
nificant differences in seven phenolic acids (4-aminobenzoic acid, p-
hydroxybenzoic acid, ellagic acid, p-coumaric acid, ferulic acid, trans-
caftaric acid and trans-coutaric acid), a phenolic aldehyde (syr-
ingaldehyde), no stilbenes, seven flavan-3-ols (catechin, epicatechin,
epigallocatechin, gallocatechin, procyanidin B2 + B4, procyanidin B3
and caffeic acid + catechin condensation), and eight flavonols
(kaempferol, quarcetin, isorhamnetin, syringetin-3-glucoside + syr-
ingetin-3-galactoside, quercetin-3-glucuronide, kaempferol-3-glucur-
onide, quercetin-3-glucuronide, and quercetin-3,4-diglucoside). Dry
wines were distributed in the remaining three quadrants grouped based
on the variety. Thus, dry Pošip wine grouped in the first quadrant,
while the dry Plavac mali wines were in the second or third quadrant,
depending on the vintage (Fig. 1).

Using the dominant phenolic components that separated dry and
dessert wines, validation was conducted on all 18 wine samples with
98% efficacy. Linear discriminant analysis was applied to derive a
classification function for effective recognition of dry and dessert wines.

To evaluate which group of phenolic compounds was dominant in
the wine separations, a PCA was conducted on the summarized grouped
components (HBA, HCA, phenolic aldehyde, flavan-3-ols, and flavo-
nols). The Kaiser-Meyer-Olkin measure of sampling adequacy for
grouped phenol components was middling (KMO= 0.7327). Those
variables are used to present average values for significant phenolic
components in different phenolic groups (Table 5).

Dry wine samples have significantly higher concentrations of sig-
nificant components from four phenolic groups: the phenolic acid HCA
(2.3 to 16.9 mg/L in dessert wines and 4.8 to 23.3 mg/L in dry, re-
spectively); the phenolic aldehyde syringaldehyde; flavan-3-ols (ca-
techin, epicatechin, epigallocatechin, gallocatechin, procyanidin
B2 + B4, procyanidin B3, and caffeic acid + catechin condensation)

Fig. 1. PCA grouping of wines based on the type (dry, dessert) based on
the 23 significant components from Table 4. PC factor 1 and PC factor 2
together comprise 84.5% of total variability.

Table 5
Average values and standard deviations of five phenolic groups in different wine types.

Wine type phenolic acid-HBA phenolic acid-HCA phenolic aldehyde flavan-3-ols flavonols

(mg/L) (mg/L) (μg/L) (mg/L) (mg/L)

dessert 0.3 ± 0.1a 8.4 ± 5.6a 19.8 ± 9.8 a 0.4 ± 0.6a 0.5 ± 0.4a

dry 0.5 ± 0.5a 15.8 ± 8.2b 66.1 ± 58.8b 9.5 ± 6.8b 6.1 ± 5.4b

Different letters in the same column show significant differences regarding the wine type.
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and flavonols (kaempferol, quercetin, isorhamnetin, syringetin-3-glu-
coside + syringetin-3-galactoside, quercetin-3-glucuronide, kaemp-
ferol-3-glucuronide, quercetin-3-glucoside +quercetin-3-galactoside
and quercetin-3,4-diglucoside).

The classification performance by wine type was evaluated by LDA
using 23 variables (isolated as the significant phenolic compounds). The
first two roots explained 100% of the properties of different wine types,
which means that classification of dry and dessert wines was completely
successful. Those findings upheld the utility of multivariate tools in
classification, even of complex samples such as wines that differ in their
phenolic composition by type, vintage and variety. De Villiers et al.
(2005) successfully classified wines according the grape variety, but our
study showed that the phenolic profile of wines can be used to differ-
entiate dessert from dry wines.

4. Conclusions

The concentrations of 45 phenolic compounds were determined in
three dessert and three dry wines produced from micro-scale vinifica-
tion of autochthonous grape cultivars used in Croatia for production of
Prošek dessert wine. ANOVA indicated that the concentrations of these
compounds in the wines were affected by variety, vintage and wine
type. The Prošek dessert wines had significantly lower concentrations of
phenolic acids, syringaldehyde, flavanols and flavonols than dry wines
produced from the same varieties. The differences in phenolic com-
pounds between dessert and dry wines were sufficient to successfully
differentiate the samples by wine type, regardless of vintage or variety.
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