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Abstract
The aim of this study was to identify chemical markers of commercial tropical red wines with the potential to apply for the 
Geographical Indication-GI São Francisco Valley. Volatile organic compounds of nine different commercial red wines from 
the São Francisco Valley, located in the Caatinga region of Brazil, that meet the classic oenological parameters for com-
mercialization, were extracted and separated by the HS-SPME/GC–MS technique, and identified. A total of 103 volatile 
compounds were identified and classified into 13 chemical groups, of which the esters and alcohols were the majority groups. 
Similarities were found in the composition of 27 compounds identified in all wines; however, the cultivars influenced the 
distinction of volatiles expressed exclusively in only one type of wine. Among these, 22 compounds were highlighted for hav-
ing been identified for the first time in wines, such as 3-phenyl-undecane and 4-phenyl-decane. These exclusive compounds 
are possible markers which confirm the typicality of tropical red wines of this region, and can contribute to the qualitative 
description and enhancement of regional identity for wines from the São Francisco Valley.

Keywords  Vitis vinifera L. · Typicality marker · Tropical wine · Volatile compound

Introduction

The aromatic quality of red wines is directly related to their 
volatile composition, with more than 1000 metabolite com-
pounds among the alcohols, organic acid esters, aldehydes, 
ethers, ketones, and terpenes. These compounds are pre-
sent in different concentrations, having been identified in 
several red wines (Vilanova et al. 2012; Jiang et al. 2013; 

Sánchez-Palomo et al. 2017; Mota et al. 2020). The dif-
ferent concentrations among the volatiles present in wines 
contribute to their complexity and molecular diversity due 
to interactions between the metabolites, providing specific 
typicalities in function of synergetic and antagonistic effects 
among them (Bonino et al. 2003).

The complexity of aromas in red wines comes from dif-
ferent sources and are described and characterized by three 
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types, namely, the first group originates from the specific 
grape variety (primary aromas); the second group is formed 
during winemaking, and may vary according to the types 
of yeast and elaboration/fermentation protocols (secondary 
aromas); and the third group is formed during the matura-
tion/aging of wines in oak barrels, as well as during bottle 
storage (tertiary aromas) (Drappier et al. 2017; Ruiz et al. 
2019). These three types of aromas together form what is 
called the “bouquet” of wines. Complexation/degradation/
evolution reactions of volatile compounds may occur during 
the whole production and aging process of wines in barrels, 
and the formation of new aromas may also occur. These 
new volatile compounds are associated with five families of 
aromatic compounds: furans, lactones, phenolic aldehydes, 
volatile phenols, and phenyl ketones (Ruiz et al. 2019).

Knowing the identity (origin, formation, and degrada-
tion) of the compounds responsible for the aroma and flavor 
of wines helps to understand the consequences of climate 
impacts, seasonal conditions, planting decisions, types of 
grapes, and processing, thus providing improvements in 
viticulture and winemaking practices (Parker et al. 2017), 
in addition to assisting in the geographical typification of 
wines.

It is estimated that 132.16 million liters of fine wines, 
elaborated with grapes of European varieties (Vitis vinifera 
L.), were consumed in Brazil in 2019, of which 114.175 
million liters were imported wines and 17.988 million lit-
ers were national wines (Mello and Machado 2020). The 
Northeast region represented 13.85% of the national wine 
area, whose viticulture is concentrated in the São Francisco 
Valley, and has the exceptionality of producing two harvests 
per year (Mello and Machado 2020).

The São Francisco Valley is the second largest producer 
of fine wines in the country, and is located in the North-
east of Brazil. The region belongs to the caatinga biome, 
with a tropical semi-arid climate with high annual aver-
age temperatures (26.5 °C), high solar radiation rates (over 

3,000  MJ  m−2  year−1), and low rainfall (450–500  mm.
year−1) (Pereira 2020). Seven wineries have about 700 hec-
tares of vineyards, with an annual production of 7 million 
liters of fine wines per year, being responsible for 15% of 
the national production of fine wines, of which 29% are red 
wines, as well as young and aging wines. They can be mar-
keted about 90 days after harvest or after a period of 4 to 
12 months in oak barrels, respectively (Pereira et al. 2018; 
Pereira 2020). An association of the region’s producers/win-
eries (Vinhovasf) is seeking Geographical Indication (GI) 
for the still and sparkling wines (Vitis vinifera L.) of the São 
Francisco Valley. This request should occur with the aim 
of obtaining a quality seal for the products of the region. 
Therefore, works that enable characterizing and describing 
the physical–chemical composition of commercial wines are 
fundamental.

Thus, this study aimed to perform a characterization of 
the volatile composition of commercial red wines of the VSF 
in order to contribute to the scientific community, as well 
as producers in seeking the GI of wines from the region. 
To our knowledge, this work is innovative and was the first 
carried out in this sense, even enabling the identification and 
quantification of volatile compounds, which had not been 
previously reported that are present in tropical red wines 
from the Brazilian Northeast.

Material and Methods

Samples and Classical Analyses

This research studied nine commercial red wines from the 
caatinga biome, whose products will be in the São Francisco 
Valley Geographical Indication. The wines were stored at 
a temperature of 16 ± 1 °C until analysis for a period not 
exceeding 6 months. The characteristics and specificities of 
each wine are shown in Table 1. The set of samples was 

Table 1   Description of the tropical red wine samples from the São Francisco Valley

MT, maturation time in French oak barrels; n.d., not declared

Wine (Code) Cultivars Winery Vintage Lot MT (months)

AB Alicante Bouschet 9° 24′ ̎S; 40° 29′ W 2014 n.d 9
CS Cabernet Sauvignon 9° 24′ ̎S; 40° 29′ W 2015 L1806A15 0
CS/SY Cabernet Sauvignon/Syrah 9° 24′ ̎S; 40° 29′ W 2017 L1832D16 0
PR Cabernet Sauvignon/Syrah/Alicante Bouschet/

Touriga Nacional/Aragonês
9° 24′ ̎S; 40° 29′ W 2013 L17112A08 12

RC Ruby Cabernet 8°47′S;39° 49′ W 2016 L20/072016 0
RS Cabernet Sauvignon/Syrah/Alicante Bouschet 9° 24′ ̎S; 40° 29′ W 2014 L1833D11 6
SY Syrah 9° 24′ ̎S; 40° 29′ W 2015 L1819D16 0
TN Touriga Nacional 9° 24′ ̎S; 40° 29′ W 2014 L1837E03 9
TP Tempranillo 9° 24′ ̎S; 40° 29′ W 2015 L1820B26 0
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selected based on the origin of the processed Vitis vinifera 
L. grape. Wines produced by almost all of the grape varie-
ties produced in the region were selected. As they are com-
mercial wines, each one is aged or not at different times, and 
represent more than 65% of all red wines produced in the 
region. Some classic enological parameters were determined 
in order to confirm the quality of commercial wines accord-
ing to Brazilian and international standards and are shown 
in Table 2 (OIV 2014). The samples were composed by 
three bottles (750 mL) from the same batch and the experi-
ments were carried out in triplicate. Red wines were stored 
at 16° ± 1 °C until the analysis for a period not exceeding 
6 months.

Extraction and Chromatographic Analyses 
to Identify Volatile Compounds in Red Wines

The volatile compounds were extracted by headspace solid-
phase microextraction (HS-SPME) adapted from Barros 
et al. (2012). The fiber used was Polydimethylsiloxane/
Divinylbenzene (PDMS/DVB) (Supelco, Bellafonte, PA, 
USA) and it was conditioned according to the manufactur-
er’s instructions prior to the extraction. First, 30 mL of red 
wine was transferred to a 100 mL glass vial with a screw cap 
containing one centre hole of 3 mm radius and a Teflon-lined 
septum. The volatile compounds were extracted by placing 
the flask in a 45 °C water bath with internal magnetic stir-
ring. The sample reached equilibrium in 15 min and was 
then exposed to the fiber for 30 min. Blank analyses were 
carried out for the dynamic headspace entrainment on the 
SPME extraction procedure.

A 7890B gas chromatograph (GC) coupled to an Agi-
lent® Technologies 5977B (Little Falls, DE, USA) mass 
spectrometer (MS) and a Varian® VF-5 MS low bleed/

MS fused-silica capillary column (5% phenyl/95% PDMS, 
60 m × 0.25 mm I.D. × 0.25 µm film thickness) were used 
to separate and identify the volatiles collected by SPME. 
The carrier gas was helium at a 1.2 mL minute −1 flow rate. 
The samples were injected by placing the SPME fiber at the 
entrance of the GC at 250 °C and splitless injection mode 
was used with a desorption time of 5 min. The initial oven 
temperature was 40 °C, which was maintained for 10 min, 
increased to 250 °C at 7 °C per minute, and then maintained 
at 250 °C for 5 min. The mass spectrometer was operated in 
electron impact mode with a source temperature of 250 °C, 
an ionising voltage of 70 eV, and a scanning range from 
35 to 350 m/z at 3.33 scans/s. The transfer line was held at 
250 °C. The SPME data were acquired and analyzed using 
the Mass Hunter software program (Agilent).

The compound identification was based on the compari-
son of their mass spectra with spectra from previously ana-
lyzed authentic compounds, data from the NIST/EPA/NIH 
Mass Spectral Database (Version 2.2 2014), Mass Spectral 
Library (Scientific Instrument Services, Ringoes, NJ, USA) 
or data published elsewhere, and compared to spectra and 
retention indices of reference compounds. The linear reten-
tion index (LRI) was calculated for each volatile compound 
using the retention times of a homologous series of C8–C20 
n-alkanes and by comparing the LRI with those of authentic 
compounds analyzed under similar conditions to confirm the 
identification.

Statistical Analysis

Analysis of variance (ANOVA) was used in the classic 
oenological data associated with the Tukey mean differ-
ence test (p < 0.05) using the XLSTAT software version 
5.03 (Addinsoft, New York, USA, 2014). The results of 

Table 2   Classic enological parameters of the commercial red wines studied from the São Francisco Valley

1 Brasil, 2018; nd, not detected; Max, maximum; CS, Cabernet Sauvignon; CS/SY, Cabernet Sauvignon/Syrah; AB, Alicante Bouschet; SY, Syrah; 
TP, Tempranillo; PR, Cabernet Sauvignon/Syrah/Alicante Bouschet/Touriga Nacional/Aragonês; RS, Cabernet Sauvignon/Syrah/Alicante Bous-
chet; TN, Touriga Nacional; RC, Ruby Cabernet; SO2, total sulfur dioxide. Means followed by the same letter do not differ by the Tukey test 
(p < 0.05)

Wine (code) Density pH Alcohol degree 
(% v/v at 20 °C)

Total acidity (meq L−1) Volatile acidity (meq L−1) Free SO2 (mg L−1)

AB 0.9962 e ± 0.00 4.08c ± 0.02 13.16 b ± 0.00 74.23 d ± 0.00 4.59 b.c ± 0.51 34.88 b ± 0.00
CS 0.9959 f ± 0.00 4.16 a.b ± 0.02 12.04 e ± 0.00 72.00 d.e ± 0.04 2.04 e ± 0.00 8.96 e ± 0.00
CS/SY 0.9968 d ± 0.00 4.16 a.b ± 0.02 12.12 e ± 0.00 66.74 e.f ± 0.00 3.26 d ± 0.35 17.78 d ± 0.00
PR 0.9995 a ± 0.00 4.08 c ± 0.00 13.16 b ± 0.00 86.61 a ± 0.07 4.65 b.c ± 0.41 15.36c ± 0.00
RC 0.9991 c ± 0.00 4.13b ± 0.00 13.51 a ± 0.00 84.91 a.b ± 0.02 4.01 c.d ± 0.41 nd
RS 0.9991 b ± 0.00 4.08 c ± 0.00 12.21 d ± 0.00 80.83 b.c ± 0.04 5.16 b ± 0.12 34.24 b ± 0.00
SY 0.9954 h ± 0.00 4.17a ± 0.01 10.61 f ± 0.00 74.38c.d ± 0.00 4.18 b.c.d ± 0.18 15.04c.d ± 0.03
TN 0.9991 b.c ± 0.00 4.08 c ± 0.00 13.16 b ± 0.00 81.85 a.b ± 0.02 6.89 a ± 0.12 39.04 a ± 0.01
TP 0.9958 g ± 0.00 4.17a ± 0.01 12.81 c ± 0.00 66.36 f ± 0.00 6.52 a ± 0.54 16.64 c ± 0.01
Limits1 8.6 to 14 40 to 130 Max 20 Max 300
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the volatile compounds were auto-scaled using MATLAB 
version 7.10.0.499 (The Mathworks, Inc., Natick, MA, 
R2010a) to perform the comparison of the abundance of 
the area obtained in each sample, then these treated data 
were submitted to Pearson's correlation analysis (r), princi-
pal component analysis (p < 0.05), and hierarchical cluster 
analysis using XLSTAT software version 5.03 (Addinsoft, 
New York, USA, 2014).

Results

Classical Analyses

Table 2 presents the results for the classic enological param-
eters of the commercial tropical wine samples. Significant 
differences (p˂0.05) were observed in these parameters, 
however, all results are consistent with Brazilian and inter-
national legislation (OIV 2014; Lima et al. 2015; Padilha 
et al. 2017; Brasil 2018; Oliveira et al. 2019). It is worth 
emphasizing that the pH presented very high values, which 
is justified by the high concentrations of potassium in the 
soils of the VSF, as well as the high temperatures during the 
grape ripening, which reduce the organic acids by degrada-
tion of malic acid (Lima et al. 2015; Oliveira et al. 2019; 
Jackson 2020; Pereira 2020).

Determination of Volatile Compounds in Red Wines 
from the São Francisco Valley

A total of 103 volatile compounds were identified by HS-
SPME-CG-MS in the samples of commercial red wines in 
this study, and the percentage area for each wine is shown 
in Table 3. The total number of compounds identified in 
each wine was distinguished according to the varieties used 
in the elaboration, such as TP (71), SY (69), AB (68), PR 
(67), RS (60), and CS/SY (50), and similar in the CS, TN, 
and RC samples (65 compounds). Among the total num-
ber of volatile compounds identified in this study, 13 were 
only identified in one type of red wine, being 1-pentanol 
and 2,4-dihydroxy-2,5-dimethyl-3(2H)-furanone (RS); hexa-
noic acid, 2-ethyl-1-hexanol, 4-ethylphenol, 4-ethyl guai-
acol, 6-phenyl-dodecane, (Z)-9-tetradecenoic acid, ethyl 
9-hexadecenoate, and methyl 11-octadecenoate (RC); ethyl 
2,4-hexadienoate (PR), ethyl benzoate and (E)-9-hexadece-
noic acid (AB).

The volatile compounds were grouped into 13 chemical 
classes including esters (36 compounds), alcohols (16), ter-
penes (11), aromatics (10), acids (9), aldehydes (5), phenols 
(4), furans (4), hydrocarbons (3), C13-norisoprenoids (2), 
ketone (1), ether (1), and pyrane (1). A comparison of the 
sum for the total areas of each chemical group is shown in 
Fig. 1. With the exception of esters and C13-norisoprenoids, 

all classes showed significant differences within a class 
between at least two red wines according to Conover-Iman’s 
non-parametric comparison test (p < 0.05).

The esters class was the majority in the number of identi-
fied compounds (a total of 36), with 14 being identified in 
all of the red wines analyzed. The esters class was also the 
majority in terms of percentage of chromatographic area, as 
can be seen in Table 3. The CS and SY wines obtained the 
largest number of compounds (30 and 29, respectively), rep-
resenting 83.61% and 60.91% of the total chromatographic 
area, followed by the AB and PR wines (28 compounds 
each), representing 79.72% and 80.90% of the total area, 
respectively. The most abundant esters in terms of area per-
centage were ethyl octanoate (36.65% and 36.09% in AB 
and CS wines, respectively), diethyl succinate (22.02% in 
wine from PR), and ethyl decanoate (18.56% in wine from 
AB). Ethyl 2.4-hexadienoate (4.42% in PR wine), ethyl 
hexanoate (3.62% in CS wine), ethyl isopentyl succinate 
(2.74% in RS wine), ethyl 2-methylbutanoate (2. 26% in CS 
wine), ethyl butanoate (1.89% in AB wine), ethyl glutarate 
(1.34% in TP wine), ethyl 9-decenoate (1.05% in PR wine), 
and β-phenethyl acetate (1.01% in CS/SY wine) are also 
highlighted.

The alcohol class was the second majority in the number 
of compounds (Table 3) with 16 being identified, of which 
6 are present in all nine types of wine, including 3-methyl 
1-butanol, 1-hexanol, 3-ethyl-4-methyl-1-pentanol, pheny-
lethyl alcohol, 1-decanol, and hexadecanol. It was also the 
second major class regarding the area percentage, ranging 
from 10.72 to 65.97% for wines from the CS/SY and RC 
cultivars, respectively, which differed significantly among 
themselves (Fig. 1). Some compounds in this class stood 
out for area percentage, such as phenylethyl alcohol (64.80% 
in RC wine), 2.3-butanediol (2.86% in CS wine), 3-methyl 
1-butanol (2.66% in TN wine), and 1-hexanol (1.99% in SY 
wine).

A total of 11 compounds were identified in the terpe-
nes class, with the majority in PR and TP wines with 8 
compounds each. No terpenes showed chromatographic 
area > 1%, and the sum of the total area varied between 0.18 
and 1.28% (in CS and PR wines, respectively) (Table 3), 
differing significantly among themselves (Fig. 1).

A total of 10 compounds were classified in the aromatic 
group, of which 9 compounds were identified in the RC and 
TN wines. The total chromatographic area of this class of 
compounds varied from 0.22 to 1.02% (in RS and NT wines, 
respectively), differing significantly (Fig. 1).

There were 9 compounds identified for the acids class, 
with a variation in the total area from 0.62 to 3.52% (Table 3) 
in the RC and CS/SY wines, respectively, and decanoic acid 
(representing a chromatographic area of 2.79% in CS/SY 
wine) and undecanoic acid (1.09% in PR wine) compounds 
are highlighted.
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Fig. 1   Total area values of the chemical group A acids; B alcohols; 
C aldehydes; D aromatics; E C13-norisiprenoids; F esters; G ethers; 
H furans; I hydrocarbon; J ketones; K phenols; L pyrans; M terpe-
nes, identified in red wines. Footnote: a,b,c Different letters in the 
same bar chart indicate significant difference by the Conover-Iman 

test (p < 0.05). CS: Cabernet Sauvignon; CS/SY: Cabernet Sauvi-
gnon/Syrah; AB: Alicante Bouschet; SY: Syrah; TP: Tempranillo; 
PR: Cabernet Sauvignon/Syrah/Alicante Bouschet/Touriga Nacional/
Aragonês; RS: Cabernet Sauvignon/Syrah/Alicante Bouschet; TN: 
Touriga Nacional; RC: Ruby Cabernet
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The minority of compounds in terms of quantity, 
aldehydes obtained a maximum of 5 metabolites in CS 
wine, and the total area percentage varied from 0.07 to 
0.90% in wines from AB and RS, respectively. There 
were 4 compounds identified within the phenols, 3 of 
which were detected in CR wine, with a total chromato-
graphic area variation of 0.06 to 1.47% in wines from AB 
and CR, respectively. Furthermore, 4 compounds were 
identified among the furans, of which the majority of 
the wines detected 2 compounds, and presented a total 
area variation of 0.05 to 0.43% in the RC and TP wines, 
respectively.

Other identified minority compounds were classified as 
C13-norisoprenoid (2 compounds), and the others with one 
compound each, such as ketone, ether, and pyrane groups, 
representing total chromatographic areas of 0.32%, 0.11%, 
and 0.57%, respectively. Only the C13-norisoprenoid did not 
differ significantly from the classes of minority compounds 
mentioned above (Fig. 1).

Clustering, Principal Component Analysis, 
and Pearson Correlation

A cluster hierarchical analysis was performed using the 
volatile compound data of the nine commercial red wines 
analyzed (Table 3). A graphical representation is presented 
in the form of a dendrogram, whose separation criterion was 
the Euclidean distance (%) (Fig. 2). It is possible to clearly 
observe the formation of four groups, and cluster 4 is formed 
by a single wine (RC), having been isolated compared to the 
others. Cluster 1 is formed by the AB, SY, and TP wines, 
while cluster 2 is formed by the PR, CS, and RS wines, and 
cluster 3 is formed by the CS/SY and TN wines.

Principal component analysis (PCA) was performed 
with the area data of the auto-scaled volatile compounds 
of the nine red wines in this study, and differentiated by 
colors according to chemical class in Fig. 3. The first prin-
cipal component (PC1) explained 24.71% of the total vari-
ation between the samples, and together with the second 
component (PC2, which explained 18.84%), explained 
43.55% of the variability between the volatiles. Figure 3 
(PC1 × PC2) separates and groups the wines in a similar 
way as Fig. 2 (dendrogram). Therefore, it is possible to 
more clearly observe the greater contribution of the ester, 
terpene, and alcohol classes in the profile of wines from 
cluster 1; the alcohol, ether, and acid classes in cluster 2; 
the aromatics class in the profile of wines from cluster 3; 
and some specific compounds in the cluster 4.

The red wines with similar volatile profiles were posi-
tioned in different regions in the PCA, with the compounds 
with significant factor loads and ≥ 0.7 being considered 
for discussion. Therefore, it was verified that only the RC 
wine was allocated in the positive axis of the PC1, separat-
ing this wine from the others. In addition, PC2 separated 
the TN and CS/SY wines (cluster 3) from the others, being 
located on the positive axis of PC2.

The volatile compounds which most contributed to 
the characterization of RC wine were ethyl isovaler-
ate, 3-methyl-2-hexanol, hexanoic acid, 2-ethyl-1-hex-
anol, γ-terpinene, phenylethyl alcohol, 4-ethylphenol, 
β-phenethyl acetate, 4-ethyl guaiacol, damascenone, 
6-phenyl-dodecane, (Z)-9-tetradecenoic acid, ethyl tetra-
decanoate, ethyl 9-hexadecenoate, ethyl hexadecanoate, 
and methyl 11-octadecenoate. Moreover, the compounds 
associated with TP (cluster 1) and PR (cluster 2) wines 
were 1-nonanol, 1-decanol, and methyl decanoate.

Fig. 2   Dendrogram formed 
from the volatile compounds 
of nine wines obtained by 
the Ward method and Euclid-
ean distance. Footnote: CS: 
Cabernet Sauvignon; CS/SY: 
Cabernet Sauvignon/Syrah; AB: 
Alicante Bouschet; SY: Syrah; 
TP: Tempranillo; PR: Caber-
net Sauvignon/Syrah/Alicante 
Bouschet/Touriga Nacional/
Aragonês; RS: Cabernet Sauvi-
gnon/Syrah/Alicante Bouschet; 
TN: Touriga Nacional; RC: 
Ruby Cabernet;
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The CS/SY and TN wines (cluster 3) were characterized 
by the volatile compounds isoamyl hexanoate, dodecanal, 
humulene, 1-dodecanol, 5-phenyl-decane, 2,6,10-trimeth-
yltetradecane, 4-phenyl-decane, dodecanoic acid, 6-phe-
nyl-undecane, 5-phenyl-undecane, 3-phenyl-undecane, 
4-isopropyl-1,6-dimethyl-naphthalene, and 2-phenyl-unde-
cane. Furthermore, the wines from AB and SY (cluster 1), 
RS and CS (cluster 2) obtained a greater contribution from 
the 1,2-dihydro-1,5,8-trimethyl-naphthalene compound.

A Pearson’s correlation analysis (r) was subsequently 
performed on the 20 volatile compounds with percentage of 
area ≥ 1%, in order to identify the correlation between the 
volatile compounds detected in red wines (Table 4). Posi-
tive and significant correlations (p < 0.05) were observed in 
the esters class, whose ethyl octanoate correlated with three 
esters, namely, ethyl hexanoate (r = 0.82), ethyl butanoate 
(r = 0.70), and ethyl decanoate (r = 0.90). Furthermore, 
ethyl decanoate correlated positively with ethyl butanoate 
(r = 0.81) and ethyl isopentyl succinate correlated with ethyl 
2-methylbutanoate (r = 0.69).

Positive correlations were also observed between ethyl 
2-methylbutanoate and 2,3-butanediol esters and alcohols 
(r = 0.98); between β-phenethyl acetate and phenylethyl 
alcohol (r = 0.96); and between ethyl 2,4-hexadienoate 
and undecanoic acid (r = 0.70). Other compounds also had 
positive correlations, such as 4-ethyl guaiacol with pheny-
lethyl alcohol (r = 0.94), and β-phenethyl acetate (r = 0.90); 
2-ethyl-1-butanol, methyl ether with 2,3-butanediol 
(r = 0.85), and ethyl 2-methylbutanoate (r = 0.79). A nega-
tive and significant correlation (p < 0.05) was only obtained 
by ethyl glutarate and diethyl succinate (r =  − 0.80) in the 
other compounds.

Discussion

The volatile profile of nine commercial tropical red wines, 
which may in the future obtain the Geographical Indication 
São Francisco Valley, was analyzed herein for the first time. 
Unfortunately, there are no studies of these wines to compare 
the results obtained. The objective was to identify the vola-
tile compounds that could typify the red wines and be used 
as chemical markers. The study presented two important 
aspects. Firstly, commercial red wines, already validated in 
terms of quality and acceptability by consumers, were cho-
sen to be studied. The second aspect is that the wines were 
indicated by the wineries’ oenologists/owners based on the 
potential for obtaining the GI.

Classical Analyses

All the results of the classical analyses performed (Table 2) 
are in accordance with the Brazilian and international wine 
laws (OIV 2014; Brasil 2018). The samples presented simi-
larities and differences (p˂0.05) regarding the different 
parameters. The alcohol content was similar to the values 
reported by Oliveira et al. (2019) and Garaguso and Nar-
dini (2015) in red wines from VSF and Italy, respectively. 
The registered variations are possible due to the winemak-
ing processes used and climate variations (Sánchez-Palomo 
et al. 2017).

The pH values obtained exceeded the ideal recommended 
range for red wines, between 3.4 and 3.8, due to high tem-
peratures during maturation and high potassium concentra-
tion in the soils of the region (Rankine 1999; Jackson 2020). 

Fig. 3   PCA projection of volatile compound data of red wines 
obtained using the HS-SPME-GC–MS method. Footnote: See Table 2 
for wine codes. CS: Cabernet Sauvignon; CS/SY: Cabernet Sauvi-
gnon/Syrah; AB: Alicante Bouschet; SY: Syrah; TP: Tempranillo; 

PR: Cabernet Sauvignon/Syrah/Alicante Bouschet/Touriga Nacional/
Aragonês; RS: Cabernet Sauvignon/Syrah/Alicante Bouschet; TN: 
Touriga Nacional; RC: Ruby Cabernet
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Agronomic management is among the alternatives for reduc-
ing pH to maintain the balanced concentration of acids in 
ripe berries (increased productivity), as well as the use of 
correctives to reduce the concentration of potassium in the 
soil, and acidification during winemaking with tartaric or 
lactic acids (Ribéreau-Gayon et al. 2006; Lima et al. 2015; 
Jackson 2020).

The density of the wines in this study shows that the 
samples were dry wines, being similar to those obtained in 
other studies (Ivanova-Petropulos et al. 2015; Lima et al. 
2015; Oliveira et al. 2019). The results of total titrata-
ble acidity, volatile acidity, and free sulfur dioxide were 
varied when compared to other studies, mainly depend-
ing on the oenological potential of the grapes at harvest 
(climate), as well as the elaboration protocols (Lombardi 
et al. 2017; Sánchez-Palomo et al. 2017; Oliveira et al. 
2019; Valentin et al. 2020). However, all parameters are 
in accordance with Brazilian and international legisla-
tion (OIV 2014; Brasil 2018). Total acidity contributes to 
microbial/biological stabilization and the freshness taste 
of wines (Ribéreau-Gayon et al. 2006; Ivanova-Petropulos 
et al. 2015).

Volatile Profile of Wines and Varietal Effect

Red wines were characterized by a total of 103 volatile 
compounds belonging to different chemical classes. Some 
compounds were highlighted by their abundance of chro-
matographic area, such as ethyl octanoate, diethyl succi-
nate, ethyl decanoate, ethyl 2,4-hexadienoate, ethyl hex-
anoate, ethyl isopentyl succinate, ethyl 2-methylbutanoate, 
ethyl butanoate, ethyl glutarate, ethyl 9-decenoate, and 
β-phenethyl acetate; phenylethyl alcohol, 2,3-butanediol, 
3-methyl 1-butanol,1-hexanol, and decanoic and undeca-
noic acids.

The esters are highlighted in quantity and number among 
the classes. These compounds are produced during the alco-
holic fermentation and Acyl-CoA, and contribute with floral 
and fruity notes in wines (Ilc et al. 2016; Mota et al. 2020). 
The esters stood out in the CS wine profile, a French cultivar 
introduced in Brazil in 1921 (Orlando et al. 2008), with ethyl 
octanoate (36.09%), followed by diethyl succinate (20.88%), 
ethyl decanoate (14.85%), and ethyl hexanoate (3.62%). 
They were also the majority in the PR wine profile, but 
with lower area percentages, except in the diethyl succinate 
(22.02%) and ethyl decanoate (16.80%) compounds. Diethyl 
succinate has been identified in previous studies as a marker 
for aged wines (Voce et al. 2019), including being identified 
after 30 and 42 months of bottling, being a marker linked 
to aging in the winter wines from Syrah (Mota et al. 2020). 
However, this compound was also reported in a study with 
young and experimental wines from different cultivars, such 
as Cabernet Sauvignon, Pinot Noir, Syrah, and Merlot from 

Italy (Englezos et al. 2018), as well as in study with Malbec 
wines from different harvests (Sánchez-Palomo et al. 2017).

The class of alcohols, from which the most compounds 
are derived from the alcoholic fermentation by yeasts, is 
responsible for about 50% of the aromatic constituents of 
wines (excluding ethanol) (Jackson 2020). The RC wine 
was highlighted in this class of compounds with a total area 
percentage of 65.96%, of which 64.80% was represented by 
the phenylethyl alcohol compound. The second major wine 
in the alcohol class was the CS/SY blend, with 47.15% of 
the total area percentage, of which 44.23% were represented 
by the phenylethyl alcohol compound. This compound is 
considered the most important phenolic superior alcohol 
and can give rose flavor (Pherobase 2020; Jackson 2020). 
In a study of CS and Syrah wines from Greece, phenylethyl 
alcohol and 3-methyl 1-butanol compounds were prominent 
from CS, while 1-hexanol compound was the most present 
in wines from CS and SY (Karabagias et al. 2020). In the 
current study, 1-hexanol was also the majority in SY, consid-
ered the main red grape grown in the São Francisco Valley 
(Oliveira et al. 2019), contributing with fruity notes.

Terpenes were one of the minor classes of compounds, 
but no less important. This is because these compounds have 
a very low olfactory threshold, allowing the perception in 
low concentrations (Condurso et al. 2016). The 11 terpenes 
identified in the wines suggest a contribution to floral, sweet, 
fruity, citrus, and woody aromas. Among the analyzed wines, 
AB presented 8 terpenes identified, more than TN wines (6 
terpenes), which has been considered in previous studies as 
rich in terpenic compounds when compared with more than 
75 different varietals (Pinho et al. 2007; Petronilho et al. 
2020). In the sensorial profile of Touriga Nacional wines 
from VSF, they were described by floral aromas on the first 
harvest of the year (July), and fruity and spicy aromas on the 
second harvest (Oliveira et al. 2018). Thus, we suggest that 
the 6 terpenes identified in the TN wines, such as linalool 
oxide, nerol oxide, humulene, α-muurolene, (E)-calamenene, 
and α-calacorene, were the potential compounds responsible 
for these aromatic descriptors.

Discrimination and Similarities of Wines

Several controlled or unknown factors can influence the 
similarities and differences of wines from different grape 
varieties. It is possible to observe that the combination of 
cultivar, viticultural management, and winemaking tech-
niques could influence the volatile composition of wines. 
All the red wines were made in the same winery, with the 
exception of the RC. It is worth mentioning that some of 
the young wines presented similar volatile characteristics to 
wines aged in oak barrels, and did not differ in the formation 
of clusters 1, 2, and 3 (Fig. 2). This result can be explained 
by possible blends between wines from the winery.
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A large study conducted by Valentin et  al. (2020), 
with 83 red wines from four South American countries, 
indicated that the chemical and volatile characteristics of 
two Brazilian red wines from Merlot were allocated to 
the same cluster of 18 wines of Carmenere from Chile, 
for unknown reasons. However, the wines in this study 
presented similar geographical location, which may have 
been influenced the similarity between wines of different 
varieties, blends, vintages, and age. The RC wine was an 
exception, because it presented greater dissimilarity com-
pared to the others. This differentiation can be attributed 
to the distinction of the vine management, as well as with 
possible specific enological protocols (Jackson 2020).

One of the most common enological practices in the 
winemaking process is the blend of wines. This can be 
carried out by blending musts from different grape varie-
ties, or even by blending monovarietal wines prepared dif-
ferently in the cellar to obtain commercial wines (Alañón 
et al. 2015). The monovarietal CS and SY wines studied 
and the wine from the blending of their musts (CS/SY) 
were differentiated by clusters, and this can be attributed 
to enological practice.

The graphical representation by PCA (Fig. 3) confirmed 
the results of the cluster hierarchical analysis. The wines 
located in the first two PCs were discriminated mainly by the 
main volatile markers, according to different vintages and 
cultivars. Chemometric studies carried out by Valentin et al. 
(2020) indicated that wine discrimination, considering the 
volatile composition, may present a low variance percent-
age. In the present study, PC1 × PC2 explained 43.55% of 
the total variability; however, they are important markers 
describing the typicality of the wines.

Some esters identified in the wine profiles presented posi-
tive and significant correlations (p < 0.05) between them, 
and characterized wines from different clusters. The ethyl 
octanoate and ethyl hexanoate, ethyl butanoate, and ethyl 
decanoate compounds; and the ethyl decanoate and ethyl 
butanoate volatile compounds characterized wines from 
cluster 1. The ethyl isopentyl succinate ester compound cor-
related with ethyl 2-methylbutanoate, characterized wines 
from cluster 2.

Other positive and significant correlations were presented 
by compounds of different classes, which characterized the 
wines of cluster 2, including the ethyl 2-methylbutanoate and 
2,3-butanediol; ethyl 2,4-hexadienoate and undecanoic acid; 
2-ethyl-1-butanol, methyl ether with 2,3-butanediol and 
ethyl 2-methylbutanoate. The positive correlation (p < 0.05) 
between β-phenethyl acetate and phenylethyl alcohol, and 
4-ethyl guaiacol, phenylethyl alcohol and β-phenethyl ace-
tate, characterized the wines belonging to the cluster 4.

The only negative and significant correlation (p < 0.05) 
was obtained between ethyl glutarate and diethyl succinate 
compounds, which characterized the wines of clusters 2 

and 3, respectively. This suggests that higher amounts of 
ethyl glutarate in wines from cluster 2, lower content of 
diethyl succinate in wines from cluster 3, and vice-versa. 
It is common that positive correlations are found between 
some compounds in wines and their precursors, as showed 
in previous study, between ethyl octanoate and octanoic acid 
compounds; and between ethyl hexanoate and hexanoic acid 
(Caliari et al. 2014).

Establishment of Potential Origin Markers

The wine composition is associated with several factors, 
such as their geographical origin (climate and soil), the 
grapevine management, as well as the winemaking process 
in enology. However, the description of its typicality, as well 
as its traceability is a great challenge from the legal and 
economic points of view to guarantee authenticity (Alañón 
et al. 2015). In this scenario, the description of the volatile 
composition of commercial products can provide the “fin-
gerprint” of the wines and assist in their classification and 
traceability according to their terroir, geographical origin, 
variety, and age/stability, with possible aging in barrels.

The volatile profile of the nine commercial wines ana-
lyzed in this study presented three particularities: (i) com-
pounds identified exclusively in only one kind of wine; (ii) 
compounds identified in different area abundances in all 
wines; and (iii) new volatile compounds, which were iden-
tified and reported for the first time in red wines. Thus, the 
results obtained in this study allow us to identify and suggest 
potential volatile compound markers of the studied wines 
according to the different varieties, as well as according to 
the elaboration protocols.

The volatile compounds exclusively identified in the RC 
wine were (Z)-9-tetradecenoic and hexanoic acids, 2-ethyl-
1-hexanol alcohol, 6-phenyl-dodecane aromatic compound, 
ethyl 9-hexadecenoate, methyl 11-octadecenoate esters, 
4-ethyl guaiacol, and 4-ethyl phenol as phenols. These two 
volatile phenol compounds can be markers of wine con-
tamination by the Brettanomyces/Dekkera yeasts, with the 
increase of volatile acidity (Jackson 2020). The distinction 
of this wine may have been due not only to the variety but 
also to winemaking protocols. A previous study with Ruby 
Cabernet wines in Brazil showed the presence of vegetable, 
salt, and oak aromatic descriptors (Miele and Rizzon 2011). 
However, the volatile compounds identified in the RC wines 
of the present study suggest some descriptors, such as fatty, 
waxy, citrus, spicy, woody, sweet vanilla, smoky, and phe-
nols (Table 3).

It is interesting to highlight that the unique presence of 
(E)-9-hexadecenoic acid and ethyl benzoate compounds in 
AB wine, as well as 1-pentanol and 2,4-dihydroxy-2,5-dime-
thyl-3(2H)-furanone compounds in RS wine. The furanone 
compound originates from aging in oak barrels (Jackson 
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2020). Both wines were produced in the same winery and 
aged in French oak barrels for 9 and 6 months, respectively.

The compounds with the highest area representation that 
characterized all nine wine samples were 3-methylbutyl 
octanoate, ethyl isopentyl succinate, diethyl succinate, ethyl 
9-decenoate, ethyl decanoate, ethyl dodecanoate, ethyl hexa-
decanoate, ethyl hexanoate, ethyl nonanoate, ethyl octanoate, 
ethyl tetradecanoate, isoamyl hexanoate, and β-phenethyl 
acetate. Regardless of the vintage, cultivar, viticultural 
practices or winemaking, this set of compounds are possible 
markers of wines from the São Francisco Valley, belonging 
to the group of esters whose terroir is unique in the world, 
producing the tropical wines in Brazil (Pereira 2020).

Some alcohols were also identified in all nine wines, 
such as 1-decanol, 1-hexanol, 3-ethyl-4-methyl-1-pentanol, 
3-methyl 1-butanol, hexadecanol, and phenylethyl alcohol. 
In addition, other compounds of the acid, aromatic, and 
C13-norisoprenoid classes were identified. Decanoic acid 
and n-hexadecanoic acid were prominent in the acid class, 
while the 4-phenyl-dodecane, 5-phenyl-dodecane, 5-phenyl-
undecane, and 6-phenyl-undecane compounds from the aro-
matics class were common in all wines. These compounds 
need to be highlighted because they are new, being cited and 
reported for the first time in red wines. The two compounds 
identified in the C13-norisoprenoid class were present in all 
nine wines studied, whose 1,2-dihydro-1,5,8-trimethyl-naph-
thalene was also identified for the first time in red wines.

Another 17 compounds were identified for the first time 
in red wines (totaling 22 compounds, with the compounds: 
(Z)-9-tetradecenoic acid, 2-heptadecanol, 10-octadecenal, 
3-phenyl-undecane, 4-phenyl-decane, 4-phenyl-tridecane, 
2-phenyl-undecane, 5-phenyl-decane, 6-phenyl-dodecane, 
2-hexadecan-2-one, 2-ethylhexyl octanoate, geranyl iso-
valerate, isomenthol acetate, 2,6,11-trimethyldodecane, 
3-butyl-1,2,4-cyclopentanetrione, 2-ethyl-1-butanol methyl 
ether, and germacrene B. These compounds can contrib-
ute with olfactory descriptors as licorice, sweet, fruity, 
oily, herbal, woody, earth, and spicy notes (Table 2). From 
these, 45% belong to the aromatic class whose presence has 
already been identified in honey and fruit (Grygorieva et al. 
2017; Tang et al. 2017; El-hefny et al. 2018).

Conclusions

For the first time, volatile commercial tropical red wines 
originating from the San Francisco Valley were identified. 
Similarities and differences were detected between the volatile 
profile of these wines, being influenced by characteristics such 
as vintage, variety, and winery (enological practices). Some 
volatile compounds previously identified and described by the 
literature, and some exclusive compounds for the first time 

identified in these wines, were considered potential mark-
ers. These compounds can be useful to describe the quality 
and typicality of the products, and also may contribute to the 
traceability and authenticity of wines from this region.
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