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Abstract: One of the most common techniques for wine analysis is gas chromatography coupled
with the flame ionization detector and headspace autosampler (HSS-GC/FID) for the analysis of the
volatile compounds in the wine samples. The main goal of this thesis was to develop the method for
the analysis of volatiles (methanol, higher alcohols, and esters) in wine samples made of Cabernet
Sauvignon and Merlot. Validation parameters were: r2 > 0.995; LOD (0.2–1.0 mg/L); CV (2.7–6.3%),
and recovery (92–106%). Average contents of the methanol (198.0 mg/L and 150.5 mg/L), higher
alcohols (398.5 mg/L and 335.8 mg/L), ethyl acetate (42.0 mg/L and 55.6 mg/L), and acetaldehyde
(23.3 mg/L and 16.1 mg/L) were determined for Merlot and Cabernet Sauvignon, respectively.
Based on the obtained results, it was concluded that the content of methanol is in direct connection
with the type of grape used for preparation of the wine. It was also found that the duration of the
maceration directly influenced the content of the methanol and higher alcohols. On the other hand,
type of grape appeared not to have influence on the content of ethyl acetate and acetaldehyde in
wines. The post hoc Tukey’s HSD test at 95% confidence limit showed significant differences between
observed samples. Principal Component Analysis (PCA) was used for assessing the effect of different
genotypes and extraction methods on wine samples. Using PCA of observed samples, the possible
directions for improving the quality of product can be realized.

Keywords: wine; Cabernet Sauvignon; Merlot; volatile compounds; HSS-GC/FID method; validation;
verification; PCA analysis

1. Introduction

Wine is one of the most popular alcoholic drinks all over the world. Its aroma is one
of the most important characteristics of this drink [1–3]. It is recognized as a complex
mixture with more than 800 identified volatile compounds which influence the quality
of this beverage [4,5]. Generally, aroma represents the products of both biochemical and
technological processes during the wine production [6]. Usually, different compounds
are formed belonging to different classes according to their chemical structure: alcohols,
terpenes, esters, acids, aldehydes, lactones, sulfur, and nitrogen compounds [7]. Some
of them are already present in the grape and are accounted as primary aroma, while
others are formed during the fermentation and aging by different technological and/or
biochemical processes [8–10]. There are several reports which considered four esters, i.e.,
ethyl acetate, isoamyl acetate, ethyl hexanoate, and ethyl octanoate, as well as two alcohols,
i.e., isobutyl and isoamyl alcohols, as the main contributors to the basic odor [11–13]. The
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concentration of these compounds may significantly vary depending on environmental
conditions, cultural techniques, state of grape maturity, winemaking process, and aging
techniques [1,14,15].

There are several analytical approaches for the analysis of volatile compounds in wines.
Some of them include isolation and preconcentration of the targeted compounds [7]. Tradi-
tional approaches include liquid–liquid [16–22], solid–liquid [23], and dynamic headspace [24].
There are also modern approaches, such as solid phase extraction (SPE) and solid phase
microextraction (SPME) [7,8]. Moreover, there are also techniques which are actually a com-
bination of those previously-mentioned, e.g., headspace and solid phase microextraction
(HS-SPME) and solid-phase dynamic extraction (SPDE) [25]. Taking the significance of the
volatile compounds’ determination, especially aldehydes, esters, and alcohols, this study
aimed to develop a rapid method for the determination of these compounds. Moreover, it is
also important that the analytical method be simple, fast, precise, and accurate. To achieve
this goal, an analytical method for HSS-GC/FID (headspace gas chromatography with
flame ionization detector) was developed and validated for the analysis of acetaldehyde,
methanol, higher alcohols, and esters. Moreover, several wine samples of different vintage,
manufacturer, and grape variety were analyzed. Additionally, the principal component
analysis (PCA) as a pattern recognition technique was applied to the experimental data
(used as descriptors) to characterize and differentiate among the observed samples.

2. Materials and Methods
2.1. Chemicals and Reagents

Wines Cabernet Sauvignon, and Merlot (vintage in 2015–2016) are commercially
available and were acquired from the store and made by different manufacturers (data are
given in Table 1). Standards of acetaldehyde, methanol, isopropanol, n-propanol, ethyl
acetate, 2-butanol, isobutanol, n-butanol, isoamyl alcohol, n-pentanol, and isoamyl acetate
were acquired from Sigma Aldrich (Germany). All other chemical and reagents were of
analytical purity grade.

Table 1. Wine samples, grape variety, vintage, manufacturers, and country of origin.

Sample No. Grape Variety Vintage Manufacturer Country of Origin

1 Cabernet Sauvignon 2015 Casa de Campo Chile
2 Cabernet Sauvignon 2015 Slovenska Istra Slovenia
3 Cabernet Sauvignon 2015 Vipava 1894 Slovenia
4 Cabernet Sauvignon 2015 Diva Serbia
5 Cabernet Sauvignon 2015 Impresija Serbia
6 Cabernet Sauvignon 2016 Diva Serbia
7 Cabernet Sauvignon 2016 Impresija Serbia
8 Cabernet Sauvignon 2016 Garling Collection Moldova
9 Merlot 2015 Mačkov podrum Serbia
10 Merlot 2015 Vipava 1894 Slovenia
11 Merlot 2015 Deželno vino PGO Slovenia
12 Merlot 2015 Impresija Serbia
13 Merlot 2016 Garling Collection Moldova
14 Merlot 2016 Impresija Serbia
15 Merlot 2016 Belica Slovenia
16 Merlot 2016 Goriška Brda Slovenia
17 Merlot – Rose 2016 Tribus Villa Serbia
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2.2. HSS-GC/FID Method

All analyses were performed using gas chromatograph coupled with flame ionization
detector (Agilent 7890A), and headspace autosampler (Agilent G1888A). The wine sample
(1 mL) was transferred into 20 mL-vial for HS and crimped. The vial was then incubated at
100 ◦C for 10 min. After incubation, the gas phase was transferred into the inlet of the GC.
The temperature of the inlet was 250 ◦C and the split was 100:1. The carrier gas was nitrogen
(1 mL/min). Analysis was performed on a capillary DB-624 column (30 m × 0.32 mm, 1.80 µm).
The oven program was as follows: initial temperature 40 ◦C (5 min), then 10 ◦C/min up to
150 ◦C, and immediately after 25 ◦C/min up to 200 ◦C (held for 2 min). The temperature of
the flame in FID detector was 300 ◦C, while the flows of the nitrogen, air, and hydrogen were
25 mL/min, 400 mL/min, and 30 mL/min, respectively. Identification of the compounds
was done by comparing the retention times of the unknown compounds with the retention
times of the standards. Quantification was performed by crating the calibration curve for
each analyzed compound. The final result was expressed as milligrams of the analyzed
compound per liter of the wine sample (mg/L).

2.3. Method Validation

Before the analysis, a validation study of the method was conducted. In order to
accomplish this, linearity, limit of detection (LOD), limit of quantitation (LOQ), accuracy,
and precision were determined. For the linearity study, the concentration ranges for
analytes are given in Table 1. The LOD and LOQ were determined by analyzing the
standard solution with the lowest concentration in twelvefold. Parameters were calculated
using following equations:

LOD = 3SD (1)

LOQ = 10SD (2)

where SD is standard deviation of the analyzed output. Accuracy and precision were
determined form the analysis of the commercially available wine “Vranac” (made in 2020).
Sample was spiked analyzed compounds in two concentration levels (Table 2). Analyses of
the spiked samples were done in sextuplicate in two days. Uncertainty was calculated by
the following equations:

Ucomb =
√

U2
p + U2

b + U2
e (3)

U = kUcomb (4)

where Ucomb is combined uncertainty, Up is uncertainty of precision, Ub is uncertainty
of bias, Ue is uncertainty of analytical equipment, U is expanded uncertainty, and k is
coverage factor. For confidence level of 95%, coverage factor k = 2.

Table 2. Validation parameters for the analyzed compounds under investigation conditions.

Compound Linearity Range (mg/L) Calibration Curves LOD * (mg/L) LOQ ** (mg/L)

Methanol 0.9990 15–450 y = 0.96476x + 2.43910 0.87 2.89
Acetaldehyde 0.9989 5–150 y = 3.42297x + 8.34689 0.51 1.70
Isopropanol 0.9981 5–150 y = 2.33411x + 3.06209 1.01 3.38
n-Propanol 0.9985 5–150 y = 2.75796x + 1.18801 0.30 0.99

Ethyl acetate 0.9990 5–150 y = 3.81303x + 2.50448 0.82 2.75
2-Butanol 0.9984 5–150 y = 3.94784x + 2.41885 0.32 1.05
Isobutanol 0.9986 5–150 y = 4.95166x + 2.42175 0.20 0.67
n-Butanol 0.9981 5–150 y = 3.81662x + 0.30054 0.47 1.56

Isoamyl alcohol 0.9985 10–300 y = 4.98077x + 11.08897 0.70 2.34
n-Pentanol 0.9982 5–150 y = 5.02199x + 2.75338 0.27 0.90

Isoamyl acetate 0.9952 2.5–75 y = 6.30593x + 9.95225 0.47 1.57

* LOD-limit of detection, ** LOQ-limit of qualification.
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2.4. Statistical Analysis

The data were processed statistically using the software package STATISTICA 10.0
(StatSoft Inc., Tulsa, OK, USA). All determinations were made in triplicates, and all
data were averaged, expressed by mean ± standard deviation (SD). Analysis of variance
(ANOVA) and Tukey’s HSD test for comparison of sample means were used to analyze
variations of wine samples (Cabernet Sauvignon and Merlot, vintage 2015 and 2016). All
observed samples were checked for variance equality (using Levene’s test) and normal
distribution (using Shapiro–Wilk’s test). Principal component analysis was used to discover
the possible correlations among measured parameters, and to classify objects into groups.

3. Results and Discussion
Validation Study

The validation study was composed of two parts. The first one was the creation of
the calibration curves, determination of the linearity, LOD, and LOQ for each analyzed
compound. Obtained results for linearity, LOD, and LOQ are given in Table 2.

The presented results showed that linearity was > 0.95 in all cases. The LOD was in
the range of 0.20–1.01 mg/L, while LOQ ranged from 0.67 mg/L to 3.38 mg/L depending
on the analyzed compound and concentration range used for the creation of the calibration
curve. Initial data showed very good ability of the method for analysis of trace and higher
levels of compounds in wine samples.

Table 3 shows validation parameters’ levels, e.g., accuracy, precision, uncertainty, inter-
day (IP), and intra-day (InP) precisions for the tested method. Parameters were calculated
and presented for two spike levels for each analyzed compound. Accuracy was in the
range of 82–113%, precision was 2.94–6.90%, while uncertainty was in between 11.18%
and 22.70%. Both IP and InP were lower than 7%, which indicates high precision of both
method and analysts.

Table 3. Accuracy, precision, uncertainty, inter-day, and intra-day precision of the method.

Compound
Spike
Level

(mg/L)

Accuracy
(%)

Precision
(CV a, %) U b (%) IP c (%) InP d (%)

Methanol 75
150

87–103
90–98

3.77
2.94

11.18
16.30

4.95
3.00

4.89
2.88

Acetaldehyde 25
50

89–101
88–100

4.71
3.82

17.11
17.57

4.12
3.72

4.06
3.80

Isopropanol 25
50

91–113
85–108

6.88
6.90

16.59
16.24

6.84
6.93

6.81
6.74

n-Propanol 25
50

94–107
89–105

4.36
5.40

11.74
16.38

4.00
5.46

4.08
5.25

Ethyl acetate 25
50

90–101
90–102

4.28
4.03

14.67
13.59

4.07
3.33

4.22
3.41

2-Butanol 25
50

89–107
82–99

6.29
5.74

13.07
21.38

5.94
5.46

5.84
5.70

Isobutanol 25
50

88–103
92–102

4.72
3.79

16.46
13.56

3.82
3.32

4.44
3.27

n-Butanol 25
50

88–105
88–104

5.72
5.99

13.56
17.31

5.24
6.05

5.22
5.92

Isoamyl alcohol 50
100

89–104
89–105

5.70
5.11

16.14
15.50

5.74
4.97

5.52
4.96

n-Pentanol 25
50

89–106
82–98

6.09
5.57

13.52
22.70

3.68
5.21

5.39
5.43

Isoamyl acetate 12.5
25

92–106
95–110

5.73
4.26

13.41
18.67

4.76
4.02

4.76
4.07

a CV-coefficient of variation, b U-expanded uncertainty, c IP-inter-day precision, d InP-intra-day precision.
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Results of the wine sample analysis are given in Table 4. All results are expressed
as mean value obtained from triplicate analysis. Methanol concentration for Cabernet
Sauvignon (vintage 2015) was in the range of 120.02–182.98 mg/L. Same grape variety
vintaged in 2016 gave methanol concentrations in the range of 137.13–141.79 mg/L. On
the other hand, Merlot vintaged in 2015 and 2016 contained methanol in the ranges of
195.40–242.84 mg/L and 65.92–253.45 mg/L.

Table 4. Content of the volatiles in analyzed wines’ samples.

Compound
Sample No./Content (mg/L)

1 2 3 4 5 6

Methanol 152.05 ± 7.55 e 182.98 ± 9.42 g 180.78 ± 9.02 g 120.02 ± 6.06 c 151.12 ± 7.51 e 137.69 ± 6.77 d

Acetaldehyde 7.22 ± 0.37 b 6.37 ± 0.33 a 12.14 ± 0.63 e 17.00 ± 0.88 g 31.82 ± 1.59 i 13.55 ± 0.70 f

Isopropanol 1.96 ± 0.10 e 1.43 ± 0.07 c 1.13 ± 0.05 b nd * 1.62 ± 0.08 d nd
n-Propanol 26.88 ± 1.35 e 15.69 ± 0.78 b 36.32 ± 1.79 g 12.87 ± 0.65 a 14.36 ± 0.72 b 12.44 ± 0.63 a

Ethyl acetate 71.17 ± 3.66 c 52.18 ± 2.59 b 60.01 ± 2.91 b 41.06 ± 2.16 a 52.97 ± 2.72 b 48.99 ± 2.42 b

2-Butanol nd nd nd nd nd nd
Isobutanol 37.45 ± 1.93 c 35.57 ± 1.74 c 43.01 ± 2.06 d 43.35 ± 2.10 d 43.59 ± 2.13 d 52.16 ± 2.71 d

n-Butanol 4.15 ± 0.22 b 18.42 ± 0.95 f 4.01 ± 0.20 b 13.37 ± 0.68 e 13.04 ± 0.65 e 3.56 ± 0.18 a

Isoamyl alcohol 202.94 ± 10.43 b 196.49 ± 9.66 b 329.39 ± 15.69 d 205.48 ± 10.05 b 311.95 ± 15.03 d 303.74 ± 15.89 d

n-Pentanol 2.19 ± 0.11 b 2.20 ± 0.11 b Nd nd nd 2.13 ± 0.11 b

Isoamyl acetate 0.20 ± 0.01 e nd 0.29 ± 0.01 g 0.42 ± 0.02 h 0.49 ± 0.02 i nd
HA 275.57 ± 13.10 b 269.8 ± 12.95 b 413.86 ± 19.83 f 275.07 ± 13.55 b 384.47 ± 19.06 e 374.03 ± 17.90 e

Compound
Sample No./Content (mg/L)

7 8 9 10 11 12

Methanol 141.79 ± 7.31 d 137.13 ± 6.83 d 227.47 ± 11.73 h 242.84 ± 11.59 i 237.72 ± 12.44 h 195.40 ± 9.80 g

Acetaldehyde 19.87 ± 0.95 h 20.71 ± 1.08 h 10.92 ± 0.55 d 37.05 ± 1.83 j 37.39 ± 1.95 j 29.54 ± 1.51 i

Isopropanol 1.86 ± 0.10 e 1.65 ± 0.08 d 1.38 ± 0.07 c nd 1.25 ± 0.06 c 1.37 ± 0.07 c

n-Propanol 18.72 ± 0.94 c 34.09 ± 1.64 g 21.62 ± 1.08 d 25.32 ± 1.22 e 26.84 ± 1.39 e 14.17 ± 0.71 b

Ethyl acetate 63.13 ± 3.10 b 55.18 ± 2.64 b 121.09 ± 6.15 d 33.35 ± 1.73 a 39.82 ± 2.00 a 55.32 ± 2.70 b

2-Butanol nd nd nd nd nd nd
Isobutanol 44.49 ± 2.32 d 45.61 ± 2.23 d 42.78 ± 2.06 d 54.29 ± 2.74 d 61.49 ± 3.20 e 44.83 ± 2.30 d

n-Butanol 4.15 ± 0.22 b 4.05 ± 0.20 b 4.07 ± 0.21 b 7.05 ± 0.36 c 3.99 ± 0.20 b 4.34 ± 0.21 b

Isoamyl alcohol 276.38 ± 14.41 c 258.08 ± 12.50 c 178.72 ± 8.82 b 398.56 ± 20.11 e 455.92 ± 23.72 f 313.53 ± 15.81 d

n-Pentanol 2.18 ± 0.11 b 2.21 ± 0.11 b 2.16 ± 0.11 b nd nd nd
Isoamyl acetate 0.31 ± 0.02 g nd 0.07 ± 0.00 c 0.36 ± 0.02 g nd 0.33 ± 0.01 g

HA 347.69 ± 17.12 d 345.69 ± 17.01 d 250.73 ± 12.88 b 485.22 ± 24.97 g 549.49 ± 27.33 h 378.24 ± 18.98 e

Compound
Sample No./Content (mg/L)

13 14 15 16 17

Methanol 170.73 ± 8.69 f 163.1 ± 8.12 f 93.18 ± 4.73 b 253.45 ± 12.22 i 65.92 ± 3.37 a

Acetaldehyde 18.79 ± 0.90 h 16.91 ± 0.87 g 8.75 ± 0.44 c 12.29 ± 0.61 e 38.41 ± 1.83 j

Isopropanol 1.35 ± 0.07 c 2.11 ± 0.10 e 1.47 ± 0.08 c 1.26 ± 0.06 c 1.46 ± 0.08 c

n-Propanol 30.19 ± 1.44 f 19.21 ± 0.95 c 25.58 ± 1.23 e 24.69 ± 1.17 e 22.34 ± 1.12 d

Ethyl acetate 36.27 ± 1.82 a 53.05 ± 2.54 b 45.28 ± 2.29 a 42.37 ± 2.16 a 33.84 ± 1.75 a

2-Butanol nd nd nd nd nd
Isobutanol 35.93 ± 1.83 c 42.73 ± 2.06 d 24.91 ± 1.20 b 49.02 ± 2.57 d 22.03 ± 1.15 a

n-Butanol 4.72 ± 0.25 b 4.15 ± 0.21 b 9.69 ± 0.49 d 13.29 ± 0.67 e 4.00 ± 0.21 b

Isoamyl alcohol 291.54 ± 14.92 d 253.34 ± 12.69 c 359.69 ± 18.52 d 322.78 ± 16.27 d 145.74 ± 7.10 a

n-Pentanol 2.15 ± 0.11 b 2.17 ± 0.10 b nd 2.18 ± 0.11 b 2.15 ± 0.11 b

Isoamyl acetate 0.01 ± 0.02 b 0.15 ± 0.00 d 0.07 ± 0.00 c 0.88 ± 0.04 j 0.23 ± 0.01 f

HA 365.88 ± 17.46 e 323.71 ± 15.53 c 421.34 ± 20.73 f 413.22 ± 21.03 f 197.72 ± 9.83 a

* Means values in the same column with different superscript are statistically different at p ≤ 0.05 level, according
to post hoc Tukey-s HSD test. nd—not detected, HA—higher alcohols.
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Results showed that average content of higher alcohols were 398.50 mg/L and
335.80 mg/L for Merlot and Cabernet Sauvignon wines, respectively. 2-Butanol was not
detected in any analyzed sample, while isopropanol was not detected in samples 4, 6, and 10.
Concentration ranges of higher alcohols for Cabernet Sauvignon were 275.07–413.86 mg/L
and 345.69–374.03 mg/L for vintage 2015 and 2016, respectively. In the case of Merlot,
ranges were 250.73–549.49 mg/L and 197.72–421.34 mg/L for vintage 2015 and 2016, respec-
tively. Results showed that principal higher alcohol was isoamyl alcohol, while n-pentanol
and isopropanol were detected at levels near the limit of quantitation. It might be seen
that both methanol and higher alcohols were at their lowest levels in Merlot Rose (Table 4).
Methanol is created from the pectin which is present in the grape skin. Merlot wines contain
higher percentage of skin and pomace than Cabernet Sauvignon. Therefore, the level of
methanol should be higher in Merlot, which was actually the case. Low concentration of
methanol in Merlot Rose may also be explained with shorter maceration where contact with
skin was shorter, consequently leaving lower amounts of pectin available for production
of methanol.

Two esters were selected as a representative of this class of compounds, i.e., ethyl
acetate and isoamyl acetate. The content of isoamyl acetate was lower than the limit of
detection (<0.47 mg/L) in most cases. Thus, it may be considering that all esters come from
the content of ethyl acetate. The contents of ethyl acetate in Cabernet Sauvignon were in
range of 41.06–71.17 mg/L and 48.99–63.13 mg/L for vintage 2015 and 2016, respectively. In
the case of merlot wines, appropriate ranges were 33.35–121.09 mg/L and 33.84–53.05 mg/L
for vintage 2015 and 2016, respectively. Acetaldehyde was selected as a representative
compound for aldehydes. It was found in all samples (Table 4); however, results were
too scattered, indicating that its concentration is not in correlation with the grape variety,
but probably in connection with the preparation procedures. It might be also concluded
that the duration of the maceration did not affect the content of acetaldehyde in analyzed
wine samples.

The presence of these compounds was previously reported where the results were
obtained with different analytical procedures and methods [4,6–8,13,26,27]. Miele et al.
reported ethyl acetate in ranges of 25.1–32.8 mg/L and 32.8–37.5 mg/L for different clones
of Merlot and Cabernet Sauvignon, respectively [27]. The same author reported that
methanol concentration was higher in Merlot wines (233.3–255.5 mg/L) than in Cabernet
Sauvignon wines (171.1–203.8 mg/L). Several research groups investigated the application
of HS-SPME (headspace solid phase micro extraction) for analysis of the volatiles in wine
samples [6–8,26]. They used different fibers for adsorption of the volatiles after evaporation
from the samples. Despite the difference in experimental conditions and analyzed samples,
numerous compounds were reported from different classes, e.g., alcohols, esters, acids,
aldehydes, etc. Perez-Prieto et al. used ultrasonic extraction techniques in combination
with liquid–liquid extraction for isolation of major volatiles from the red wines. They
reported high levels of isoamyl acetate [13].

Beside the chemical profile, the principal component analysis of the analyzed samples
was done (Table 5). Methanol content was positively correlated to ethanol and isobutanol
content, statistically significant at p ≤ 0.05 level, and also to isoamyl alcohol content
(statistically significant at p < 0.10 level). Ethanol content was positively correlated to
isobutanol and negatively correlated to n-butanol content (statistically significant at p < 0.05
level). Isobutanol content was positively correlated to isoamyl alcohol content, statistically
significant at p < 0.05 level, while isoamyl alcohol content was negatively correlated to
n-pentanol content, statistically significant at p < 0.05 level.
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Table 5. Correlation matrix of higher alcohol content in wine samples.

Methanol Ethanol Isopropanol n-
Propanol

Ethyl
Acetate Isobutanol n-

Butanol
Isoamyl
Alcohol

n-
Pentanol

Isoamyl
Acetate

Acetaldehyde 0.060 0.218 −0.150 −0.053 −0.432 0.256 −0.241 0.342 −0.390 0.117
Methanol 0.669+ −0.129 0.147 0.202 0.704 + 0.061 0.458 ** −0.106 0.257
Ethanol −0.072 0.179 0.317 0.741 + −0.527 * 0.299 0.171 −0.086

Isopropanol 0.239 0.306 −0.379 −0.152 −0.237 0.372 −0.105
n-Propanol −0.017 −0.039 −0.378 0.247 0.031 −0.153

Ethyl acetate 0.002 −0.223 −0.392 0.272 −0.172
Isobutanol −0.134 0.589 * −0.224 0.144
n-butanol −0.091 −0.154 0.377
Isoamyl
alcohol −0.600 * 0.089

n-pentanol −0.204

+ Correlated, statistically significant at p < 0.01 level; * Correlated, statistically significant at p < 0.05 level;
** Correlated, statistically significant at p < 0.10 level.

The points shown in the PCA graphics, which are geometrically close to each other
indicate the similarity of patterns that represent these points. The orientation of the vector
describing the variable in factor space indicates an increasing trend of these variables, and the
length of the vector is proportional to the square of the correlation values between the fitting
value for the variable and the variable itself. The angles between corresponding variables
indicate the degree of their correlations (small angles corresponding to high correlations).

The PCA of the presented data explained that the first three components accounted for
65.10% of the total variance (29.04, 21.73 and 14.33%, respectively) in the eleven variables
factor space (higher alcohol content). Considering the map of the PCA performed on
the data, the contents of acetaldehyde (which contributed 7.69% of total variance, based
on correlations), methanol (16.57%), ethanol (14.14%), i-butanol (24.23%), and isoamyl
alcohol content (20.09%) exhibited positive scores according to first principal component,
whereas n-pentanol amount (7.27%), showed negative score values according to first princi-
pal component (Figure 1). The positive contribution to the second principal component
calculation was observed for: ethanol (18.67% of total variance, based on correlations),
isopropanol (7.70%), and n-pentanol content (14.08%), while negative scores on second
principal component calculation was observed for n-butanol (8.7%) and isoamyl acetate
content (7.54%).
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Positive contribution to the third principal component was obtained for acetaldehyde
(13.67% of total variance, based on correlations) and n-propanol content (15.46%), while
negative influence was observed for methanol (13.16%), ethyl acetate (11.03%), n-butanol
(20.77%) and isoamyl acetate content (13.07%).

4. Conclusions

A method for the analysis of the volatile compounds (methanol, higher alcohols, esters
and acetaldehyde) was developed and successfully validated. After a validation study, the
following parameters were obtained: r2 > 0.995; LOD = 0.2–1.0 mg/L; CV = 2.7–6.3%, and
recovery = 92–106%.

The method was then applied for the analysis of Merlot and Cabernet Sauvignon wine
samples vintaged in 2015 and 2016. Obtained results showed excellent suitability for these
types of samples. The average content of the methanol in Merlot was 198.0 mg/L, while in
Cabernet Sauvignon, it was 150.5 mg/L. Methanol content in Rose wine Merlot was only
65.9 mg/L. The average content of the higher alcohols was 398.5 mg/L, 335.8 mg/L, and
198.0 mg/L in Merlot, Cabernet Sauvignon, and Rose Merlot, respectively. Isoamyl alcohol
was the principal higher alcohol making up the 80% and 77% of the total amount of higher
alcohols in Merlot and Cabernet Sauvignon, respectively. The percentage of the n-propanol
was the same, while in the case of isobutanol and n-butanol, it was approximately the same.
The fraction of isopropanol, 2-butanol, and n-pentanol was below 1%. The content of the
isoamyl acetate was below the limit of detection, while the average content of the ethyl acetate
was 55.6 mg/L and 42.0 mg/L in Cabernet Sauvignon and Merlot, respectively. Acetaldehyde
was also found in amounts of 16.1 mg/L and 23.3 mg/L in Cabernet Sauvignon and Merlot,
respectively. Based on the results of the validation process, this method was proved to be
precise and accurate, and in combination with the simple preparation, i.e., incubation in
headspace vial, is more suitable and simpler when comparing to other available analytical
methods (volumetric and spectrophotometric methods).

Based on the obtained results, it is concluded that the content of methanol is in direct
connection with the type of grape used for the preparation of the wine. It was also found
that the duration of the maceration directly influenced the content of the methanol and
higher alcohols. On the other hand, the type of grape appeared not to have influence on
the content of ethyl acetate and acetaldehyde in wines.
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