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Abstract: Grape-based brandies are one of the most popular alcoholic beverages in the world. The
most popular one, Cognac, comes from the Charentes region of Southwest France, and it is mostly
produced from the grape variety ‘Ugni Blanc’. However, wines destined for the elaboration of wine
spirits also come from different white grape varieties; ‘Colombard’, ‘Folle Blanche’, ‘Montils’, and
‘Semillon’. In this study, the possibility of using the red grape varieties ‘Cabernet Sauvignon’ and ‘Syrah’
was investigated with an emphasis on the change of volatile compounds during the production
process. During production, some specific volatile compounds such as 2-hexenal, 3-octanone, iso-
propyl myristate, ethyl palmitate, ethyl oleate, phenethyl acetate, 1-hexanol, and 3-damascenone
could be attributed to the primary aroma generated from the grape varieties. During the vinification
and fermentation process, the development of ethyl hexanoate, ethyl octanoate, 3-methylbutanol,
acetic acid, and octanoic acid occurred. Finally, 3-methylbutanol and predominant esters, ethyl
hexanoate, ethyl octanoate, ethyl decanoate, and ethyl laurate, were generated during the distillation
and maturation process. The composition and concentration of determined predominant esters
in produced brandies suggest that both brandies have volatile profiles comparable to some of the
world’s most popular brandies.
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1. Introduction

According to the European Union legislation, brandy is a spirit drink (alcoholic
beverage) produced from wine spirit, whether or not wine distillate is added, distilled
at less than 94.8% (v/v), provided that the distillate does not exceed a maximum of 50%
of the alcoholic content of the finished product [1]. Grape brandies should age for at
least 6 months in oak casks smaller than 1000 litres in capacity or 12 months with oak
receptacles [2]. The most famous wine spirits (French: eau-de-vie de vin) are Cognac and
Armagnac. Cognac is produced in the Charentes region of Southwest France, and it is
produced mostly from the ‘Ugni Blanc” grape variety. However, wines destined for the
elaboration of wine spirits also come from different white grape varieties: ‘Colombard’,
‘Folle Blanche’, ‘Montils’, and ‘Semillon’. Cognac is a double-distilled spirit produced in a
pot still, while Armagnac distillation takes place in alembic Armagnacais, a continuous
column still with 5-15 plates [2]. Besides having those two brandies regulated by more
strict regulations, grape brandy is produced all over the world: Spanish brandies from the
region of Jeres, South American brandy Pisco from Peru and Chile, and German brandy,
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which is called weinbrand, etc. [3-5]. All these brandies are produced from different grape
varieties. ‘Cabernet Sauvignon’ and ‘Syrah’ are the main wine grape varieties.

‘Cabernet Sauvignon’ is the most widely planted grape variety around the world [6]. It
produces wines with blackcurrant and green bell pepper notes and mint and cedar notes in
cooler climates. Wine from moderate climates sees blackcurrant, black cherry, and black
olive notes, while the current flavours can become ‘jammy’ in very hot climates [7]. ‘Syrah’
is a dark-skinned grape variety grown throughout the world, primarily to produce red
wine. Moderate climates (such as the northern Rhone Valley and parts of Washington State)
tend to make medium to full-bodied wines with medium-plus to high levels of tannins and
notes of blackberry, mint, and black pepper. ‘Syrah’ from hot climates such as Crete and the
Barossa Valley and McLaren Vale regions of Australia are more consistently full-bodied
with softer tannins, jammier fruit, and spicy notes of liquorice, anise, and earthy leather [8].

The quality of the wine spirit from which brandy is produced depends on many
factors during the production process; however, we can distinguish the following: pri-
mary aroma substances which are generated from the grape varieties; secondary aroma
substances generated during the vinification and fermentation process following the aroma
substances generated during the distillation and maturation process [9]. The main aroma
compounds of grapes belong to the chemical classes of terpenols, linalool, geraniol, nerol,
etc.; norisoprenoids, 3-damascone, 3-damascenone, etc., and benzenoids, 3-phenylethanol,
methyl salicylate, etc. [10]. Volatiles originating from the fermentation process are mainly
constituted by alcohols, 2-methyl-1-propanol, 3-phenylethanol, isoamyl alcohols formed
by the Ehrlich pathway and fruity esters, such as ethyl esters and acetates, ethyl hexanoate,
octanoate, and decanoate, isoamyl acetates [10]. Moreover, other volatiles such as acetals,
ethoxy derivatives, and other terpenols such as «-terpineol, terpinen-4-ol are formed by
the hydrolytic reactions which occur during distillation and that are promoted by the
high ethanol content and temperature [11]. Regarding the first factor, the preferred grape
varieties for wine spirit production are the ones that are rich in fruit acids, fruit-associated
neutral aroma compounds and with higher yields. Grape acids, predominantly tartaric
acid, act as a natural preservative, which is necessary since sulphur dioxide should not be
added to musts and wines during wine spirit production. Musts and wines are not treated
with sulphur dioxide since, later, it could be transferred into the distillate and thus decrease
its quality by neutralising the aromatic perception [12,13]. Grape with a fruit-associated
neutral aroma is favoured for the production of wine spirits since the utilisation of such
grapes ensures cost-effectiveness in the production of wine spirits. All these parameters
are largely controlled by the growing season and other atmosphere-driven conditions, such
as growing season length, radiation levels, winter minimum temperatures, and spring and
fall frosts [14]. A study conducted by Costa et al. [14] used a long-time series of biochemical
data in field conditions for many berry quality aspects (berry weight, titratable acidity,
pH, potential alcohol, anthocyanins, and total phenols index) over a long period of time
(6-19 years). They concluded that at berry maturity, high temperatures tend to decrease
berry weight, titratable acidity, anthocyanins, and total phenols index and increase pH
and potential alcohol. These outcomes are in line with previous findings. For example, in
cooler years, the titratable acidity levels are frequently higher; thus, the grapes become
undesirable for the production of high-quality wines [15]. This can be explained by the
increased respiration of tartaric and malic acids at increased temperatures, thus leading to a
drop in titratable acidity and increased pH [16]. Sugar and total soluble solids accumulation
are also lower in cooler and rainier years, which may result in lower potential alcohol levels
in the final product [6,14,17-20]. It is obvious that unfavourable climatic conditions can
lead to the unfavourable quality of grapes intended for wine production, in which case the
production of wine spirit may be an option.

The aim of this study was to investigate the possibility of the production of grape
brandy from atypical grape varieties for grape brandy production. Hence, the present study
aims to determine the changes in volatile compounds during grape brandy production
from ‘Cabernet Sauvignon” and 'Syrah’ grape varieties.
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2. Materials and Methods
2.1. Grape Varieties

‘Cabernet Sauvignon’ and ‘Syrah’ grapes (Vitis vinifera L.) were sourced at cultivation
area Nature Park Papuk, Kutjevo vineyard, Croatia. Grapes were hand-harvested at
commercial maturity. Sampling of the must, base wine, wine spirit, and brandy for each
variety was conducted.

2.2. Base Wine Production

The base wines were produced in the Polytechnic PoZega winery. After hand har-
vesting the grapes, the musts were obtained by pressing without the addition of sulphur
dioxide and pectolytic enzymes. The musts were immediately transferred into vats for
fermentation (34 L) and fermented for 27 days with commercial Saccharomyces bayanus
wine yeasts, SIHA Active Yeast 10 (EATON, France) in glass containers at temperatures
between 17 and 19 °C. Commercial yeast nutrient Bio Yeast cell walls (EATON, France) in
the amount of 30 g/hL were utilised. The physicochemical parameters of musts and wines
are presented in Tables 1 and 2. The produced base wine was used for distillation.

Table 1. Physicochemical parameters of musts.

‘Cabernet Sauvignon’ ‘Syrah’
Soluble solids content (°Oe) 94.00 90.00
pH 3.32 3.52
Total acidity (g/L) 9.00 7.50

Table 2. Standard physicochemical parameters of base wines.

‘Cabernet Sauvignon’ ‘Syrah’
@ (alcohol)/% 13.18 12.63
v (total dry extract) (g/L) 30.70 26.90
Y(reducing sugars) (g/L) 2.64 2.78
Total acidity /(g/L) 7.35 6.60
Volatile acidity (g/L) 0.72 0.62
Non-volatile acidity (g/L) 6.13 5.98
pH 341 3.54
Y (free SO,) (mg/L) - -
y(total SO,) (mg/L) - -

2.3. Distillation

For both base wines (‘Cabernet Sauvignon” and ‘Syrah’), double distillation, also known
as ‘a repasse’, was implemented. The distillation process is described in Table 3. The distilla-
tion was carried out in a stainless steel distillation device controlled with a microprocessor
PID controller with universal input. The capacity of the device is 20 L/h, and it is heated
by electric heaters with a total power of 15 kW.

2.4. Aging

The obtained wine spirits were aged in small barrique oak barrels (3 L), seasoned with
‘Cabernet Sauvignon’ or ‘Syrah’ wines. The wine spirit (55% vol. of alcohol) was aged for six
months, during which samples for the determination of volatile compounds were taken
every month.
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Table 3. Distillation process.

1st Distillation
‘Cabernet Sauvignon’ ‘Syrah’
Volume (mL) 28,720.00 27,000.00
‘heads’ (mL) 143.50 133.00
¢ (alcohol)/% 68.00 64.00
‘heart’ (mL) 7525.00 7800.00
¢ (alcohol)/% 39.02 39.00
“tails’ (mL) 1105.00 1065.00
2nd distillation
Volume (mL) 7525.00 7800.0
‘heads’ (mL) 73.00 78.00
¢ (alcohol)/% 85.00 85.00
‘heart’ (mL) 3300.00 3200.00
¢ (alcohol) /% 74.00 72.00
‘tails” (mL) 965.00 1000.00
¢ (alcohol)/% 26.00 24.00
Recovery (%) of Ethanol 64.55 67.57

2.5. Chemical Composition Analysis of Musts and Base Wine

Reducing sugars in wine and retentates were determined according to the Luff-Schoorl
method. Free and total SO, were measured by titration with iodine and starch as indicators.
Titration with 0.25 mol/L NaOH was applied for total acids measurement and 0.1 mol/L
NaOH for volatile acids determination with phenolphthalein indicator. Total acids were
expressed as the g/L of tartaric acid and volatile acids as the g/L of acetic acid [21].
Alcohol content and total extract were measured on an Electronic hydrostatic balance Super
Alcomat (Gibertini Elettronic, Milano, Italy) and digital distilling unit Super Dee (Gibertini
Elettronic, Milano, Italy).

2.6. GC-FID Analysis of Primary Volatile Compounds

The ethanol content in the analysed samples was determined according to the method
of Wang et al. [22], while other identified volatile compounds (methanol, acetaldehyde,
ethyl acetate, 2-methylpropanol, 2-butanol, and isoamyl alcohol) were determined as de-
scribed in Annex 1 (method III.2. The determination of other volatile compounds by gas
chromatography: aldehydes, higher alcohols, ethyl acetate, and methanol) of Ordinance on
analytical methods for spirits and alcoholic beverages [23]. Analysis of primary volatile
compounds was performed on a Shimadzu GC-2010 Plus gas chromatograph equipped
with a flame ionisation detector (FID). Qualitative and quantitative analysis was conducted
using LabSoultion GCsolution (Release 2.41SU1) software. Separation of volatile com-
pounds was achieved on the InertCap Pure-Wax GC column (30 m, 0.53 mm i.d. and 1.0 um
thick stationary phase) using nitrogen as the carrier gas with a flow rate of 2.42 mL /min.
Injector and FID detector temperatures were set at 250 °C and 260 °C, respectively. The
injection volume was 1 puL with a split ratio of 1:10. An initial column temperature of 45 °C
was held for 8 min and then gradually increased by 15 °C min ! until the final temperature
of 200 °C was reached. The final temperature was held for 5 min. Identification of separated
compounds was based on the retention times and comparison with retention times of pure
components. For quantitative analysis, an internal standard method was applied, using
acetonitrile (purity > 99.9%, ].T. Baker, Deventer, The Netherlands) as an internal standard
for ethanol determination and 1-pentanol (purity > 99.8%, Dr. Ehrenstorfer, Augsburg,
Germany) as an internal standard for determination of other identified volatile compounds.
All analyses were carried out in duplicate. Ethanol content was expressed as alcoholic
strength (% vol), and the content of other volatile compounds was expressed as milligrams
per litre of pure alcohol at 100% vol (mg/L a.a.).
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2.7. Gas Chromatography—Mass Spectrometry (GC/MS) Analysis

Volatile compounds in samples were analysed using an Agilent 7890B gas chromato-
graph with an Agilent 5977A mass spectrometer (Agilent Technologies, Santa Clara, CA,
USA). Sample preparation was conducted with solid-phase microextraction (SPME), where
1 g of sodium chloride was mixed with 5 mL of sample in a 10 mL glass vial. Before
extraction, 5 uL of myrtenol (Merck KGaA, Darmstadt, Germany) (1 mg/L) as an inter-
nal standard were added to each sample. Such pre-pared vials were closed and set on
a magnetic stirrer (300 rpm) and heated at 40 °C. In vial headspace, SPME fibre (poly-
dimethylsiloxane/divinylbenzene sorbent, 65 um, Supelco, Bellefonte, PA, USA) was
inserted. After 45 min of adsorption, the SPME fibre was transferred in the GC injection
port for 7 min at 250 °C. The volatiles were desorbed at splitless mode into the HP-5MS
column (30 m x 0.25 mm x 0.25 um). The temperature gradient was as follows: from 40 °C
(held 10 min) to 120 °C at 3 °C/min; to 250 °C at 10 °C/min. For each compound, the linear
retention index was calculated [24] using C7-C30 saturated alkanes standards analysed
under the same GC/MS conditions. Samples were analysed in triplicate, and the results
were expressed as an average value.

3. Results and Discussion
3.1. Musts

For the production of base wines, typically, non-aromatic grape varieties with higher
acidity and lower sugar content are preferred. The soluble solids content of ‘Cabernet Sauvi-
gnon’ (CS) and “Syrah’ (SY) musts were 245.69 g/L and 235.13 g/L, while total acidity was
9.0 and 7.5 g/L, respectively (Table 1). The soluble solids content of the examined musts
was relatively higher than recommended for the production of base wines, which was
around 80 °Oe (208.77 g/L of sugars), meaning that this must will produce base wine
with a higher percentage of alcohol. The total acidity of musts was in the range that is
recommended (6-10 g/L) [25]. The volatile profile of CS and SY musts is presented in
Table 4. A total of 45 volatile compounds were detected in ‘Cabernet Sauvignon’ or ‘Syrah’
musts which could be classified as: aldehydes and ketones, esters, alcohols, terpenes, acids,
furans, volatile phenols, and aromatic compounds. Many of these volatile compounds
are commonly found in musts and are derived from grapes [11,26]. Alcohols are the main
volatile compounds found in musts, with 1-hexanol as the predominant alcohol found
in both CS (431.39 ug/L) and SY (355.9 ug/L). The alcohol profiles of the SY must with
seven types of alcohols were more diverse than that of CS must, which only contained
two types of alcohols. All identified alcohols are specific and can be found in musts from
these grape varieties [8,26]. The ester profile is also different in the type and amount of
esters present in musts. In general, the SY must contained higher content and a higher
number of esters when compared with CS. The most common ester in CS was isopropyl
myristate, followed by phenthyl acetate and 1-hexyl acetate (24.69, 22.56, and 19.28 ug/L,
respectively). In SY must, ethyl palmitate (49.93 ug/L) was the dominant ester, followed by
ethyl 2-hexenoate (27.15 ng/L) and ethyl oleate (23.92 ug/L). The composition of aldehyde
and ketones varied between the examined musts; however, the total concentration was
similar, 51.43 ug/L for CS and 51.01 ug/L for SY must. The concentration of acids in
the musts was low and ranged within 31.77-11.91 pg/L. Terpenes and norisoprenoides
ranged within 128.29-70.91 ug/L in CS and SY musts, respectively. The 3-damascenone
was the main compound found in this group. Considering aromatic compounds, the SY
must contain a considerably higher concentration of total aromatic compounds compared
with CS must. The main aromatic compound in SY must was 2-phenylethanol, whose
odour is described as flowery, pollen, and perfume [26]. Furthermore, unripe grapes and
continuous presses may induce herbaceous character by liberating compounds, such as
hexanols (1-hexanol and 2-hexanol) and hexenols (cis-3- hexene-1-0l, trans-2-hexen-1-o0l,
cis-2-hexen-1-0l). 1-octen-3-ol is characterised by a mushroom odour, and it is found in
grapes infected by Botrytis cinerea. The [3-damascenone is a norisoprenoide that is naturally
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present in grapes, and it is a highly odoriferous compound with a powerful and pleasant
fragrance providing a fruity—flowery and honey-like character [13].

Table 4. Volatile compounds (png/L) identified in ‘Cabernet Sauvignon’ and ‘Syrah’ musts.

Compound ‘Cabernet Sauvignon’ ‘Syrah’
Alcohols
3-methylbutanol nd.* 99.13 £ 2.5
1-hexanol 431.39 £ 29.27 355.90 + 19.16
1-octen-3-ol n.d. 40.87 £3.9
3-octanol nd. 21.95 +0.42
1-octanol n.d. 16.17 + 0.85
Hotrienol n.d. 49.40 + 6.59
Dodecanol 6.73 £0.13 5.58 £0.23
Total 438.12 589.00
Aldehydes and ketones
2-hexenal 35.96 £+ 5.36 n.d.
Benzeneacetaldehyde 8.39 £ 0.42 13.09 £ 0.21
3-octanone nd. 2441 +£1.25
Decanal n.d. 9.04 £0.3
Dodecanal 4.61+£0.23 4.47 £0.28
Alpha-hexylcinnamic
aldehyde 247 £0.18 n.d.
Total 51.43 51.01
Esters
Ethyl hexanoate n.d. 23.60 £2.72
1-hexyl acetate 19.28 +0.83 13.67 +2.04
Ethyl 2-hexenoate n.d. 2715+ 26
Ethyl palmitate n.d. 4993 £1.15
Ethyl linoleate n.d. 23.05 £ 1.34
Ethyl oleate nd. 23.92 £0.59
Ethyl myristate n.d. 422 +0.44
Isopropyl myristate 24.69 £+ 0.35 14.22 +1.46
Ethyl laurate nd. 19.80 £ 0
Phenethyl acetate 22.56 4+ 1.95 n.d.
Ethyl decanoate n.d. 4.20 +0.01
Total 66.53 203.76
Terpenes and
norisoprenoides
Linalool 9.40 +0.49 10.71 £ 0.38
Gamma-terpinene n.d. 1142 +£0.34
-damascenone 97.93 +1.73 23.04 +£1.27
Geranyl acetone 9.94 +£0.71 8.30 +£0.23
Trans-Caryophyllene n.d. 8.60 + 0.16
«-ionone 1.74 £0.21 n.d.
[3-ionone 2.66 £ 0.35 3.71+£0.32
Perilla alcohol 6.65 + 0.08 513 +0.39
Total 128.29 70.91
Acids
Hexanoic acid 8.64 +0.72 n.d.
Nonanoic acid 11.61 £ 0.62 548 +0.24
Decanoic acid 796 £0.74 6.43 £ 0.13
Dodecanoic acid 1.60 £ 0.11 n.d.
Tetradecanoic acid 1.97 £ 0.02 n.d.
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Table 4. Cont.

Compound ‘Cabernet Sauvignon’ ‘Syrah’
Total 31.77 11.91
Furans
Phellandral 5.84 £0.35 n.d.
Total 5.84 0
Volatile phenols
4-ethyl phenol n.d. 183.58 + 12.54
4-vinylphenol n.d. 14.40 £ 0.09
Total 0.00 197.98
Aromatic compounds
Benzaldehyde n.d. 9.34 +0.98
2-phenylethanol nd. 180.50 £ 6
Nonanone 6.55 £ 0.09 4.11 +0.47
p-cymene 7.56 £ 0.47 22.76 +2.43
Dihydro-methyl-jasmonate 6.82 - 0.11 4.80 £0.22
Total 20.93 221.51

*n.d.—not detected.

3.2. Base Wines

After the fermentation, the base wines were obtained. The standard physicochemical
parameters of base wines are provided in Table 2. The overall results are in agreement
with measurements carried out by other authors for CS and SY wines [27-30]; however,
the results do not include the detection of free and total sulphur dioxide since it was
not added during the production of base wines. In the ‘Cabernet Sauvignon’ and 'Syrah’
base wines, 23 volatile compounds were detected (Table 5). Alcohols represented the
largest group in terms of concentration of aroma compounds identified in both base wines.
3-methylbutanol was the most predominant alcohol in both CS (10,498.70 pg/L) and SY
(8442.74 ug/L) base wines. Esters were the second largest group found in base wines, and
total concentrations were in the 6593.37-4562.83 ng/L range. The most predominant esters
were ethyl octanoate (1648.75-1408.73 pg/L) and ethyl hexanoate (2041.08-1977.14 ug/L);
both esters are commonly found in CS and SY wines and contribute to the aroma of fruity,
anis, pineapple, pear, and floral odour [8,26]. Acids ranged within 5487.88-3791.03 ug/L,
and octanoic acid had the highest concentration in both base wines CS (3963.74 pg/L)
and SY (1865.10 ug/L). The octanoic acid has a rancid, harsh, and cheesy odour, and it
is commonly found in CS and SY wines [8,26]. The high content of organic acids in base
wines for brandy production contributes not only to protection from microbial spoilage and
the negative effect of oxidative processes but also to the intensification of ester formation
during distillation, which is important for creating a brandy bouquet [31]. 2-phenylethanol
was the main aromatic compound found in CS (1101.44 pg/L) and SY (1154.43 ug/L) base
wines. 2-phenylethanol together with phenethyl acetate were considered to be responsible
for the “rose” in brandies [32].

3.3. Wine Spirit

The changes in volatile compounds during the first and second distillation are pro-
vided in Table 6. The predominant esters in the first CS distillate were ethyl octanoate
(6630.85 ng/L), phenethyl acetate (7145.27 ng/L), and ethyl decanoate (5792.73 ng/L),
while in the SY distillate, the predominant esters were isoamyl acetate (3127.2 ng/L), ethyl
octanoate (5997.03 ug/L), and ethyl decanoate (2499.78 nug/L). The main alcohol in both
distillates was 3-methylbutanol, with a concentration of 31,173.29 and 85,481.35 ug/L for
CS and SY, respectively. Considering acids in CS distillate, decanoic acid and myristic
acid were found, while in SY distillate, only acetic acid was found. The second distillation
caused a decrease in total ester concentration by 57.82% and 64.11% and in total alcohol
concentration by 19.79% and 9.43% in the CS and SY distillate, respectively.
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Table 5. Volatile compounds (pg/L) identified in ‘Cabernet Sauvignon’ and ‘Syrah’ base wines.

Compound ‘Cabernet Sauvignon’ ‘Syrah’
Alcohols
3-methylbutanol 10,498.70 & 93.32 8442.74 £+ 360.6
1-hexanol 226.47 £+ 61.74 153.43 £ 0.69
2,3-butanediol 692.05 + 105.59 319.85 + 87.05
Total 11,417.22 8916.02
Esters
Ethyl acetate 646.82 + 12.76 344.03 + 0.99
Ethyl hexanoate 2041.08 + 107.86 1977.14 £+ 20.37
Ethyl octanoate 1648.75 + 1.45 1408.73 £ 0.30
Ethyl palmitate 489.90 + 32.02 205.57 £ 6.70
Isoamyl acetate 374.94 + 42.51 nd.*
Ethyl myristate 121.34 4+ 13.86 8214 +0.74
Isopropyl myristate 188.23 £7.77 216.46 +10.43
Ethyl laurate 880.41 £ 45.65 247.63 + 0.16
Phenethyl acetate 201.90 + 10.07 81.13 £245
Total 6593.37 4562.83
Terpenes
Linalool 276.59 + 8.67 n.d.
p-damascenone 1793 £ 141 18.56 + 0.43
Total 294.52 18.56
Acids
Acetic acid 514.15 +41.44 175.38 £ 1.85
Hexanoic acid 357.36 = 9.92 n.d.
Octanoic acid 3963.74 + 89.26 1865.10 + 3.84
Capric acid 45.50 £ 59.55 933.24 + 4.64
Caproic acid n.d. 196.84 + 1.89
Myristic acid 70.64 +1.88 99.82 4+ 0.29
Decanoic acid 244.96 £+ 6.29 34047 £5.76
Dodecanoic acid 291.53 £5.90 180.18 £ 3.54
Total 5487.88 3791.03
Aromatic compounds
2-phenylethanol 1101.44 £ 51.94 1154.43 + 64.29
Total 1101.44 1154.43

*n.d.—not detected.

Table 6. Volatile compounds (ug/L) identified in ‘Cabernet Sauvignon” and “Syrah’ wine spirit.

Compounds 1st Distillation
‘Cabernet Sauvignon’ ‘Syrah’
Esters
Isoamylacetate 1699.26 £ 56.88 3127.20 + 783.19
Ethyl hexanoate 4493.33 + 309.36 nd.*
Ethyl octanoate 6630.85 £ 9.96 5997.03 £ 69.93
Phenethyl acetate 7145.27 4= 295.87 n.d.
Ethyl decanoate 5792.73 +17.29 2499.78 4+ 94.52
Ethyl laurate 2320.88 + 16.66 877.65 + 42.86
Ethyl myristate 61.59 4= 2.16 n.d.
Total 28,143.91 12,501.66
Alcohols
3-methylbutanol 31,173.29 £2.73 85,481.35 £ 2194.48
1-hexanol 1196.89 + 42.45 5286.73 £ 12.69
2-phenylethanol 271.72 £12.32 n.d.
Total 32,641.90 90,768.08
Acids
Acetic acid n.d. 1473.06 £ 64.84
Decanoic acid 279.77 & 2.67 n.d.
Myristic acid 101.13 £ 0.12 n.d.
Total 380.90 1473.06
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Table 6. Cont.

2nd distillation

‘Cabernet Sauvignon’ ‘Syrah’
Esters
Ethyl hexanoate 1524.36 + 69.18 n.d.
Ethyl octanoate 7148.06 £+ 99.8 3566.46 + 88.04
Phenethyl acetate nd. 313.23 £2.27
Ethyl decanoate 1815.29 + 75.47 607.09 + 0.23
Ethyl laurate 762.20 + 10.44 n.d.
Ethyl palmitate 622.22 4- 5.62 n.d.
Total 11,872.13 4486.78
Alcohols
3-methylbutanol 24,464.58 + 723.11 80,593.73 + 341.83
1-hexanol 1716.89 + 2.41 741.65 + 9.01
2-phenylethanol n.d. 871.01 £ 23.17
Total 26,181.47 82,206.39
Acids
Acetic acid n.d. 1988.67 £+ 77.52
Hexanoic acid 1270.72 £ 7.59 n.d.
Total 1270.72 1988.67
Final distillate
‘Cabernet Sauvignon’ ‘Syrah’
Esters
Isoamyl acetate 799.76 + 47.5 1131.90 + 17.06
Ethyl hexanoate 1038.98 £ 22.58 n.d.
N-Hexyl acetate 111.50 +5.91 n.d.
Ethyl octanoate 739.28 + 42.26 2879.02 + 4.63
Ethyl decanoate 169.31 + 0.83 1159.59 + 28.27
Ethyl laurate 106.17 £ 2.6 172.26 +1.97
Ethyl myristate 79.76 + 3.25 n.d.
Ethyl palmitate 99.90 £+ 3.01 n.d.
Total 3144.66 6342.77
Alcohols
3-methylbutanol 2317.22 +4.71 8084.11 £ 250.25
1-hexanol 205.39 £ 7.06 584.88 + 27.49
2-phenylethanol n.d. 542.57 + 11.82
Total 205.39 14,697.92
Acids
Acetic acid n.d. 17714 + 73.24
Total 0 1771.4

*n.d.—not detected.

The final distillate was obtained by diluting the second distillate to an alcohol content
of 55% with demineralised water (<10 uS) and resting the distillate for one week before fill-
ing itinto 3 L barrique oak barrels. After resting, the predominant esters in final CS distillate
were isoamyl acetate (799.76 pug/L), ethyl hexanoate (1038.98 ug/L), and ethyl octanoate
(739.28 pug/L), while in the final SY distillate, isoamyl acetate (1131.9 ug/L), ethyl octanoate
(2879.02 pg/L), and ethyl decanoate (1159.59 pg/L) were the most represented. The alco-
hol profile of the final CS and SY distillate was also different in the type and amount of
alcohol present in musts. The final CS distillate contained 3-methylbutanol (2317.22 ug/L)
and 1-hexanol (205.39 pg/L), while the final SY distillate contained 3-methylbutanol
(2879.02 ng/L), 1-hexanol (1159.59 pg/L), and phenethyl alcohol (172.26 pg/L). All of
the above-mentioned esters and alcohols represent characteristic chemical markers for the
heart, as reported by Tsakiris et al. [2]. In the case of isoamyl acetate, below 0.02 mg/L,
this compound is just one of the many sweet—fruity compounds with a very weak sensory
effect. Between 0.2 and 1.4 mg/L, the importance of isoamyl acetate grows to the point that
it becomes an important contributor to the fruity note [33].
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3.4. Grape Brandy

According to the EU Regulation (EU) 2019/787, brandy is produced from wine spirit to
which wine distillate may be added, provided that that wine distillate is distilled at less than
94.8% vol. and does not exceed a maximum of 50% of the alcoholic content of the finished
product. According to legislation, it must also contain a number of volatile substances equal
to or exceeding 1.25 g/L of pure alcohol (a.a.) and must possess a maximum methanol
content of 2.0 g/L of pure alcohol (200 g per hectolitre of 100% vol. alcohol). The results of
primary volatile compounds are presented in Table 7. Both produced brandies contained
above 1.25 g/L of pure alcohol of volatile substances, CS brandy 2.70 g/L of pure alcohol
and SY brandy 2.71 g/L of pure alcohol. The methanol content was below the regulated
maximum of 2 g/L of pure alcohol; 0.4 g/L of pure alcohol of methanol was found in
both brandies. Methanol (methyl alcohol) is not produced by alcoholic fermentation. It
is formed exclusively from the enzymatic hydrolysis of the methoxyl groups of pectins
during fermentation. It is always present in very small quantities in wine. However, in
wine spirits, it is found in higher concentrations in the range of 0.30-0.70 g/L of pure
alcohol (ethanol). Its smell and taste are similar to ethanol, and since it is present in low
concentrations, it does not affect the sensory quality of the spirit. However, it affects spirit
safety since its toxicity is well known [13].

Table 7. Primary volatile compounds identified in different fractions of 2nd distillation and in final
‘Cabernet Sauvignon’ and ‘Syrah’ distillate.

2nd Distillation Final Distillate
‘Heads’ ‘Heart’ “Tails”
‘Cabernet Sauvignon’
Ethanol (% vol.) 87.58 + 0.17 73.18 £0.26 27.51 £043 55.56 £ 0.47
Methanol (mg/L a.a.) 1267.60 4 120.00 440.0 £ 9.60 0.0 £0.00 400.00 £ 1.00
Acetaldehyde (mg/L a.a.) 499.30 + 51.90 103.30 + 0.60 0.0 + 0.00 83.40 + 14.40
Ethyl acetate (mg/L a.a.) 82,242.10 £ 107.00 512.90 £ 11.00 0.0 £0.00 447.30 £ 12.30
2-methylpropanol (mg/L a.a.) 284.90 £ 402.90 42.60 +0.10 107.40 £ 1.60 35.80 & 4.80
2-butanol (mg/L a.a.) 7146.60 + 439.90 539.80 + 38.00 25.80 £ 1.20 451.60 £+ 94.70
Isoamyl alcohol (mg/L a.a.) 13,417.40 + 274.60 1928.20 £ 11.80 256.10 + 9.00 1676.80 £ 45.90
‘Syrah’
Ethanol (% vol.) 81.74 £ 0.22 70.61 £ 1.77 30.24 £+ 0.32 55.32 +0.22
Methanol (mg/L a.a.) 145.30 £ 9.200 403.70 £9.40 0.00 £ 0.00 403.70 £ 1.60
Acetaldehyde (mg/L a.a.) 1110.30 4 10.6 49.40 £+ 0.20 94.90 & 72.40 52.00 & 0.20
Ethyl acetate (mg/L a.a.) 8399.00 + 11.70 426.00 £+ 10.30 341.10 + 5.80 367.00 + 1.00
2-methylpropanol (mg/L a.a.) 0.00 &= 0.00 52.50 4= 74.30 0.00 &= 0.00 0.00 &= 0.00
2-butanol (mg/L a.a.) 1042.10 £ 24.20 846.80 + 40.30 29.20 4 20.20 662.90 £ 52.50
Isoamyl alcohol (mg/L a.a.) 1324.60 £ 10.40 1798.00 £ 33.20 483.20 £ 5.90 1590.00 £ 0.40

Hundreds of volatile compounds have been identified in grape brandies; however,
esters, as we said before, are one of the most important compounds that contribute to
aroma. Brandy, in order to develop the specific aroma, should be matured for at least six
months in oak casks with a capacity of fewer than 1000 litres each. For the purpose of this
investigation, wine spirit, 55% vol., was placed in 3 L barrique oak barrels and maturated
for six months, the predominant esters were determined every month, and the results
are presented in Figures 1 and 2. During the maturation of CS brandy, the content of the
predominant esters increased by 123% (ethyl hexanoate), 38% (ehyl octanoate), 100% (ethyl
decanoate), and 100% (ethyl laurate). In the case of SY brandy, during maturation, the
content of ethyl hexanoate, ethyl decanoate, and ethyl laurate increased by 34, 88, and
52%, respectively, while the content of ethyl hexanoate decreased by 27%. Together, the
predominant esters represent 59.46% (CS) and 85.71% (SY) of the total esters in the produced
brandies. Investigating the profile of volatile compounds in 11 world popular brandies,
Zhao et al. [32] reported 50 esters with a total concentration between 113.43-847.60 mg/L.
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The predominant esters, as in our experiment, were ethyl hexanoate (0-10.28 mg/L), ehyl
octanoate (23.51-301.55 mg/L), ethyl decanoate (37.39-377.58 mg/L), and ethyl laurate
(0.06-87.22 mg/L) and together they represent 49-90% of the total esters in investigated
brandies [32].

Cabernet Sauvignon

0 III III II' II'
2 3 4 5 6

Months

Ethyl hexanoate M Ethyl octanoate ~ M Ethyl decanoate M Ethyl laurate

Figure 1. Changes in esters concentration in ‘Cabernet Sauvignon’ brandy during six months ageing in
barrique oak barrels.

Cabernet Sauvignon

0 III III II' II'
2 3 4 5 6

Months

Ethyl hexanoate M Ethyl octanoate ~ M Ethyl decanoate M Ethyl laurate

Figure 2. Changes in esters concentration in ‘Syrah’ brandy during six month ageing in barrique
oak barrels.

4. Conclusions

This study provides insight into changes in volatile compounds during grape brandy
production from non-typical grape varieties, ‘Cabernet Sauvignon’ and ‘Syrah’. During
production, some specific volatile compounds such as 2-hexenal, 3-octanone, isopropyl
myristate, ethyl palmitate, ethyl oleate, phenethyl acetate, 1-hexanol, and (3-damascenone
could be attributed to the primary aroma generated from the grape varieties. During the
vinification and fermentation process, the development of ethyl hexanoate, ethyl octanoate,
3-methylbutanol, acetic acid, and octanoic acid occurred. Finally, 3-methylbutanol and pre-
dominant esters, ethyl hexanoate, ethyl octanoate, ethyl decanoate, and ethyl laurate, were
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generated during the distillation and maturation process. During maturation, the content
of the predominant esters increased, except in the case of ethyl octanoate in SY brandy. The
composition and concentration of the determined predominant esters suggest that both
brandies have volatile profiles comparable to some of the world’s most popular brandies.
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