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Abstract: The chemical and sensorial characteristics of cherry brandy produced
from five cherry varieties (Oblacinska, Celery’s 16, Rexle, Heiman'’s Ruby and
Heiman's Conserve) grown in Serbia were studied. Gas chromatography and gas
chromatography—mass spectrometry analysis of these distillates led to the identifi-
cation of 32 components, including 20 esters, benzaldehyde, 6 terpenes and 5 acids.
The ethyl esters of Cg—C;g acids were the most abundant in all samples. The benz-
aldehyde content was quantified by high performance liquid chromatography with
UV detection. The average benzaldehyde concentration in the samples ranged
between 2.1 and 24.1 mg L1, The total sensory scores of the cherry brandies ranged
between 17.30 to 18.05, with the cherry brandy produced from the Celery’'s 16
variety receiving the highest score (18.05).
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INTRODUCTION

Cherries are divided into sweet cherries (Prunus avium) and sour cherries (P.
ceresus). There is archaeological evidence of sweet cherry about 5000 to 4000
BC in Switzerland, France, Italy, Hungary, Germany and England. The first des-
cription of sweet cherry was by Theophrastus (ca. 300 BC), who named it kera-
sos, after the town Kerasun in ancient Pontus on the Black Sea, but the town may
have been named after the fruit. By Roman times, cherries were a common fruit
and were described by Pliny and Virgil, but generally as wild trees.!

Sour cherry fruits contain many volatile compounds and a number of these
compounds, including benzaldehyde, linalool, hexanal, (2E)-hexenal, (2E), (62)-

* Corresponding author. E-mail: vtesevic@chem.bg.ac.rs
doi: 10.2298/JSC101201109N

1219

Available online at www.shd.org.rs/JSCS/

2011 Copyright (CC) SCS




1220 NIKICEVIC et al.

-nonadienal, phenylacetaldehyde and eugenol, contribute to the fruit flavour and
aroma.2 The mgjority of the quantitative and qualitative changes in volatile pro-
duction occur during fruit development and ripening.3

The typical flavour of sour cherriesis produced during processing into wine,
liquor, juice, jam or fruit sauce. Benzaldehyde was determined to be the most
important aroma compound in sour cherries,# but benzyl alcohol, eugenol and va-
nillin are also important.®

Ditilled spirits are produced from stone fruits such as cherry (Kirschwasser,
Cherry, Kirsch), plum (Zwetschgenwasser, Slivovitz), yellow plum, and apricots
not only in many regions of Europe, but also in many other parts of the world.
The flavour of stone fruit spirits is mostly affected by the aroma compound benz-
aldehyde, which originates from the enzymatic degradation of amygdalin in the
stones of the fruits, passing into the mash during fermentation and later into the
distillate at rather high levels.

Kirschwasser is mainly produced in southern Germany, France and Switzer-
land by crushing different kinds of sweet cherries, and leaving the mashed mass
to ferment for several weeks. The fermented mash is then distilled in copper stills
on open fire or vapour, whereby the first running and the tailings are removed.
The resulting distillate has an acohol content of approx. 60 vol. % and more and
ismarked as a clear, colourless fruit spirit with an alcohol content of 40-50 val. %.
Kirschwasser is also used as an additive for different liqueurs (e.g., Curacao,
Cherry Brandy, Maraschino etc.).

Aroma compounds, their levels, odour attributes and thresholds are most im-
portant for quality and authenticity of distilled spirits and liqueurs. The compo-
sition of the volatile aroma compounds in distilled spirits has been widely inves-
tigated using gas chromatography and mass spectrometry.® By direct injection of
an acoholic distillate, it is possible to determine more than 50 components within
levels between 0.1 and 1.0 mg L—1; special methods of extraction can be used to
increase this number up to more than 1000 volatile substances. However, sensory
analysisis still indispensable to describe and evaluate spirit drinks.’

The production of unique fruit brandies, the prominent place belonging to a
sour cherry brandy, has along tradition in Serbia. Favourable microclimatic con-
ditions and pedological properties of Serbian soil resulted in Serbia holding fourth
place in Europe for the production of this fruit. Sour cherry accounts for 9 % of
the total fruit production in Serbia. For its importance in Serbia, sour cherry
ranks third, following plum and apple. The annual production is of 89.814 t or
11.25 kg per capita.

In addition to production factors (alcoholic fermentation, distillation, distil-
late aging), the choice of the appropriate cultivar is of critical importance for the
end quality of sour cherry brandy.
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The aim of this study was to compare the influence of the cherry variety
(Oblaginska, Celery’'s 16, Rexle, Heiman's Ruby, and Heiman's Conserve) on
the composition of the volatile compounds in alcoholic distillates and on the sen-
soria characteristics.

EXPERIMENTAL
Materials and methods

Chemicals and reagents. Ethanol, NaCl, anhydrous sodium sulphate and dichloro-
methane were purchased from Merck (Darmstadt, Germany).

Samples. In the present study, the fruits of five sour cherry cultivars that had been grown
near Belgrade (the experimental orchard of Radmilovac, property of the Faculty of Agricul-
ture, University of Belgrade) were used. Healthy and technically mature fruit of the following
cherry cultivars was used in the experiments: Oblaginska, Celery’s 16, Rexle, Heiman's Ruby
and Heiman’'s Conserve.

Fermentation was performed with the autochthonous micro flora over a period of 10 to
15 days. The distillation was performed with a traditional copper alembics of 80 L, whichisa
simplified type of the Charentais-type distiller. The fermented raw material was transferred to
the vessel up to 3/4 of its capacity. Before the beginning of heating, the alembic was herme-
tically closed with dough in order to prevent any vapour leakage. The first distillation of the
fermented mash was performed without separation of a head. Redestillation was realised using
the same distiller, but now with separation of 1 % of head, the heart (when average acoholic
strength of the heart was 60 % v/v) and atail. The heart, containing 60 % v/v of ethanol was
diluted with distilled water down to a strength of 45 % v/v. All samples were filled into glass
bottles and stored in the dark at 4 °C until analysis. All the tested samples were distinguished
by a characteristic aroma and flavour and were colourless.

Alcoholic strength

The ethanol content in the distillates was determined using a pycnometric method ac-
cording to European Union regulations.®

GC and GC/MS analysis volatile compounds

For a typical experiment, a 100-mL aliquot of each beverage was mixed with 50 mL of
dichloromethane and continuously extracted (2 h). Then the extract was dried (2 h) over
anhydrous sodium sulphate, and concentrated to 1.0 mL under nitrogen.

Gas chromatographic analysis was performed using an HP 5890 gas chromatograph
equipped with a flame ionization detector (FID) and a split/splitless injector. The separation
was achieved using an HP-5 (5 % diphenyl and 95 % dimethylpolysiloxane) fused silica capil-
lary column, 30 mx0.25 mm i.d., 0.25 um film thickness. The temperature of the GC oven
was programmed from 50 °C (6 min) to 285 °C at arate of 4.3 °C min'l. Hydrogen was used
as the carrier gas; flow rate: 1.6 mL min at 45 °C. The injector and detector temperatures
were 250 and 280 °C, respectively. Injection mode: splitless delay, 1 min. The injection
volume of the beverage extract was 1.0 pL.

Gas chromatographic—mass spectrometric analysis (El) was performed using an Agilent
5973 Network chromatograph coupled to an Agilent 5973 MSD spectrometer. The separation
was achieved on an Agilent 19091S-433 HP-5M S fused silica capillary column, 30 mx0.25
mm i.d., 0.25 pm film thickness. The temperature of the GC oven was programmed from 60
°C to 285 °C at arate of 4.3 °C min'l. Helium of grade 5.0 was used as the carrier gas; the
inlet pressure was 25 kPa; the column flow: 1 mL mint at 210 °C. The injector temperature
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was 250 °C. The splitless injection mode was employed with adelay of 1 min. MS conditions:
source temperature, 200 °C; interface temperature, 250 °C; E energy, 70 eV; mass scan range,
40-350 amu; scan speed, 1.1 scan s, Identification of the components was based on the
retention indices and comparison with reference spectra (Wiley 07 & NIST 05). Percentage
(relative) of the identified compounds was computed from the GC peak area. All analyses
were performed in triplicate and the data are presented as meanterror (95 % confidence level,
F=4,n=3).

HPLC analysis and benzal dehyde content

The samples were filtered through a 0.45 pum nylon membrane and 10 pL directly in-
jected into the chromatographic system. Benzaldehyde identity was confirmed by retention
time and by spiking the sample with the standard.

The separation was performed with an HPLC apparatus (1100 Series Agilent Techno-
logies) comprising an on-line degasser, binary pump, auto injector, column oven and
photodiode array (PDA) detector, equipped with a Zorbax Eclipse XDB-C8 column (Ana-
lytical, 150x4.6 mm?, 5 um ID) maintained at 25 °C. The mobile phase was a mixture of
solvent A (water) and solvent B (methanol) according to a combination of gradient and iso-
cratic modes: 95 % A, 0 min; 90 % A, 4 min; 85 % A, 8 min; 80 % A, 12 min; 60 % A, 16
min; 0 % A, 20-25 min and 0-95 % A, 25-26 min (26 min stop time and 5 min post time), at
aflow-rate of 1.0 mL min! Detection was accomplished using a diode array detection system,
storing the signals over the spectral range 190400 nm. To obtain quantitative data, the
primary detection wavelength used was 254 nm. A personal computer system running Agilent
ChemStation software was used for data acquisition and processing. Quantifications were
realised by the external standard method and calibration curves were constructed through
linear regression of the data obtained for the mean peak area after triplicate injection of
solutions containing 1.5, 5, 10, 15, 20 and 30 pg mL™! benzaldehyde. The constructed cali-
bration curve showed excellent linearity (correlation coefficient: 0.99954). All analyses were
performed in triplicate and the data are presented as mean * error (95 % confidence level, F = 4,
n=23).

Sensory analysis

Sensory assessment of cherry brandy samples was performed using a modified Buxbaum
model of positive ranking. This model is based on five sensorial experiences rated by a ma-
ximum of 20 points. The samples of cherry brandies were subjected to sensory evaluation by a
panel comprising five qualified testers, all of them highly experienced in sensory testing.
Satigtical analysis

The statistical significance of difference between the analyzed samples was evaluated by
analysis of variance (one-way ANOV A) followed by the Tukey test.

RESULTS AND DISCUSSION

The volatile compounds identified in the five cherry spirits are presented in
Table I. In total, 32 aroma compounds were identified, including esters, acids,
benzal dehyde and the monoterpene linalool.

Numerically, esters were the main group in all the distillates. Fatty acid ethyl
esters were by far the most abundant. Esters are mostly formed from esterifi-
cation of fatty acids with alcohols during the fermentation and ageing process.
Ester formation can be influenced by many factors, such as fermentation tempe-
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rature, oxygen availability and fermentation strains. Ethyl esters are present in
other drinks, such as whiskey, cognac and rum, as the result of yeast metabolism
during fermentation and are associated with pleasant fruity flavours.

TABLE I. Aroma composition of the studied cherry brandies (meantstandard error (SE), %)

Cherry variety

. - - - a
Component Oblatinka  Rexle Heiman's Heiman's Ceery's 16 R

Ruby Conserve
Isoamyl acetate 256+0.01 9.30+0.02 7.50+0.1 9.02+0.02 9.52+0.02 876
Benzaldehyde 0.27+0.03 3.55+0.02 0.58+0.03 0.58+0.03 2.59+0.02 961
Ethyl hexanoate 2.96+0.02 2.11+0.02 1.92+0.03 2.06+0.03 2.02+0.02 996
Linalool 0.29+0.02 0.74+0.03 0.58+0.03 0.64+0.03 0.70+0.02 1098
Methyl octanoate  0.56+0.03 0.34+0.03 0.11+0.03 0.23+0.02 0.31+0.03 1125
Limonene tr. tr. tr. tr. tr. 1031
cis-Linalool oxide tr. tr. tr. tr. tr. 1074
trans-Linal ool oxide tr. tr. tr. tr. tr. 1088
Octanoic acid 1.21+0.01 2.00+0.02 1.80+0.02 1.64+0.03 1.11+0.02 1143
Ethyl octanoate 19.0+0.03 17.13+0.03 16.76+0.03 17.02+0.03 16.24+0.02 1195
2-Phenylethyl 0.21+0.03 0.51+0.03 0.49+0.03 0.48+0.02 0.81+0.02 1312
acetate
Methyl decanoate  0.34+0.01 0.26:0.03 0.25+0.02 0.22+0.03 0.26+0.02 1326
Benzyl acetate tr. tr. tr. tr. tr. 1163
Ethyl benzoate tr. tr. tr. tr. tr. 1170
o-Terpineol tr. tr. tr. tr. tr. 1189
Decanoic acid 4.64+0.02 6.30£0.02 5.26+0.02 6.08+0.02 6.75+0.03 1354
Ethyl 9-decenoate  2.15+0.02 1.62+0.02 1.13+0.02 1.11+0.02 1.32+0.03 1362
Ethyl decanoate 28.44+0.01 23.99+0.01 28.36+0.02 26.67+0.03 24.88+ 0.02 1394
Isoamyl octanoate  0.40+0.02 0.41+0.02 0.75+0.02 0.77£0.02 0.54+0.02 1446
Undecanoic acid 2.83+0.02 2.93+0.02 3.26+0.03 3.26+0.01 2.93+0.02 1467
Ethyl undecanoate  9.11+0.02 6.65+0.02 9.53+0.02 8.85+t0.01 8.03+0.02 1496
3-Methylbutyl 0.34+0.02 0.31+0.02 0.60+0.02 0.62+0.02 0.46+0.02 1505
dodecanoate
Nerolidol tr. tr. tr. tr. tr. 1534
Dodecanoic acid 0.20+0.02 0.34+0.02 0.33+0.01 0.25+0.02 0.28+0.02 1561
Ethyl dodecanoate  1.00+0.02 0.74+0.02 1.18+0.02 1.10+0.02 0.79+0.02 1576
3-Methylphenyl 0.23+0.02 0.32+0.02 0.34+0.02 0.36+0.02 0.39+0.02 1591
butanoate
Tetradecanoic acid  1.56+0.01 0.72+0.02 0.25+0.02 0.53+0.02 0.48+0.02 1663
Ethyl 9-hexadece- 1.25+0.02 0.61+0.02 0.15+0.02 0.69+0.02 0.46+0.02 1972
noate
Ethyl hexadecanoate 6.78+0.02 5.35+0.02 5.36+0.02 5.08+0.02 4.62+0.01 1993
Ethyl linoleate 3.36+£0.02 3.46+0.02 241+0.02 2.33t+0.02 2.72+0.02 2177
Ethyl oleate 7.16+0.02 6.58+0.02 7.20+0.02 6.83+0.02 6.04+0.01 2180
Ethyl stearate 0.30+0.02 0.31+0.02 0.12+0.02 0.22+0.02 0.25+0.02 2194

*Retention index on HP-5 and according to n-paraffins
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The concentrations of long chain acid ethyl esters (Cg—C1g) in the investi-
gated distillates were similar. Ethyl octanoate and ethyl decanoate, which are
considered important contributors to the aroma of acoholic distillates, were
found in the highest concentrations. Distillates obtained from Oblacinska and
Heiman's Ruby cherry varieties (cv) had the highest content of these compounds
(=28 %).

They were also reported as important aroma constituents in several fruit
species. For example, ethyl hexanoate, ethyl octanoate and ethyl decanoate, were
identified as odour active compounds in apple and apricot distillates.®

Salo et al.10 identified ethyl esters of fatty acids with even numbers of car-
bons, between 6 and 12, as the major contributors to whisky flavour. Jounela-
-Eriksson!! reported that if ethyl esters were added or removed from the spirits, a
negative effect on the overall odour intensity resulted. Postel and Adam12 and
Schreier et al.13 also showed that ethyl esters could be used to analytically diffe-
rentiate between cognacs and other groups of grape brandies.

The most significant acetate esters present in cherry distillates are isoamyl
acetate and 2-phenylethyl acetate. These esters are present in plum,14 gpricot,®
apple® and cornelian cherryl4 brandy and are mainly responsible for the floral
and fruity aroma of the distillates.1®

The isoamy| acetate concentrations in the present samples ranged between
2.56 % (Oblatinska cv) and 9.52 % for distillate obtained from Celery’s 16 cv
Highest content of 2-phenylethyl acetate (0.81 %) was found in the distillate ob-
tained from Celery’s 16 cv

Free fatty acids are normal components of distilled alcoholic beverages and
are mainly produced via yeast metabolism of carbohydrates. Long chain fatty
acids, octanoic, nonanoic, dodecanoic, tetradecanoic and hexadecanoic acid, have
asmaller effect on the flavour distillates.16 Five fatty carboxylic acids were iden-
tified in the analyzed samples.

Table | shows that decanoic acid has the highest mean value of all these
acids, followed by undecanoic acid, octanoic acid, tetradecanoic acid and dode-
canoic acid.

Terpenoids in distillates are formed in the fruits during the fermentation pe-
riod, and passinto the distillate during distillation.1”

In the present study, only six terpenes, i.e., limonene, cis/trans-linalool
oxide, linalool, o-terpineol and nerolidol, were detected. Despite the low con-
centration of these compounds, their presence is relevant because they harmoni-
cally synergize to produce the characteristic cherry aroma.

Linalool is a naturally-occurring terpene alcohol found in many flowers and
spice plants with many commercial applications, the mgjority of which are based
on its pleasant scent (floral, with a touch of spiciness). Linalool was previously
reported as a constituent of the endogenous fruit aroma of sour cherry fruits. Li-
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nalool has an aroma with a sweet, floral acoholic note and its aroma threshold is
in the range of 4-10 ppb.18

The linalool content of the analyzed samples was in the range of 0.29-0.74 %.
The highest content was found in the Rexle cv distillate (0.74 %), and then in the
Celery’s 16 cv distillate (0.70 %). In contrast, the Oblacinska cv distillate, rated
the lowest (17.30 %) of all the investigated distillates, had the lowest content of
linalool.

Products of cyanogenic glycoside decomposition are important components
of the aroma of some acoholic beverages. These constituents occur mainly in
fruit brandies produced from stone fruits, lending them the characteristic aroma
of bitter almonds. The fruits of Prunus genus plants (plums, sour cherries, sweet
cherries, apricots, peaches, etc.) contain amygdalin in the stones and prunasin
mainly in the vegetative parts of the plants. Through enzymatic hydrolysis with
the participation of A-glucanase and hydroxynitrilase or at elevated acidity,
amygdalin is decomposed to form benzaldehyde, HCN and two glucose mole-
cules.2.19,20

The aroma of sour cherries was studied by Schmid and Grosch,2 Poll and
Lewis?! and, more recently, by Schwab and Schreier4 who studied the glycol-
sidically bound aroma components. Benzaldehyde was found to be the most im-
portant aroma compound in sour cherries.21

Benzaldehyde content of the analyzed samples was in the range of 2.1-24.1
mg L1 (Table I1). The highest benzaldehyde content was found in the Rexle cv
distillate (24.1 mg L—1), followed by the Celery’s 16 cv distillate.

TABLE II. The content of alcohol and benzaldehyde in the investigated cherry brandies

Sample Alcohol content, vol.%  Concentration of benzaldehyde, mg L™
Oblaginska 415 2.1+05
Rexle 420 24.1+1.5
Heiman's Ruby 410 3.6+0.6
Heiman’s Conserve 42.0 3.7£0.7
Celery’s 16 425 14.6+1.1

Analysis of variance at the 0.05 level shows the population means were not
significantly different (TablelIl).

TABLE Ill. Statistical significance of the difference between the data pairs evaluated by
analysis of the variance (one-way ANOVA) followed by the Tukey test. Analysis of variance
followed by the least significance at p < 0.01

Sample Rexle  Heiman's Ruby Heiman's Conserve Celery’'sl6
Oblaginska p<0.01 p<0.01 p<0.05 p<0.01
Rexle p<0.01 p<0.01 p<0.01
Heiman's Ruby No statistical significance p<0.01
Heiman's Conserve p<0.01
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Sensory evaluation

Total sensory quality of cherry brandies was between 17.30 and 18.05,
which are very high scores (Table V). According to the results of the performed
sensory ranking, the best-rated brandy was the sample produced from Celery’s
16, which was rated with a very high score by the five examiners (total sensory
characteristics 18.05). It had the highest content of benzaldehyde and linalool as
well as the most harmonious proportion of these two compounds to other aro-
matic components.

TABLE IV. Sensory analyses of the cherry brandies

Cherry Assessment characteristics
brandy Colour Clearness Typicality =~ Odour Taste Total
sample (max 1 pt.) (max 1pt.) (max2pts) (max 6 pts) (max.10pts) (max 20 pts.)
Oblaginska 1 1 2 5.10 8.20 17.30
Celery’'s 16 1 1 2 5.50 8.55 18.05
Rexle 1 1 2 5.40 8.50 17.90
Heiman's 1 1 2 5.30 8.20 17.50
Ruby
Heiman's 1 1 2 5.20 8.20 17.40
Conserve

CONCLUSIONS

All the investigated cultivars yielded brandies of very good to excellent
quality. The dominant content of benzaldehyde, the significant amount of aro-
matic organic acids, as well as the harmonious proportion of the two characte-
ristic and the most aromatic compounds, benzaldehyde and linalool, together
with other compounds, esters and organic acids, are the main reasons why the
sour cherry cultivars Celery’s 16 and Rexle were rated best compared to the dis-
tillates from the other investigated cultivars.

The aromatic ester ethyl decanoate was present in the highest percent of all
aromatic compounds found in the investigated digtillates. Its content in some
distillates (Oblaginska cv and Heiman's Ruby cv) accounted for nearly 1/3 of al
the aromatic compounds. In addition, it is interesting to note that the Oblacinska
cv digtillate had the highest content of the aromatic esters ethyl octanoate and
ethyl hexadecanoate. However, the presence of these estersis not followed by the
presence of two key compounds benzaldehyde and linalool; hence, this might be
the reason for the lower sensory rating of this distillate compared to others.

Acknowledgments. The authors are grateful to the Ministry of Education and Science of
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U3BOA

YTHULAJ BAPUJETETA BUIIBLE HA XEMMWJCKE U CEH30PHE KAPAKTEPUCTUKE
PAKHMJE BUILIIBEBAYE

HUHOCJIAB HUKTREBIRY, MJIOBAH BEJIMYKOBI R, MUJIKA JAIPAHVHZ, UBAH BYUKOBUES,
MHPOCJIAB HOBAKOBIRZ, JbYBO/IPAT BYJUCIHRS, MIPOCJIABA CTAHKOBIRZ,
UBAH VPOILEBUR! u BEJIE TELLIEBURS

'Mooiipuspednu paxyaitieiti, Yrusepsuitieiti y Beozpady, Hemarsuna 6, 11080 3emyn, *Uncitiuitiyit 3a xemujy,
itiexHoN0ZUjy U MeitianypZujy, Yuusepauitieii y Beozpady, Bbezowesa 12 11000 Beozpad u’Xemujcku daxyaitieit,
Ynueepauitieii y beozpaoy, Citiyoenitickuu iipz 16, 11000 beozpao

HcnuTtHBaHe Cy XeMHjCKe M CEH30PCKE KapaKTEePUCTHKE PaKHje BUIIBHEBAUE POU3BEACHE U3
net Bapujerera Buiime (O6naunncka, Celery’s 16, Rexle, Heiman's Ruby u Heiman's Conserve)
rajernx y Cp6uju. Meronama racHe xpomaTorpaduje 1 KOMOMHAIMjOM racHe XpoMmaTorpaduje u
MaceHe CIIEKTPOMETpHje y eKCTpakaThMa naeHTH(ukoBaHa cy 32 jenumema, 20 ecrapa, OeH3ai-
nexun, 6 Tepriena u 5 kucennHa. Etun-ectpu Cg—Cig Kucenuna cy HajoOMIHHJU y CBUM y30pIHMa.
Cagpxaj OeHzamgexuna je onpehuBan MeTomoMm TeuHe xpomatorpaduje y3 UV nerexuujy.
IIpoceuna KoTHUMHA GeH3AIIEXMA Y UCIIHTHBAHAM y30piuMa 6una je mamehy 2,1 u 24,1 mg L1,
OreHe CEH30pPCKOT HCIHMTHBamkba pakdja BHIIeBada cy y pacmony ox 17,30 mo 18,05, mok je
Haj6osbe onemena (18,05) pakuja npousseena ox Bapujerera Celery’s 16.

(Mpumubeno 1. nenemGpa 2010, pesuaupano 24. hebpyapa 2011)
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