Onlline

Medwen

Journal of Food Technology 5 (3): 233-241, 2007
© Medwell Journals, 2007

Identification of Volatile Compounds in Hellenic Alcoholic Beverages from
Native White Grape Varieties (Vitis vinifera 1..)

M. Christopoulou-Gerogiannaki, °I. Gerogiannaki, *E. Anagnostartas,
*D.E. Stavrakas and M. Polissiou
2*Department of Food Science and Technology, Agricultural University of Athens,
Iera Odos 75, Athens, Greece, 11855
*Department of Chemistry, National University of Athens,
Panepistimioupoli, Zografou, Athens, Greece
‘Department of Crop Science, Aristotelio University of Athens, Thesaloniki, Greece
*Department of Science, Agricultural University of Athens,
Iera Odos 75, Athens, Greece, 11855

Abstract: The present study reports the identification of important volatiles compounds threw the 1st and 2nd
distillation m alcoholic beverages from Hellemic Native white grape varieties (Jitis vinifera L.). Grape marc
alcoholic beverages, are produced mn the winemaking industry after distillation of fermented grape marcs (under
anaerobic conditions for a given period of time). Collected distillates from the 1st distillation were redistilled and
analysed chromatographically. Assays were performed by gas/liquid chromatography for alcohols (methanol,
2-butanol, 1-propanol, 2-methyl-propanol, 1-butanol, 2-methyl-1-butancl, 3-methyl-1-butanol, 1-hexanol and
2-phenyl-ethanol), carboxylic acids (hexanoic, octanoic, decanoic and dodecanoic acids), esters (ethy] acetate,
ethyl hexanoate, ethyl octanoate), as well as for an aldehyde (ethanal) and its acetal (diethoxy-1-1-ethane).
Changes of volatile compounds concentration during distillations 1st and 2nd were evaluated. The average
values obtained for Hellemic grape marc distillates were compared with the corresponding values for grape marc
alcoholic beverages produced in other countries (viz. Ttaly, Spain, Portugal etc.).
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INTRODUCTION Soufleros et af., 2001, 2004, 2005; Geroglannaki ef af.,
2004, 2005, 2007). On the other hand, also very
Alcoholic  beverages from fermented grape important factors for the qualified production of this

(Vitis vinifera L) marcs are widely consumed in most
European wine producing countries. Several names are
used for this viticultural origin alcoholic beverages in
different countries. In Italy 1t 1s named Grappa, in Portugal
bagaceira, aguardente n Spamsh, in Cyprus zivania, in
Twkic raki, in Yugoslavia kommovica, in Georgia
tshisanthis and in Greece tsipouro, tsikoudia etc. The
winemaking sub-products (stalks, seeds and grape skins)
a low wvalue agricultural product, after alcoholic
fermentation of the residual sugars, have been
traditionally distilled to produce this alcoholic beverage.
The aromatic profile of this alcoholic beverage is the
product of a biochemical and technological parameters
and depends by various factors such as environment,
so1l, climate, grape variety, degree of the grape ripeness,
enological methods used for marcs and the aging of
the distillate (Cole and Noble, 1997 Porto, 1998,
Apostolopoulou et al., 2005; Silva and Malcata, 1998,
1999: Soufleros and Bertrand, 1987; Fournaris, 1999;

alcoholic beverage are, the fermentation, the storage
conditions and the distillation technique of the grape
marcs (Silva and Malcata, 1998, 1999, Soufleros et al.,
2004, 2005, Porto, 1998, Cortes ef al., 2005; Fournaris,
1999).

Farmers in Mediterranean countries often store such
marcs in closed plastic or wooden containers for several
days to promote spontaneous anaerobic fermentation of
the contained sugars (Silva and Malcata, 1999). Such
fermentations are effected by the native microflora on the
grapes and lead to the production of a variety of volatiles
which play an important role in the flavour of spirts..

Grape marc volatiles belong to different chemical
groups such as higher alcohols, esters, aldehydes,
ketones, fatty acids, etc. Some of these compounds are
volatile or lughly volatile, while others exlubit lower
volatility. These aroma compounds exist in a wide
concentration range. Some of them are present at high
concentrations (hundreds of mg I.™"), but most of them
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are found at a very low concentration range, from traces
to 10 mg L™ (Porto, 1998; Apostolopoulou ef al., 2003,
Silva and Malcata, 1996, 1998, 1999; Soufleros and
Bertrand, 1987; Soufleros et al., 2001, 2004, 2005).

Following this storage period, the grape marc 1s
transferred to copper batch stills and distilled to release
the volatiles. The first fraction (termed heads) is disposed
of or redistilled. The correct separation of the distillation
fractions (heads, herts and tails are very important for
the sensory profile of the spirit (Porto, 1998,
Apostolopoulou et al., 2005; Silva and Malcata, 1998,
1999: Soufleros and Bertrand, 1987; Soufleros et ai., 2001,
2004, 2005).

The central fraction (termed heart) 15 a complex
mixture, where most compounds are responsible for
unique flavours of the grape pomace distillate. Due to its
composition in unpleasant volatile compounds, the final
fraction (termed tails) is disposed of or added and
redistilled (Soufleros et al., 2001, 2004, 2005).

Aleohols are major products of fermentation of
sugars carried out primarily by yeasts. Besides ethanol, a
mumber of alcohols are present in distilled beverages;
these compounds are contributed by the grapes or are
formed as a result of microbial action during anaerobic
fermentation. Free fatty acids are normal components of
distilled alcoholic beverages and are mainly produced via
yveast metabolism of carbohydrates. Fatty acids are related
to a large group of aroma compounds which includes
esters. Some of the most important esters in grape pomace
distillates are those of Hexanoic, octanoic, decanocic and
dodecanoic acids. Aldehydes can be found in distilled
alcoholic beverages and are thought to be an mdicator of
spontaneous oxidation or of the activity of unwanted
contamination bacteria (Amerine, 1980). More than
90% of the total aldehyde content is accounted for
by acetaldehyde and acetal (Cantagrel et al., 1997,
Boulton et al., 1996; Cole and Noble, 1997; Cortes ef ai.,
2003).

The production procedures for all these alcoholic
beverages are established by the increasingly strict food
quality standards prevailing in most Buropean coumntries
(Official Tournal of EEC, 1989).

In this study, the Identification of volatile
compounds in Hellenic Alcoholic Beverages from Native
White Grape Varieties (Vitis vinifera 1..) is performed in
order to achieve the following objectives.

To establish the average concentration and range of
variation for each compound determined in 1st and
2nd distillation.

To know the behaviour of volatiles threw the
distillation of this in unique Hellenic Alcoholic
Beverages from Native White Grape Varieties
(Vitis vinifera 1..)
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MATERIALS AND METHODS

Samples: Hellenic grape varieties (Vitis vinifera 1.)
samples, originating from different regions of Greece, were
analysed for volatiles as detailed below. Four plots of four
white grape varieties, Athiri from Cyclades, Malagouzia
from Aitoleacarnama, Vilana from Crete and Lagorthn from
the Ioman islands, cultivated in private vineyards of
Greece were selected. Samples of 150 kg of grapes of each
variety were collected (FAO, 1986). Sampling was
performed by randomly collecting grapes from various
places of the experimental plots. Grapes were crushed
a pilot horizontal press machine and the must was
removed. Samples of 40 kg pomace from each variety were
collected. Appropriate plastic containers were filled with
the grape pomace, duly sealed to ensure anaerobic
conditions and maintained at room temperature (20°C) for
12 weeks for fermentation by means of indigenous yeast
flora. Distillations (1st and 2nd of the grape marcs was

followed.

Distillation: The distillation process of fermented grape
pomace from the selected grape varieties realised with the
small copper alembics of 130L, which traditionally used.
Before the beginning of heating, the copper alambic is
hermetically closed in order to prevent any vapour
lealkage. When the temperature reaches 80-90°C, the
liquid spirit starts to run and collected in 4 equal cuts (1
L. each) in glass bottles for each distillation.

The first 0.5 L. of the distilled product, corresponding
to the beginming of the distillation procedure, 1s removed
as “‘head’”. It usually presents a very high alcoholic title,
85% vol approximately. Then and for about 4.5 h, a pure
spirit, distilled to levels lower than 85% vol. 1s collected
into four glass bottles and analyzed immediately by gas
chromatography. After the chromatographic analysis of
the first distillation samples, the distillates led back to the
alambic for a second distillation. The “‘tails’” (distilled
spirit below 5% vol.) used for the next first distillation
process with the new lot of the fermented grape pomace.
Distillation products of 2nd distillation fractions were
collected also as four equal volume fractions. Analysis of
volatiles of all samples from Hellenic native white grape
varieties (Vitis vinifera L.) was followed.

Chemicals analysis: Compounds 2-methyl-propanol,
1-butanel, 2-methyl-1-butanol, 3-methyl-1-butanol,
1-hexanol, 2-phenyl-ethanol, 3-octanol and 3-pentanol)
(ethyl acetate, ethyl hexanoate, ethyl
octanocate, ethyl decanoate and ethyl dodecanoate) were
purchased from Merck (Schuchardt, Switzerland).
Standards of carboxylic

and esters

acids (hexanoic, heptanoic,



J. Food Tech., 5 (3): 233-241, 2007

octanoic, decanoic and dodecanoic acids), acetal
(diethoxy-1-1-ethane) and ethanal (acetaldehyde) were
purchased from Sigma (St Louis, Mo, T1.5.A.). Ether,
hexane and sulfuric acid were obtained from Fluca Chemie
AC, (Buchs, Switzerland).

Chromatographic assays: For alcohol, acetal, ethyl
acetate and ethanal assays, a 5 mL sample of each grape
marc distillate was mixed with 50 ul. of an internal
standard solution (50 g of 3-pentanol per liter of
ethanol. The iyjector was maintaned at 200°C and was
operated in the split mode. Separation was achieved in a
50mx>0.25 mm * 0.2 pm capillary column CPWAX 57CB
(Chrompack, Middelburg, The Netherlands). The oven
temperature program was as follows: 40°C for 5 min, a
linear ramp from 40 to 200°C at 3°C/min and 200°C for
20 mm. Detection was by flame 1omzation at a temperature
of 200°C. Helium was used as the carrier gas at a split ratio
of 1:60. Chromatographic runs were carried out in triplicate
and their average was used as a single data pomt mn the
result section. For assays of esters and fatty acids (which
are in general present in relatively low concentrations) a
10- mL sample of each grape marc distillate was diluted
with deionized water (in order to lower the total alcohol
content to ca. 10% v v™') and in the resultant solution
were added 2 mL of a 40 mg L ™" solution of 3-octancl and
2 mL of a 90 mg L.~ solution of heptanoic acid (used here
as internal standards). The pH was adjusted to 2.0 using
a few drops of concentrated sulfuric acid. The mixture was
extracted for 5 min with 4 mL of a 50% (v v™') mixture of
ether and hexane and this procedure was repeated twice
with 2 mL of the same solvent (Bertrand, 1975). The
injector was maintained at 250°C and was operated in the
split mode. Separation was achieved in a 25 m=0.32
mm>0.3 pm capillary column CB WAX 57 (Chrompack,
Middelburg, The Netherlands). The oven temperature
program was as follows: 40°C for 5 min, a linear ramp from
40 to 220°C at 37°C/mn and 220°C for 20 min. Detection
was by flame ionization at a temperature of 250°C. Helium
was used as the carrier gas at a split ratio of 1:30.

In both cases, aliquots of 0.5 pLL were mjected mto a
gas/liquid chromatograph.

The helium flow rate was 2 mL min~' and the gases
required by the flame 1onization detector were supplied at
pressures of 90 kPa (H ;) and 110 kPa (air). Analyses were
carried out in triplicate and their average was used in the
results section.

Qualitative and quantitative analyses of the peaks in
the samples analysed were made by comparison of their
areas with the internal standards).

In the calibration, the response factor of each
compound of interest,

Rfi = was calculated by RFi = [Ais/Asi]. [Csi/Cis],
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Where Ais and Asi are the peak areas of the
chromatographic standard and of the
chromatographic standard of the compound of interest,
respectively and Cis and Csi are the molar concentrations
of the chromatographic internal standard and of the
chromatographic standard of the compound of interest,
respectively.

In the actual quantisation, the molar concentration of

internal

each compound of interest, Cis and Csi, was determined
via Csi = [Ais/Asi |. Cis. RFL where Ais and Asi 1s the
area of peak of mterest (EC regulation 2870/2003).

Measurements were made in triplicate. Relative
standard deviations were between 0, 1-4.1.

RESULTS AND DISCUSSION

The quantitative results for the composition of the
various alcohols and aldehyde, carboxylic acids and
esters are depicted in Table 1-4 and m Fig. 1 and 2.
Aldehydes (acetaldehyde and acetal) are found in many
alcoholic beverages (Porto, 1998; Apostolopoulou et af.,
2005; Silva and Malcata, 1996, 1998, 1999; Soufleros and
Bertrand, 1987; Soufleros er al., 2001, 2004, 2005). Are
coming from the fermented grape marcs as a result of
spontaneous  or  microbial  mediated  oxidation.
Acetaldehyde is a direct alcoholic fermentation by-
product and the sensory character range from nutty and
sherry like to being reminiscent of overripe bruised apples
(Fugersang, 1997). Acetaldehyde commonly increase
during ageing of alcoholic beverages due to chemical
oxidation of ethanol and further oxidation may result the
formation of small amounts of acetic acid (Cole and Noble,
1997, Mangas et al, 1996) reported that acetaldehyde
decreased because 1t interacts with ethanol resulting in
the production of acetal. Acetaldehyde content in all
varietal grape marcs distillates was generally lower to that
of Ttalian grappa and similar to bagaceira and cider
brandies (Silva and Malcata, 1999; Cabras et al., 1972;
Versini, 1993; Varajao, 1991, MacNamara, 1984). The mean
values of acetaldehyde concentration was found from
40.5-75 mg I.7".The above mean values are lower from the
official limits adopted by the European Council (1579/89)
(Official Journal of EEC, 1989) for fruit pomaces. That
means that the production of this alcoholic beverages
(fermentation, distillation and aging) was under
conditions do not support the contamination from
microorganisms (Silva and Malcata, 1998).

Ethyl has sigmficant effect on the
organoleptic characteristics of alcoholic beverages
with “‘finger polish remover’” character and it derives

acetate

from bacterial contamination of the marc alcoholic
beverages (Silva and Malcata 1998, 1999). High
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Table 1: Experimental data for concentration (mg L™!) of volatiles obtained from1st and 2nd distillation of fermented grape marc from Atkiri grape variety

(Vitis vinijera L)

1st Distillation fractions

2nd Distillation fractions

Compound 1st fract. 2nd fract. 3rd fract, 4th fract. Mean 1st fract, 2nd fract. 3rd fract. 4th fract. Mean
Methanol 1740(1.1)*  1566(1.3)  1360{1.1)  1160(1.4) 14565 1047(1.1)  896(1.5  800(L3)  726(1.1)  867.25
Acetaldehyde 38.2(2.3) 34.82.1)  49.9(22) 53424 334 45.5(2.6) 55.1(21)  384(2.1)  424(23) 4535
Acetal 48.3(2.1) 57.724)  64.9(25) 684127 684  52.92.2) 67.3(23)  62.6(2.1)  69.9(22)  63.17
2-butanol 2.3(3.3) 21(2.3) 1.2(2.9) 0.9(3.1) 0.9 0.8(3.2) 2.5(2.2) 1.8(3.1) 1.9(2.9) 1.75
1-propanol 31.3(2.2) 36.2(2.3) 41.2(21) 472027 472 51.2(2.5) 592(26)  6L.21.9)  33.3(4) 51.22
2-methyl-propanol ~ 64(2.6) 25.1(2.3)  $2.8(2.9)  45.93.1) 459 33.7(2.5) 365(2.6) 32.92.7)  373(23) 351
1-butanol 8.8(3.1) 8.4(2.9) 10.1(26)  10.5(1.%) 105 2.%L8) 7.202.4) 10.6(2.8)  114{23)  9.77
2-methyl-butanol  65.3(2.5) 52521 85.1(22) 67727 677 56.1(2.4) 55.7(2.6)  64.8(2.2)  6L3(L9) 5947
3amethyl-butanol  45.5(2.7) 46.92.8)  S48(24) 453027 453 23.6(2.5) 30.7(26) 75.8(2.1)  749(24)  51.25
Ethyl-acetate 29.3(2.4) 25.6(2.5)  24.9(25)  28.3(2.8) 283 25.2(1.9) 284(1.5)  24.2(24)  255(21)  26.0
Hexanol-1 2.7(3.5) 2.6(3.2) 2.1(1.9) 2.5(1.8) 2.5 6.4(2.1) 7.6(2.4) 85(2.2)  8.9(2.3) 7.85
2-phenyl-ethanol  3.6(3.2) 3.6(3.3) 3.3(2.9) 3.5(2.8) 3.5 3.4(2.6) 3.6(1.9) 6.7(2.1) 64(2.60  5.02
Hexanoic acid 1.2(3.6) 1.5(3.5) 1.5(2.4) L6(2.7 1.6 L%1.1) 1.7(2.8) 2202.9) 21024 1.97
Octanoic acid 0.9(3.9) 1.5(3.7) 3.602.1) 1.9(1.9) 1.9 0.9(3.2) 1.7(2.9) 2423 2.2(2.2) 1.8
Decanoic acid 1.1(3.3) 1.2(3.5) 1.92.1) 1.3(2.4) 13 1.6(2.1) 1.7(2.8) 2.1(2.6) 1.9(2.4) 1.82
Dodecanoic acid ~ 1.4(3.6) 1.8(3.9) 1.2(2.3) 1.9(2.6) 1.9 1.9(2.9) 21(2.6) 2427 2327 217
Ethy] hexanoate 1.3(3.5) 1.4(3.2) 1.1(3.9) 0.9(3.7) 0.9 1.9(3.6) 1.5(3.2) 1.3(3.5) 1.133.7) 1.45
Ethy] octanoate 2.2(2.9) 2.4(2.7) 2.6(3.1) 0.5(3.8) 0.5 0.7(3.9) 1.6(3.1) 1.8(3.4) 1.6(3.6) 1.42

* RSD

Table 2: Experimental data for concentration (mg L) of volatiles obtained from 1st and 2nd distillation of of fermented grape marc from Malagonzia grape

variety (Vitis vinifera 1..)

1st Distillation fractions

2nd Distillation fractions

Compound 1st fract. 2nd fract. 3rd fract. 4th fract. Mean  1st fract. 2nd fract. 3r fract. 4th fract. Mean
Methanol 1560(1.1)*  1342(1.4)  1274(1.5)  1053(1.3)  1307.25 42(L.2) 807(1.1) 69617  628(1.3) 76825
Acetaldehyde 35.4(2.1) 31426 4722 S1.8(1.5) a4 B 50.9(22)  35.1(1.9)  402(21) 423
Acetal 47.202.7) 47.5(1.9)  475(24)  49.8(1.9) 48 51.7(2.5) 65.3(1.9)  60(2.7) 68.7(21) 6142
2-butanol 21(2.3) 1L97(2.9) L1631  0.8G.1 152 0.73.1) 24(2.2) LH2.4) 1.8527)  1.66
1-propanol 28.4(2.1) 35(2.5) 403(29) 45.6(2.3) 373 50.2(2.9) S7T5(250  604(2.6)  3L7(25)  49.95
2-methyl-propanol  60(2.7) 20.824)  78.5(2.8)  59(2.5) 54.575 28(2.6) 344(250  27.6(2.9)  373(22)  31.82
1-butanol 8.49(2.4) 7.7(2.5) 9.8(2.4) 10.3(2.7) 9.07  945(2.5 6.8(2.7) 102(2.9)  10.98(2.6) 9.355
2-methyl-butanol  62(2.9) 48G.1) 80.2(27)  65.4(2.4) 63.9 54028 53.1(25) 63729 56(2.8 56.7
3amethyl-butanol  42(2.3) 4.52.7) 5251290  39.6(2.1) 44,65  23.6(2.1) 204(24)  T13(21) 694(25) 4842
Ethyl-acetate 28.4(2.3) 2542(24) 245921y 27.91(25) 2658  25.22.5 28.03(2.3) 240235 25.28(2.2)  25.62
Hexanol-1 2.4(2.9) 3.7(2.4) 443(26) 57029 405 64(2.3) 726(21)  8253.1) 8923 7.7
2phenyl-ethanol ~ 3.4(2.1) 4402.7) S43(2.6) 645240 492 2.98(2.9) 3.4(2.3) 6341.8)  5.7121) 46
Hexanoic acid 1.13G3.1) 145320 14637  L14G3.D 13 1.83(3.3) 1.63(3.5) 21231  1.98(3.3) 1.89
Octanoic acid 0.83(3.5) 1.8(2.9) 2.8(3.1) 3.76(2.4) 220 0.83%3.1) 1737 236(1.9)  2.06(29) 173
Decanoic acid 1.O4(2.T) LoD 2.95(1.9)  3.952.0) 247 1.49%2.2) 1L61(25)  22.9) 1.68(21)  1.69
Dodecanoic acid ~ 1.22(2.3) L7127 L13(29) 1.832.D LO7 18122 202(26) 24031 218290 21
Ethyl hexanoate 1.18(2.5) 212022 3.04(29) 406027 2.6 L78(2.1) 1.38(2.6)  L15(24)  096(1.9) 131
Ethy] octanoate 1.98(3.1) 2.97(3.3) 3.85(2.9) 478(1.90  3.3%  0.45(24) 142(32)  L75(2.9) 1.27(27) 122
* RSD

concentration (1 50-250 mg 1.™" can add spoilage character
to the alcoholic beverages and gives an acidic character
(Ferreira et al, 1999) when the concentration is higher
than 180 g hL.™' (Soufleros and Bertrant, 1987). At lower
concentrations, ethyl acetate contribute to fruity character
of the alcoholic beverages. Ethyl acetate concentrations
of zivania are similar to those of the studied distillates
(Fournaris, 1999). The mean values of the concentration
of ethyl acetate for all the studied alcoholic beverages
ranged from 18.7-96.7 mg L' (Athiri has 24.9-293mg L,
Malagousia from 24-28 4mg 1.7, Vilana (67.7-85.3mg L.,
Lagorthi 18.7-96.7 mg L™").

Fused alcohols are quantitatively the largest group of
flavour volatiles in alcoholic beverages and are the most
abundant class of secondary compounds of grape marc
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distillates (Silva and Malcata, 1999, Ferreira et al., 1999,
Soufleros et al,, 2001, 2004).The levels of ugher alcohols
are fixed by the European Council (1579/89) (Official
Journal of EEC, 1989 at 225-600 ghL™ of 100%
alcohol. 2-methyl-1-butanol and 3-methyl-1-butanol are
formed durmng fermentation by deammation and
decarboxylation reactions from iso-leukine and leucine
(Aposolopoulou et af., 2005, Kana et al, 1988). It 1s
known that the level of amyl alcohols is a predictor of
sensory character (having an aromatic description of
sweet, alcoholic and choking (Falque et al., 2001); amyl
alcohols (viz. 3-methyl-1-butanol and 2-methyl-1-butanol).

The amyl alcohol content of the analyzed samples
was in the range from 59.47-67.7 mg L.~' for 2-methyl-
butanol and 45.3-51.25 mg L' for 3-methyl-butanol
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Table 3: Experimental data for concentration (mg L™") of volatiles obtained from 1st and 2nd distillation of fermented grape marc from Vilana grape variety

(Vitis viniferal.)

1st Distillation fi-actions

2nd Distillation fractions

Compound 1st firact. 2nd fract. 3rd fract. Ath fract. Mean  1st firact. 2nd firact. 3rd fract. Ath fract. Mean
Methanol 19260(1.1)* 1030(1.4) 1716(1.2) 1475(1.1) 1545..2 1529(1.2) 1437(1.1) 1419(1.4)  1399(1.1) 1446
Acetaldehyde 65(1.8) 33.6(2.1) 954(1.9) 106.3(1.7) 75 61.8(1.9) 55.9(2.1) 49.4(2.3) 40.6(1.9) 52.7
Acetal 75(1.9) 56.6(2.1) 33.6(2.3) 36.8(1.9) 50.5 35.9(1.7) 33.1(1.9) 29.7(2.1) 22.2(1.4) 30.2
2-butanol 11.5(2.6) 11.2¢2.1) 10.5(2.7) 7.9(2.1) 10.3 3.202.4 15.6(2.6) 12.5(2.9) 10.5(2.1) 10.5
1-propanol T7(3.1) 63.1(2.5) 80.3(2.3) 59.2(2.6) 69.9 63.8(2.5) 56.1(2.6) 67.5(2.1) 75.3(2.4) 65.7
2-methyl-propanol 39.8(2.8) 26.5(2.1) 511019 32.9(2.3) 37.575 221 194 292 421 28.2
1-butanol 10.2(2.1) 10.6(2.7) 12.8(2.4) 12.5(2.1) 11.5 11.93.3) 9.3(3.1) 12.5(2.8) 11.7(2.9) 11.3
2-methyl-butanol  37.7(2.1) 24.8(2.9) 29.3(3.1) 10.6(1.9) 25.6 39.3(2.7) 38.8(3.1) 40.93.3) 29.6(2.9) 37.15
3-methyl-butanol  63.9(2.9) 53.8(3.1) 81.9(2.7) 62.8(3.5) 65.6 42.4(2.9) 18.9(3.1) 52.9(2.5) 72.1(2.8) 46.6
Ethyl-acetate 74.8(2.4) T0.4(2.7) 79.9(2.2) 82.3(2.1) 76.9 67.6(2.8) 70.2(2.4) 79.1(2.7) 85.3(2.9) 78.2
Hexanol-1 5.6(3.1) 4..5(3.5) 3.902.9) 5.5(3.4) 4.9 3.3(3.6) 4.6(3.7) 6.4(3.1) 3.8(3.6) 4.5
2-phenyl-ethanol ~ 2.1(3.2) 2(3.5) 1.93.9 1.8(3.6) 1.9 2.4(2.9) 2.7(3.3) 3(3.9) 3129 2.8
Hexanoic acid 2.302.1) 2.1(3.2) 2.4(2.7) 2.6(3.2) 2.35 1.8(2.9) 2.6(3.1) 2.92.7) 2.4(3.8) 2.4
Octanoic acid 1.3(3.4) 1.8(3.1) 3.92.9) 2.2(3.3) 2.3 1.2(3.6) 1.9(3.3) 2.6(3.7) 1.32.9) 1.75
Decanoic acid 0.3(3.9) 0.5(3.7) 0.9(3.3) 0.3(3.7) 0.5 0.6(3.5) 0.7(3.8) 1.13.7) 0.9(3.4) 0.8
Dodecanoic acid ~ 1.7(3.9) 1.1(3.5) 2.1(3.2) 1.32.9) 1.5 2.4(3.7) 2.7(3.5) 2.1(2.9) 2.8(34) 2.5
Ethyl hexanoate  3.1(2.9) 2.8(3.2) 1.13.8) 2.52.9 2.4 4.4(2.3) 5.7(2.9) 4.6(2.8) 3.4(2.8) 4.5
Ethyl octanoate 3.1(2.9) 4.83.3) 3.5(3.2) 4.6(3.9) 4 5.6(3.5) 6.2(3.2) 5.92.9 4.2(3.10 5.5
*R8D

Table 4: Experimental data for concentration (mg L") of volatiles obtained from 1st and 2nd distillation of fermented grape marc from Lagorthi grape

variety(Vitis vinjfera L.)

1st Distillation fractions

2nd Distillation fractions

Compound 1st fract. 2nd fract. 3rd fract. 4th fract. Mean st fract. 2nd fract. 3rd fract. 4th fract. Mean
Methanol 1650(1.3)*  1709(1.1)  1394(1.6)  1161(1.2) 1478.5 1523(1.5)  1425(1.3)  1231(1.1)  1401(1.3) 1385
Acetaldehyde 83.4(1.9) 52.924)  23.1(27)  25.2(2.2) 4615  44.5(1.9) 285(24)  L72.1) 861(22) 402
Acetal 50.6(2.1) 47.2(2.5)  367(22)  39.6(1.9) 435 33.6(2.1) 274(1.9)  23.7(2.2)  221(1.8) 267
2-butanol 33.5(2.2) 43.1024)  391(1.9) 31521 368  253(2.8) 52.8(2.5)  11.92.1)  10.5(22) 251
1-propanol 83.4(2.7) 66.224)  86.8(26) 659190  75.6  69.4(1.9) 62.7(21)  73.4(1.6)  818(L9)  7L.8
2-methyl-propanol  66.7(0.9) 463(14)  S39(21)  21.8(1.9) 471 26.4(1.7) 285(21)  25.4(1.6)  289(21) 273
1-butanol 6.1(3.3) 5.9(3.2) 7.9(2.9) 6.2(3.1) 65 7.7(2.9) 5.1(2.1) 8.3(2.1) 7.5(3.1) 7.15
2-methyl-butanol  93.3(1.9) To.6(1.7)  83.5(21)  85.7(2.6) 855  743(3.1) 63.9(2.8)  SLEZ1)  441(25) 585
3-methyl-butanol ~ 55.9(0.9) 25714 TR6(D) 53.8(1.9) 522 339021 11.2(1.9) 64922 531024y 40.7
Ethyl-acetate 43.4(0.8) 96.7(1.1)  T92(1.%)  42.7(L.1) 655 T8HLT) 187(L5)  22.9(1.9)  794(14)  49.9
Hexanol-1 - - - - - - - -

2-phenyl-ethanol - - - - - -

Hexanoic acid 1.8(3.1) L93.7) 1.6(3.4) 1.7(2.9) 1.7 1.6(3.3) 3.1(3.9) 2.6(3.1) 1.7(3.6) 2.2
Octanoic acid 2.5(2.9) 2.8(3.1) 2,837 2.9(3.6) 2.7 2.4(3.2) 2.6(2.9) 3.4(3.2) 2.8(3.7) 2.8
Decanoic acid 1.8(2.6) 2.3(2.1) 4.6(2.9) 2.9(3.4) 2.9 1.8(3.3) 1.7(3.9) 3.3(3.9) 1.733.1) 2.1
Dodecanoic acid ~ 0.7(3.9) 0.9(4.0) 1.5(3.8) 0.9(3.8) 1 1.3(3.3) 1.7(3.8) 1.5(3.1) 1.2(3.6) 1.4
Ethy] hexanoate 1.8(3.9) 1.93.1) 1.5(3.5) 1.2(3.3) 1.6 1.1(3.2) 1.3(3.4) 1.4(3.1) 1.7(3.9) 1.4
Ethy] octanoate 4.9(2.9) 4.5(3.2) 3.6(2.8) 1.933.1) 3.7 2.1(3.2) 2.7(2.9) 2.3(3.6) 2.2(3.1) 7.05
* RSD

in Athiri grape variety (Vitis vinifera 1.), from
56.7-63.9 mg L' for 2-methyl-butancl and
44.65-48.42 mg 17" for 3-methyl-butanol in Malagouzia
grape variety (Vitis vinifera L.), 25.6-37.15 mg L' for
2-methyl-butancl and 46.6-65.6 mg L™' for 3-methyl-
butanol in Vilana grape variety (Vitis vinifera 1.) and
58.5-85.5mg L~ for 2-methyl-butancl and 40.7-52.2mg L'
for 3-methyl-butanol in Lagorthi
(Vitis vinifera L.) The mean values for amyl alcohols o
those Hellenic grape marcs alcoholic beverages was
similar to that of various distillates, such as grappa, wine

grape variety

brandies, zivania, bourbon and malt whisky (Bertrand,
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1995; Cantagrel et al., 1991 ; Fournaris, 1999, MacNamara,
1984; Versim, 1993; Vodret and Aquiline, 1972; Versim,
and Odello, 1991).

2-methyl-1-butanol and 3-methyl-1-butanol are formed
during fermentation by decarboxylation reactions from
iso-leucine and leucine (Boulton et al., 1996; Kana et o,
1991). Increased concentration of amyl alcohols (having
an aromatic description of ‘‘alcoholic™, “‘sweet”” and
“‘choking’”) can contribute negatively to the aroma of the
distillate (Falque et al., 2001).

The lower levels of amyl alcohols indicate light-
bodied grape pomace distillates.



J. Food Tech., 5 (3): 233-241, 2007

Mean value of total volatiles (except methanol) in Hellenic

500
4507

I
=
S

3501
3001

(Vitis vinifera L.)
M b2
23

150
1004

Hellenic grape varieties

Lh
=
1

0-

native grape marc distillates (Fitls vinifera L.)

nnhh

Athiri  Malagouzia Malagouzia

Istdlsh.l 2nd distil st distil

2nd distil

Ist d131:|.l an distil  Ist dlstll 2nd distil

Concentration (mg L ™)

Fig. 1. Mean values of total volatiles concentration {mg L.™') in fermented grape marc distillates from Hellenic Native

Whte grape varieties (Vitis vinifera L.)

1800
1600
1400
1200
10001

8001

6007

4001

Hellenic native grape varieties (Vitis vimifera L.)

2001

Evalution of mathanol concentration (mean value of fraction)
in Hellenic native grape marc distillates (mg L)

NAIN

u

Athiri  Malagouzia Malagouzia  Vilana  Vilana Lagorthi ~ Lagorthi
Ist dlstll 2nd distil  Tstdistil  2nd distil = Istdistil 2nd distili  Istdistii = 2nd distil
Methanol concentration (mg L)
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The concentration of 1-Propanol which increased
by the microbiological process thattake place during
the ensilage of the grape marc (Versini et al, 1990,
Vodret 1972) ranged between
37.3-49.95 mg L' for Malagouzia grape variety
(Vitis vinifera 1..), 71.8-75.6 mg L™ for Lagorthi grape
variety (Vitis vinifera L.), 65.7-69.9 mg L' for Vilana grape
variety (Vitis vinifera L.), 47.2-51 2 mg L~ for Athiri grape
variety (Vitis vinifera L.). Tsose values are slightly lower
than those reported for grappa, bagaceira, whiskies and
cider brandies (MacNamara, 1984; Mangas ef al., 1996;
Silva and Malcata, 1999; Versim, 1993). 1-Propanol
content in wine brandies and zivania is quite similar to
that of the studied samples (Bertrand, 1995, Cantagrel and
Vidal, 1991, Fournaris, 1999; Versini, 1993).

The concentration of butanol-2 which originates from
bacterial action (probably from 2, 3-butanediol) and with

and  Aquilino,
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a poor organoliptic character, (Silva et al, 1998) range
from 1.52-1.66 mg L~ for Malagouria grape variety
{(Vitis vinjfera 1..), 25.1-36.8 mg L.~ for Lagorthi grape
variety (Vitis vinifera1.),10.3-10.5mg 1.~ for Vilana grape
variety (Vitis vinifera 1..), 0.9-1.75 mg 1.™" for Athiri grape
variety (Vitis vinifera 1..).

Another undesirable and toxic alcohol in alcoholic
beverages is methyl alcohol which is generated via
degradation catalyzed by native pectinesterase in grape
pomace; the rate of such degradation i1s enhanced by
microbial attack leading to increased methanol
concentration in the final grape marc alcoholic beverages.
Methanol is not one of the main flavour compounds and
it has not specific odour. Methanol concentration of
the studied samples od those grape varieties was
lower compared to that of brandy, rum and whisky
(Bertrand, 1975; Cantagrel et al., 1997, MacNamara, 1984;
Versini ef al., 1991; Postel and Adam, 1980).
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The concentration of toxic methyl alcohol in
Hellemic grape marc alcoholic beverages range from
867.25-1456.5 mg L7' for Athiri grape variety
(Vitis vinifera L.), 768.25-1307.25 mg L™ for Malagouzia
grape variety (Vitis vinifera 1..), 1446-15452 mg 1.~ for
Vilana grape variety (Fitis vinifera L), 1395-1478 5 mg L™
for Lagorthi grape variety (Vitis vinifera 1..). Methanol
mean concentration in the studied samples was sumnilar to
that of Spanish. Portuguese, Cyprian, Ttalian alcoholic
beverages (Fournaris, 1999; Silva and Malcata, 1999,
Versini, 1993; Vodret and Aquilino, 1972; Kana et al.,
1991). Cider alcoholic beverages show similar methanol
concentration which can be attributed to the pectin
content of the row matenal (apples) (Mangas ef af., 1996).

The EC regulation 1576/89 established general
manufacturing procedures of marc distillates and fixed
common analytical composition of 1000 g hL™' of
100%vol. ethanol. The methanol contents of our samples
are within the limits of acceptability of the European
Regulation (EC 1576/98).

1-Hexanol is considered to have a positive influence
on the aroma of the distillate when occurs in
concentrations up to 20 mg L~'. On the contrary,
mcreased concentration of 1-hexanol, having an aromatic
description of “*coconut-like’”, “*harsh’” and “*pungent’”,
can contribute negatively to the product aroma
(Apostolopoulou et al., 2005). At even higher 1-hexanol
levels the organoleptic characteristics of the distillate are
seriously impaired (“*green’” flavour) (Cantagrel et al.,
1997; Falque et af., 2001). 1-Hexanol is not an alcoholic
fermentation product and its origin is linked to the
vine variety. When the grapes are not ripe enough, high
1-hexanol concentrations in spirits are observed
(Cantagrel et al., 1997).

1-Hexanol concentrations in our samples ranged
between range from 2.5-7.85 mg L' for Athiri grape
variety (Vitis vinifera 1..), 4.05-7.7 mg L.~ for Malagouzia
grape variety (Vitis vinifera L.), 4.5-4.9 mg L™ for Vilana
grape variety (Vitis vinifera 1..), zero concentration for
Lagorthi grape variety (Vitis vinifera L.). It was found at
lower concentrations compared to grappa and bagaceira
(Silva and Malcata, 1999; Versim, 1993, Vodret and
Agquilino, 1972). The low 1-hexanol concentrations in the
studied samples are considered to affect positively the
flavour of the product. Tts concentration in the studied
distillates was usually much lower than that of cider
brandies while it was similar to that of wine brandies
(Bertrand, 1995; Postel and Adam, 1985). Whiskies have
very low concentrations of 1-hexanol (Postel and Adam,
1985).

2-phenyl ethanol, which is described as a rose-like
positive influence and can be generated from amino-acids,
in our samples was in low concentrations from
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1.9-492 mg L~ The comparison of the results,
demonstrated . Table 1-4, show that 2-phenyl-ethanol
has similar low levels for bagaceira and lower than
aguardiente and grappa.

Second to acetic acid, the most abundant acids in the
grape marc alcoholic beverages were Hexanoic, octanoic,
decanoic and dodecanoic acids.The concentrations of
those acids in our samples was at an average level of
from 1.6-1.97 mg 1.~' for Hexanoic acid, 1.9-1.8 mg L.~
for octancic acid, 1.3-1.82 mg L™ for decanoic acid,
1.9-2.17 mg L.~ for dodecanoic acid for Athiri grape
variety (Vitis vinifera L.), 1.3-1.89 mg L™ for Hexanoic
acid, 1.73-2.29 mg L.~ for octancic acid, 1.69-2.47 mg L.~
for decancic acid, 1.07-21 mg L' for dodecanoic
acid for Malagouzia grape variety (Vitis vinifera 1..),
2.35-24 mg L™ for Hexanoic acid, 1.75-23 mg L™
for octancic acid, 0.5-0.8 mg 1.~ for decanoic acid,
1.5-25 mg L™ for dodecanoic acid for Vilana grape
variety (Vitis vinifera1..), 1.7-2.2 mg 1.7" for Hexanoic acid,
2.7-2.8 mg L™ for cctancic acid, 2.1-2.9 mg L~ for
decanoic acid, 1-1.4 mg L™ for dodecanoic acid for
Lagorthi grape variety (Vitis vinifera L.). It can be seen
that octanoic and decanoic acids were the most important
compoenents of this family, except in what concerns one of
the grape marc distillates.

The fatty acid ethyl ester content of the Hellenic
grape marc alcoholic beverages were studied ranged from
0.9-1.45mg L~ for ethyl hexanoate and 0.5-1.42mg L ™" for
ethyl octanoate for Athiri grape variety, 1.31-2.6 mg L.~
for ethyl hexanoate and 1.22-3.39 mg L' for ethyl
octancate for Malagouzia grape variety, 2.4-4.5 mg L.~' for
ethyl hexanoate and 4-5.5 mg L™ for ethyl cctanoate for
Vilana grape variety and 1.4-1.6 mg L~' for ethyl
hexanocate and 3.7-7.05 mg L~ for ethyl octancate for
Lagorthi grape variety.

Ethyl acetate, one of the most important esters due to
its unpleasant flavour, ranged from 26-28.3 mg L.~ for
Athiri, 25.62-26.58 mg L™ for Malagouzia, 76.9-78 2 mg L™
for Vilana and 49.9-65.5 mg 1.™" for Lagorthi grape variety.
These values can, in general, be considered to lay on the
low side for spirits.

Results were compared with those obtained for
Spanish grape pomace distillates, called aguardiente,
with analogous raw material and distillation techmique
(Orriols et al, 1991). Tt can be concluded that the
major differences were those conceming acetal and
ethyl acetate, with higher contents in aguardiente
{ca. 800 mg L' for acetal and ca. 1300 mg L' for ethyl
acetate). Regarding changes of grape pomace volatile
(Table 1-4) during distillation it can be seen that their
concentration exhibit relatively small changes. The
explanation of this phenomenon is as follow. According
to Raoult’s law the vapor pressure (Pi) of a volatile
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component (i) above a solution is the product of the
vapor pressure (P10) of the pure component and of the
mole fraction (Xi) of the component (i) in the solution
(Pi = P10.X1). From Dalton’s law it can be calculated that
the Xi (gas phase) = Pi/Ptotal, where Ptotal is the sum of
all partial pressures of volatile components of the
alcoholic solution. Due to the very high concentrations
of water and ethyl alcohol and to the very low
concentration of all the other volatiles it can be calculated
that Xi {(gas phase) is 107 to 107 of Xi (solution). Due to
this phenomenon volatile compounds of small or very
small concentrations have very small mole fractions in the
gas phase. Accordingly, during distillation these
components will not follow the standard distillation
pattern. Instead they will distill at a slow and rather
uniform rate throughout the whole distillation process as
it can be actually seen from Table 1-4. This attitude has
unportant consequences for producers of distilled
alcoholic beverages. It means that 1t 1s impossible to get
rid of some minor unwanted component through
distillation cut and some other way has to be devised.

CONCLUSION

In general, it can be concluded that the studied grape
marc alcoholic beverages from native white Hellenic grape
varieties (Vitis vinifera 1..) were characterised by high
high levels of

aldehydes and volatile esters and a considerable variation

complicity of different congeners,

n the levels of amyl alcohols and 2-phenyl-ethanol.

This that  the
beverages which produced from native grape varieties
(Vitis vinifera L.) has a variety of different volatiles and
chemical complicity. The volatile compounds that can
pose health hazards, methanol, acetaldehyde and ethyl
acetate are recovered at levels inferior to those reported
by the European Council and the threshold perception.

research  shows alcoholic

These results are present at those levels because the
good vinification technique of grapes and the satisfactory
maintenance of the raw material which are important for
the quality of the spirit. In all grape marc distillates from
the Hellemc native white grape varieties (Vitis vinifera L.),
some fatty acid esters that contribute to fruity and flowery
aroma are present in satisfactory levels. 2-phenyl ethanol,
that contribute to the typical flavour of rose mn distillates,
is found also in satisfactory concentrations in comparison
to levels reported for other alcoholic beverages.

This study for those alcoholic beverages from
Hellenic native white grape varieties (Fitis vinifera 1..)
never studied before. Consequently, this report on the
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composition of grape marc alcoholic beverages from
selected monovarietal grape varieties, 1s a first approach
on a subject that requires and is already under further
investigation.
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