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Evaluation of Macro-and Micro-Volatiles in Hellenic

Local Alcoholic Beverage from Opuntia Ficus (Fragosyko)
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Abstract: Opuntia ficus-indica (fragosyko) is a very popular fruit in many Mediterranean countries, in
Southwestern United States, Northern Mexico and other areas. This firuit is used for the production of an
extraordinary aromatic spirit like tsipouro, after direct steam distillation of fermented Opuntia ficus-indica
(fragosyko) pomace. The main objective of the present study was to analyze the unusual local and unique

alcoholic beverage from the fermented fruit pomace of Opuntia ficus fragosyko from different areas of Hellas
and to study its major and mmnor volatile compounds. The volatile compounds present in headspace fraction
were 1solated and 1dentified by using a balance pressure headspace system Perkin-Elmer H340 (Perkin-Elmer
Analytical Instruments, Uberlingen, Germany) coupled to a GC/MS-Q 5050 system (Shimadzu Co, Kyoto,
Japan). Totally 66 samples were analysed and 27 volatiles have been isolated.
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INTRODUCTION

About 1500 species of cactus belong to the genus
Opuntia and are distributed mamly in many Mediterranean
countries, m South-Western United States, Northern.

Mexico, in Africa and other areas (Hegwood ef al.,
1990). The fruit is called by different names, e.g., in Greece
fragosyco, in France Indian figs, in United States prickly
pears and in Chile tunas etc.

The flavour of this spirit, 18 made up of a great
number of makro and mikro volatiles which be a number of
alcohols, esters, acids, carbonyl compounds etc. Their
respective of Opuntia vary
considerably between different areas of cultivation
(Flath and Takahashi, 1978).

The determmation of volatiles nvolves preparation of

concentrations ficus

sample prior to chromatographic analysis in order to

1solate the compounds and to determine their
concentration. The most frequently used methods for
isolation and concentration of -makro and -mikro
extractions, distillation and
simultaneous distillation-extraction techniques. However,
all these techniques are time-consuming and involve
excessive manipulation of the sample, which may lead to

serious errors. Furthermore, new aromas may arise from

constituents  involves

the aromatic precursors already present in the samples or
from chemical and biochemical reactions promoted by
heat, pH and oxidation-reduction conditions

Head-space analysis 13 such a technique, which
makes it possible to analyse the volatile fraction without
necessarily attiring it. The dynamic mode involves
purging the sample mn an inert gas much mn the same way
as we breathe in the natural fragrance of a fiuit.

Recently a dynamic headspace methods has been
developed which permits the analysis of the fruit volatile
fraction by purging with an inert gas followed by thermal
desorption and gas chromatography (Garcia-Tares et al.,
1995).

The mamn studies on the Opuntia fruits were
the chemical analysis of pulp,
(El Kossor ef al., 1998), analysis of volatile constituents
of pulp (D1 Cesare and Nam, 1992; Flath and Takahashi,
1978; Ewaidah and Hassan, 1992; Uchoa et al.,1998), use
of pulp in juice production (Espinosa ef al., 1973),
production of alcoholic beverage (Bustos, 1981), jam
production (Sawaya and Khan, 1982, Sawaya et al., 1983)
and the production of butter equivalents from Opuntia
ficus juice fermentation by an unsaturated fatty acid
(Hassan et al, 1995). An overview of processing
technologies concerning the Opuntia ficus (fragosyko O
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has recently been published by Saenz (2000). Other
authors have studied the nutritional significance of
Opuntia sp. (Stintzing ef al., 2001).

The extraction and the characterization of the Opuntia
ficus (fragosyko) was optimized by several authors
(McGarvie and Parolis, 1979, Medina-Torres et al., 2000,
Trachtenberg and Mayer, 1981, 1982). The macro and
micro volatiles of Opuntia Ficus (fragosyko) alcoholic
beverage which produced by distillation of fermented
pulp from this traditional alcoholic beverage is very
attractive to study because the research in this area, as
much we know, 18 very poor. This spirits, 1t 1s
characterized by a special flavor. Some compounds of this
distillate originate from the fruit, but most of them are
developed during fruit pulp fermentation. Various factors
mnfluence the aromatic profile such as environment, soil
and climate, the degree of fiuit ripeness, the pulp
fermentation conditions and distillation process.

Volatiles of tlus alcoholic beverage can be classified
i different chemical groups such as alcohols, esters,
aldehydes, fatty acids etc. These compounds can be
characterized by different volatility. Some compounds
highly volatile, while others exhibit lower volatility. These
volatile compounds exist in a wide concentration range.

Several extraction-concentration methods have
been used for spirits, such as liquid-liquid extraction
(Ferreira etal., 1993, 1999), (Hardy, 1969, Rapperal., 1976,
Usseglio, 1971), liquid-liquid extraction with ultrasound
(Boidron et al , 1988), simultaneous distillation-extraction
(Orriols-Fernandez, 1994) and  other  techniques
(Garcia-Jares et al., 1995, Salinas et al, 1994,
Silva et al., 1996, Vernin et al., 1987).

Above techniques are generally labor-intensive and
are characterized by relatively low reproducibility. Sample
preparation was mainly concerned to obtain more
concentrated samples, but the elimination of mterfering
substances is also important.

Macro-and micro-volatiles contained in alcoholic
beverage from Opuntia ficus (fragosyco) were studied n

this work.
MATERIALS AND METHODS

Plant material: Samples of mature Opuntia ficus
(fragosyco) fruits, were collected, respectively, in August
and September 2003 from many areas of Greece. All
samples selected according to FAO/WHO (1986)
recommendations. The fruit crushed before fermentation
and transferred into wooden barrels of 50 L. The barrels
was filled with the pulp up to 35-40 cm below the surface,
covered up with plastic wrap, to avoid microbial attack
and left to ferment. Then, small quantities of water was
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added progressively in order to assist the fermentation
procedure. According to local producers, the fermentation
period was 4 weeks at ambient temperature (20°C). The
fermentation was a spontaneous process in which the
natural flora of the malt carries out the all procedure.

The distillation of the fermented Opuntiia ficus
(fragosyko) pomace was followed.

Physicochemical analyses: Fresh fruit pulp also were
measured for their “Brix and pH values and refractive
index and analyzed for total acidity according to the
relevant EEC Directive (2984/98). “Brix was measured by
a portable Brix meter. pH was measured with a digital pH
meter (Orion, model 520 A, Boston, MA). Refractive index
was determined at 20°C with an Abbé refractometer with
temperature adjustment(ATACO, Osaka, Japan). The ash
content was determined according to the AOAC method
(AOQAC, 1990). Acidity was measured by volumetric
titration with 0.1 N NaOH using phenolphthalein as
indicator. Acidity was expressed as tartaric acid EEC
Directive (2984/98).

Distillation: Fermented Opuntia ficus was transferred n
a traditional copper alembic of 130 L. up to 3/4 of its
capacity. Before the beginming of heating, the alambic
was hermetically closed in order to prevent any vapour
leakage. When the temperature reaches 80-90°C, the liquid
distillate of fermented pulp of Opuntia ficus (fragosyco)
started to run from the funnel and the freshly distillates
were collected and analyzed by extraction and injection in
head space GC/MS.

Extraction of distillates: The volatiles constituents of
distillate from Opuntia ficus (fragosyco) were extracted
and concentrated with combination and modification of
the methods described by Moio (1995) and Priser (1997).
Distillate (200 mL), dichloromethane (5 mL) and sodium
chloride (50 g) were added in a spherical flask. The
spherical flask cooled in melting ice was purged with
nitrogen for 1 min in order to remove air and the distillate
was stirred at 500 rpm for 2 h The organic extract was
dried over anhydrous sodium sulfate and then filtered
with special filter (GHP Acrodisc Syringe Filters, GF 0.45)
with the help of a gas-tight syringe. The whole process
was performed in the absence of air. Filtrates were
transferred into small glass-vial and stored at -5°C for
analysis.

Analysis of volatile compounds by CG/MS: The
headspace volatiles compounds were isolated and
detected by a dynamic headspace autosampler Perkin-
Elmer HS40 coupled to a GC/MS-Q 5050 system
(Shimadzu).
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The samples of fresh fruit pulp (5 mL) and of extracted
distillates ( 5 mL ) were weighed into 20 mL vials; then the
vials were sealed with aluminium-rubber septa. The vials
with samples were thermos tatted at 75°C for 15 min,
purged and pressurised with 35 mL min™" helium and then
the volatile compounds driven through the thermostat via
the 90248°C transfer line and injected into the GC/MS.

The volatile compounds were separated on a HP
Innowax capillary column (60 m length 0.25 mm i.d.,
0.25 mm film thickness) under the following conditions:
Injector temperature 200°C; carrier gas helium
0.6 mL min~'; temperature programme: From 35-80°C
at arate of 5°C min™', held for 3 min and then up to 200°C
at a rate of 8°C min~'. The GC column was directly
connected without splitting to the ion source of a QP 5050
quadrupole mass spectrometer (interface line 250°C),
operating in the scan mode within a mass range of m/z
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40-300 at 2 scans/s. lonization was done by electronic
impact at 70 eV and calibration by auto tuning.

Identification of the compounds was carried out by
computer-matching of mass spectral data with those in the
Shimadzu NIST62 Mass spectral Database and by
comparing their retention times and mass spectra to
3-pentanol (50g L' of ethanol) as internal standards.
Quantization was performed by integrating the peak areas
of Total Ion Chromatograms (TIC) by the Shimadzu Class
500 software.

Chromatographic runs were carried out in triplicate
and their average was used as a single data point in the
results section. The average coefficient of variation for
the triplicate assays was 1.1%.

The major and minor compounds of Opuntia
ficus (fragosyco) are grouped by chemical families
Fig. 1 and 2.
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Fig. 1 : Micro-volatiles in distillates from Opuntia ficus (fragosyko)
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Fig. 2: Macro-volatiles in distillates from Opuntia ficus (fragosyko)
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RESULTS AND DISCUSSION

The mean values of the 66 studied samples of
produced distillates from fermented pomace of Opuntia
ficus(fragosyco) are given 1 Table 1 and Fig. 1 and 2.
Table 2 reports the chemical and physicochemical
parameters of Opuntia ficus (fragosyco) pomace from
different geographical areas of Greece. Until now no other
studies have been found relating to the Opuntia ficus
(fragosyco) distillates except from distillates from grape
pomace, wine and other fiuit like koumaro(Soufleros et al.,
2005), mouro, (Soufleros et al., 2004), melon Lanikanra and
Richard (2002),etc.

In the examined samples, “Brix values which varied
between 17 and 18.6, pH values which varied between 3.3
and 4.1 and acidity which varied between 5.4 and 7.4 g L™
tartaric acid (Table 2).

Our results were compared with those from other
distilled alcoholic beverages such as plum, Greek grape
pomace distillates, bagaceiras, aguardiente, cachacas,
whiskey, brandy, rum , cherry, pear and apple, given by
(Bertrand, 1975, 1994, Cantagrel et al., 1997). Soufleros
and Bertrand (1991), Silva ef al. (1996), Silva and Malcata
(1998, 1999), Geroglannaki et al. (2004), Kana et al. (1991),
Lanikanra and Richard (2002), Danilatos and Harvala
(1981), Espinosa, et al. (1973) and Salvo et al. (2002) show
that the different chromatographic profiles of the used for
alcoholic beverage production fiuits clearly defined
different fingerprint which can be used as a basis for
varietal differentiation. Characteristic taste of the Opuntia
ficus distillates describe that the complex volatiles and
some precursors volatiles from the fruit which are difficult
to concentrate without special techniques gives the
unique profile of this traditional alcoholic beverage.

Table 1: Concentration (mg L) of volatile compounds identified in distillates from fermented pulp of Opuntia ficus(fragosyko)

Mean value Mean value of Mean value of  Mean value of Mean value of Mean value of

Reliability of samples  samples from  samples from samples from sarnp les from samples from Relative

of Greece Samothraki Lesbos Tsland  Limnos Santorini Ai Stratis Stantrard
Cormpounds identification® (7 samples) (6 sarmples) (15 samples) (10 samples) (Tsamples) (7 samples) Daviation
Tsobutyl alcohol a 21 1.9 2.6 1.5 1.3 0.9 1.1-2.8
Isoamy! alcohol a 44.7 49.7 62.9 34.7 57.9 71.4 1.9-3.1
2-phenyl-1-alcohol a 3.5 4.1 3.6 2.4 31 6.1 1.1-2.5
Methanol a 78.8 81.4 93.1 T17 90.8 68.2 1.2-2.6
Hexanol a 9.3 8.4 9.7 9.5 92 0.3 0.9-2.5
Trans-3-Hexan-1-ol b 0.77 0.35 0.18 0.67 0.51 0.62 1.3-39
Cis-3-Hexen-1-ol a 0.41 0.34 0.19 0.23 0.13 0.12 1.5-3.6
Propanol a 187.3 203.1 197.4 213.6 179.8 166.4 1-2.7
1-butanol a 3.9 5.3 3.7 21 N.D 3.6 1.4-3.1
3Methyl-1-propanol b 321 44.3 237 33,9 41.2 299 1.1-1.9
Hexanoic acid a 1.2 1.1 0.6 0.9 1.1 1.3 1-2.9
Octanoic acid a 1.3 1.7 0.3 0.7 1.6 1.1 1.8-2.7
Decanoic acid a 0.3 0.7 0.2 N.D. 0.8 1.4 1.3-2.9
Dodecanoic acid a N.D N.D 0.5 0.9 0.3 0.7 0.9-1.9
Ethyl butyrate b 0.5 0.3 1.1 N.D 0.9 N.D 1.1-3.2
Ethyl hexanoate a N.D. 0.6 0.7 N.D. 1.1 1.5 1.9-3.6
Ethyl octanoate a 0.6 N.D 0.8 0.4 N.D. N.D 1.1-34
Ethyl decanoate b 0.4 0.9 N.D. N.D 1.1 N.D 1.5-3.1
Ethyl dodecanoate a 1.3 1.1 0.5 0.8 1.1 0.4 1.1-2. 9
Ethyl acetate a 123 111 145 123 112 169 0.9-2.1
Tsoamy| acetate b 2.5 1.8 1.4 1.9 1.1 2.3 1.6-3.1
Isobutyl acetate b 1.8 1.1 2.6 1.9 1.4 2.1 1.1-2.9
Hexyl acetate b 0.7 0.2 0.5 1.1 0.6 0.7 1.5-2.7
Ethyl -2-phenyl acetate b 0.4 0.6 0.1 N.D. N.D. N.D. 2.7-3.4
Acetaldehyde a 151 111 178 234 101 89 1.5-2.7
Benzaldehyde a 1.4 2.1 32 1.8 1.6 21 0.9-3.2
Acetic acid a N.D. 23 N.D 34 N.D N.D 1.1-2.8

Table 2:Chemical and physicochemical parameters of Opuntia Ficus (fragosyko) fresh fruit pulp

Mean value of Mean value of Mean value of Mean vahie of

Mean value of

Mean value of

Physicochemical 7 samples fiom 6 samples 15 sarmples from 10 samples 7 samples 7 samples
parametres North Greece from Samothraki Lesvos Island from Limnos from Santorini from Ai Stratis
pH 4.7 4.1 5.1 4.4 4.5 39

Volatile Acidity

(g/1. of HA:) 0.57 1.21 0.98 0.54 0.59 0.97

°Brix 11.4 10.9 11.3 11.6 10.4 10

Density® 1.475+£0.002 1.455+0.001 1.451+0.001 1.455+0.003 1.448+0.001 1.459+0.002
Ash (®9) 1.11£0.10 1.19+0.14 1.21+£0.13 1.21+0.19 1.11+0.16 1.55+0.15
“at 20°C
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Methanol, in this alcoholic beverage, witch is formed
by pectinolytic enzymes that split the methoxyl group
from pectin present in crushed fruits s very low,
compared with distillates from other fruits. This means
that the manipulation of the fruit pulp was the proper one
and was managed with great sensitivity and also very
good distillation procedures were performed. According
to the European legislation (EEC no. 1576/89), the
distillate must have a methanol concentration lower
than 1000 g hL.™" AA.

The levels for our samples found to be
much lower than the European limit, varymg from
68.2-93.1 g hL™" AA (Table 1). This means that the
manipulation of the raw material was fermented with great
sensitivity and also very good distillation procedures
were performed (Silva et al., 1996). Soufleros and Bertrand
(1991), Soufleros (1987) and DaPorto (199%8) demonstrated
lower values of methanol in grape pomace distillates
ranging from 50.4-84 g hL. ™' AA. Silva et al. (1996) and
Silva and Malcata (1998) presented for bagaceiras a much
more higher concentration of methanol with a mean value
equal to 755 g hL.™' AA or higher than the European limit,
ranging from 1021-1031 g hL.™' AA and from 346.8-3828 ¢
hL.™" AA, respectively. These values are dependent
mainly on the applied technique of the fiuit treatment and
the distillation and secondly from the fruit variety. In
other reports, the concentrations of methanol in grape
pomace distillates range between 530 and 1590 g hL.™'
AA, Cordonnier (1987), from 39-2860 g hL.™' AA
(Amerine, 1980), from 205-1157 g hI.™' AA (Bertrand,
1975).

The last authors also gave mean values of methanol
for distillate from apple 359 g hL.™' AA, from cherry
457 ¢ hL ™' AA, from pear 796 g hL.™' AA and from plum
866 g hL™ AA Lehtonen et al (1999) for whiskey
mtroduced sigmficantly low mean concentrations of
0.077 g hL.7' AA and for rum even lower of 0.023 g hI.™
AA. After the above comparison, it can be said that
Opuntia ficus(fragosyco) distillate has a very low levels
of methanol in relation to other fruit pomace distillates.
The relative similarity between the other fruit distillates
and Opuntia ficus (fragosyco) distillate, even though
they are derived from different raw materials, indicates the
high effect that the use of the same techmique of
distillation and the type of alambic has on the chemical
composition of the distillate.

Higher alcohols constitute the group with the
highest concentration in distillates, which gives to them
a flavouring aroma and an essential  character
(Ferreira et al., 1999; Silva and Malcata, 1998). Nycanen
and Nycanen (1991). For this reason, the European
legislation demands mimmum requirements for these

WEre
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aromatic substances higher than 140 g hL™' AA.
However, some alcohols (e.g. the amylic) in very high
concentrations are responsible for certamn toxicity. The
levels of these compounds are mfluenced by variety,
fermentation conditions and distillation and are
concentrated mainly in the first fraction, named head, of
the distillates (Silva and Malcata, 1998).

The most important higher alcohols of Opuntia ficus
(fragosyco) distillate are, iscbutyl alcohol, isoamyl
alcohol, 1-butancl, 3-methyl-1-propanol. Silva et al. (1996)
reported for grape pomace distillates mean values equal to
80 g hL.™" AA for 2-methyl-1-propancl and 5.1 g hL. ™" AA
for 1-butanol. Bauer-Christoph ef al. (1997), for 2-methyl-
1-butanol, presented the following concentrations for
distillates coming from apple 67 g hL.™' AA, from pear
67 g hL™ AA, from plum 53 ghL™ AA, from
cherry 48 g h.™! AA and finally from grape marc 66 g hL.™
AA. For 1-butanol, they gave mean values of 11.4, 12.4,
11.8,1.9 and 2.5 g hL.™' AA for the rementicned distillates.
Soufleros and Bertrand (1991) and Soufleros (1987), for
grape pomace distillates reported that 2-methyl-1-
propanol varies from 29.2-65.2 g hL.™' AA. Fitzgerald et al.
(20009, for whiskey, reported values as low as 0.96 g hL. ™'
AA for 2-methyl-1-propancl and 1.09 g hL.™" AA for
1 -butanol.

The amylic alcohols (2-methyl-1-butancl and 3-
methyl-1-butanol) constitute quantitatively the biggest
part of the higher alcohols and are considered-be
predictors of sensory character in the distilled product
(Silva et al., 1996). For these two compounds, Silva ef al.
(1996) gave for grape pomace mean values of 62.2 and
204.4 g hL.™" AA, higher than Opuntia ficus (fragosyco)
distillate (Table 1), but Silva and Malcata (1998) presented
concentrations similar-ours for  2-methyl-1-butanol,
ranging from 39.5-50.3 g hL.™" AA and slightly lower
values between 86.8 and 103.56 g hL ™' AA for 3-methyl-1-
butanol. Similar concentrations were evaluated from
Fitzgerald et al. (2000) demonstrated a little lower
concentrations for whiskey, ranging from 7.5-20 and from
21.4-49.8 g hL ™" AA. On the other hand, Lehtonen ef al.
(1999) defined levels, respectively, from 0.19-0.20 and from
0.56-0.59 g hL.”' AA for whiskey, 0.03-0.07 and
0.19-0.28 g hLL.™" AA for rum and equal-0.49 and from
traces-2.32 g hL™" AA for brandy. Generally, all our
distillate samples satisfy the minimum limits of 140 g hl.™
AA that the European legislation demands. 1-Hexanol is
an alcohol originating only from raw material (Soufleros
and Bertrand, 1991). It is considered-be a favourable
compound if its concentration is above 0.5 g hL. ™' AA but
not higher than 10 g hT.™" AA; otherwise, a grassy flavour
1s 1mposed, making the distillate product unpleasant both
in aroma and taste (Tourliere , 1977). Ferreira et al. (1993,
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1999) estimated that the presence of 1-hexanol in the
above mentioned concentrations imparts-wines
distillates a fruity or liquorice aroma.
concentrations are presented m Table 1. According-
Soufleros and Bertrand (1991) the concentrations of
1-hexanol in grape pomace distillates ranged from
1.6-43 g hL. ™' AA and were lower than those in Opuntia
ficus (fragosyco) distillates. Silva ez al. (1996) observed
for grape pomace distillates a mean value of 13.3 g hL.™
AA, while Silva and Malcata (1998) found concentrations
from 11.4-21.89 g hL.™' AA and from 6.36-31.56 g hL.™
AA in 1999, Bauer-Christoph et al. (1997) demonstrated
values of 10.2 g hL. ™' AA for apple, 10.3 g hL™" AA for
pear, 3.2 g hL. ™" AA for plum, 1.6 g hL.” ' AA for cherry
and 15.4 g hL. ™' AA for marc distillates.

Generally, fragosyco distillate has a low content of
1-Hexanol in relation-all other alcoholic products. This 1s
probably due-the weak grassy character of this fruit.
2-Phenyl-ethanol introduces a pleasant aroma-distillates,
resembling-rose (Stark et al., 1998) and derives from
L-phenylalanine  through  metabolic of
Saccharomyces cerevisiae during carbonic anaerobiosis
(Silva and Malcata, 1998, 1999; Stark et al., 1998).

Table 1 from 2.4-6.1 g hL.™" AA.
Silva et al. (1996) gave for grape pomace a mean value
up-2.22 ¢ hL.™' AA. Fitzgerald et al. (2000), for whiskey,
presented a mean concentration of 1.44 g hL™" AA and
Rogerson er al. (2001) revealed values ranging from
0.55-1.8 g hL.™" AA for aguardiente. These amounts are
more or less mferior-our results. Higher concentrations,
for 2-phenylethanol, were demonstrated by Soufleros and
Bertrand (1991) for grape distillates and varying from
28-234ghl™" AA

The fatty acid esters contribute-the distillates a
flavour with a pleasant fiuity and flowery smell
(Karagiannis and Lanaridis, 2002), indicative of the quality
of the spirit (Silva and Malcata, 1999, Soufleros et al.,
2004, 2005). Ethyl hexanoate 1s the most abundant of all
esters (Bartley and Schwede, 1989). The ethyl esters
hexanoate, octanoate and decanoate, which are produced
during the raw materials fermentation (Silva and Malcata,
1998), pass-the spirits and increases during aging
(Silva and Malcata, 1999, Soufleros et af., 2004). Through
the distillation process, the heat releases a significant
amount of these esters from the yeast cells where they
remain bond after fermentation (Caumeil, 1983).
Schumacher et al. (1998). These three compounds have
quantitatively a small participation compared-the other
volatile compounds (e.g. higher alcohols) and determine

and
1-hexanol

reaction

shows values

a vastly profiled aromatic character for the spirits
(Ferreira et al., 1999).
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According to Table 1, ethyl hexancate, ethyl
octanoate and ethyl decanoate are given at mean
values of 0.3-1.5 g hL.™' AA, respectively. For the same
esters, concerning the grape pomace samples, Silva ef al.
{1996) indicated mean values of 0.89, 21 .44 and 2.44 g hL.™
AA correspondingly. Silva and Malcata (1998) presented
lower concentrations with mean values varying from
0.18-0.24, from 0.10-0.45 and from 0.16-0.4 g hL.™" AA,
respectively, while in 1999, they presented almost double
values, varying from 0.22-2.25, from 0.25-1.84 and from
0.08-1.04 g hL™" AA for the aforementioned esters,
depending on grape variety.

Fitzgerald et al. (2000) determined for whiskey values
ranging between 0.04-0.22, 0.03-0.13 and 0.02-0.13 g hL,™
AA for these three esters respectively, which are lower
compared-our results (Table 1). From these two articles it
is concluded that both Rogerson et al (2001) and
Fitzgerald et al. (2000) gave such values due-the influence
of the mitial raw materials bemng used for the distillates.
Furthermore, Soufleros and Bertrand (1991 ) reported for
grape pomace distillates, for these ethyl esters, values
ranging respectively from 0.4-1.2, from 0.8-4.0 and from
0.3-41ghL" AA.

Isoamyl acetate, hexyl acetate and phenyl-ethyl
acetate constitute the acetic acid ester group, which are
mostly responsible for the flowery and fruity aroma of the
distillates (Ferreira ef al., 1999; Silva and Malcata, 1999).
Table 1 shows that isoamyl acetate has the lighest
concentration among these three acetates.

According to Silva et al. (1996) the mean value of
iscamyl acetate for bagaceiras was 1.33 g hL ™" AA. Silva
and Malcata, 1998 reported concentrations from
0.4-0.96 g hI.™" AA for isoamy] acetate and in 1999, values
slightly higher ranging from traces-0.91 g hL™" AA,
depending mostly on the 2 grape varieties used and the
extraction time. Rogerson et al. (2001) reported for
aguardiente very surprising values of isoamyl acetate,
varying from 183.5-398 g hL.”" AA, while Soufleros and
Bertrand (1991) gave for grape pomace values lower
than 10 g hL.™' AA. For whiskey, much lower mean
concentrations were given from Fitzgerald et al. (2000)
for this same compound, ranging from 1.43-4.92 g hl.™
AA Fthyl acetate derive mainly from bacterial spoilage of
the distilled marc (Silva and Malcata, 1998, 1999,
Soufleros and Bertrand, 1991). Ethyl acetate is the ester
with the higher concentration, which above the
perception threshold of 180 g hL ™' AA gives-the spirit an
acidic character (Ferreira ef al., 1999).

For ethyl acetate, Silva et al. (1996) presented for
bagaceiras mean values of 44.4 g h.”' AA, respectively.
In addition, Silva and Malcata (1998) gave 2 mean values
of 3147 and 494 ghl.™" AA for ethyl acetate, related-the
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grape variety used for the distillates. Tn 1999, Silva and
Malcata gave, for the same spirit, two mean values of
45.1 and 853.8 g h.™" AA for ethyl acetate, depending on
the grape variety and the extraction time. Soufleros and
Bertrand  (1991), for tsipowro, demonstrated
concentrations up-38 g hL.™' AA for ethyl acetate lower
than ours. For ethyl acetate, many other authors gave
results with a high diversity. Lafon et af. (1973) and
Cordonnier (1987) gave for marc values of 100-280 g hI.™
AA and 230-330 g hL™" AA, respectively, almost twice
as much as ows. For a different distillate, whiskey,
Fitzgerald et al. (2000) and Lehtonen et al. (1999) gave
significantly lower values, ranging from 1.59-20.6 g hL.™
AA and from traces-0.19 g hL.™ AA, respectively. On the
other hand, Lehtonen et al (1999) recorded for rum
concentrations with a lower mean value ranging
between 0.06 and 0.12 g hL.™" AA and for brandy slightly
higher up-0.41 g hLL™ AA.

About ethyl acetate, comparing all the above results
we conclude that in our samples, with two exceptions, he
is present at concentrations commonly acceptable.

Comparing all above mentioned values we conclude
that among the pomace distillates, ours samples have the
lowest concentrations of these three acetates. Long chain
fatty acids, hexanoic, octanoic, decanoic and dodecanoic
acid, are of smaller flavour effect-the distillates (Silva and
Malcata, 1999, Souflercs ef al., 2004, 2005) and are usually
found at low concentrations but with an odor similar in
strength string smell equal-acetic acid (Silva and Malcata,
1999; Soufleros et al., 2004, 2005) and consequently, with
an important contribution-the aromatic character of the
distillates (Ferreira ef ai., 1999; Silva and Malcata, 1999).
Karagiannis and Lanaridis (2002) note that there are
probably released as intermediate products via yeast
metabolism of carbohydrates and can be influenced by
msoluble grape solids during fermentation presenting a
soapy odour.

The results in Table 1 shows that, from these two
fatty acids (hexancic acid and octanoi acid), are
quantitatively the most important.

Also Table 1 shows that hexanoic acid has the
highest mean value of all these acids, followed by
octanoic acid, decancic acid and dodecanoic acid
According to Silva ef al. (1996) the mean concentrations
for bagaceiras corresponding-the pre-mentioned four
acids were 0.44, 089, 0.89 and 0.22 g hL™' AA,
respectively. Silva and Malcata (1998) determined mean
values ranging from 0.21-0.36, from 0.16-0.36, from 0.17-
0.36 and from 0.08-0.14 g hL.* AA, respectively, while
Silva and Malcata (1999) defined results from 0.12-3.0,
from 0.09-1.06, from 0.04-1.6and from 0.02-0.37 g hL. 7" AA,
respectively for these four fatty acids, directly related-
grape variety and extraction time. Rogerson ef al. (2001)
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from the aguardiente evaluation gave concentrations for
hexanoic, octanoic and dodecancic acid from traces-
518 g HL.7' AA, from 45.5-1662.5 g h.™' AA and finally
from 0-116.5 g hL.™" AA, respectively. Soufleros and
Bertrand (1991), for tsipouro, estimated values ranging
from 0.3-1.2 g hL.™" AA for octancic, from 0.2-1.4 g hL. ™'
AA for decanoic and from 0.1-0.4 g hL.™' AA for
dodecanoic acid, concentrations similar-those given from
other authors and more or less close-those gathered at
Table 1.

The pH values were given in Table 2. Caumeil (1983)
gave for aguardiente pH mean value similar-ours (4.34).
Lafon et al. (1973) determined that this pH usually
characterizes wine and fruit pomace distillates 1-2 years
old. Soufleros and Bertrand (1991) presented for tsipouro
similar pH values varying from 4.15-7.0, like our results,
while Lehtonen et al. (1999) gave for brandy much lower
PH mean values, equal-3.50. These last authors gave for
whiskey and rum intermediary values of 3.95 and 3.89,
respectively.

CONCLUSION

The aroma profile of Opuntia ficus alcoholic beverage
was successfully characterized by means of head space
GC-MS and major and minor compounds were identified
at the trace level. Those compounds where differences
occur among samples having different cultivation areas,
basically constituted by ethyl esters and C;
norisoprenoids.

This research, for the important macro and micro
volatiles that contribute the typical aroma of the Opuntia
ficus(fragosylko)-the produced alcoholic beverage, such
2-phenyl ethanol ethyl 2-phenyl acetate, in combination
with the other volatiles, are in higher concentration in
comparison with other spirits. Methanol is lower than the
internationally limit for alcoholic beverages. The distillates
from Opuntia ficus (fragosyko)shows that this spirit has
a very rich and unique organoliptic fingertip with all this
macro and micro volatiles which contains The obtained
results have shown that the fruit of Opuntia ficus
(fragosyko) has sigmificant influence on aroma of
produced distillates. Tn this study it is demonstrated that
using specific fruit and the procedures of distillation can
be produced one unique alcoholic beverage.
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