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Abstract: Tdpouro and Tskoudiaare two denominationswith geographic indications of thetraditional Greek marc
digtillate, whichisproducedin continental Greeceandintheidand of Creterespectively. Itisproduced by the Gresk wine-
growersaswell ashy the professond didtillers. To provide dataon the ssfety of domestic TS pouro and Tskoudiadigtil-
latesfor human consumption and to draw cond usionsfrom any essentid results, which might haveanimpect onthequaity
of this product, 23 sampleswere andysed for: (a) Volatile compounds by the use of gas chromatography, (b) Inorganic
dements, using atomic absorption spectrometry and () the pH va uesthrough-out using standard methods Datarevesa-
led differences between these two denominations, which have been confirmed by the application of agtatistic ana
lyssand aPCA. Thus, Tsikoudiawas found to contain statistically higher amounts of acetalde-hyde. However,
thelevelsthat have been observed did not exceed the officia limits. Mogt of the TS pouro and Tsikoudiasamples
aso contained low concentrations of estragol, an anise compound, lead and copper, which do not represent arisk
to consumer hedlth dueto their toxicity. On the other hand, the total concentration of higher alcoholswas higher
than the official minimum limit (140 g.hl-1 Absolute Alcohol-AA), whilethe amylic a cohol srarely exceeded 300
g.hl-1 AA. The high concentrations of ethyl acetate (>300 g.hl-1 AA) and ethy! lactate in afew samples showed
the necessity of limiting unwanted fermentationsin the grape pomace. The analytical study showed that the qua-
lity of themarc didtillateis, generdly, satisfactory. However, it revealed great differences between Tsipouro and
Tskoudiaeven among the samples of each denomination and, con-sequently, these domestic ditillates need stan-
dardization and amore systematic production.

Résumé « Tsipouro » et « Tsikoudia» sont deux dénominations du digtillat grec de marc, avec desindications géogra-
phiques, produit en Grece continentale et al’1le de Créte respectivement. |1 est produit par lesvignerons grecsains que
par lesdidtillateurs professonnes. Afin defournir des données concernant I influence (lasireté) de Tspouro et de Tsikoudia
produits par les vignerons sur la santé des consommateurs et de tirer des conclusions de certains résultats essentiels, qui
pourraient avoir unimpact sur laquaité de ce produit, 23 échantillons ont été analysés en dosant: (a) les composésvola-
tilsal’ aide delachromatographie en phase gazeuse, (b) lesélémentsinorganiques, en utilisant laspectrométrie par absorp-
tion aomique et (C) lesvaeursdu pH, en utilisant des méthodes standards.

L es données ont indiqué des différences significatives entre ces deux dénominations, qui ont éé confirmées par lasta-
tistique et I'gpplication de I’ ACP. Les échantillons de Tsikoudia se sont avérés avoir des concentrations statisti quement
plusélevées en acétaldéhyde. Cependant, les niveaux qui sont observés n'ont pas dépassé leslimites officielles. La
plupart des échantillonsde Tsipouro et de Tsikoudiaprésentent également desfaibles concentrations en estragol, plomb
€t cuivre, qui ne présentent pas, acause deleur toxicité, un risque pour lasanté du consommateur. D'autre part, laconcen-
tration totale desa cools supérieurs est plus élevée quelalimite minima e officielle exigée (140 g.hi-1 d Alcool Absolu-
AA), dors queles alcools amyliques excédaient rarement les 300 g.hl-1 AA. Les concentrations élevées de I'acétate
d'éthyle (>300 g.hI" AA) et du lactate d’ éthyle dans quel ques échantillons montrent la nécessité de limiter lesfer-
mentations non désirées du marc deraisins. L'éude anaytique a prouvé que laquaité du digtillat de marc est générar
lement satisfaisante. Cependant, elleindique de grandes différences entrele Tsipouro et la Tsikoudiapar conséquent ces
distillats domestiques nécessitent une standardisation et une production plus systématique.
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INTRODUCTION

Tdpouro and Tsikoudiaare the two denominations of
the Greek didtillate from grape pomace, which arein-clu-
ded in the European Community’s legidation 1576/89.
Tsipouro is produced in continental Greece from seve-
ral grape varieties along with seeds of aromatic plants
(Pimpinella anisum, Foeniculum vulgare, etc), while
Takoudiaisproducedintheidand of Crete (R. 1576/89)
without arometic plants. According to European and natio-
nd legidation, thesetwo marc ditillates, when produced
by professional distillers, can be qualified by geogra-
phic indications. Thus, thereis Tsipouro of Macedonia,
Thessdly and Tyrnavos, whenit isproduced in these homo-
nymousregions, and Tsikoudiaof Crete.

Tsipouro and Tsikoudiadidtillates arethe result of the
long Greek tradition in distillation process, which started
in ancient times according to Issiodos (7th century),
Hippocratis and Aristotle (5th and 4th century respec-
tively) and in Egypt from the Hellenistic (Alexandrian)
years, further it was devel oped during Byzantine years
from the Greek ditillers of Mount Athos, Congtantinople
and Smyrna.

Marc digtillates, similar to Tsipouro and Tsikoudia,
are produced in severa countries. thewe | known grappa
from Italy, the baggaceirasfrom Portugd, the aguardiente
from Spain, themarc or eau-de-viedemarcderaisnfrom
Franceetc (SOUFLEROS e BERTRAND, 1987; SILVA
etal., 1996; SILVA and MALCATA, 1998 and 1999,
ROGERSON and FREITAS, 2001). Other treditiond dis-
tillates from different fermented raw materials are the
Greek mouro (from mulberry treefruits) (SOUFLEROS
et al., 2004) and koumaro (from Arbutus unedo fruits),
the Brazilian cachagas (from sugar cane) (NASCIMENTO
et al., 1999), the Japanese Shochu (from rice), the
Yugodavian Slivovica (from plum), the French pear, the
internationd Kirsch, etc.

Thefirst Greek legidation, concerning alcohol and
didtilled products of viticulture origin such as Tsipouro,
was created asNational Law 971/1917. According to this
law, only viticulturistsand alambic owners granted aper-
mission to produce amarc distillate. The recent national
|aw 2989/2001, which has lead to the harmonisation of
the Greek legidation with the one of the European
Community (R. 1576/89), gave aso theright to the pro-
fessond didtillersto produce this spirit.

Theaims of thisresearch were @) to provide dataon
the sefety of domestic Tsipouro and Tskoudiadistillates
for the consumerswithout any repercussion tother hedth
from methanal, estragol or heavy metd (Cu and Pb) levels
and b) to form conclusions from any essentia results,
which might affect the qudity of thisproduct. Furthermore,
the purpose of the present paper isto provide knowledge
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onthefermentation and didtillation proceduresfollowed
for ditilled product from grape pomace. Thisknowledge
should lead to abetter standardization processand amore
uniform quaity of thisspirit in order to avoid some hedlth
risks.

MATERIALS AND METHODS

| - PROCESSING AND FERMENTATION OF
GRAPES

The grape pomace dlocated for domestic spirit pro-
duction originates from various white and red grape va-
rietiesvinificated without any pressing process, containing
an amount of 30 to 40 percent wine. The fermentation
process may last up to two or four weeks depending on
the vinification type and takes place in wooden barrels
with acapacity of 500 to 1 000 litres.

Il - DISTILLATION

Thedidillation of thefermented grape pomace, pplied
by the winegrowers, takes place usually from the begin-
ning of October until theend of December. Themarc dis-
tillates are produced either from a single or double
digtillation. Depending on the region, the ditillation may
occur with the use of aromatic plantsand seeds (Pinpindla
anisum, Foeniculumwulgare, Pistacia lentiscus Chia or
Latifolia sp. etc.) or without any such additions. In the
second case, the didtillateis alowed to maintain the pri-
mary aromaof the grape pomace and sometimesthe cha:
racterigtics of the specific cultivars used can be detected.

During thefirst digtillation, the fermented marc, the
winelees, anamount of 25 to 30 % (v/v) of wineor water
(whenthe marcisdry) and the « tails» from previousdis-
tillations are al transferred to traditional copper-made
aambicsof 1301 capacity, gpproximately like oneof cha:
rentais (Cognec) type. The dambics arefilled up to 3/4
of their capacity, closed properly with dough or cinder
pulpin order to prevent any vapor leakage and then put
on the fire. When the temperature reaches at 80-90 °C,
theliquid spirit startsto runin glass bottles of 30to 1001
known as damitzanes. Thefirst 0,5to 11 of the digtilled
product corresponds to the beginning of the ditillation
procedure and isremoved as «head». Then, and globally
for about 2,5 hours, apure spirit isditilled at [ower than
86 % vol (34 Descartes grade approximately). In conti-
nenta Greece, for the Tsipouro production, the digtillate
fraction named « heart » isobtained until 18 grada (45,5 %
val), whilethe « tail » is obtained until 15 grada (32 %
vol), when the didtillation is definitely stopped. In Crete
Idand, inorder to producethe Tskoudiadidtillate, thetwo
aforementioned cutsare usudly made et lower levelsthat
are15and 12 (11 % vol) gradacorrespondingly. Thelimi-
ted officid availabletimeto thewinegrowersand therela-
tively high cost of distillation tend to perpetuate
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Table I - Wolatile and inorganic components analysis of Tsipouro and Tsikoudia distillate beverages’ samples.
Concentration in g.hl'l, except if there is a different indication

Analyse des composés volatiles et des éléments inorganiques
des distillats Tsipouro et Tsikoudia Concentration en g.hl1, sauf autre indication

Tdpourodia Tskoudia t-test

Codes Min Max Mean STDEVF Min Max Mean SIDEVP P

pH ph 376 802 49% 133 308 48 39 050 1*
Alcohols
Ethanol % vol eoh 31,84 7155 4579 970 2622 4827 3554 4,98 1*
Methanol moh 9057 414 180,10 84,78 30,31 482,78 207,76 119,63
1-butanol but 106 2358 6,92 5,97 400 4475 1652 12,70 1*

2-methyl-1-propanol (isobutyl acohol) m2p 2252 8747 51,89 1666 1026 70,37 30,74 18,00 1*
v 2-methyl-1-butanol (isopentyl alcohal) mz2b 2052 13828 60,76 2697 1026 6821 31,06 1585 1*
3-methyl-1-butanal (isoamyl acohal) m3b 8651 26444 187,10 5125 8194 38754 14224 7913

1-hexanol hex 038 234 112 048 017 295 144 085
Trans-3-hexen-ol-1 t3h n.d. 004 001 001 n.d. 009 002 003
Cis-3-hexen-al-1 c3h n.d. 019 004 006 n.d. 038 005 011
Trans-2-hexen-ol-1 t2h n.d. 003 001 001 n.d. 008 001 002
2-phenylethanol poh 063 1926 49 469 nd. 2740 1355 7,30 1*

Tota higher dcohals (*) 17821 47484 31280 106,10 127,76 566,67 23563 13399 1*
Acetaldehyde ace 1482 9340 4711 26,76 1453 24531 84,01 64,90
Esters
Ethyl hexanoate (ethyl caproate) eh 0,06 0,49 0,23 0,12 n.d. 0,90 0,17 0,28
Ethyl octanoate (ethyl caprylate) €oc 018 122 068 035 n.d. 015 008 005 2%
Ethyl decanoate (ethyl caprate) ede 022 227 065 052 n.d. 010 005 004 2*
Ethyl myristate (ethyl decatetranoate) emy n.d. 003 001 001 n.d. n.d. n.d. n.d. 1*

Isoamy! acetate (3-methyl-butyl acetate)
Hexyl acetate (1,3-dimethyl butyle acetate)
Phenylethyl acetate

005 058 031 019 n.d. 067 023 019

n.d. 008 002 003 n.d. n.d. n.d. n.d. 1*

n.d. 014 005 004 n.d. 008 002 003 1*
Ethyl acetate 4143 137487 42269 35574 1637 60897 16522 18543 1*

Ethyl lactate (ethyl 2-hydroxypropanoate) 050 5551 1409 1656 300 6258 2860 19,66 1*

Diethyl succinate (diethyl butanedioicacid)  sde 017 59 109 151 024 390 108 097

2 Q8B 3

Acids
Butanoic acid ba n.d. 073 038 025 nd 2841 728 959 1*
Isobutanoic acid (2-methyl propanoicacid)  iba n.d. 298 062 083 nd. 1700 167 470
Isovaeric acid (methyl butyric acid) iva 1,16 552 3,01 1,25 0,06 0,37 0,14 0,08 2x
Hexanoic acid (caproic acid) hea n.d. 0,82 0,23 0,22 0,03 5,02 1,16 1,50 1*
Octanoic acid (caprylic acid) oca 007 094 045 022 030 150 094 034 2%
Decanoic acid (capric acid) da 006 094 045 024 020 134 074 033 1*
Dodecanoic acid (lauric acid) doa n.d. 04 011 011 o007 036 018 010
Anise compounds
Anethole (1-methyoxy-4-propenylbenzene) 0,02 9828 4063 2714 0,10 1,26 0,74 0,38
Anisadehyde nd 1162 472 302 n.d. 010 002 004
Estragol (1-allyl-4-methoxybenzene) 0,02 0,87 0,48 0,22 n.d. 0,05 0,01 0,02
Eugenol (2-methoxy-4-(2-propenyl) phenol) 005 041 017 010 n.d. 003 001 001
Metals
Fe(mg.l-1) fe n.d. 022 006 0,08 n.d. 9,10 1,056 247
Ca(mg.l-1) ca 300 4050 1357 1094 380 10500 97,13 287,39
Cu(mg.l-1) cu 023 1370 445 353 178 2180 852 551 1*
Pb (ugl-1) pb 150 252000 512,08 69574 17,60 190,20 57,63 4390 1*

(*) Inthe Total higher alcohols are not included methanol and ethanol. n.d.: not detected
1*: Statistically significant difference at the 5% level (P<0,05) between the averages. 2*: Statistically significant difference at the 1% level
(P<0,01) between the averages.
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disadvantages. The « heart » of spirit resulting from the
first distillation usually comes up to 10 or 20 % of the
grape pomace used, depending on its alcoholic content
and the ditillation technique.

The « heart » of thefirst distillation isled back to
the alambic for asecond didtillaion or « metavrasma»
aong with anamount of 5-6 % (w/v) of Pimpindla ani-
sumor Foeniculumvulgare seeds, in order to produce a
smoocther and morearomatic spirit. Inthe caseswhereno
second digtillation occurs, the flavoring of the Tsipouro
isgiveninthefirst distillation. During the second distil-
|ation, the « head » and « tail » are diminated while the
« heart » of the spirit, which has an acohol content bet-
ween 60 and 70 % vol, is collected.

The « tails », commonly known as « aporaka »,
«ahamko » or « hamko » areused in asubsequent sngle
didtillation processwith the new lot of thefermented grape
pomece.

Thevarious|ots of the second distillation spirit are
blended and sometimes - when they are produced without
any aromatic plants- are placed, beforethe dilution with
water, into oak barrelsand | eft to agefor oneyear before
consumption.

11 - SAMPLING

All the analysed samples were produced by Greek
winegrowers-distillers, following the traditional proce-
dure. Eleven Tsipouro samples were obtained from
Macedonia, Epirus, Thessaly and Peloponnese. Most
of these sampleswere distilled with aromatic plantsand
some of them were taken as clear fractions before dilu-
tionwithwater. All 12 Tekoudiasamples, acquired from
severd areas of Crete Idand, were digtilled without the
useof any aromatic plantsor seeds. All distilled samples
were placed into glass bottles of 0,51 capacity and sto-
red in the dark until they were analysed.

IV - ANALYTICAL METHODS

Theandysisof thedigtillate sampleswasredlised by
classicd, chromatographic and atomic absorption spec-
trometry methods. Vauesof pH, 32 volatile compounds
and 4 inorganic elements were determined.

1) Alcohalictitle

Therea acoholometric title was determined after
ditillation, according to the officia method of OIV (1994)
and the results are expressed asa%val.

2) pH

pH measurement was performed with amicropro-
cessor pH/ion meter pmx2000 wiw.
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3) Volatile compounds

The volatile compounds were determined with gas
chromatography. Aceta dehyde, ethyl acetate, methanol
and higher acohols (table I) were analysed by the offi-
cial method of OIV (1994) with direct injection of the
diluted distillate on aCarbowax 400 + Hallcomid M. 1801
(7,5mx 2,3 mm) classic column, asdescribed previoudy
(SOUFLEROSEt al., 2004).

Higher esters, fatty acids, anise compoundsand some
other higher dcohols(table) were anaysed by the offi-
cid method of OIV (1994), dightly modified, after their
extraction from the samples by amixture of solvents
(SILVA et al., 1996; SILVA and MALCATA, 1998 and
1999; FERREIRA et al., 1999) asin previous publica
tion (SOUFLEROS et al., 2004). Theextract isinjected
inacapillary column CP Wax 57 CB (50 m x 0,22 mm
X 0,2 um) (Chrompack).

4) Inorganic element profile

Theinorganic eements Fe, Caand Cu were determi-
ned by flame atomic absorption spectrometry
(NASCIMENTO et al., 1999; MUNTEAN et al., 1998;
CAMEAN et al., 1998) and Pb by graphite furnace ato-
mic absorption spectromentry (NASCIMENTO et al .,
1999; MUNTEAN et al., 1998, CAMEAN et al., 1998;
AKRIDA-DEMERTZI, 1999; CHEN, 1999;
RODUSHKIN, 1999) as in a previous work
(SOUFLEROS €t al., 2004).

5) Sttistica analysis

a) Anindependent two-sample t-test on the anal yti-
cal data of Tspouro and Tsikoudia sampleswas perfor-
med in order to detect potentid differences between these
two spirits. b) A Principal Component Analysis (PCA)
was applied to the whole data set, except the anise com-
pounds. Statistica data processing was performed using
SPSS, v.10 satistical package (SPSS Inc., 2000)
(Headquarters, 233 S. Wacker Drive, Chicago, lllinois
60606, USA).

RESULTS AND DISCUSSION

Theresultsare givenin table| and further discussed
inrelaionto didtillatesfrom wine, grape pomace, pomace
of other fruits, etc (tablell).

| - VOLATILE COMPOUNDS

Therewas an attempt to comparethe Greek didtillates
to other ditillates of grape pomace or several fermen-
ted raw materids aswell asto well known international
spirits (SOUFLEROS e BERTRAND, 1987; ORRIOLS
and BERTRAND, 1990; SILVA et al., 1996; BAUER-
CHRISTOPH et al. 1997; SILVA and MALCATA, 1998
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and 1999; LEHTONEN et al., 1999; Fitzerdd et al., 2002;
ROGERSON and FREITAS, 2001; CORTESet al. (2002)
and others (CORDONNIER, 1971; AMERINE et al.,
1972; Bertrand, 1975; LAFON et al., 1973; VERSINI
and MONETTI, 1991; CASTAGNER &t CAPPELLERI,
1991). For easier comparison, al theresultswere expres-
sed asg.hl"1 Absolute Alcohol (AA), making the neces-
sary changes according to the alcoholic title of each
ditilled alcoholic beverage.

I - ETHANOL

The acohoalic title of nearly al -except for one-
Tsipouro samples (table I) was found to be higher than
theofficia European limit of 37,5% vol (Reg. 1576/89).
Ontheother hand, Tskoudiasamplespresent arather low
acoholictitle(P<0,01) (tablel), often lower than 37,5 %
vol but closeto the nationd limit of 35% vol alowed for
the wine-grower’s grape pomace distillate (Greek law
2989/2001). Thevariation of theacohalictitle, observed
intablel, suggeststhat Tspouro and Tskoudiadidtillates
need standardization and more systematic production in
order to ensure amore homogenised product.

- METHANOL

Asit originates from crushed grapes, its concentra-
tioninthefind didtillate depends on the grape variety and
the extraction time of the pomace (SILVA et al., 1996;
SILVA and MALCATA, 1998 and 1999).

Because of itstoxicity, methanol content inthe alco-
holic beverages from grape pomace must be lower than
1000g.hl"1 AA (EEC 1576/89). Sincedl of thesamples
(table! ; figure 1) have concentrations much lower than
thislimit, itisunlikely that they may poseany hedthrisks,
even if they are consumed on adaily base; for thisrea
sonthey arequdified for safe consumption. Sincethe pi-

rits were found to be low in methanol we conclude that
asecond didtillation or et least the early cut of the « tails»
may havetaken place, because methanol isa«tail» pro-
duct (SOUFLEROS et BERTRAND, 1990). On the other
hand, methanol levelslower than its perception threshold
(table 1) have apogitive impact on this spirit quality.

Theinternational literature (table 11) demonstrated
lower values of methanol for Tsipouro (SOUFLEROS
et BERTRAND, 1987) and much higher mean valuesfor
Spain aguardiente (ORRIOL S and BERTRAND, 1990;
CORTESEt al., 2002) and Portuguese bagaceiras (SILVA
et al., 1996; SILVA and MALCATA, 1998 and 1999),
depending on the conservation state of grape pomace,
thedidtillatefraction, theextraction time and grape varigty.
High concentrations of methanal in grape pomace dis-
tillates are, also, given by other authors (BAUER-
CHRISTOPH et al., 1997, CORDONNIER, 1971;
AMERINE et al., 1972; BERTRAND, 1975) (tablell).

Mean vaues of methanal, higher than ours, aregiven
for fruit distillates (apple, cherry, pear, plum and marc)
(BAUER-CHRISTOPH et al., 1997) and much lower,
similar to ours, for mouro (SOUFLEROS et al., 2004)
(teblell).

IV - HIGHER ALCOHOLS

They are produced during a coholic fermentation and
condtitute the group with the highest concentration, which
provides a pleasant aromato the distillate (SILVA and
MALCATA, 1999 ; FERREIRA et al., 1999). For this
reason, the minimum requirement of the European legis-
lation (Reg. 1576/89) for these aromatic substancesis
higher than 140 g.hl-1 AA. However, someacohols (e.g.
theamylic) invery high concentrations (tablel11) areres-
ponsiblefor certain toxicity. These compoundsare concen+
trated in the firgt fractions of the distillates (SILVA and

Ml .

| Taipuams:
B =kisxis

Py A s Tide
Subsamas

“Timal g dochall™)

(*) In the total higher alcohols are not included methanol and ethanol

Fig. 1 - Averages of volatile compounds in Tsipouro and Tsikoudia

Valeurs moyennes de composants volatils de Tsipouro et Tsikoudia
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Distillats de marc grecs Tsipouro et Tsikoudia

MALCATA, 1998; SOUFLEROS &t BERTRAND, 1990)
and their levels are affected by grape variety, alcoholic
title, fermentation conditions and distillation techniques.

Theresults (table 1) show that the most important
higher alcohols are 1-butanol, 2-methyl-1-propanol, 2-
methyl-1-butanol and 3-methyl-1-butanol. Concerning
thetwo first acohols, Tsipouro samples contain lower
amounts of 1-butanol (P<0,05) and higher of 2-methyl-
1-propanol (P<0,01) inrelation to Tskoudia

Theliterature (table 1) reported, for bagaceiras, aguar-
diente, grappa and grape distillate concentrations of
1-bu-tanol similar (SILVA et al., 1996) or lower (SILVA
and MALCATA, 1998 and 1999; BAUER-CHRISTOPH
et al., 1997; CORTES et al., 2002; VERSINI and
MONETTI, 1991; CASTAGNER et CAPPELLERI,
1991) to ours, and the values of 2-methyl-1-propanol
(SILVA et al., 1996; SILVA and MALCATA, 1998 and
1999; ORRIOL S and BERTRAND, 1990; CORTES et
al., 2002; VERSINI and MONETTI, 1991,
CASTAGNER et CAPPELLERI, 1991) higher than ours;
these contents depend on grape variety and extraction
time. In previousworksfor Tsipouro (SOUFLEROS et
BERTRAND, 1987) and marc (BAUER-CHRISTOPH
etal., 1997) didtillates, it wasidentified thet the 2-methyl-
1-propanol contentsweresimilar to ours. Concerning the
fruit distillates, it is reported that mouro distillate
(SOUFLEROSEt al., 2004) has presented mean concen-
trations of 1-butanol similar to Tsipouro and lower to
Tsikoudia and for 2-methyl-1-propanol lower than ours
(teblell).

The mean contents of amylic alcohols [2-methyl-1-
butanol (P<0,01) and 3-methyl-1-butanol (P<0,1)] were
higher for Tsipouro than for Tsikoudia (tableI) and for
both of these didtillates exceeded largely the perception
threshold (table 1), contributing positively to thearoma
of thedidtillates. At the sametime, because of the remo-
val of head, their concentrationsremain within acceptable
limits (European commission, 2001).

Theliterature (table 1) demongratesthat most of the
results concerning the amylic alcohols of grape or grape
pomace ditillates coincide with ours (tablel). Thesimi-
larity of our distillate composition with those given for
two Greek didtillates (Tspouro and Mouro) (tablell), pro-
duced from raw materia absolutely different, showsthe
sgnificance of thedambic type and the technique of dis-
tillation on their chemical composition.

1-hexanol isan acohoal originating exclusively from
grape pomace (SOUFLEROS et BERTRAND, 1987).
The mean concentrationsfor T pouro and Tskoudiadis-
tillates (tablel), being higher than 05 g.hl-1 AA (tablelll),
are con-sdered to have a positive ef-fect on their aroma
and taste (SOUFLEROS et al., 2004 ; FERREIRA et al.,
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1999). At thesametime, with an average dightly higher
of 1,0 g.nI"L AA, they arefar below thelevels (>10 g.
hi-1) that would revedl a« grassy » note. In previouswork
(SOUFLEROS et BERTRAND, 1987) on Tsipouro,
1-hexanol concentrations ranged from 1,6 to 4,3 g.hl-
1AA. All other values, given by theinternationd litera-
ture (table I1) for marc or grape distillate and fruit
ditillates, are more or less higher than ours. Thisaco-
hol istypically a« heart » product and for this reason
its content could not have been affected by the distilla-
tion technique.

2-phenylethanol is an aromatic compound, which
introducesto didtillates apleasant aroma, resembling the
rose. Higher contents of it result from carbonic anaero-
biosis (SILVA and MALCATA, 1998 and 1999 ;
SOUFLEROSet al., 2001; STARK etal., 2001). 2-phe-
nylethanol values were lower than its perception thre-
shold (tablell1) for both Tspouro and Tskoudiasamples
probably owing to early cutting of the « tails», Sncethis
substance comes out at the end of distillation. The fact
that Tsikoudiasamples presented threetimes higher mean
values, than Tsipouro (table 1) (P<0,01), showsthat for
Tskoudiadidtillatesthe « tails » were cut a |ower aco-
hol levelsthan Tspouro. Smilar reslltsweredso demons:
trated by SOUFLEROS and BERTRAND (1987) for
Tsipouro dis-tillates, which with those referring to the
mouro distillate (SOUFLEROS et al., 2004) arethebig-
gest one (table11) and confirm once more the influence
on their composition of dambic typeand didtillation tech-
nique, used in Greece. However, other authors reported
mean values (table I1) directly related to grape variety
(SILVA and MALCATA, 1999), extraction time (SILVA
etal., 1996; SILVA and MALCATA, 1998), ditillate
fractions(SILVA and MALCATA, 1999) and marc Sate
of con-servation (ORRIOLS and BERTRAND, 1990).

Generdly, dl the ditillate samples satisfy the thre-
shold of 140 g.hl"1 AA given by the European legisla-
tion for higher alcohols (table I; figure 1) and have
concentrations within desirable limits (CANTAGREL
et al., 1998) (tablel11). However, the lower concentra-
tions of total higher alcohols in Tsikoudia samples
(P<0,05) areduetothefact that the « tails» are cut later
during itsdistillation so that Tsikoudia, in contrast to
Tsipouro, is poorer in « head » products (alcohols) and
richer in « tail » products (alcohols).

5) Acetddehyde

It isacompound derived from the fermented raw
materiasand increased during ditillation and spirit aging
(SILVA and MALCATA, 1998). It isaso considered to
bemainly theresult of spontaneous or microbia media-
ted oxidation (SILVA and MALCATA, 1999). According
to our results (table | ; fig. 1), acetaldehyde mean con-
centration for Tsipouro is haf in relation to that for
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Table 111 - Perception threshold for some compounds and their effect on the quality of the distillates.
Seuil de perception de certains composés et leur effet sur la qualité des distillats

Perception Threshold Bibliographic
Effects
ghl-LAA mg.l-1 40 % vol References
Alcohals
Ethanol % vol
Methanol 1000 4000 O] 25,40
1-butanol
2-methyl-1-propanol
2-methyl-1-butanol 6 24 (+) Aroma> 6 g.hl'L, (-) Aroma< 6 g.hl-1 35,25
3-methyl-1-butanol 6 24 (+) Aroma> 6 g.hl-1, (-) Aroma< 6 g.hl- 35,25
1-hexanol 05 2 05<(+)<10g.hl', (-)>10g.hl-2 35,40
Trans-3-hexen-1-ol
Cis-3-hexen-1-ol
Trans-2-hexen-1-ol
2-phenylethanol 32 125 (+) Rosesaroma 35,12
Total higher acohols 250< (+) <600 0r 875g.hl-1 35,6
Acetaddehyde 6-7 25 (-) Sharp smell/ (+) fruity character 12
Eders
Ethyl acetate 50- 300 200-1200 (-) Solvent or glue nuancesin higher concentrations 19
Isoamy! acetate (+) Banana-likearoma 26
Hexyl acetate (+) Apple-likearoma 26
Phenylethyl acetate (+) Rose-like aroma 26
Ethyl hexanoate
Ethyl lactate (+) Fixation of fruity and floral aroma 13
Ethyl octanoate
Ethyl decanoate
Ethyl myristate
Diethyl succinate
Acids
Butyric acid 2,72¥10-5 1,09*10-4 (-) Rancid butter or cheese 39,33
Isobutyric acid 35%10-6 14*10-5 (-) Rancid butter or cheese 13
Isovaeric acid 5,0¢10-6 210-5 (-) Rancid butter or cheese 13
Hexanoic acid
Octanoic acid 4 15 Attenuated contribution to aroma 35, 26
Decanoic acid 2 8 Attenuated contribution to aroma 35, 26
Dodecanoic acid
Anise compounds
Anethole, trans
Anisaldehyde
Estragol 5353;1%1 (-) >50 ug.Kgl person-1 Cwmlzgfofu oS
Eugenol
I norganic elements
Ca(mg.l'd)
Fe(mg.l1)
Cu (mg.-}) 1to3or5 Tolerated 21,44
Pb (ug.1) 250-300 pg.day-1 Tolerated 21

(+) Positive effect, (-) Negative effect
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Distillats de marc grecs Tsipouro et Tsikoudia

Tsikoudia (P=0,05) and both are superior to its percep-
tion threshold (De ROSA and CASTAGNER, 1994)
(table I11). These results show that most Tsipouro sam-
plescorrespond to vaues|ower than the officid European
limit (73-500 g.hI"1 AA) (Reg. 1576/89) but those of
Tskoudiaare near that limit. Thismeansthat both distil-
|ates are produced under the conditions and techniques
rather appropriateto limit the presence of high levels of
aceta dehyde. Really, the cut of « head » during the dis-
tillation can remove the high content of this substance,
becauseit comesout early. Comparing the acetal dehyde
contentswith those of ethyl acetete, it isworth noting that,
in contrary, Tsipouro is richer in ethyl acetate than
Tskoudia This observation suggests that acetal dehyde
ismorelikely aresult of glucidic fermentation (VERSINI
and MONETTI, 1991) than of oxidative degradation of
ethanol to acetic acid. Similar (SOUFLEROS et
BERTRAND, 1987; SILVA and MALCATA, 1998 and
1999) or higher (SILVA et al., 1996; VERSINI and
MONETTI, 1991) levelsof acetaldehydeweregivenfor
marc digtillates from other authors (tablel1).

6) Edters

The maority of these substancesis considered to be
secondary products of the acoholic fermentation and
contributes positively to the flavor of the wines and spi-
ritsand isresponsible for their fruity and floral smell
(SILVA and MALCATA, 1998 and 1999; FERREIRA et
al., 1999; SOUFLEROS¢et al., 2001). However, some
otherslike ethyl acetate, ethyl lactate and diethyl succi-
nateare mainly produced by becterid dteration of various
raw material components and they prevail in acidic cha
racter, lowering the qudity of the didtillates. Ethyl hexa
noate, ethyl octa-noate and ethyl decanoate passthrough
distillation to the distillates and increases during aging
(SILVA and MALCATA, 1999 ; SOUFLEROS et al .,
2001). Through thedidtillation process, the heat releases
asgnificant amount of these esters from the yeast cells
wherethey remain bound after fermentation (CAUMEIL,
1983). Thesethree estershave quantitatively asmal part
as compared to the higher acohoals, but they contribute
to afine aromatic character to the spirits (FERREIRA
etal., 1999).

Asmentioned intablel, the mean vaues of the ethyl
esters hexanoate, octanoate (P<0,01) and decanoate
(P<0,01) aredightly higher or much higher for Tspouro
than for Tsikoudia(fig. 2). Taking into consideration that
thesethree ethyl estersarelocated inthe « tail » fractions
and that, in the case of Tskoudia, the « tail »-cut occur-
red rlatively late during the didtillation, we waited to have
higher concentrations from these three compounds.
According to ORIOL S and BERTRAND (1990), the
concentrations of thelong chain fatty acid esters (C6, C8,
C10 and C12) in distillates produced from badly condi-
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(*) These values for Tsipouro and Tsikoudia correspond to half of the actual
content (devised by 2)
Fig. 2 - Averages of pH and volatile compounds
in Tsipouro and Tsikoudia

Valeurs moyennes du pH et de composants volatils
de Tsipouro et Tsikoudia

tioned grape pomace are low, in contrast to well condi-
tioned grape masswhich presents higher concentrations.
In aprevious work for Tsipouro, SOUFLEROS and
BERTRAND (1987) reported higher valuesfor ethyl
hexanoate and much higher vauesfor ethyl octanoate
and ethyl decanoate. Smilar or dightly higher resultsfor
thesethree ethyl etershave been given by SOUFLEROS
etal. (2004) inregard to a Greek fruit digtillate (mouro),
produced with the same technique. Concerning the other
marcsand grapedidillates(tablell), mogt of them (SILVA
et al., 1996; SILVA and MALCATA, 1999; VERSINI
andMONETTI, 1991; CASTAGNER & CAPPELLERI,
1991) have mean valuesfor these three estershigher than
ours, whilein another case (ROGERSON and FREITAS,
2001) thevauesfor ethyl hexanoate were extremely high.
The authorsattributed the resultsto the grape variety and
extractiontime (SILVA and MALCATA, 1998 and 1999)
and, on the other hand, to the conservation state of the
grape pomace (ORRIOLS and BERTRAND, 1990).

Generdly, Tsipouro and Tsikoudiahavelow concen-
trations of ethyl esters(table ) because these compounds,
appearinginthe «tail » fractions (CORTESet al., 2002),
werediminated in abig part during the early «tail »-cut.

Isoamy! acetate, hexyl acetate and phenylethyl ace-
tate constitute the acetic acid esters that are mostly re-
sponsiblefor theflowering and fruity aromaof digtillates
(SILVA and MALCATA, 1999; FERREIRA et dl., 1999).
Tablel showsthat isoamyl acetate hasthe highest mean
values of 0,31 and 0,23 g.hI"1 AA for Tsipouro and
Tsikoudiacorrespondingly. The other two acetateshave
traceleves(fig. 2), becausethey arelocated inthe « tail »
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fractionsand consequently eiminated during the «tail »-
cut or the second ditillation.

Except for a study (table I1) on aguardiente
(ROGERSON and FREITAS, 2001), which gives
amounts considered to be extremely higher, the inter-
nationd literature presents, for bagaceiras(SILVA etal.,
1996; SILVA and MALCATA, 1998 and 1999), aguar-
diente (ORRIOLSand BERTRAND, 1990; CORTES et
al., 2002), marc (BAUER-CHRISTOPH et al., 1997,
VERSINI and MONETTI, 1991) and grape
(CASTAGNER et CAPPELLERI, 1991) distillates,
valueslightly higher. The variations observed depended
mostly on the grape varieties (SILVA and MALCATA,
1999) used and the extraction time (SILVA and
MALCATA, 1998 and 1999). On the other hand,
SOUFLEROS and BERTRAND (1987) gave, for
Tsipouro, values lower than 1,0 g.hl-1 AA for isoamyl
acetate, while SOUFLEROS et al. (2004) for mouro dis-
tillate, have found even lower mean concentration of
032g.hl-1AA.

Ethyl acetate, ethyl lactate and diethyl succinate derive
mainly from bacterial spoilage of the distilled marc
(SOUFLEROS et BERTRAND, 1987; SILVA and
MALCATA, 1998 and 1999). Ethyl acetate isthe ester
with the highest concentration, which above the percep-
tion threshold of 180 g.hi"L AA (tablelll) givesto the spi-
rit an unpleasant flavor (SILVA and MALCATA, 1998)
and acidic character (FERREIRA et al., 1999). Themean
value of ethyl acetatein Tsipouro samplesisconsidered
to bereatively high and threetimes higher than those of
Tskoudia(P<0,05) (tablel). Ethyl lactate presentsayeast
extract, wet and bakery in character tothe didtillate, whe-
ress, diethyl succinate isfusd-like (FERREIRA et al.,
1999). On the other hand, SOUFLEROS and
BERTRAND (1987) note that ethyl lactate, at relati-
vely low amounts, stabilisesthe odor and smoothensthe
firm character of certain substances. Ethyl acetateisfound
in the « head » fractions, while ethyl lactate and diethyl
succinate were distilled within the « tail » products.

SOUFLEROS and BERTRAND (1987), for Tsipouro
(table 1), demondtrated concentrations for ethyl acetate
lower than ours, very high vauesfor ethyl lactate and for
diethyl succinate lightly higher then ours.

About ethyl acetate, comparing our results (table )
with those of the literature (table 1), we conclude that it
was present at concentrations considered rather accep-
tablefor Takoudiabut relatively or very high for Tspouro.
This means that the storage of the raw materia (grape
pomace) for Tsipouro was donein defective conditions
and that undesirable acetic fermentation took place. In
contrast, ethyl lactate and diethyl succinate were found
inlow concentrations. These two substances, appearing
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in the « tail » fractions, were proportionaly eliminated
during the early « tail »-cut or the second ditillation.

According to literature (table 1), ethyl acetate, ethyl
lactate and diethyl succinate concentrationsincreasewithin
the time of grape pomace fermentation (SILVA and
MALCATA, 1999). In contrary, pH lowering of the grape
pomace (SILVA and MALCATA, 1998) leadsto lower
contents of these substances.

7) Voldile acids

Short chain fatty acids (butyric, isobutyric, isovale-
ric) are minor compounds but often with a strong smell
equd to acetic acid (SILVA and MALCATA, 1999,
SOUFLEROS et al., 2001) that is reminiscent of rancid
butter or cheese (CORTES et al ., 2002) and consequently
with animportant contribution to thearoma (tablel11) of
ditillates (SILVA and MALCATA, 1999; FERREIRA
et al., 1999). For thisreason, they are usualy indicative
of thelow quality of the raw material that has been dis-
tilled (ORRIOLS and BERTRAND, 1990).

Regarding the Tsipouro samples (table 1), the total
average for these three volatile acidsis 4,01 g.hl-1 AA
(fig. 2) withisovaeric acid condtituting of thistotal. The
most concentrated acid, for Tsikoudia, isbutyric acid
(x=7,28 g.hl"1 AA) with atotal mean concentration for
thesethree acidsequal t0 9,09 g.hi"1 AA (tablel ; figure2).
Ther concentration can beinfluenced by the Sorage condi-
tionsof themarc and by the didtillation technique (« tail »-
cut or second distillation), since these compounds are
mainly products of «tail ».

Accordingtotablelll, the presence of short chain fatty
acidsin these concentrations, which are far above their
perception threshold, decreases the distillate quality
(DESAUZIERS €t al., 2000).

Themean levelsconcerning isovaeric acid of Tapouro
samplesand butyric acid of Tskoudia (table ) were higher
than al the concentrations given in table 1, except for
those reported by ROGERSON and FREITAS (2001).
Short chain fatty acid contentsincrease asaconsequence
of extended fermentation (SILVA and MALCATA, 1999)
of grape pomace, improper conditions of storage
(ORRIOLSand BERTRAND, 1990; DESAUZIERS &t
al., 2000) and origin of distillate from « tail » fraction
(SILVA and MALCATA, 1999).

On the other hand, long chain fatty acids (hexanoic,
octanoic, decanoic and dodecanoic) (figure 2) seemto
have an effect on the spirit aroma more attenuated
(SOUFLEROS et BERTRAND, 1987; SILVA and
MALCATA, 1999; SOUFLEROSet al., 2001). Themean
valuesof these compounds, in contrast to their ethyl esters,
aredightly lower in Tspouro thanin Takoudia(P< 0,01)
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(tablel ; figure 2) and in both cases|ower than their per-
ception thresholds (tablelll).

Except for ROGERSON and FREITAS (2001) who,
for aguardiente, reported extremely high concentrations
of hexanoic, octanoic and dodecanoic acid (tablell), the
international literature presents, for marc (SILVA et al.,
1996; SLVA and MALCATA, 1998 and 1999; ORRIOLS
and BERTRAND, 1990; BAUER-CHRISTOPH et al.,
1997; CORTESet al., 2002; VERSINI and MONETT],
1991) and grape (CASTAGNER et CAPPELLERI, 1991)
digtillates, vaues generally similar or relatively higher
than ours. The variations observed in table |1 depend
mostly onthetypeof digtillate sample (SOUFLEROS et
BERTRAND, 1987; SILVA et al., 1996; ROGERSON
and FREITAS, 2001; SOUFLEROS et al., 2004;
ORRIOLS and BERTRAND, 1990; BAUER-
CHRISTOPH et al., 1997; VERSINI and MONETTI,
1991; CASTAGNER et CAPPELLERI, 1991), thegrape
varieties used (SILVA and MALCATA, 1999), the skin
contact time (SILVA and MALCATA, 1998 and 1999)
and digtillation technique (CORTES et al., 2002) (whe-
ther «tail » fractions are removed or not).

8) Anise compounds

These compounds are the flavoring substances deli-
vered by the Pimpinela anisumand other aromatic plants
used during distillation. Trans-anethole, anisaldehyde,
estragol and eugenol arethe most important. Usudly the
ratio of trans-anethole and anisaldehydeis 10:1 for anatu-
ral extract and it iswell known that anisa dehyde occurs
mostly from anethol€'s oxidation.

Edtragol isanaromatic, strongly flavored and caudtic
adehyde, which mostly originatesfrom aromatic plants.

Component Plot

8

Prineipd Corgponent 2

-8 a0 8

Trincipal Component 1

Fig. 3 - Loading plot of the compounds found in the
Tsipouro and Tsikoudia samples, except anise ones.
The compound code names are givenintablel.
Représentation des composés trouvés
dans les échantillons de Tsipouro et de Tsikoudia,

excepté pour les substances anisées.
Les codes des composés figurent dansletableau I.
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Its concentration in essentia oilsisfor sweet fennel 5-
20 %, for anise star 5-6 % and for anise 1 % (European
commission, 2001). According to the Committee of
Expertson Flavoring Substances (CEFS) of the Council
of Europe, estragol isconddered as«...anauraly occur-
ring genotoxic carcinogen in experimental animalsafter
chronic exposure or after afew repeated doses...». For
thisreason, «...alimit of 0,05 mg.K gL per person (detec-
tion limit) isrecommended. ..» (Office of environmen-
tal health hazard assessment, 1999). The Scientific
Committee on Food of the European Commisson (2001),
concludes: « Estragol hasbeen demondrated to be geno-
toxic and carcinogenic. Therefore, the existence of athre-
shold cannot be assumed and the Committee could not
establish asafe exposure limit. Consequently, reductions
inexposureand regrictionsin uselevelsareindicated. . .».

Eugenoal isaflavorful compound found in carnation
flowers. According to FERREIRA et al. (1999), itisan
aromatic substance adding to wines and spiritsanearly
liquorice, fruity like peach, cinnamon aromaand fla-
vor. Estragol and eugenol are aso considered to be sub-
stances of Pimpinella anisum extract (LIDDLE and
BOSSARD, 1984).

From our results(tablel), it occursthat the Tsipouro
samples-with only one exception- were aromatized with
anise plants, wheress, thisis not the case for Tsikoudia
samples. Usually, in Tsikoudia production no aromatic
plants are used.

Anise compoundsin Tsipouro (tablel) confirm the
aforementioned ratio (10:1) between t-anethole and ani-
sddehyde, whileestragol content seemsto be higher than
that of eugenol. However, the estragol content does not
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exceed the maximum limit for acoholic beverages pro-
posed at the European Council by the French Committee
(20 ppm) and on the other hand by the European Union
of Spirit Producersand aso by French Industry of Foods
(100 ppm).

For the anise components, few researchers studied
the marc digtillates. SOUFLEROS and BERTRAND
(1987), for Tdpouro, gave for trans-anethole, anisalde-
hyde, estragol and eugenol (table I1) values higher than
ours. Even higher concentrations, for eugenol, weregiven
by ROGERSON and FREITAS (2001) for aguardiente.

pH. The pH mean vaueswere 4,96 for Tsipouro and
3,98 for Tsikoudia (P<0,05) (tablel). ThispH difference
isin accordance with theimportant variationsfound bet-
ween the concentrations of thevolatile acids (fig. 2). Ac-
cording to many authors (SOUFLEROS et BERTRAND,
1987; LAFON et al., 1973; CAUMEIL, 1983) these pH
vauescharacterise didtillaesof 1-2 yearsold. Researches
for Tapouro (SOUFLEROS & BERTRAND, 1987) and
for aguardiente (ORRIOL Sand BERTRAND, 1990) pre-
sented pH values similar to ours, while others
(LEHTONEN et al., 1999) gave for brandy the lowest
pH value, followed by whiskey and rum (tablell).

9) Inorganic e ements

Theimportance of the metal analysisisdueto the
toxicity of Cu, Pb that mostly derivesfrom thedambics.
In general, theinorganic elementsin food and drinks
might originate from the soil and fertilisers, the equip-
ment containers and utensiIs used for food processing,
gorageor cooking and theindudtrid activity (MUNTEAN
etal., 1998, KARADJOVA et al., 1998). Sometimesthe
inorganic eements might o originate fromwater, which
isused for dilution of the didtillate.

a) Fe

Values of iron appear to be lower for Tsipouro than
for Tskoudiaditillates (table ). These values, in most
cases, are lower in comparison to the results (table 1)
reported for cachacas (NASCIMENTO et al., 1999) (Bra
zilian sugar cane spirit) and other international spirits
aswdll asfor brandy (CAMEAN et al., 1998). Evenlower
mean vaues (RODUSHKIN, 1999), which are similar
or lessthan ours, were demondrated for whiskey and fla-
vored strong aperitifs.

b) Ca

Its presence in the spirit is due to the dilution of the
digtillatewith hard water richin salts. Table| showsthet,
except asampleof Tsikoudia, there are no Significant dif-
ference of cacium content in comparison to Tsipouro.
Calcium concentrationssmilar to thosefoundin our dis-
tillate samples were reported for cognac (RIZON et al.,
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1998), for cachacas spirit (NASCIMENTO et al., 1999)
and for internationa beverages (NASCIMENTO et al.,
1999) (table I1), while asmaller range was issued for
brandy (LEHTONEN et al., 1999).

c)Cu

A traditional dambic is entirely made from copper
due mainly to its specificity to bind numerous malodo-
rous volatile substances, optimising in this manner the
digtillate’'saroma. Therefore, the principa sourcesof Cu
to the distillates are the alambics and the funnel of the
freezer, whilelower concentrations of copper comefrom
thetrestment of the grapeswith CuSO,. The copper mean
content in Tsikoudiais amost double than in Tsipouro
(P<0,05) (tablel). These contents of copper are similar
to those reported for the traditional cachagas
(NASCIMENTO et al., 1999) and for distilled spirits
(MUNTEAN et al., 1998), but higher than the content
cited for other industrial acoholic beverages (cognac,
brandy, whiskey, flavored strong aperitifs, etc)
(NASCIMENTO et al., 1999; MUNTEAN et al., 1998;
CAMEAN et al., 1998; RODUSHKIN, 1999) or coun-
try liquors (VILAY-KUMAR and ASHWINI, 2001)
(tablell).

According to the Brazilian legidation, copper concen-
tretion in digtillatesis|limited to 5,0 mg.I-1 (PortariaL.371,
18/09/74). Thesamelimitisaso adopted from the Latvia
Republic (Reg. L101, 6/03/2001) (Republic of Latvia
Cabinet, 2001). Research datashow that the daily intake
of copper for norma adults dietisusudly between 1 and
3mg (MUNTEAN et al., 1998), doseswhich correspond
to theintake levels recommended by most authorities
(WHO, 1973 and 1984). Based on our results, copper
levels could not be harmful in any way, unless extreme
consumption of the digtillatesis observed. However, the
producers must take care of the cleanliness of the dam-
bics and standardization of the product.

d) Po

Thelead in the didtillatesis coming mainly from the
repaired partsof dambics. Thedaily intake (MUNTEAN
et al., 1998) of lead for an adult through hisfood and
drinks usualy comes up to 250-300 micrograms. These
amounts were adopted from Latvia Republic (Reg. L.
101,6/03/2001) asahigher limit of thedaily humanintake.

Tspouro didtillates presented va ues higher than those
of Takoudia (P<0,05) (tablel).

The concentrationsof lead (tablel) arein concordance
with the mgjority of the values given in the bibliogra-
phy (NASCIMENTO e a., 1999; CAMEAN et al., 1998;
VILAYKUMAR and ASHWINI, 2001) (table!l) and
those adopted from many authorities (tablel11). Only in
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afew (2-3) samplesof Tspouro lead concentrations cor-
respond to values much higher than the dlowed limit of
250-300 micrograms per day. However, it is considered
that the usua daily consumption of aditilled alcohalic
beverage is 50-100 ml. These Tsipouro samples can be
consumed without any health hazards. Nevertheless, this
anaysisshowed the necessity of aproper control indam-
bic state and safety and homogenous qudity of produced
distillates.

DISCRIMINATION BETWEEN
TSIPOURO AND TSIKOUDIA

Principal Component Analysis (PCA) was gpplied to
the whole data set, except for the anise compounds, and
explained 34,8 % of thevariability inthedatainthefirst
two dimensions. PC1 accounted for 21,5 % and PC2 for
an additional 13,3 % of the variability. Anise compounds
were excluded because they are met only in Tsipouro.
Although thefirst two components explained alow per-
centage of the variability, the discrimination between
Tspouro and Tskoudiasampleswasdmogt perfect. Thus,
inthe plot of the scoresin the coordinate plane, it defined
by the principal components of the first two functions
(figure4) and the samples of Tsipouro (Ti), with oneexcep-
tion, are positioned on the right part of the plot, while
samplesof Tskoudia(Ri) are positioned on the left part.
The separation of the digtillates may be ascribed:

a) toisovderic acid, higher dcohols (2-methyl-1-buta-
nol, 2-methyl-1-propanol and 3-methyl-1-butanol) and
ethyl octanoate, which had high loadings to the posi-
tivepart of PC1 (fig. 3) and aremainly responsiblefor the
positioning of Tsipouro samples at the right part of the
plot. The compound code namesare givenintablel.

b) to hexanoic acid, butyric acid and 1-butanol, which
had high loadingsto the negative part of PC2 (fig. 3) and
appear to be connected with Tskoudiasamples (fig. 4).
Asthey werelocated further to theleft, digtillatesR20 and
R24 had the highest butyric acid and ethyl |actate contert,
S0 these compounds are related to lactic bacteria deve-
lopment. Generadly, in figure 3, the compounds|ocating
inthe upper left quadrant mainly have either disagreegble
aromaor anegative effect on wine quality, such ashexa-
nol, methanol, 1-butanol, acetaldehyde and ethy! lactate.
Additionaly, in the same quadrant fatty acids are gathe-
red (fig. 3) including copper. Thissuggeststhat thedam-
bics used for distillation are not properly cleaned and
consequently the blue mixture, consisting of fatty acids
and copper, may passto thedidtillate. 2-phenylethanol is
probably the only compound —in thisquadrant - that has
apleasant aroma. Thisisdueto the fact that this com-
pound is one of the « tail » products. All the other com-
poundstheat are consdered positive- like higher dcohals,
isoamyl acetate and most of the ethyl esters, which are
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associated with fruity and floral aromas - are located at
the upper right quadrant. Tsipouro distillates contain
higher levels of the « positive compounds » (tablel).

Asregardsto Tskoudiadistillates, the presence of
methanol, 2-phenylethanal, ethyl lactate, hexanol and
other «tail » compoundsin high levels suggeststhat these
sampleshad undergone asingle ditillation without « tail »
cutting or this cutting heppened a very low acohal degree.
The opposite standsfor Tsipouro samples, which appear
to contain less « tail »compounds.

Figure 3 shows that the horizontal axisisrelated to
inorganic elements, asthethree out of four inorganicele-
mentsare postioned dong thisaxis. The devated contents
of iron (Fe-) and copper (Cu) foundin Takoudiaand high
lead (Pb) levelsfound in Tsipouro greatly contributed to
properly discriminating between the two distill ates.

CONCLUSIONS

The composition andysis of Tsipouro and Tsikoudia
reveded Sgnificant variationsto their a coholic content,
emphasising thefact that the distillation process of these
acoholic beverages needs standardization. Generally,
Tsipouro has a higher acohoalic title than Tsikoudia
(P<0,01). Methanol and acetal dehyde mean contentsare
higher in Tskoudia samples than in Tsipouro ones, but
without significant differences, these contents, indl cases,
arelower than the European limits (Reg. 1576/89).

Thetota concentration of higher alcoholswas higher
than the European threshold of 140 g.hl"1 AA and lower
(inall cases) than 600 g.hl"1 AA (Average < 313 g.hl-1
AA). Amylic acohols, amgjor part of higher acohals,
rarely exceeded 300 g.hi-1 AA. On the contrary, the mar-
gina concentrations of 2-phenylethanal, isoamyl acetate
and ethyl esterswith C6, C8, C10 and C14, responsible
for theflowering and fruity aromas, wererdatively low.

The relatively high concentration of ethyl acetate
(>300g.hlI"L AA) and ethyl lactatein some of the samples
analysed shows the necessity of limiting unwanted fer-
mentationsin the grape pomace, a precaution that could
improve the distillation process.

Regarding volatileacids, it isshown that short-chain
acids, usualy indicative of the low qudlity of the grape
pomace, are present in higher concentrationsthan long-
chain acids and that Tsikoudia samples contain higher
amount of volatile acids, mainly those with long chain
(P<0,01), compared to Tsipouro.

The variability, which is observed in the concentra-
tions of volatile acids among the samples, can be attrib-
uted mainly to the conservation state of raw materid, at
the time of the « tail »-cut performing and in the appli-
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cation or not of the second ditillation, Sncethese com-
ponentsin their mgjority are products of « tail ».

Therdative similarity in volatile composition bet-
ween our resultsand in previous works for two Greek
distillates, Tsipouro (from grape pomace) and mouro
(fromfruit pomace), indicate theimportant effect that the
use of the same technique of distillation and the same
type of alambic have on their chemical composition.

The anise compounds are present only in Tsipouro
samples. From thisgroup, estragol - which duetoitstoxi-
city iscurrently being discussed in the European Council
- wasfound in concentrations much lower than those pro-
posad by the European Union of Spirit Producers.

Theinorganic eement profile of the ditillates shows
that the elements causing a health risk dueto their toxi-
city (Cuand Pb) werefound, in most cases, inlow concenr
trations. Finally, PCA applied to the whole data set has
confirmed the compositiond differencesbetween TS pouro
and Tskoudiaand dlowed for their discrimination.

Theoverd| perceptionisthat thedomestic marc dis-
tillates produced by the Greek winegrowers need aconti-
nuousquality control and amore systemétic approachin
order to be successfully scaed-up, aprocedure that will
contributeto thefinished product quaity and helpincrease
the producer’sincome. Adequate conditions during fer-
mentation and storage of the grape pomace, redidtillation
and theremoval of « head » and « tail » fractionswould
improvethe marc didtillate quality.
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