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A study of minor volatiles from 12 fractions collected during distillation of cider in ‘alquitara’ was carried out.

Compounds favouring spirit quality are found in the first half of the distillate. Some compounds imparting aromatic

defects could be eliminated by removing a percentage of heads during distillation. In contrast, when distilling ciders

without defects, removing heads would not be justified, as their incorporation in the final distillate should lead to

obtaining spirits with higher aromatic riches. Tails, however, which are mainly constituted by unpleasant aromas,

must be rigorously removed to avoid incorporating compounds that could reduce the quality of the final product.
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Cider spirit is a characteristic drink of those areas which, owing to their peculiar climate, are
apple cider producers. Three stages may be distinguished during its elaboration: raw material
selection (apple), cider making (fermentation) and distillation, and a later aging period in
oak wood barrels also being customary. These processes are carried out in an artisanal way,
thus increasing its valuation when chosen by consumers. In this respect, Regulation (EC,
2008) of the European Parliament and of the Council lays down general rules regarding the
definition, description and presentation of spirit drinks and also protects traditional methods
through geographical designations, among which ‘Aguardiente de Sidra de Asturias’ is also
included.

From the chemical point of view, fresh distillates (those which have not been aged
in wood) are characterized by the presence of volatile compounds, since on distilling a
hydroalcoholic mixture such as cider, with a boiling point under 100 °C, only some compounds
with well-defined characteristics as regards their boiling points and solubility in water and
ethanol can be incorporated into the distillate (LEAUTE, 1990; RODRIGUEZ MADRERA & MANGAS
Aronso, 1996; RopriGUEZ MADRERA et al., 2003; 2006). These volatile compounds belong to
different chemical families such as alcohols, esters, acids, aldehydes, volatile phenols, etc.
and can be found in the spirit in each one of the stages described above, thus enabling us to
speak of primary (apple), secondary (fermentation) or tertiary (distillation) aromas (TeSEvIC
etal., 2005). As an example, compounds such as 1-butanol, ethyl butyrate or hexyl acetate are
considered as primary or varietal aroma characteristics from apples (Brown et al., 1996; Su &
WIiLEY, 1998; Lorez et al., 1998). Likewise, 1-butanol and ethyl caproate levels enable cider
brandies to be classified according to the type of cider employed, i.e. cider made from fresh
must versus cider made from apple concentrate (RODRIGUEZ MADRERA & MANGAS ALONSO,
2005). Other compounds, such as higher alcohols, are formed during the fermentation process,
the levels of which are closely related to the presence of amino acids (NYKANEN, 1986) and

* To whom correspondence should be addressed.
Phone: +34-985890066, fax: +34-985891854, e-mail: rrodriguez@serida.org

© 2010 Akadémiai Kiado, Budapest



2 RODRIGUEZ MADRERA & MANGAS ALONSO: VOLATILES DURING CIDER DISTILLATION

sugars (ARANDA et al., 2005) in the must. The formation of fatty acids and their corresponding
ethyl esters also takes place during fermentation, respectively, imparting body and fruity
aromas to the spirit (GAY-BELILLE, 1982; ArTaJoNA, 1992). In other cases, the presence of
certain compounds in the fresh distillate may be due to their formation in the course of
distillation. Thus, for instance, long distillation periods and the copper forming the alambic
can favour the formation of acetaldehyde by oxidation of ethanol (CLaus & BERGLUND, 2005;
RoDRIGUEZ MADRERA et al., 2006). On the other hand, the distillation of ciders with residual
sugars leads to the formation of furfural as a result of thermal degradation (DA Porto et al.,
1996; RobriGUEZ MADRERA et al., 2006).

From a quantitative viewpoint, the most important volatile compounds in fruit spirits are
methanol and fusel alcohols (HERNANDEZ-GOMEZ et al., 2003; SourLEROS et al., 2004; 2005;
GENOVESE et al., 2004; ScHEHL et al., 2006; RODRIGUEZ MADRERA & MANGAS ALONSO, 2005).
However, these compounds do not have a direct impact on the final quality of cider distillates,
which seems to be related to the presence of other compounds at lower concentrations
(GuICcHARD et al., 2003).

This paper presents a study of the distribution of minor volatile compounds during
distillation of cider in ‘alquitara’, a traditional distillation system characterized by its low
rectification capacity.

1. Materials and methods

1.1. Raw material

Cider was produced by means of traditional technology from the juice of a mixture of cider
apples with different sensory properties and picked at the optimal maturation stage, thus
endowing the resulting juice with an overall acidic nature (pH=3.4). The mixtures of apples
were milled in a hammer mill and pressed slowly for two days in traditional hydraulic presses.
The presses’ capacity was 15 000 kg and the yield was 70—75%. Fermentation took place in
a25 000 I stainless steel tank and was carried out by the indigenous microflora. Fermentation
process took for two months and then the cider was matured for ten months at 12+1 °C.

1.2. Distillation

The system used to distil the cider consisted of two batteries, each comprising seven alquitaras
according to the scheme of distillation described by RopriGUEzZ MADRERA and co-workers.
(2006). The capacity of the alquitaras, built of copper, was 350 I, resulting in a total volume
of 2450 1 per battery. The head of each alquitara was cooled with water at 15 °C to facilitate
condensation of the cider spirit. Gas burners were used as heat source.

Distillation takes place in two steps. First, cider is distilled in a pre-concentration step
until obtaining an intermediate product with an alcoholic strength of 20% (v/v). Subsequently,
distillation of this product was divided into 12 fractions with volumes ranging between 4 and
225 1.

1.3. Chemical analysis

Minor volatiles were analysed with a Hewlett-Packard model 6890 gas chromatograph
equipped with a flame ionization detection system (FID). The microfiltered samples were
directly injected into the chromatograph (1 ul) and quantitation was performed according
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to an external standard method. Standards used were of analytical quality, with at least 99%
purity, and were purchased from Sigma-Fluka-Aldrich (Madrid, Spain), Merck (Darmstadt,
Germany) and Panreac (Barcelona, Spain).

The separation of volatiles was carried out on a PEG capillary column (TR-Meta WAX,
30 mx0.25 mm i.d.; phase thickness 0.5 pum) supplied by Tecknokroma (Barcelona, Spain).
Chromatographic conditions were as follows: oven temperature, initial isotherm at 35 °C (5
min), raised to 60 °C at a rate of 5 °C min™!, raised to 90 °C at a rate of 10 °C min™' and finally
raised to 220 °C at a rate of 8 °C min™' (15 min); the injector temperature was 260 °C and the
detector temperature 275 °C; He was used as carrier gas at 0.8 ml min™'. Injection was carried
out in split mode (1/3), and the injection volume was 1 pl (RoDRIGUEZ MADRERA & SUAREZ
VALLES, 2007).

1.4. Other analyses

Alcoholic strength in distillates was determined by direct measurement in an Anton Paar
DMA 500 Density Meter (Graz, Austria) and volatile acidity was determined following the
methodology described by the OFFICE INTERNATIONAL DE LA VIGNE ET DU VIN (1994).

2. Results and discussion

Table 1 displays the results from the analysis of fractions obtained during distillation.
Esters constitute the main group detected in this study, both in terms of number as well as
concentration. The evolution during distillation of all of these compounds is similar. Except
for 2-phenylethyl acetate and diethyl succinate, the highest concentration of esters is found
in the first fractions, with a maximum concentration of less than 5% of the distilled volume.
Recovery of each of these esters was higher than 77% before distilling being 25% of the total
volume, which allows us to consider these analytes as typical products from heads. On account
of their boiling point (b.p. ethyl palmitate 133 °C at 13 mmHg), recovery of esters would be
expected to take place in the last stages of distillation. However, the fact that they are soluble
in ethanol favours these aromas being pulled at the beginning of distillation, where distilled
vapours are richer in ethanol. On the other hand, it was observed that maximum concentrations
for these substances are delayed depending on their boiling point. The concentration of esters
from fatty acids with less than 12 carbon atoms was higher in the first fraction and that
of esters from fatty acids with 12 to 16 carbon atoms was higher in the second fraction,
thus giving rise to the distillation curves shown in Fig. 1. The evolution of ethyl esters of
fatty acids during distillation fits the expression Y= A + BxLn (X) where X is the volume
percentage distilled, Y is the mass percentage recovered of each ethyl ester and A and B are
two characteristic constants for each compound with determination coefficients higher than
95%. From the quantitative point of view, the most important esters were isoamyl acetate,
ethyl caprylate, ethyl caprate and ethyl laurate, in agreement with previous characterization
studies on cider spirits (GUICHARD et al., 2003; GENOVESE et al., 2004; RODRIGUEZ MADRERA
& MaNGAS ALoNso, 2005). These esters highlight the fruity and sweet notes imparted to the
distillate associated with descriptors such as banana, apple, pineapple, brandy, etc. (GAY-
BELILLE 1982; LEDAUPHIN et al., 2003; GuiCHARD et al., 2003; GENOVESE et al., 2004). On the
other hand, 2-phenylethyl acetate with rose odour was observed to behave similarly to long
chain fatty acids esters as a consequence of its high boiling point, although it was present
in all distilled fractions due to its partial solubility in water. In contrast, diethyl succinate
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with a lower b.p. than most of the studied esters, and despite being insoluble in water, was
extracted throughout the entire distillation process, thus making it mainly a hearts and tails
compound (Fig. 1). The long distillation period required in this type of alambic could favour
the esterification of succinic acid, which is present in the cider at a concentration of 0.5 g 1!
(RODRIGUEZ MADRERA et al., 2006).

Table 1. Chemical composition of fractions recovered during distillation in alquitara (expressed in mg ')

Compound Fraction

1 2 3 4 5 6 7 8 9 10 11 12
Ethyl butyrate 327 348 1.65 105 091 0.63 054 044 035 0.00 0.00 0.00
Ethyl 219 175 075 045 039 031 022 015 0.00 0.00 0.00 0.00
2-methylbutyrate
Isoamyl acetate 19.06 1520 730 479 394 299 256 202 147 071 049 0.00
Ethyl caproate 1028 624 285 194 1.69 137 116 092 0.83 048 039 0.00
Hexyl acetate 046 025 0.00 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
1,1,3-Triethoxy- 0.00 0.00 081 092 079 083 08 0.72 064 039 0.00 0.00
propane
3-Methyl-3-buten- 028 049 043 047 042 034 033 031 030 028 023 0.18
1-ol
Ethyl caprylate 3574 16.80 6.79 446 389 3.06 291 267 211 122 0.00 0.00
Cis-3-hexen-1-ol 244 440 381 328 319 271 262 226 197 127 080 0.50
3-Ethoxy-1-propanol 0.80 1.13 127 141 157 150 1.66 177 190 215 241 3.01
1-Octen-3-ol 0.15 023 0.00 0.00 000 0.00 000 0.00 000 0.00 0.00 0.00
Benzaldehyde 267 386 3.02 237 225 216 202 1.8 09 0.00 0.00 0.00
1-Octanol 079 1.04 0.70 053 046 038 033 027 025 0.00 0.00 0.00
Ethyl caprate 3559 19.16 6.35 4.07 358 275 249 205 173 139 115 055
Diethyl succinate 200 437 485 510 534 524 549 673 551 545 497 4.60
1-Decanol 037 048 036 029 026 023 022 018 0.14 0.07 0.00 0.00
Ethyl laurate 1437 2022 510 286 248 1.77 1.65 123 1.09 0.18 0.11 0.07
2-Phenylethyl 1.19 235 210 189 185 1.61 159 142 136 092 073 0.55
acetate
Benzyl alcohol 026 032 028 034 037 038 040 044 045 055 061 0.68
Ethyl myristate 257 1173 411 228 1.74 125 120 1.00 0.71 0.19 0.00 0.00
4-Ethylguaiacol 093 217 236 230 243 250 260 256 246 232 200 1.68
Ethyl palmitate 084 578 244 178 125 0.86 089 075 042 0.00 0.00 0.00
Eugenol 0.00 027 037 032 039 053 058 063 061 0.65 053 048
4-Ethylphenol 1.71 298 337 366 396 4.12 440 459 473 526 528 5.66
Volatile acidity (g1' 027 031 033 036 038 039 043 045 047 056 0.64 0.81
acetic acid)
Ethanol % (v/v) 39.94 55.57 5397 51.49 49.69 47.13 45.05 42.52 37.64 27.23 20.66 12.34
Volume (1) 40 214 260 297 297 245 254 26.1 110.0 80.0 70.0 225.0
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Fig. 1. Distribution curves of ethyl caprylate, ethyl myristate and diethyl succinate during distillation in alquitara.
@: Ethyl caprylate; Bl ethyl myristate; A: diethyl succinate

The acetal 1,1,3-trietoxypropane, a product derived from acrolein, was not detected
until the third fraction, i.e. when distillation was well under way. This fact is worth noting,
as 1,1,3-trietoxypropane is the last compound recovered, though neither its boiling point
nor its solubility in water seems to justify this fact. A possible explanation could be the
oxidation of allyl alcohol present in cider into acrolein, which reacts with ethanol to yield
1,1,3-trietoxypropane. In this respect, the formation of acetaldehyde was also detected as a
result of the oxidation of ethanol during distillation (CLAaus & BERGLUND, 2005), while longer
distillation periods favour the presence of 1,1,3-trietoxypropane in the spirit (RoDRIGUEZ
MADRERA, 2001). Although 1,1,3-trietoxypropane has been described as a marker of the
‘acrolein’ defect in fresh cider spirits (LEDAUPHIN et al., 2003) resulting from the processing of
raw material with a deficient fermentation (DE SMEDT & LIDDLE, 1976), in no case there is any
quantitative data about its levels. To the contrary, the distilled cider was evaluated positively,
with fruity notes, pronounced acidity in mouth and without defects, thus the concentrations
detected must be considered as usual for this product.

Aliphatic alcohols 1-octanol, 1-decanol, 1-octen-3-ol, cis-3-hexen-1-ol and 3-metil-3-
buten-1-o0l, low solubility in water, or even insoluble, were observed to behave similarly to
the ethyl esters described above. Cis-3-hexen-1-o0l, with a characteristic green grass odour,
was the most abundant of these and was detected throughout the entire distillation because
of its partial solubility in water. This contrasts with the behaviour of other alcohols such as
1-octanol and 1-decanol, which are insoluble in water, leading to these compounds being
present in heads and hearts at concentrations of more than 95%. Although from the sensorial
point of view 1-octanol and 1-decanol are of little interest, 1-octen-3-ol with a mushroom
odour and a low threshold indicates raw material with microbiological alterations. As this
alcohol is a typical product of heads, the removal of an adequate quantity of heads could help
this defect to be eliminated.
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With respect to benzyl alcohol and the volatile phenols detected (4-ethylguaiacol,
eugenol and 4-ethylphenol), their profile was different to that described for aliphatic alcohols
(Fig. 2). They were detected throughout the entire distillation process and their distillation
curves fitted the expression Y= AxX® with determination coefficients in all cases higher than
99%. From a sensorial point of view, volatile phenols are usually related to aging in wood
(CuatonNET, 1995). Nevertheless, in some cases, these compounds can be present as a result
of decarboxylation of p-cumaric and ferulic acids carried out by Saccharomyces cerevisiae
yeasts to yield 4-ethylphenol and 4-ethylguaiacol. Volatile phenols are responsible for spicy
and floral notes (SUAREz LEPE, 2002), although in the case of wines an excess can give rise to
aromas such as varnish, pharmacy or horse-like odour and inhibit the perception of positive
aromas (CacHo PaLomMar, 2006). In this respect, incorporating an excess of tails in the spirit
could cause the occurrence of phenolic flavours unsuitable in a fresh spirit.

100 ® ®

% mass recovered

0 T T T T T T T T T

1
0 10 20 30 40 50 60 70 80 90 100
% volume distilled

Fig. 2. Distribution curves of 1-octanol, eugenol and 4-ethylphenol during distillation in alquitara.
@: 1-Octanol; I eugenol; A: 4-ethylphenol

The moiety of 3-ethoxy-1-propanol has two functional groups (ether and alcohol) and, at
least in the case of beer, this compound is formed by yeasts (IRwiN, 1992). In cider distillates,
it constitutes one of the principal components of tails because its increase during distillation is
progressive with a maximum in the last fraction recovered. This behaviour can be explained,
on one hand, by its moderate solubility due to both polar groups (ether and alcohol) and, on
the other, and perhaps more importantly, by etherification of 1,3-propanediol with a moiety
of ethanol. Etherification would justify the continuous increase in 3-ethoxy-1-propanol
throughout distillation, a correlation (1=0.77) existing between levels of 1,3-propanediol in
ciders and 3-ethoxy-1-propanol in spirits (data not shown). This is an aromatic compound with
fruity odour and a threshold perception of 0.1 mg 1! in hydroalcoholic mixtures at 14% (v/v)
of ethanol with an important olfactory activity in sherries (Moyano et al., 2002). However,
the last fraction recovered, with an alcoholic strength of 12.3% (v/v) and a concentration of
3-ethoxy-1-propanol 30 times higher than its threshold, presents a heavy aroma originating
from the levels of phenolic compounds and a higher volatile acidity.
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3. Conclusions

In general, it may be concluded that compounds favouring spirit quality are found in the first
half of cider distillate. Certain compounds, such as 1-octen-3-ol, distilled at the beginning
of the process and imparting aromatic defects, can be eliminated by removing a percentage
of heads during distillation. However, in the distillation of ciders without defects, removing
heads would not be justified and their incorporation into the final distillate should lead to
obtaining spirits with a higher aromatic riches. As regards tails, these must be rigorously
removed to avoid incorporating compounds that could reduce the quality of the final product,
since, as was detected, the last fraction is mainly constituted by unpleasant aromas.
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