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Abstract

The validation of a method based on the purge and trap technique combined with gas chromatography—mass spectrometry—flame ionization
detection has been carried out in order to apply it to the analysis of ciders. Although 49 compounds were identified, our work was focused
on the study of nine minor esters, obtaining recoveries ranging between 93% for ethyl decanoate and 117% for ethyl 3-methylbutyrate, and a
precision (RSDs) ranging between 2.2% for hexyl acetate and ethyl decanoate and 10.9% for isopentyl acetate. To demonstrate the feasibility
of the procedure, the method was applied to the analysis of commercial ciders.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction sical liquid—liquid extractiorj7,8], present high liquid sam-
ple/solvent ratio, nevertheless these procedures are tedious
The analysis of the volatile aroma constituents of food and time consuming. More recently, Ferreira e{@].com-
and beverages is one of the main tools employed to study thepared various liquid—liquid systems with solid—liquid extrac-
elaboration processes involved in food products, because oftion with distinct polymers in hydroalcoholic solutions, and
their influence on the final sensory properties. The study of Mangas et a[10] described a solid-liquid extraction method
these compounds have allowed to obtain reliable information for quantitate minor volatile compounds in cider.
about distinct stages in the manufacture process, such as the A solid-phase microextraction (SPME) method was vali-
raw material usefil], fermentation proceg&,3], and matu- dated by Pozo-Bayn et al[11] for the analysis of wines, and
ration and storagl—6]. Gas chromatography (GC) involves by Wang et al[12] for apple juice and apple-wines; in both
the analysis of the volatile organic compounds exist in the va- cases, the capacity of extraction depends on the polarity of
por phase at the typical GC operating temperatures, betweerfibres, being necessary to employ different fibres depending
40 and 300C. In many cases, the levels of concentration on the functional group of interest.
are very low for direct analysis by gas chromatography, so  Onthe other hand, the techniques based on headspace con-
that, several procedures have been proposed to isolate andentration consistin the preconcentration of the vapour phase
concentrate aroma compounds prior to gas chromatographyliberated from solid or liquid samples, and have been applied
analysis in fermented beverages, with their advantages ando many matrices and volatile compounds. These methods
drawbacks. are non destructive, avoid the use of solvents, allow the iso-
On the one hand, although the methods based on thelation of volatile congeners in their natural form and present
extraction-concentration with organic solvents, like the clas- a minimum sample preparation. In the static headspace tech-
nigue, the vapour phase is in equilibrium with the sample,
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headspace technique the equilibrium between the phases i2.3. Purge and trap analysis
continually altered. The purge and trap method (dynamic
technique) is based on the bubbling through the sample (lig- A Tekmar 3100 Purge and Trap Concentrator equipment
uid or solid) with an inert gas (usually helium or nitrogen); provided with a Teklink 3000 software (version 2.02) to con-
volatile compounds are then adsorbed on a trap that is im-trol the headspace sampling was used. The trap employed
mediately heated to desorb them into a gas chromatographwas a Tenax (polymer of 2,6-diphenyphenylene oxide)
injector. There are many adsorbents, such as the Porapakssupplied by Agilent Technologies (Palo Alto, CA, USA).
Chromosorbs or Tenax series, which meet the necessary reFive milliliters of sample were introduced into the vessel and
quirements for correct thermal desorption; nevertheless thepurged at 20C during 30 min with helium at 50 mL/min.
Tenax series (polymer based on 2,6-diphgmyplhenylene The trap was at room temperature while purging and then
oxide) are quite appropriate for hydroalcoholic samples such risen up to 230C for desorption during 10 min. A bake time
as wine or analogous drinf&3]. In this sense, the use of of 20 min (230°C) was established for cleaning up the trap
purge and trap method has been proposed for analyzing fruitsbetween analyses. The transfer line temperature was@G00
and fruit juice§14—16]and alcoholic beveragg®,13].
Numerically, fatty acid esters and acetic acid esters are the
largest group of flavor compounds in alcoholic beverages, and
as volatile compounds which impart pleasant smell, they are

of great importance to the odor of the alcoholic beverages as described before. The standard solutions were placed in

[17]. From the tgchnologmal .pomt of view, the presence of the P&T concentrator coupled to a Hewlett-Packard 5890
estersin alcoholic beverages is affected by the different stages

involved in their manufacture such as fr{i8,19] fermen- gas chromatograph equipped with a flame ionization de-
: . T tection (FID), a split/splitless injector and a HP 3365 se-
tation[3,17] or maturatior{20], therefore, the study of these ries Il ChemStation software (version A.03.04) for data pro-
compounds could contribute to improve the knowledge of the . ; Lo pro-
cider making. cessing. The separations were carried out on a FFAP capil-

With this in mind, the aim of this work is to develop a purge !;ry Cﬂﬂgg%&gfé cr)nmn;"(Cé;f:eﬁﬁ;h'gkg?ﬁ)s’gﬁ ?r?nato-
and trap method to quantify volatile esters in ciders. The bp » Shain).

parameters affecting the extraction of volatile compounds graphic conditions were as follows: oven temperature, initial

. . . isotherm at 40C (5 min), raised up to 220C at a rate of
were evaluated and analytical parameters such as linearity,, . . L L
o : o . 3.0°C/min, and final isotherm of 22 (5 min); injector and
limit of detection, precision and accuracy were examined.

Using the method optimized, the minor volatile esters were fjetector temperature 250 carrier gas, He at 1.5 mL/min;

: o injection volume JuL. Split ratio 1/10.
analyzed in a set of commercial ciders. L
External standard quantitation was used for all analy-

ses. Linear regression analysis of areas versus concentration
of volatile compounds in the standard solution was used.
Equations for the standard curves are presented in Section
3 (Table 3.

2.4. Standard curves and quantification

Standard work solutions were extracted and desorbed

2. Experimental
2.1. Samples
Twenty natural ciders, purchased from market, were ana-2.5. GC-MS analysis

lyzed. All ciders were elaborated in Asturias (North of Spain)
indistinctyears: six samples elaborated in 2000, four samples  The identification of volatile compounds and the optimiza-

elaborated in 2001 and 10 samples elaborated in 2003. tion of purge and desorption times were carried out with the
P&T system coupled to a Hewlett-Packard 5890 series Il gas
2.2. Standards and reagents chromatograph equipped with a HP-5972 mass selective de-

tector (quadrupole filter, source temperature 25§ the HP

All standards were of analytical quality, with at least G1034C ChemStation software (version C.01.05) was used.
97% of purity. Isopentyl acetate, hexyl acetate, ethyl Chromatographic conditions were as previously described
3-methylbutyrate, ethyl hexanoate, and ethyl decanoate(Section2.4).
were supplied by Fluka (Busch, Switzerland), styrene by  Mass spectra were recorded by the electron impact ion-
Merck (Darmstadt, Germany), and methyl acetate, ethyl oc- ization (El, 70 eV). The total ion mode (SCAN) was used for
tanoate, ethyl 2-methylbutyrate and ethyl butyrate by Aldrich identification purposes in the rang#z 40—400 (2.6 scan/s),
(Madrid, Spain). and the selective ion mode (SIM) by using the most abundant

The standard work solutions were prepared by dilution and selective ions for evaluating the respon3eble 7). The
of individual compounds in an ethanol/water mixture (5/95). identification of compounds was performed by comparing
The ethanol (HPLC quality) was purchased from Panreac it with the Wiley 138 K Mass Spectral Databag¥] and
(Barcelona, Spain) and the ultra pure water was obtainedconfirmed by co-injection of authentic standards whenever
from a Milli-Q system from Millipore (Milford, USA). possible.
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Table 1
Effect of purging time on the efficacy of extraction with 10 min of desorption time and selectecnidsi$ed in the SIM mode
Compound m'z Purge time
10min 20 min 30min 40 min
Mear? RSD (%) Mea#f RSD (%) Mead RSD (%) Mea#f RSD (%)
Esters
Methyl acetate 74 1087 b 25 18868 d 21 13565 ¢ 72 87.71a 74
Isobutyl acetate 73 287 a 99 4343 b 14 4576 b 64 4849 b 113
Ethyl butyrate 88 1224 a 34 22415b 19 25461 c 34 25245c¢ 31
Ethyl 2-methylbutyrate 102 2440 a 20 35504 ¢ 14 33983 ¢ 35 30646 b 64
Isopentyl acetate 70 108D a 21 108588 a 74 162713 b 26 155734 b 60
Isopentyl propanoate 70 160 a 22 22242 c 22 21758 ¢ 17 19659 b 24
Ethyl hexanoate 88 4681 a 48 69899 c 33 68172 c 46 63728 b 14
Ethyl octanoate 88 10625 a 08 121027 b 26 122760 b 50 114656 a 58
Ethyl decanoate 88 328 b 115 26206 a 193 52082 c 39 53009 ¢ 27
Ethyl lactate 45 87@4 a 64 139307 b 121 316290 c 87 47216 d 49
Ethyl benzoate 105 288 a 20 5356 b 72 9077c 15 11857d 22
2-Phenethyl acetate 104 A a a3 898 b 80 1963 ¢ 96 3168d 125
Alcohols
2-Propen-1-ol 57 1561 a 21 33917c 44 35921 c 46 31314 b 45
1-Butanol 56 2959 a 30 58302 b 38 91759 ¢ 35 121268 d 45
1-Pentanol 70 &3a 101 873b 188 1480 c 50 1906 d 26
1-Hexanol 84 182 a 38 3701b 96 6292 c 45 8224d 34
cis-3-Hexen-1-ol 82 B3a 69 335b 52 5.68¢c 79 7.52d 152
1-Octanol 84 ®3a 64 1279b 34 2623c 44 3794d 400
2-Phenylethanol 91 436 a 36 9065 b 106 22020 ¢ 189 42215d 144
Aldehydes
Benzaldehyde 105 29a 30 302a 660 1030 b 119 1334 c 109
Acids
Propanoic acid 74 506 a 110 5035b 535 44303 ¢ 371 107848 d 127
Hydrocarbons
Styrene 104 882 b 22 10022 a 28 7220 c 41 5399d 165

RSD: Relative standard deviation (three replicates). Letters a, b, ¢ and d are used to compare mean values within each row, indicating siffeifezantly di
results according to Duncan'’s test.
a Expressed in area 1074,

2.6. Statistical methods The total extraction volume, or total volume of purging
gas passed through the sample during the extraction, is deter-
Analysis of variance (ANOVA) and Duncan’s test were mined by multiplying the purge flow rate by the purge time.
carried out for detecting significant differences either in the This effect can be studied by increasing either the purge time
analyte concentrations depending on purge and desorptiorunder constant flow rate or the purge flow rate. We have se-
time or among cider samples. Linear regressions were carriedected the effect of purging time under a constant flow for
out in the calibration procedure and the recovery study. The optimizing the total extraction volume.
program used was SP$&].
3.1.1. Purge time
Five milliliters of the same cider sample were introduced

3. Results and discussion into the vessel and purged at 20 during 10, 20, 30 and
40 min with helium (50 mL/min). The trap was at room tem-
3.1. Optimization of extraction conditions perature while purging and then risen up at 2G0for des-

orption during 10 min. Therefore, the transfer line was set at

The two main variables that account for extraction effi- 300°C to prevent the condensation of the less volatile com-
ciency of an analyte using the purge and trap technique arepounds. A bake time of 20 min (23C) was established for
total extraction volume and sample temperature. cleaning up the trap between analysis.

Respect to the temperature, although sample heating im- The effect of the extraction time was evaluated by com-
proved the purging efficiency, temperatures higher th&iC30  paring the areas of the volatile compounds identified in the
can alter original characteristics of cidéB]; thus, itwas set  cider by the GC-MS analysis versus purging tirhable 1
at 20°C. shows the mean and relative standard deviation values of the
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Fig. 1. Effect of desorption time on the extraction efficacy for styrene and
esters with 30 min of purging time. 80000
. . 26 27
volatile compounds extracted from cider analyzed under the 60000 3 \ /
above conditions. 10 1415 25 29
As can be seen ifable 1 the amount of analyte de- 40000 / b
pended on the extraction time, which could be explained on 4 i 24 %0
the basis of hydrogen bonding and the physical properties 20000 16| \ \
of compoundg23]. In general, compounds that are capable ‘ LU NL \ m 1
L) A

of establishing strong hydrogen bonding with the matrix and
compounds with high boiling points (such as alcohols, acids,
benzaldehyde, and the esters 2-phenylethyl acetate, ethyl ben-
zoate and ethyl IaCtate) need the greatest purge time for thq:ig. 2. GC-MS chromatogram (scan mode) of a cider extract: 1 =methyl
extraction. The rest of esters were extracted in 20—30 min, acetate; 2=ethyl acetate; 3=ethanol; 4=ethyl butyrate; 5=ethyl
that could be explained by their low boiling points and also 2-methylbutyrate; 6=1-propanol; 7=isobutanol; 8=3-methylbutyl
by the absence of hydrogen bonding with water. Neverthe- acetate; 9=1-butanol; 10=3-methylbutyl propanoate; 11=23-methyl-
less, the decrease in the concentration ofthese esters at 40 mif|t2no! + 2-methyl-1-butanol; - 12=ethyl hexanoate; 13=1-pentanol,
. . . 4 =styrene; 15 =hexyl acetate; 16 = 2-heptanol; 17 = 3-methyl-1-pentanol;
could be attributed to a purging volume higher thanthe break- 1g- ethyl  |actate; 19=1-hexanol; 2@=3-hexen-1-ol; 21=methyl
through volume for these analytf4,25] Therefore, after  octanoate; 22=ethyl octanoate; 23=acetic acid; 24=unknown ter-
the evaluation of the results, a purging time of 30 min was pene; 25=benzaldehyde; 26 =propanoic acid; 27 =1-octanol; 28 =ethyl
selected to optimize the method for the analysis of minor decanoate; 29=ethyl benzoate; 30=2-phenylethyl acetate; 31=-ethyl

[ B R I B B I BN T
20.00 30.00 40.00 50.00

Time (minutes)

esters.

3.1.2. Desorption time

Maintaining the purging time at 30 min, we have tested the
three different desorption times (5,10 and 15 min) to liberate
the analytes of interest.

As shown inFig. 1, this parameter was not as critical as
purging time, many volatiles being completely desorbed af-
ter 5 min. However, a significant influence of this parameter
was observed for methyl acetate, ethyl butyrate, ethyl oc-

dodecanoate; 32 = 2-phenylethanol.

3.2. Method validation and quantification

To check the linearity of the detector response a linear re-
gression analysis of absolute areas versus concentration of
volatile compounds (three replicates at five points) was used.
The standard work solutions were extracted and desorbed in
the optimized conditions described in Sect®3. Ranges
and linear regression statistics are showmable 3 An ade-

tanoate and ethyl decanoate, although these differences werguate linearity was obtained for all analytes, wRhvalues

never higher than 20%, excepting for ethyl decanoate. The
great difference observed for this compound between 5 and
10min (more than 90%) could be explained by its boiling
point (245°C), which is slightly higher than the desorption
temperature (230C). Thus, a desorption time of 10 min was
finally chosen.

Atotal of 49 volatile components were detected in the dis-
tinct ciders analyzed by the P&T and GC-MS under the op-
timized conditionsTable 9. These compounds were mainly
esters, alcohols and in a lesser amount, fatty acids, carbonyls
hydrocarbons, terpenes and phenolics derivativdsigr?is
displayed a chromatogram obtained with the final conditions.

ranging from 0.944 to 0.999. The limits of detection (LODS)
were estimated for each compound as the concentration cor-
responding to the mean area of three blank injections plus
three times the standard deviati@®]. To inspect the good-
ness of the fit for the linear regression, or said in other way, in
orderto detect the lack of fit, a model was tested by computing
the statistid=, defined as the quotient between mean squares
of lack of fit and mean squares of pure experimental error
[27]. The null hypothesis (a linear model is appropriate) was
always accepted, therefore, the regression for all the analytes
studied can be considered as a straight line, even when less
variance was explained (lower values RS). TheF statistic
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Table 2

Compounds identified in ciders with the optimized conditions for purge and trap concentrator

Compound Retention time (min) Identification Descriptor
Acetaldehyde a S Pungeni31]

Methyl acetate 3 S Solvent, swedB2,35]
2-Propenal B S Peppery33]

Ethyl acetate a S Solvent, fruity{32]
Butanone 61 MS Ether{31]

Ethyl propanoate 8 S Fruity, sweef31,35]
Isobutyl acetate a S Fruit, appld31,32]
Ethyl butyrate 1a S Fruity, sweef28,34]
2-Butanol 105 S Wine, solvenf31]
Ethyl 2-methylbutyrate 10 S Cider, fruity[12,34]
1-Propanol 1® S Alcohol, ripe fruit[31,32]
Ethyl 3-methylbutyrate 1?7 S Fruity, balsami§31]
Isobutanol 18 S Solvent, wing31]
3-Methylbutyl acetate 12 S Banan&31,34]
2-Propen-1-ol 1% S -

1-Butanol 146 S Chemical, heavj28]
3-Methylbutyl propanoate 16 MS Pineappl¢31]
3-Methyl-1-butanol + 2-methyl-1-butanol oy S Malt, burn{31]

Ethyl hexanoate 18 S Apple peel, fruif31,35]
1-Pentanol 19 S Balsamid31]
Styrene 18 S Balsamic, gasolin@1]
Hexyl acetate 2a S Green, herbaceo(i,35]
Acetoin 202 S Butter{32]
1,1,3-Triethoxypropane 24 S Floral, vegetdi34]
2-Heptanol 220 MS Mushroon5]
3-Methyl-1-pentanol 25 MS Winelike, greerf37]
Hexyl propanoate 28 MS Apple[19]

Ethyl lactate 23 S Soapy36]
1-Hexanol 237 S Green, grag81,32]
Z-3-Hexen-1-ol 251 S Green, herbaceo(82]
Methyl octanoate 28 S Orangd31]

Ethyl octanoate 238 S Fruit[31]

Acetic acid 286 S Vinegaf19]

Furfural 292 S Caramel, swe¢B1]
2-Nonanol 38 MS Cucumbef31]
Unknown terpene 1 36 MS -

Unknown terpene 2 31 MS -

Benzaldehyde 39 S Almond[31]
Propanoic acid 32 S Pungent, rancif81]
1-Octanol 3z S Oily, fatty[28]

Ethyl decanoate 36 S Grapd32]

Ethyl benzoate 37 S Flower, fruit[31]
Diethyl succinate 3B S Fruit, wine[31]
1-Decanol 48 MS Fat[31]

Naphthalene 40 MS Tar[31]
2-Phenylethyl acetate B S Rose, floral32]

Ethyl dodecanoate 13 S Leaf[31]
2-Phenylethanol 42 S Rose, flora35]
p-Hydroxybenzoic acid 56 MS -

MS: Mass spectrometry identification (match quality>90%); S: verified with pure standard.
2 Numbers according to References section.

calculated for detecting the lack of fit was contrasted with the ical sequence. Each compound was added at three differ-
tabulated value using a 95% confidence level. ent concentrations and three replicate were analyzed at each

Recovery experiments were performed in order to study level. Recoveries were calculated on the basis of the dif-
the precision and accuracy of the method described. Knownference between the total amount determined in the spiked
amounts of pure standards methyl acetate, ethyl butyrate,samples and the amount determined in the non-spiked sam-
ethyl 2-methylbutyrate, ethyl 3-methylbutyrate, isopentyl ac- ples divided by the amount added. The average recoveries
etate, hexyl acetate, ethyl hexanoate, ethyl octanoate, ethykanged between 93% for ethyl decanoate and 117% for ethyl
decanoate and styrene were added to a cider and the re3-methylbutyrate, while the average value for all of the com-
sulting spiked sample were subjected to the entire analyt- pounds studied is 102%dble 3.
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Table 3
Calibration curves, recovery study and limit of detection
Compounds Linear regression Recoveries LOD
Range a b 23 amin amax a R Recovery RSD (%) (mg/t)
(mg/L) (%) (n=3)
Methyl acetat@ 0-0.932 9735 57 0.998 9410 10059 10462 0.993 107 9 8 0.020
Ethyl butyraté 0-1.740 20527 —199 0.996 19371 20527 22238 0.993 100 410 0.026
Ethyl 2-methylbutyraté  0-0.869 31939 —227 0.998 31066 32813 33255 0.991 99 28 0.016
Ethyl 3-methylbutyrate ~ 0-1.724 44049 —251 0.999 42862 45237 57970 0.986 117 .310 0.012
Isopentyl acetate 0-1.742 58665 —2433 0.999 57399 60570 74459 0.974 112 910 0.048
Hexyl acetate 0-1.746 154227 —4108 0.999 151386 157068 148191 0.995 97 22 0.027
Ethyl hexanoatée 0-1.742 146845 —7145 0.998 141838 151851 147006 0.994 104 92 0.051
Ethyl octanoat® 0-1.756 259025 —14949 0.994 245430 272621 248051 0.990 97 16 0.060
Ethyl decanoafe 0-1.728 191854 —22460 0.944 144962 238747 175543 0.989 93 22 0.122
Styrené 0-1.000 87211 —201 0.999 85803 88618 88944 0.999 94 98 0.005

a: Slope;b: intercept;Rz: coefficient of regression. Recovery is the mean of three leggls;andamin are the values for a 95% of confidence interval; LOD:
limit of detection.

a Significant differences were detected between slopes from calibration and recovery linear regression.

Precision was studied in a real sample for peak areas.years.Table 4resumes the analysis carried out for the three
The repeatability of peak areas was calculated by the RSDgroups established.
of three injections carried out on the same day. The RSD  The one-way ANOVA showed significant differences for
ranged between 2.2% for hexyl acetate and ethyl decanoatet of the 10 variables determined in the samples. These dif-
and 10.9% for isopentyl acetate, with an average value of ferences were detected for methyl acetate §.008), ethyl
7.1% (Table 3. The reproducibility of the method was eval- 2-methylbutyrate §<0.001), ethyl butyratep=0.019) and
uated during recovery experiments and the RSD were alwaysethyl hexanoatep(=0.001) [Table 4. The higher levels de-
<11%. tected for ethyl butyrate, a fruity aronja8], and ethyl 2-

The slopes of the regression line obtained in the recov- methylbutyrate, defined as cider od@2], in the ciders
ery experiments and those of the calibration lines obtained elaborated in the harvests 2000 and 20U4b{e 4 could
with standard solution not differ statistically for methyl ac- be favored by longer periods of maturation, as observed in
etate, ethyl butyrate, ethyl 2-methylbutyrate, hexyl acetate, Sherry[20,29] The higher levels of methyl acetate found
ethyl hexanoate, ethyl octanoate, ethyl decanoate and styrendn these samplesT@ble 4 could be also explained in this
Therefore, no systematic errors were caused by the fact thatvay, as a consequence of the esterification of acetic acid
the calibration curve were obtained with 5% ethanol model with methanol. Ethyl hexanoate, also imparts fruity notes, al-

solutions. though in this case, the differences detected among harvests
cannotbe associated to maturation periods but to fermentative
3.3. Cider samples analysis processes and the yeast strains involved according to previ-

ous workg17,30} in this sense, the levels of ethyl esters of
The P&T technique was applied to the analysis of 20 ciders the fatty acids studied were in agreement with these obtained
purchased from the market and belonging to three harvestin apple wine by using other analytical meth¢g].

Table 4
Concentration of esters and styrene in natural ciders
Compounds Harvest 2006 £ 6) Harvest 2001(=4) Harvest 2003r(=10)
Mean SD Max Min Mean SD Max Min Mean SD Max Min
(mg/ll) (mg/L) (mg/L) (mg/ll) (mg/l) (mg/L) (mg/ll) (mg/lL) (mg/L) (mg/L) (mg/L) (mg/L)
Methyl acetatd 0.75 0.14 0.93 0.52 0.88 0.68 1.88 0.41 0.27 0.21 0.83 0.07
Ethyl butyraté 0.14 0.08 0.21 0.00 0.26 0.08 0.38 0.19 0.16 0.04 0.21 0.10

Ethyl 2-methylbutyraté  0.14 0.06 0.24 0.08 0.16 0.05 0.23 0.13 0.03 0.02 0.06 0.00
Ethyl 3-methylbutyrate ~ 0.01 0.02 0.06 0.00 0.02 0.02 0.04 0.00 0.01 0.02 0.05 0.00

Isopentyl acetate 0.85 0.26 1.20 0.57 1.08 0.37 1.52 0.62 0.84 0.40 1.49 0.46
Hexyl acetate 0.06 0.01 0.07 0.05 0.07 0.02 0.08 0.05 0.05 0.02 0.08 0.03
Ethyl hexanoat® 0.47 0.13 0.65 0.30 0.57 0.05 0.65 0.54 0.32 0.09 0.44 0.16
Ethyl octanoate 1.29 0.71 213 0.39 0.83 0.40 1.39 0.44 1.10 0.58 2.03 0.19
Ethyl decanoate 0.83 0.40 1.42 0.22 0.59 0.51 1.34 0.24 0.75 0.51 1.49 0.17
Styrene 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.02 0.01 0.03 0.01

2 Significant differences were detected between gropp<(05).
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4. Conclusion

The analytical method proposed permits the determination ;
h[14] M.G. Moshonas, P.E. Shaw, J. Agric. Food Chem. 45 (1997) 3968.

of esters and styrene in ciders without sample treatment wit

a good degree of reproducibility and accuracy. Furthermore,

the method could be used for qualitative determination of
other volatiles in cider. The application of this method to
the analysis of commercial ciders could be an effective tool

for the study of the technical processes that influence cider

making.
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