Ciéncia Téc. Vitiv. 26 (2) 69-76. 2011

SINGLE-LABORATORY VALIDATION OF DETERMINATION OF ACETAL-
DEHYDE, ETHYL ACETATE, METHANOL AND FUSEL ALCOHOLS IN WINE
SPIRITS, BRANDIES AND GRAPE MARC SPIRITS USING GC-FID

VALIDACAO INTRALABORATORIAL DA DETERMINACAO DE ACETALDEIDO, ACETATO DE
ETILO, METANOL E ALCOOIS SUPERIORES EM AGUARDENTES VINICAS, AGUARDENTES
VINICAS ENVELHECIDAS E BAGACEIRAS POR GC-FID

Ana Catarina P. M. N. Luis? Deolinda Mota?!, Ofélia Anjos?, Ilda Caldeira'”

* Instituto Nacional de Recursos Bioldgicos, I.P./INIA-Dois Portos. Quinta da Almoinha, 2565-191 Dois Portos. Portugal.

2 Unidade Técnico Cientifica de Recursos Naturais e Desenvolvimento Sustentavel, IPCB/ESA, Apartado 119, 6000 Castelo Branco, Portugal.
*corresponding author: Ilda Caldeira. Instituto Nacional de Recursos Biol6gicos, I.P./INIA-Dois Portos. Quinta da Almoinha, 2565-191 Dois
Portos. Portugal. Tel.:+351261712106, Email: ilda.caldeira@inrb.pt

(Manuscrito recebido em 18.10.11. Aceite para publicagdo em 09.12.11)

SUMMARY

This work presents the determination of principal volatile compounds (acetaldehyde, ethyl acetate, methanol, 2-butanol, 1-propanol, 2-methyl-
1-propanol, 2-propen-1-ol, 1-butanol, 2-methyl-1-butanol and 3-methyl-1-butanol) in wine spirits, brandies and grape marc spirits by GC-FID.
The method was evaluated in terms of suitability of chromatographic system, accuracy, precision, linearity and detection and quantification
limits. The method showed good accuracy for the majority of the compounds and it presented linearity and precision for all compounds.
Based on these results the method seems suitable for quality control of marc spirits and wine spirits.

RESUMO

Este trabalho apresenta a determinagao dos principais compostos volateis (acetaldeido, acetato de etilo, metanol, 2-butanol, 1-propanol, 2-metil-
1-propanol, 2-propen-1-ol, 1-butanol, 2-metil-1-butanol e 3-metil-1-butanol) em aguardentes vinicas e bagaceiras por GC-FID. O método foi
avaliado em termos de adequagao do sistema cromatografico, exactiddo, precisdo, linearidade e limites de deteccéo e quantificagdo. O método
apresentou boa exactiddo para a maioria dos compostos e apresentou linearidade e precisao para todos 0s compostos. Com base nestes resultados
0 método parece adequado para o controle de qualidade das aguardentes vinicas e bagaceiras.
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INTRODUCTION 1999; Belchior et al., 2001; Canas, 2003; Caldeira
The grape marc spirit called “bagaceira” is produced etal, 2011).
by distillation of fermented grape pomace while the The most abundant volatile compounds in these
wine spirit is produced from distillation of wine and distilled spirits are the fusel alcohols, the fatty acid
the brandy is a wine spirit that stays in wooden bar- esters, together with acetaldehyde and methanol
rels for a minimum of six months (Regulation EC n. (Nykanen and Suomalainen, 1983; Nykanen, 1986;
110/2008). These alcoholic beverages are complex Lopez-Vasquez etal., 2010). The fusel alcohols, ethyl
mixtures mainly comprised of ethanol and water and acetate and the acetaldehyde are mainly resulting
a large number of minor volatile compounds such as from yeast and bacteria metabolism during fermenta-
alcohols, acids, esters and other compounds, that may tion step (Bertrand and Suzuta, 1976; Nykanen, 1986;
be present in the raw materials (Quady and Guymon, Nykanen and Nykénen, 1991) while the methanol is
1973; Belchior and Carvalho, 1977, 1978: Bonnet, derived from enzymatic degradation of grape pectins
1992; Boutinet et al., 1992; Mazerolles et al., 1992; (Gnekow and Ough, 1976).
Riponi et al., 1992) or that could be formed during The analysis of these volatile compounds is important
the manufacturing process (Belchior and Curvelo to guarantee the quality control. It is important to
Garcia, 1971, Belchior and Carvalho, 1980; Carvalho control the levels of certain toxic substances, such
and Belchior, 1983; Cantagrel etal., 1991; Galy etal., as methanol and also it is necessary to guarantee
1992; Segur and Bertrand, 1992; Silva and Malcata, the origin of the alcoholic beverages according to
1999). Also the wood maturation period influence minimum levels (Regulation EC n. 110/2008) of
the volatile composition of the brandies (Guymon volatile substances which comprise the higher alco-
and Crowell, 1970; Onishi et al., 1977; Artajona, hols, aldehydes and ethyl acetate (Regulation. EC
1991; Rabier and Moutonet, 1991; Puech et al., 1992; n. 2870/2000). According to the regulatory require-
Viriotetal., 1993; Guichard etal., 1995; Canas et al., ments (CT83, 1990; Regulation EC n.2870/2000)
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these compounds must be determined by gas-liquid
chromatography (GC) equipped with a flame ioniza-
tion detector (FID).

Thus, this paper reports the single laboratory valida-
tion of a GC-FID method for the quantification of
methanol, acetaldehyde, ethyl acetate and higher al-
cohols in wine spirits, brandies and grape marc spirits.

MATERIAL AND METHODS

Method validation

System suitability — according to the guidelines for
chromatographic methods (CDER, 1994) it was
evaluated the capacity factor k', the relative reten-
tion (o) , the peak resolution (Rs), the tailing factor
(T), theoretical number of plates (N) and injection
repeatability:

K'=(tr-t0)/t0

where tO=elution time of the void volume or non-
retained components and tr=retention time of the
compound

a=k1/k’2

where k"1 = capacity factor of compound 1 and k2
= capacity factor of compound 2

Rs=(tr2-tr1)/(1/2)(twl+tw2)

where tr2 and trl= retention time respectively of
compound 2 and compound 1 and tw1 and tw2=peak
width, respectively, of compound 1 and compound
2 measured at baseline of the extrapolated straight
sides to baseline

T=W, /f

where W, =width of peak at 5% of the height and
f=distance between peak maximum and peak front
at W,

N =16(tr/tw)?

where tr= retention time and tw =peak width mea-
sured at baseline of the extrapolated straight sides
to baseline

The injection repeatability was evaluated by the
calculation of relative standard deviation (RSD) of
ten injections of different samples.

Calibration, linearity and range — standard solu-
tions containing known amounts of the volatile
compounds were analysed by the GC-FID procedure.
Seven concentration levels, including the zero were
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analysed. The range of concentrations tested can
be seen in Table IlI. Three injections were done for
each sample or standard solution. The relative area
was plotted against the relative concentration. For
all the compounds the linear model is adjusted by
the least-squares method. The choice of the model
was based on the following statistical criteria: the
slope is significantly different from zero; correla-
tion coefficient superior to 0.99; the intercept is not
significantly different from zero; the evaluation of
residual residues (Bouvier, 1994).

Accuracy-recovery data - A grape marc spirit was
spiked with known amounts of the studied volatile
compounds at four different levels. The sample, at
each level, was analysed by the proposed method in
triplicate (OlV, 2011).

Precision - analysis repeatability - the repeatability
was calculated by the analysis of the results of several
replicas of grape marc spirits and brandies, accord-
ing to the procedure described by OIV (2005, 2011).
According to this procedure the repeatability (r) was
calculated according to the formula:

r=t.+2.s,
in which:
t=value of t-Student distribution
Sr = the repeatability standard deviation calculated
according to the expression:

1
Sr = W21/2
r (ZqE )

where
g = the number of samples analyzed in duplicate
Wi = the absolute differences between duplicates

Detection and quantification limits — Detection
limit (DL), the lowest analyte amount that can be
detected, and quantification limit (QL), the lowest
analyte amount that can be quantified with acceptable
precision, were estimated by the graph approach, by
analysing the ground noise of three chromatograms
of an analytic blank (hydroalcoolic solution 50%
v/v) (OlV, 2011).

Reagents

Ethanol was purchased from Merck (Darmstadt,
Germany). Distilled water was used to prepare the
hydroalcoholic solutions.

GC-FID standards: Ethyl acetate [CAS N° 141-78-6;
purity >99.8%] was purchased from Riedel-de-Haen
(Seelze, Germany), methanol [CAS N° 67-56-1; pu-
rity >99.9%] was purchased from Merck (Darmstadt,
Germany). 2-Methyl-1-butanol [CAS N° (137-32-6);
purity >98%] 3-methyl-1-butanol [CAS N° 123-
51-3; purity >98.5%], 1-butanol [CAS N° 71-36-3;
purity >99.5%], 2-methyl-1-propanol [CAS N° 78-
83-1; purity >99.5%], 1-propanol [CAS N° 71-23-8;
purity >99.5%], 2-propen-1-ol [CAS N° 107-18-6;



purity >98%], 2-butanol [CAS N° 78-92-2; purity
>99.5%], 4-methyl-2-pentanol [CAS N° 108-11-2;
purity >97%] and acetaldehyde [CAS N° 75-07-0;
purity >99.5%] were purchased from Fluka (Buchs,
Switzerland).

Preparation of standard solutions

All standard solutions were prepared in a 50% (v/v)
hydroalcoholic solution by using concentration
ranges expected for each distilled beverage, in a
laboratory room maintained at 20° C.

a) Solution A — approximately 500 mg of
acetaldehyde, 1000 mg of ethyl acetate and
5000 mg of methanol were weighted into a
100 mL volumetric flask containing approxi-
mately 10 ml of hydroalcoholic solution
of 50% in order to minimise evaporation.
After that, the volumetric flask was filled
with hydroalcoholic solution of 50%. The
exact weight of each reagent was recorded
in order to perform the calculations.

b) Solution B — approximately 50 mg of 2-bu-
tanol, 300 mg of 1-propanol, 500 mg of
methyl-1-propanol, 50 mg of 2-propen-1-ol,
50 mg of 1-butanol, 500 mg of methyl-2-bu-
tanol, and 1250 mg of 3-methyl-1-butanol
were weighted into a 100 mL volumetric
flask containing approximately 10 ml of
hydroalcoholic solution of 50% in order to
minimise evaporation. After that, the volu-
metric flask was filled with hydroalcoholic
solution of 50% and the exact weight of each
reagent was recorded in order to perform
the calculations.

c) Solution C — approximately 550 mg of
4-methyl-2-pentanol (internal standard)
was weighted into a 100 mL volumetric
flask containing approximately 10 ml of
hydroalcoholic solution of 50% in order to
minimise evaporation. After that, the volu-
metric flask was filled with hydroalcoholic
solution of 50% and the exact weight of the
reagent was recorded in order to perform
the calculations.

d) Standard solutions for the evaluation of
linearity — Aliquots of different volumes of
solution A and B were taken into a 100 ml
of volumetric flasks, which were filled with
hydroalcoholic solution of 50% v/v.

Alcohol strength

Alcohol strength was determined by distillation
followed by the determination of alcohol content of
distillate using an electronic densimeter (DMA5000,
Antoon Paar) [Regulation EC n. 2870/2000]. The re-
sults are present as volumetric percentage of ethanol
in the beverage.
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Preparation of samples to GC-FID

The compounds, in the spirit drinks, are determined
by direct injection of the spirit drink or by the injec-
tion of the distillate, obtained in the alcohol strength
determination, for the wooden aged spirit drinks.
Prior to injection, 9 ml of each sample (spirit drink,
distillate of spirit drink, standard solution) was added
with 1 ml of internal standard solution (solution C).
The mixture was shaken and about 1 pl was injected
in the gas chromatograph. The concentration of each
compound is determined with respect to the internal
standard from response factors, which are obtained
during calibration using the standard solutions. The
concentration of the compounds are expressed as
mg/L or as g/100 L of absolute ethanol (using the
alcohol strength results) in order to verify the regula-
tory requirements (Regulation EC 2870/2000).

Gas chromatography-flame ionization detection
(GC-FID)

GC-FID analysis was carried out using an Focus
GC gas chromatograph (Thermo Scientific, USA)
equipped with a flame ionisation detector-FID
(250°C) and a fused silica capillary column of poly-
ethylene glycol (DB-WAX, JW Scientific, Folsom,
CA, USA), 60 m length, 0.32 mm i.d., 0.25 um film
thickness. The carrier gas was hydrogen (3,40 cm?,
min?). The samples were injected (~1 uL) on the
injector (200 °C) in split mode (split ratio 1:6). The
oven temperature program was: 35 °C (for 8 min),
then increased at 10°C.min to 200 °C and held for
this temperature for a further 9 min.

Statistical analysis: Regression analysis and analysis
of variance were performed. All calculations were
carried out using Statistica vs. "98 edition (Statsoft
Inc., Tulsa, USA).

RESULTS AND DISCUSSION

Chomatographic system suitability

The specificity of the method was evaluated by
comparing retention times obtained for standard
compounds mixtures with those obtained for alco-
holic beverages. The specificity was evaluated by
analysing the peaks for the purity and resolution from
the nearest peak (Table 1). Chromatograms of the
standard solutions, brandy samples and grape marc
spirits samples are shown in Figure 1.

Retention times, peak shape and peak resolution
reveal that no interferences seem to be present in
the chromatographic region of interest, where the
analytes are located. All the peaks (Table I) had a
resolution (Rs) higher than 2, except for 3-methyl-1-
butanol. However, Kelly et al. (1999) showed that the
2-methyl-1-butanol and 3-methyl -1-butanol could be
quantified individually or like one peak with similar



results. Concerning the tailing factor, which affects CDER (1994). For all the compounds the theoretical

the accuracy of quantitation, all the peaks presents a number of plates is also above the recommended
value below 2, according to the recommendations of 2000 (CDER, 1994).
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Fig. 1 - Chromatogram of hydroalcoolic solution of standards (A), of a grape mark spirit (B) and of a brandy (C). Compound identification:
1:acetaldehyde, 2:ethyl acetate, 3:methanol, 4:2-butanol; 5:1-propanol; 6:2-methyl-1-propanol, 7:2-propen-1-ol; 8:1-butanol; 1S:4-methyl-2-
pentanol (internal standard); 9:2-methyl-1-butanol+3-methyl-1-butanol
Cromatograma de uma solucdo hidroalcélica de padrdes (A), de uma aguardente bagaceira (B) e de uma aguardente vinica envelhecida (C).
Identificacdo dos compostos:1:acetaldeido, 2:acetato de etilo, 3:metanol, 4:2-butanol; 5:1-propanol; 6:2-metil-1-propanol, 7:2-propeno-1-
ol; 8:1-butanol; 1S:4-metil-2-pentanol (padr&o interno); 9:2-metil-1-butanol+3-metil-1-butanol
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TABLE |

Chromatographic system data: retention times, capacity factors, relative retention, resolution, tailing factors and theoretical number of plates.
Dados do sistema cromatogréfico: tempos de retencdo, factores de capacidade, retengéo relativa, resolugéo, factores de simetria, nimero de
pratos tedricos

Relative Theoretica plate

Compound LRSD ?a?:tpgr:lliy retention Ra(??“;)t fon f;?!:rz% number (N)
Mean %) (@)
Acetaldehyde 3033 013 130 0.97 96586
Ethyl acetate 4894 008 288 221 3381 0.93 75937
Methanol 5248 016 318 111 430 1.06 7803
2 Butanol 9713 006 69 1.58" 7.42° 0.91 224486
1— Propanol 10143 008  7.32 1.05 5.29 0.81 253082
2-Methyl-1-propanol 11940 006 885 121 20.32 0.75 245295
2-Propen-1-ol 12433 018  9.26 105 7.04 0.97 1311347
1-Butanol 13100 010  9.83 1.06 15.48 1.03 1498966
4-Methyl-2-pentanal (intemal 355 606 1021 1.04 1048 0.97 1602900
standard-1S)
2-Methyl-1-butanol 14319 002  10.86 1.06 1563 0.63 1046097
3-Methyl-1-butanol 14354 005  10.89 1.00 0.64 0.82 1046097

a) Retention times of standard solutions; average of ten injections

b) Calculated in relation to solvent peak

The precision of chromatographic system was evalu-
ated by calculation of relative standard deviation
(RSD) of multiple injections of different samples
(hydroalcoholic, wine spirit and grape marc spirit)

and the results are presented at Table Il. For the
majority of the compounds the RSD was lower than
1% and it ranges from 0.41 until 2.08 for methanol,
ethyl acetate and acetaldehyde.

TABLE Il

Injection repeatability evaluated by the relative standard deviation of ten injections of different samples (standard solution, wine spirits and
grape marc spirits).
Repetibilidade de injeccdo avaliada pelo coeficiente de variacéo de dez injeccdes de diferentes amostras (solugéo padrao, aguardente vinica).

RSD (%) of ten injections

Compound Wine spirits Grf;p;ﬁirtr;arc Hydroal coholic standard solution
Acetaldehyde 2.08 1.85 1.53
Ethyl acetate 1.44 0.69 0.85
Methanol 1.90 0.45 0.41
2 — Butanol 0.00 0.00 0.47
1 - Propanol 0.37 0.33 0.26
2-Methyl-1-propanol 0.17 0.15 0.15
2-Propen-1-ol 0.00 - 0.48
1-Butanol 1.09 0.81 0.36
2+3-Methyl-1-butanol 0.33 0.26 0.28

Linearity

The calibration graphs (relative area versus relative
concentration) were built for each compound. The
linear method is adjusted by least-squares method
and the choice of the linear method was based on
statistical criteria: the slope is significantly different
from zero and correlation coefficient >0.99.

Table 111 summarises the linearity evaluation of the
method for all the compounds.

The coefficient of correlation (r) ranges from 0.9991
to 0.9999. As can be seen in Table I1I, all the com-
pounds showed good linearity in the studied range
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with regression coefficients higher than 0.999.

The observation of residual plots also confirms the
linearity results.

The detection limits ranged from 0.25 to 7.38 mg.L*
(Table I11). The higher values are observed in some
compounds which presents higher levels in the wine
and grape marc spirits, such as methanol, ethyl acetate
and acetaldehyde.

Accuracy-Recovery data

The recovery data, calculated by spiking a sample of
grape marc spirit with four increasing known amounts
of standards, are presented at Table V.



TABLE Il

Method linearity data and detection and quantification limits.
Resultados da linearidade do método e limites de detecgéo e quantificacdo

Range tested Linearity evaluation bL QL

mg.L? (g-hL T of (mg.L?) (ghLTof (mg.Lh) (ghLTof

Compound absolute Graph equation® r absolute absolute

ethanol ) ethanol ) ethanol )
Acetaldehyde 0-293,40 0-1467,43 y =0,3163x + 0,0043 0,9991 7.38 1.48 24.62 4.92
Ethyl acetate 0-613,00 0-3065,86 y =0,5163x - 0,0021 0,9999 177 0.35 5.90 118
Methanol 0-2689,51  0-13447,54 y =0,412x - 0,0199 0,9999 5.27 1.05 17.57 351
2 - Butanol 0-27,16 0-135,82 y =0,7877x - 0,0017 0,9997 167 0.33 5.56 111
1.- Propanol 0-177,31 0-886,55 y = 0,7665x - 0,0035 0,9999 0.95 0.19 3.18 0.64
2-Methyl-1-propanol 0-42590  0-2129,50 y = 0,8983x - 0,0069 0,9999 0.89 0.18 2.98 0.60
2-Propen-1-ol 0-28,40 0-142,00 y =0,8692x - 0,0006 0,9999 0.25 0.05 0.82 0.16
1-Butanol 0-26,39 0-131,94 y = 0,8776x - 0,0006 0,9999 0.26 0.05 0.88 0.18
2+3-Methyl-1-butanol 0-1054,43  0-5272,16 y = 0,9231x - 0,0159 0,9999 0.53 011 1.76 0.35

a) vy = relative area: area of each compound/area of internal standard; x = relative concentration: concentration of each
compound/concentration of internal standard

TABLE IV

Recovery data obtained in spiked samples of a grape marc spirit
Resultados da percentagem de recuperacéo avaliada sobre uma amostra de aguardente bagaceira

Theoretical Concentration found
Compound concentration mg.L* Recovery (%) Average recovery (%)
mg.L*
Acetaldenyde 724.02 74765 1033
864.57 802.47 w8 w
1040.25 964.92 928
1215.93 1072.24 88.2
Ethyl acetate 11630 11207 9.4
1485.2 1539.8
103.7 100
1887.93 1900.06 1006
2299.9 2290.7 1004
Methanol 3073.94 3109.55 101.2
4636.99 4772.26
102.9 103
6590.80 6804.43 103.2
8544.60 8831.11 1034
2- Butanol 453 (<QL) 0.00 00 -
2264 26.31 116.2
45.27 49.77 109.9 112
74.65 67.91 100.9
1 - Propanol 19322 196.81 1019
298.07 307.34
103.1 103
429.12 44447 1075
560.18 584.82 104.4
2-Methyl-1-propanol 320.04 324.35 101.3
583.65 604.7
103.6 103
913.15 943.57 103.3
1242.65 1294.45 104.1
2-Propen-1-ol 10.95 5.71 52.1
29.38 25.45
86.6 84
5241 50.27 95.9
75.24 75.44 99.7
1-Butanol 1312 13.48 102.7
30.00 31.06
103.5 104
51.10 53.12 104.0
72.20 75.54 104.63
2+3-Methyl-1-butanol 1087.10 1010.11 101.8
1715.7 1756.90
102.4 103
2501.4 2578.70 103.1
3287.1 3413.00 103.8
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The recovery data are acceptable for the majority of
the compounds with an average recovery between
100 and 112%. Similar results are verified in cider
spirits and Turkish raki (Madrera and Valles, 2007;

Yilmaztekin and Cabaroglu, 2011). However the
results for acetaldehyde and 2-propen-1ol suggest a
matrix effect because the recovery data are depending
of the added amount. Yilmaztekin and Cabaroglu,
(2011) found better accuracy results in the determi-
nation of acetaldehyde in Turkish raki, but the range
evaluated was lower and the recovery assays were
done in standard solutions. So, future recovery assays
must be done with these two compounds.

Precision — analysis repeatibility

The repeatability (r) of the method was calculated by

the analysis of several samples and its replicas ob-
tained in repeatable conditions (same operator, same
equipment and same laboratory). The value r means
that in 95% of the cases, the difference between two
values acquired under repeatable conditions will be
lower than or equal to r.

The values obtained with a sample set of wine spirits
(38 samples) and grape mark spirits (48 samples)
are presented at Table V. Similar results were found
by Duarte (2005). For acetaldehyde, ethyl acetate
and methanol the repeatability (r) was higher on
grape mark spirit than on the wine spirits, but also
the compounds are presented at higher levels in the
mark spirits.

TABLEV

Repeatibility values (r) determined in wine and grape marc spirits
Valores de repetibilidade (r) determinados em aguardentes vinicas e aguardentes bagaceiras

Wine spirit Grape marc spirit
Range found ; Range found r
(g.hL;hcgn zkl)iol ute (ghL" of absolute ethanol) (g.hL;h(:n ?ﬁol ute (g.hL‘:t ﬁ;n e;tl))sol ute
Acetaldehyde 2.29-87.25 247 41.80-354.92 13.04
Ethyl acetate 6.49-197.67 2.00 61.91-540.73 37.67
Methanol 29.90-123.91 371 339.42-2370.89 34.22
2 Butanol 0-26.67 0.23 0-23.39 112
1 - Propanol 15.72-48.21 1.46 28.12-80.42 1.94
2-Methyl-1-propanol 34.09-95.63 2.38 39.52-121.37 2.27
2-Propen-1-ol 0-4.77 0.08 0-2.61 0.37
1-Butanol 0-4.08 0.1 1.37-8.93 0.33
127.03-313.87 12.05 51.42-481.42 12.26

2+3-Methyl-1-butanol

CONCLUSIONS

The proposed method presented linearity and preci-
sion for all compounds, as well as good recoveries for
the majority of the compounds. These results show
that the method is suitable for quality control of wine
and grape mark spirits.
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