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Application of GC/MS method for the identification
of brandies and cognacs

V.N. Vlassov*, D.S. Maruzhenkov

Russian Center for Tests and Certification, Food Instrumental Tests Laboratory, 31, Nahimovsky avenue,
117418 Moscow, Russia

Abstract. Chromatographic profiles and mass spectrometric data for more than forty various types of brandies, cognacs and arma-
gnacs were obtained using gas chromatography coupled with mass spectrometry (GC/MS). Twenty-three characteristic compounds
were identified by means of mass spectral libraries and integrated using selected m/z ratios. Some indexes related to consumer
properties of drinks were calculated. The quality and the origin of examined brandies were evaluated using the GC/MS data.

Key words. brandy — quality control — index of age — syringaldehyde / vanillin ratio — level of esters of superior acids

Introduction spondingly [1]. There are also brandies without any age indi-
cated on a bottle. Usually they are produced from young

The quality control of alcohol drinks is of prime importancespirits, sometimes with adding of oak wood extracts, and

for market in Russia. The spirit distilled from wine andmust be considered of inferior quality.

matured in oak barrel is sold under the different names as

“brandy”, “cognac”, “armagnac” accordingly to area of pro-

duction.

French cognacs and armagnacs have the following well-
known grades of quality: VS, VSOP, Napoleon, XO, Extra,
Selection in order of increasing of the age and price. French

Alcoholic beverages of this type are imported from sevbrandies have no gradation related to the maturation process.
eral countries neighboring Russia, including Armenia,

Azerbaidjan, Moldova, and more distant from it, such as; . . . . o .
; . ~Tise quickly with the ageing time of spirits. Sometimes the
France, Greece, USA. They are subject to obligatory Ve”f'differ%nce ybetween twcg> dr?nks of diff(frent age amounts to

cation (certification) for the conformity to the national stan- ; :
dards of alcohol drinks. However, the existing norms and® 100% of its price and even more.
methods provided by these documents do not seem to beA number of publications appeared recently confirm the
sufficient for full estimation of the authenticity and quality keen interest for the oak wood composition and its influence
of imported brandies. The sensorial testing remains the magh sensorial properties of alcohol drinks [2 - 4]. Natural
method of grade assessment of drinks, while being the supelymeric pnenolic substances (lignins) were found to be
jective judgement, it depends considerably on the expertsuitable chemical markers of age of spirits [5]. The most
qualification. modern instrumental methods of analysis were applied in
. . . this area, including the direct thermal desorption with
Adulterations of different type can be found in market ;s getection for quantifying volatile compounds in oak

Eindent fa;lsifictation,(;‘or tﬁx]’:lmlpleﬁ t:randly d"léted.t‘;]vith large ood [6], capillary gas chromatography coupled with mass
volume of water and etny? alcohol, coloured with carame, pectroscopy for the analysis of oak lignins in order to

(burnt sugar) and flavoured with vanillin are easy to disclosgy \\Jhstrate the wine ageing [7], capillary electrophoresis

by tasting. The verification of declared term of maturation, . yhe characterization of brandies and wood extracts [8].
(age) or the brand confirmation are much more difficult and

require additional methods.

The countries located on the territory of the former UussMaterials and methods
produce brandies of different grade with the age indicated
on the label. Brandies of “ordinary” quality, which are SOldChemicals
as 3,4 or 5 “stars”, are matured no less than 3, 4 or 5 years.
The age of brandies “of brand” and “of collection” quality All chemicals were reagent grade. Hexane, diethyl ether
subdivided as “matured”, “matured of high quality”, “old” were bought from Merck. Ammonium sulfate is manufac-
and “very old” is no less than 6, 8, 10 and 12 years corrédred by BDH Laboratory Supplies. The internal standard 1,

The adulteration of age is very profitable since the price
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2, 4,5- tetramethyl benzene (durene) is a product of Aldrichowing characteristic mass to charge ratios (m/z) were used
The solution of the internal standard in hexane with confor data calculation: durene (internal standard), 134;
centration of 500 mg/L was prepared. Water was deionizeghenylethyl alcohol, 122; 3-ethylphenol, 107; 4-ethyl-2-
using the system Maxima (Elga, England) for ultrapurenethoxyphenol, 137; 2-ethoxy-4-(2-propenyl)phenol, 178;

water. furfural, 95; 5-hydroxymethyl-2-furancarboxaldehyde, 126;
vanillin, 152; ethylvanillyl ether (ethylvanillin), 137;
Provenance of samples syringaldehyde 182; superior acids (octanoic, decanoic),

129. Ethyl esters of superior acids from hexanoic to octade-
In most cases, brandies and cognacs were delivered to tnoic, 157. Ethyl esters of acids: vanillic, 137; syringic,
test center in order to obtain a licence for sale. Some of thep26. Diethyl esters of acids: butandioic (succinic), 129;
were bought in free market. The series of thirteen Armeniafydroxybutandioic (malic), 117; hexanedioic, 111.
brandies was acquired directly from producing company as

verification ndards. .
erification standards Extraction of samples

Chromatographic conditions Fifteen milliliters of brandy were added with 20 microliters

The model GCQ (Finnigan MAT) GC/MS system equippe%f the internal standard solution, diluted (1: 1) with saturated

. . mmonium sulfate solution and extracted with 5 ml of
with autosampler, Gateway 2000 PC and data handling so iethyl ether / hexane mixture (2: 1 v/v). The organic layer

ware Wasoemployed. The <_:api||ary colur_nn was a 30-m Rixz,,q separated, concentrated under a nitrogen flow to about
1701 (14 % cyanopropyl dimethyl polysiloxane) with an i.d.one miljiliter volume and one microliter of the resulting

of 0.25 mm and 0.5m of film thickness. Helium was used g o0t was injected into the GC/MS system for analysis.
as carrier gas at the constant linear velocity of 35 cm/sec.
All samples were injected splitless. The temperature of

injection port was 220 °C and the oven temperature was pr : :
grammed from 35 °C (1 min) to 250 °C (10 min) at the rategz-(_}su'tS and discussion
of 7 °C/min.

Data processing

Mass spectrometry conditions Figure 1 shows the example of chromatographic profile of

lonization was performed by electron impact with an eleci0-years Armenian brandy “Ahtamar”. The numbered sub-
tron energy of 70 eV. The temperature of external ion sourcgances are identified by means of mass spectral libraries
of the ion trap mass spectrometer was 200 °C. Full scgiNIST, Wiley). Obviously, the poor separation of some peaks
mode of data acquisition was applied through the mass rangbtained by the detection of total ion current and low sen-
from 50 to 450 u with a scan rate of 1 scan/sec. The fositivity towards some components involves difficulties with

Commert : Brandy Ahtamar 10 years (Erevan , Armenia)
Mass Range: 50 - 450
100% = 31351258 . .
25% 5 . Fig. 1. Total ion chromatogram of the

principal compounds of 10-years
Armenian brandy “Ahtamar”. 1: fur-
fural; 2: hexanoic acid, ethyl ester; 3:
durene (internal standard); 4: octanoic
acid, ethyl ester; 5: phenylethyl alco-
hol; 6: succinic acid, diethyl ester; 7:
octanoic acid; 8: 3-ethylphenol; 9: 4-
ethyl-2-methoxyphenol; 10: decanoic
21 acid, ethyl ester; 11: malic acid,
TOT - 1213 2 : diethyl ester; 12: decanoic acid; 13: 5-

' hydroxymethyl-2-furancarboxalde-
hyde; 14: dodecanoic acid, ethyl ester;
24 15: vanillin; 16: hexanedioic acid,
diethyl ester; 17: vanillic acid, ethyl
15 ester; 18: 2-ethoxy-4-(2-propenyl)phe-
B 14 1849 o nol; 19: tetradecanoic acid, ethyl ester;
% WV 20: ethylvanillin; 21: syringaldehyde;
22: hexadecanoic acid, ethyl ester; 23:
. syringic acid, ethyl ester; 24: octade-
5:00 1000 1500 2000 © 2500 canoic acid, ethyi ester.
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their integration. So we used the selected ions' intensity Table I. Dispersion of analytical results (on example of 7-years
order to avoid the problem. Peaks of interest were integrattArmenian brandy “Otborny”).

using selected m/z and their ratio to internal standard we
utilized to calculate the indexes characterizing the composcompouND Mean valde RSD (%)
tion of brandies.

Furfural 3.71 8.9
Method precision Hexanoic acid, ethyl ester 0.07 5.2
We have evaluated the method precision on example of ©Octanoic acid, ethyl ester 0.24 2.4
years Armenian brandy “Otborny”. Five consecutive extracPhenylethyl Alcohol 1.06 7.7
tions were performed and resulting extracts were analyseSuccinic acid, diethyl ester 0.48 8.6
by GC/MS. Table | shows the distribution of the datsOctanoic acid 0.10 10.6
received. The relative standard deviation (RSD) values fctPhenol, 3-ethyl- 0.12 2.4
the most of the characteristic compounds are not big whilphenol, 4-ethyl-2-methoxy- 0.13 6.5
some of them are less reproducible. The substances with pecanoic acid, ethyl ester 0.45 4.2
RSD-values more than 10 % were rejected from the methq,ic acid, diethyl ester 0.07 251
developement. Decanoic acid 0.10 11.8
o Furancarboxaldehyde, 5-(hydroxymethyl)- 1.68 6.8

Indexes of authenticity Dodecanoic acid, ethyl ester 0.18 5.3
Syringaldehyde and vanillin arise from the oxidativeVvanilliin 0.36 9.5
destruction of natural polymeric phenolic substanceHexanedioic acid, diethyl ester 0.14 14.3
(lignins) of oak wood material during the ageing processvanillic acid, ethyl ester 0.02 40.7
Thus, their concentration accumulated indicate the time (Phenol, 2-ethoxy-4-(2-propenyl)- 0.271 26.1
maturation in oak cask. We have accepted the relative intetetradecanoic acid, ethyl ester 0.12 54
sity of syringaldehyde as the “index of age”. Ethyl vanillin 0.18 15.1

The “syringaldehyde/vanillin” ratio seems to be one ofSyringaldehyde 141 5.6
the characteristics of brandy’s original composition. As usueHexadecanoic acid, ethyl ester 0.57 3.9
the found content of syringaldehyde exceeds more theSyringic acid, ethyl ester 0.05 41.0
twice the vanillin content in oak wood specious [6]. TheOctanoic acid, ethyl ester 0.05 6.6
ratio will be disturbed if the additional amount of vanillin is
added in order to adulterate original brandy. 1 Mean value of analysis of 5 samples (area of compound / area of inter-

Ethyl esters of some superior acids were reported to gnal standard)

responsible for the brandy’s characteristic flavour [9]. The

level of ethyl esters of superior acids, from octanoic tc

octadecanoic, is evidently a value specific of the manufac

turing method. Some well-known brands of cognacs havethe most cases they are very popular appellations of

relatively high content of these components due to technéwmenian brandies. The level of accumulated phenolic sub-

logical mode of production. Any illicit dilution of original stances showed by the former three brands is too poor by

brandy brings to the equivalent decrease of this index. comparison with original products, whereas the others two
brandies were diluted considerably and flavoured by a large

Evaluation of grade amount of vanillin.

Analytical results for over than forty brandies and cognacs On the whole the index of age does not exceed the limit
produced in different countries reported in Table II. The valof 1.0 for brandies “of ordinary” quality up to 5 years,
ues included prove the grade of old cognacs “Hennessy” ampereas old brandies aged_ more than 6 years are character-
“Remy Martin”, which contain a relatively high level of ized by the values much higher (Fig. 2).

markers of age, whereas th_e quality of the other cognacs andIt should be noted that an uncertainty always exists when

five verification of age or grade is made without any com-

rison with the authentic samples from the manufacturer.
» This is the result of various differences of manufacturing
Ol?mde and materials used by the producers.

found. All the cognacs examined (numbers 1 - 4) show
high content of ethyl esters of superior acids. The age
French brandies “Dorville Napoleon” and “Dorville Select
to all appearances is not high judging by the low value

index of age. Jid
Brand identification
A large number of investigated brandies produced in

Armenia, Moldova, Georgia and Azerbaijan were found taVhen the question of origin is raised, the total comparison
be corresponding with their declared grade. However, fewf characteristic compounds with the help of statistic meth-
adulterations were revealed (at the bottom of Table Il). liods is needed. Brandies produced by the same manufacturer
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Table Il. Characteristic indexes calculated from the GS/MS data of examined brandies.

Number Brand name and the manufacturing country 1Age Index of age
(years) or grade

Syringaldehyde/
Vanillin ratio

Sum of esters
of superior acids

Cognacs and Armagnacs

1 France - Bowen VSOP 0.92
2 Chabasse VSOP 0.23
3 Hennessy XO 2.91
4 Remy Martin XO 4.73
5 Cles des Ducs 3 stars 0.73
6 Chateau de Laubade VSOP 2.70
Brandies

7 France - Dorville Napoleon . 0.27
8 Dorville Select o 0.25
9 Armenia? - 3 stars 3 0.46
10 Ararat 4 0.48
11 5 stars 5 0.94
12 Ararat 6 1.38
13 Ani 6 1.43
14 Otborny 7 1.41
15 Yubileiny 10 3.75
16 Ahtamar 10 4.43
17 Armenia 10 3.69
18 Dvin 10 4.56
19 Prazdnichny 15 5.10
20 Vaspuracan 18 4.72
21 Nairi 20 7.36
22 Azerbaijan -  Gek-Gel 5 0.87
23 Baku 8 - 10 3.54
24 Moscow 12 3.72
25 Chirvan 15 3.15
26 Georgia - Sarajichvili 5 0.31
27 Gremy 8-10 1.78
28 Os 10 - 12 1.39
29 Enisely 12 - 14 1.29
30 Thilisy 15 - 20 1.59
31 Moldova - 3 stars 3 0.30
32 Bely aist 4.5 0.76
33 Basarabia 15 2.27
34 Solnetchny 20 3.54
35 Victoria 25 5.28
36 Yubileiny 30 5.56
37 Suvorov 40 8.23
38 Russia - 3 stars 3 0.33
39 5 stars 5 0.74
40 Staraya krepost 3-5 0.26
41 Bulgaria - Slantschew brjag 3 0.22

Adulterations of Armenian brandies

Ani
Vaspuracan
Nairi
Ahtamar
Yubileiny

6
18
20
10
10

0.42
0.56
0.63
0.04
0.04

2.68
2.44
3.25
3.72
2.73
3.17

3.99
4.04
4.16
5.01
4.77
4.54
4.41
3.89
4.76
4.30
4.57
5.29
4.13
3.82
4.15
3.04
3.47
4.54
3.56
2.44
3.50
3.36
3.28
3.25
4.13
4.33
2.94
3.49
3.20
3.35
2.83
3.24
3.02
4.18
2.24

3.27
2.65
2.18
0.002
0.002

3.60
6.00
4.86
4.58
1.21
1.75

1.08
1.26
1.71
1.65
1.77
1.77
1.57
1.56
1.86
1.66
2.02
2.97
2.17
1.63
1.96
1.05
1.01
0.93
0.98
1.08
1.98
1.44
1.33
1.44
0.93
1.50
2.52
1.33
1.97
1.17
1.96
0.69
1.48
0.67
0.56

0.73
0.65
1.14
0.05
0.09

1 Age indicated on the label.

2 Received from manufacturer as verification standards.
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Table 1ll. Comparison of some old brandies and cognacs by correlation of their components (n = 15).

Numb. 1 2 3 4 5 6 7 8 9 10

1 Hennessy (France) 1.000 0.959 0.702 0.691 0.630 0.656 0.557 0.528 0.845 0.797
2 Rémy Martin (France) 1.000 0.787 0.788 0.694 0.703 0.476  0.457 0.935 0.915
3 Yubileiny (Armenia) 1.000 0.995 0.626 0.631 0.727 0.782 0.900 0.853

4 Ahtamar (Armenia) 1.000 0.682 0.685 0.753 0.804 0.905 0.860
5 Baku (Azerbaijan) 1.000 0.995 0.791 0.819 0.842 0.793

6 Moscow (Azerbaijan) 1.000 0.831 0.854 0.845 0.786

7 Eniseli (Georgia) 1.000 0.994 0.584 0.484

8 Thilisi (Georgia) 1.000 0.574 0.473

9 Solnechny (Moldova) 1.000 0.989

10 Suvorov (Moldova) 1.000

Index of age

an advanced analytical method for the characterization of
brandy composition. Some components are markers of
important consumer properties.

This article describes the means to identify brandies or
cognacs using the content and the correlation of their char-
acteristic compounds. The calculation of some values from
the analytical data is a simple way to compare this type of
drinks, also more thorough comparison could be applied on
the whole range of the components using statistical meth-
ods. The described procedure can be useful for the verifica-

tion of brandies’ quality and their brand identification.

Acknowledgment

The authors express their gratitude to Department for
Standardization, Metrology and Certification of Armenia for

granting the samples of original Armenian brandies.

Fig. 2. Distribution of brandies according to the index of age (for
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