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Abstract

A rapid gas chromatographic (GC) profiling method for the simultaneous analysis of volatile and
nonvolatile organic acids was applied to alcoholic beverages (white wine, red wine, brandy, and beer).
It involves the solid-phase extraction of organic acids using Chromosorb P as the sorbent and diethyl
ether as the eluent with subsequent triethylamine treatment. The resulting triethylammonium salts
of acids were directly converted to volatile ferf.-butyldimethylsilyl derivatives, which were analyzed
by dual-capillary column GC arnd GC-mass spectrometry. From the alcoholic beverages studied, more
than 29 organic acids were detected. When the simplified retention index (RI) spectra of organic
acids, and the direct comparisor method between alcoholic beverages and a test sample were attempted
to identify a test sample, it was quickly recognized to be a red wine with the 998 ppt match quality
value.

Key words: organic acids, sclid-phase extraction, alcoholic beverages, gas chromatographic profiles,
pattern recognition.
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Table 1. Organic acids in the alcoholic beverages identified by GC-RI, GC-AR comparison and GC-MS match-

ing

Peak Acid Identification Alcoholic Beverages

No. GC-RI  GC-AR GC-MS White wine Red wine Brandy  Beer  Test
1 Formic + +
2 Acetic + + + + + + + +
3 Propionic + + + + + + + +
4 1-Butyric + + + + + +
5 Butyric + + + + + + +
6 i-Valeric + + + + + + +
7 Caproic + + + + + + + +
8 Caprylic + + + + + + +
9 Lactic + + + + + + + +
10 Benzoic + + + + + + +
11 Glycolic + + + + + + + +
12 Phenyl acetic + + + + + +
13 a-Hydroxy-i-valeric + + -+ + +
14 a-Hydroxy-i-caproic + + + +
15 Succinic + + + + + + + +
16 Methyl succinic + + + +
17 Glutaric + + + + -+ +
18 Methyl glutaric + + + + + +
19  Salicylic + + +
20 Adipic + + + +
21 Itaconic + + +
22 Fumaric + -+ +
23 Malic + + + +
24 Palmitic + + + + + + +
25 Stearic + + + +
26 Linolenic + + + +
27 cis-Aconitic + + + + +
28 Tartaric + + + -+
29 Citric + + + +
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Table 2. Organic acids found in alcoholic beverages

Peak Acid Amount(% normalized peak area)

No. “ V\hlte wine Red wine Brand\, Beer Test
1 Formic ().0() 0. 0() 0.00 @ 0.00
2 Acetic 100.00 100.00 100.00 90.20 100.00
3 Propionic 6.08 2.13 14.02 14.72 173
4 i-Butyric 0.00 0.48 0.00 0.68 0.39
5 Butyric 1.50 0.46 1.75 1.72 0.37
6 i-Valeric 0.00 0.63 14.32 0.94 0.51
7 Caproic 1.22 0.77 4.00 149 0.63
8 Caprylic 0.00" 0.00" 0.00" 0.00" 0.00
9 Lactic 89.45 99.19 44 80 100.00 80.56
10 Benzoic 2.70 7.40 29.95 5.77 6.02
11 Glycolic 1.23 10.50 2099 527 8.53
12 Phenyl acetic 2.38 7.14 0.00 0.00 5.80
13 a-Hydroxy-i-valeric 2.66 0.00 3.05 0.00 0.00
14 a-Hydroxy-i-caproic 0.74 0.00 0.00 0.00 0.00
15 Succinic 7.84 17.95 3.90 10.10 14.58
16 Methy!l succinic 0.00 0.00 0.00 1.50 0.00
17 Glutaric 69.82 4133 0.00 0.00 33.57
18 Methyl glutaric 14.75 8.94 0.00 0.00 7.27
19 Salicylic 0.36 0.00 7.88 0.00 0.00
20 Adipic 0.46 0.00 0.00 0.00 0.00
21 Itaconic 0.00 1.65 0.00 0.00 1.34
22 Fumaric 0.00 0.00 0.00 145 0.00
23 Malic 0.39 (.58 0.00 0.00 048
24 Palmitic 0.00 4.09 1.65 922 3.32
25 Stearic 0.00 0.00 0.00 0.75 0.00
26 Linolenic 0.00 0.00 0.00 2.00 0.00
27 cis-Aconitic 0.00 0.00 7.12 1.97 0.00
28 Tartaric 0.54 255 0.00 0.00 207
29 Citric 0.19 0.68 0.00 0.00 0.55

PPeak area can not measured because of co-elution with solvent. Degree of freedom of benzoic acid 1s 28.
"The peaks of benzoic and caprylic acids are not seperated, therefore the value of benzoic acid is the sum of benzoic

and caprylic acids.

e f7l e A ¢ oolddrh 29714 §7) 4k
F71 fatty acid, dioic acid, hydroxy acid, aromatic
acidFER TG 7S 82 sz e e
ot valt]ell e fr14ke) £55 wiseh) oL ok
i}°}7} UeE o 7 ok UFE T8 Fo foiat
Woluel P S RolHE Aol

‘5}‘4 4204 &, AR AE welng, Saey
whe) R-zls) &7 pro-

N ol—vg, ,9.‘31_94

2eleh #rk

o A‘ji

AT S22 Rl spectra H|IM2 AL

T SR f7iab 'S wlarslel olAd g 3bv) g
sted DB-5 el ofsfl el Fds fel Aubabat
F714 AZERE Aduder stdsfe] uig) Lo
o] RI spectra® whg3t217vh RI gte] wbelr} A
ol 0“2]‘“ H2EL opA] FHated ol 24|50

RI spectrum 43-% =g wlars) 2 Fa, HEn

~N
I~

:llo
B
ufit
i

z
T

(‘u]O

5 g4 & 7 udekFig L.

P45l Rl spectrumE frAtxed 54st7] sl
Pearsone] Ara+-A19-8- 2-4-3} Direct compdnson Hg
o] &-3}o] match quality (ppt)E Al4kstgict. 7
2ol gk 9JeA) 29 match qualityy X*?if(998),
ul 3 34(969), w1 5+(938), X air)(845)selalrh

o
1
Z

ol

_ﬁ:—r*]

2 ¢

Gas chromatography & |48 profiling= A1&3 %5
4 o7 H2E FRAHELRF, Hre P AF
ol Bl A g WLy {70409 SAEA
# g-sle] B3kt F 24 2 Chromosorb Pof &5 4wl
diethyl etherZ *}&3le DAAFEH S o] §she] o
8 gRYE f7]4hE #2885, triethylammonium
o UP-‘?%IEL L& F7]14k tert -butyldimethylsilyl

:jE :'.O EE i

el mhgo) tije] o} DB-59F DB-1701 % 7
oz AR £ AR Feid §714 9



166 -4 £33t 32 Al 26 W A 2 5 (1994)

100 |- —
X5
a0
&0 L l
T WS & O,
40 WHITE WINE
20
0 1 A | l I,
1000 1500 2000 2500
100 o
x5
80
60
} \ l I8
4 RED WINE
20
0 I l | Aty e
1000 1500 2000 2500
= 100
x x5
g 80 H
60 L }
§ dLdd
S w0 ’
o BRANDY
E 20
o
Z 4 [ 1 1 l —
1000 1500 2000 2500
100 - U
x5
60
i L 114
0 BEER
20
o ! 1 R
1000 1500 2000 2500
100 —_
xD
80 )
L1}
! A l In
° TEST
20 ‘
0 " h 1 L L

1000 1500 2000 2500

Temperature Programmed Relention indices

Fig. 1. Temperature programmed retention index spec-
tra of free organic acids from alcoholic beverages
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