
Journal of Food and Nutrition Research Vol. 51, 2012, No. 3, pp. 123–131

© 2012 VÚP Food Research Institute, Bratislava 123

Vinegar is extensively used as an acidifying 
and food-preserving agent. It regulates pH and 
counteracts growth of bacteria and yeasts. It is 
a traditional component of various food products 
(salads, dressings, mayonnaise, ketchup, sauces, 
pickles etc.) giving them characteristic aroma and 
taste. Vinegar is obtained by two-stage fermenta-
tion process, i.e. alcoholic fermentation (conver-
sion of fermentable carbohydrates to ethanol) and 
acetous fermentation (oxidation of ethanol to ace-
tic acid). Initial materials for vinegar production 
include white wine, red wine, apple, malt, yeast 
rice, whey, concentrated grape juice, alcohol etc. 
Refined alcohol produced from raw molasses, po-
tatoes or grain alcohol are generally used for the 
production of spirit vinegars in Central Europe 
[1]. Vinegar is made exclusively by the biological 
process of alcohol fermentation and is enriched 
with nutrients with the help of vinegar bacteria. 
Spirit vinegar is made by fermentation of alcohol 
derived from starchy or saccharides-containing 
raw materials.

Not only expensive and luxurious goods are 
adulterated, but also those that are cheap and 
common but sold in big quantities. The main 
problem in the vinegar industry lies in the diffi-
cult distinction between highly valued, high quality 
wine vinegars or aged balsamic vinegars and their 
cheaper alternatives derived from malt or alcohol 
and/or vinegar adulteration with diluted synthetic 
acid.

In Czech Republic, there are sometimes prob-
lems with availability of spirit vinegar on the mar-
ket and/or the price varies according to the price 
and accessibility of spirit. The vinegar producers 
warned several times of the suspect vinegar in the 
distribution chain. The indications were mainly the 
price and also the higher concentration of acetic 
acid in vinegar, very often over the values that can 
be reached by fermentation. Subsequently, the dif-
ferentiation between authentic and fully or partial-
ly synthetic “vinegar” is demanded. The addition 
of synthetic acid is not only an adulteration against 
the fair trade but it also could bring other dangers 

Authenticity and quality of spirit vinegar: 
Methods for detection of synthetic acetic acid addition

ADÉLA GRÉGROVÁ – HELENA ČÍŽKOVÁ – JIŘÍ MAZÁČ – MICHAL VOLDŘICH

Summary
A set of authentic spirit vinegars and mixtures of vinegars with synthetic acetic acid was analysed. Isotopic ratios, 
2H/1H (SNIF-NMR; site-specific natural isotopic fractionation-nuclear magnetic resonance) and 13C/12C (IRMS; iso-
tope ratio mass spectrometry), were determined and compared with the already published data. Gas chromatography 
analyses of volatiles and sensory analyses were applied to distinguish spirit vinegars, synthetic acetic acids and their 
mixtures. Concentrations of minor volatiles such as acetaldehyde and acetone were very low and too variable to be 
used as authenticity markers. The samples of authentic spirit vinegars contained ethanol and ethyl acetate, the indica-
tors of the fermentation process, in concentrations ranging from 0.50 g∙l-1 to 3.40 g·l-1 and from 0.10 g∙l-1 to 0.50 g·l-1, 
respectively. Both the sensory assessment and the chromatographic method were found to be useful for fast screening 
of suspicious samples or for the detection of highly adulterated samples. However, these methods do not allow quan-
tification of added synthetic acetic acid or confirmation of mixtures. In such cases, only the coupled SNIF-NMR and 
IRMS methods are able to authenticate the contents of the samples credibly with the estimated detection limit of 15% 
of synthetic acid addition.

Keywords
spirit vinegar; synthetic acetic acid; authenticity; SNIF-NMR; IRMS; GC-FID

Adéla Grégrová, Helena Čížková, Michal Voldřich, Department of Food Preservation, Institute of Chemical Technology 
Prague, Technická 5, 166 28 Prague 6, Czech Republic.
Jiří Mazáč, Customs Technical Laboratory Prague, Budějovická 7, 140 96 Prague 4, Czech Republic.

Correspondence author:
Helena Čížková, e-mail: Helena.Cizkova@vscht.cz, tel.: +420 220443014, fax: +420 220444455



Grégrová, A. et al. J. Food Nutr. Res., 51, 2012, pp. 123–131

124

and leaching from storage containers, the syn-
thetic acid profiles differing significantly from 
that of the authentic vinegar [10].

 – To some extent, the quality of vinegar can 
be evaluated sensorially; the special flavour 
of vinegars depends on the synergic sensory 
effects of minor components from the raw ma-
terials and technological process, similarly the 
residues of the synthetic production can cause 
the specific flavour of the adulterated products 
[8].

Unfortunately, most of the methods mentioned 
above are suitable for the authentication of so 
called first grade vinegars (of wine or fruit origin). 
In the case of the spirit vinegar, which is produced 
from raw molasses, potatoes or grain alcohol, 
there is lack of the fermentation and raw material 
markers.

The objectives of this study were to extend the 
pool of already published isotope ratios with new 
data of the spirit vinegars produced by traditional 
technology and of synthetic acetic acids. The ob-
jective was also to evaluate the possibilities of 
simple analytical methods, gas chromatography 
with flame ionization detector (GC-FID) and gas 
chromatography–mass spectrometry (GC-MS) 
of volatiles, for rapid screening purposes and to 
evaluate the possibilities of distinguishing of spirit 
vine gar, synthetic acetic acid and their mixtures 
using the sensory analysis. The tests were focused 
to the vinegars and also to pickled cucumbers 
made using these vinegars.

MATERIALS AND METHODS

The set of samples (Tab. 1), which included 
eleven spirit vinegars purchased from the market 
(samples 1–11), three samples synthetic acetic 
acids diluted with water (8% w/w) (samples 12–14) 
and two model mixtures of authentic vinegar with 
addition of synthetic acetic acid (samples 15–20) 
were analysed by SNIF-NMR and IRMS, by GC-
MS and/or GC-FID with direct injection and using 
the simple sensory assessment. At the beginning, 
the declared properties of the samples were con-
firmed using the isotopic analysis.

Samples
A set of twenty samples was analysed; details 

are given in Tab. 1. Seven samples (2 and 7–12) 
were used for the production of pickled cucum-
bers and the brines were subsequently analysed. 
Cucumbers were pickled in brine without spices; 
brine contained water, vinegar (8% acetic acid 

for the consumer, such as unexpected accompany-
ing products from the synthetic production.

Synthetic acetic acid, which is not primarily 
intended for food purposes, is not permitted as 
a substitute for vinegar without clear designation. 
It is used in laboratories and chemical industry as 
an important solvent and it is applied in manu-
facturing of a variety of other organic compounds 
(vinyl acetate, acetone). Industrial production of 
acetic acid is based on the catalytic oxidation of 
acetaldehyde or butane and butene. Recently for 
the production of acetic acid, methanol carbonyla-
tion with carbon monoxide in the presence of co-
balt iodide or possibly rhodium catalysis have been 
applied [2]. In accordance with the EU legisla-
tion [3], synthetic acetic acid, if properly labelled, 
may be contained in food products as an additive 
(E260).

The addition of synthetic acetic acid into the 
vinegars can be generally detected using the fol-
lowing methods or approaches:

 – Stable isotopes analysis, which is the prin-
ciple method for the determination of the ori-
gin of various substances mainly ethanol and 
relevant; the determination of 2H/1H ratios of 
acetic acid methyl groups using site-specific 
natural isotopic fractionation-nuclear magnetic 
resonance (SNIF-NMR) and 13C/12C ratios by 
isotope ratio mass spectrometry (IRMS), pro-
viding complementary information to charac-
terize the botanical origin of acetic acid and to 
detect adulteration of vinegar by synthetic ace-
tic acid [4–7].

 – The synthetic acetic acid does not contain the 
volatiles that are typical for the raw materials 
used for the production, the volatiles produced 
during the fermentation process; the addition 
of synthetic acid into the authentic vinegar will 
decrease the usual levels of natural accompa-
nying substances present in the product, the 
usually used markers being e. g. methanol, 
1-propanol, 2-methyl-1-butanol and 3-methyl-
1-butanol, ethyl propionate and acetoin [6, 8].

 – The fermentation process can be also proved 
by the analyses of amino acids, D-alanine, D-as-
partic acid and D-glutamic acid etc., which are 
produced during the fermentation process and 
may be present also in vinegars, sufficient con-
centrations being expectable in wine vinegars, 
apple vinegars and other products produced 
from fruit juices or wines [9].

 – The macroelement and microelement pro-
files can be also used for characterization of 
vinegars; the concentration of macroelements 
and microelements is also affected by the plant 
source and soil geology as well as by processing 
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concentration), salt (sodium chloride) and saccha-
rose. Both pickled cucumbers and brine were used 
for sensory analysis.

Isotopic analysis
The isotopic analyses, the determination 

of the 2H/1H ratios (SNIF–NMR: Avance 400, 
Bruker BioSpin, Rheinstetten, Germany), 13C/12C 
(IRMS: Delta Plus XP + ConFlo III, Thermo 
Electron, Bremen, Germany; Elemental Analyser: 
EA/NA 1110, Fisons Instruments, Rodano, Italy) 
and 18O/16O ratios (IRMS: Delta Plus XP, Thermo 
Electron; Gas Bench II: ThermoFisher Scientific, 
Bremen, Germany) were carried out in the Cus-
toms Technical Laboratory Prague of the Czech 
Ministry of Finance (Prague, Czech Republic) ac-
cording to THOMAS et al. [7].

Acetic acid was extracted from vinegar and 
purified in order to be analysed by isotopic tech-
niques. The acetic acid form vinegar was first ex-
tracted with diethyl oxide. It was then purified by 
distillation (with a manual Cadiot column). The 
water content of the residue was determined by 
a Karl Fischer method [7].

Method for SNIF-NMR determination of ace-
tic acid from vinegar was adapted from EC Regu-
lation 2676/90 [11]. The deuterium contained in 

acetic acid is distributed in isotopomers I and II of 
the molecule: (I) CH2DCO2 and (II) CH3CO2D. 
The second isotopomer is affected by water and at-
mospheric conditions whereas the first isotopomer 
is related to the botanical origin of vinegar. 2H/1H 
is the isotope ratio associated with molecule I. 
Only the parameter 2H/1H was used for authentic-
ity testing. The parameter 2H/1H was determined 
by nuclear magnetic resonance of deuterium in the 
acetic acid from the vinegar. The principle was the 
same as used for wines (EC 2676/90) [7].

Method to determine of the isotopic ratio 
13C/12C of acetic acid from vinegar was adapted 
from EC regulation 440/2003 [12]. The 13C/12C 
ratio of acetic acid from vinegar could be deter-
mined on CO2 gas after complete combustion at 
high temperature. The isotopic ratio 13C/12C was 
determined by isotopic ratios mass spectrom-
etry from ion currents m/z 45 (13C16O2) and m/z 
44 (12C/16O2) produced by carbon dioxide ob-
tained after complete combustion in an elemen-
tal analyser. Corrections were made to delete 
the contribution of 12C16O17O in current m/z 45 
(Craig correction) [7].

Method to determine the isotopic ratio 
18O/16O of water in vinegar was adapted from 
EC regulation 822/97 [13]. The 18O/16O ratio of 

Tab. 1. Analysed samples.

Sample 
number

Indication of sample Country of origin Purity [%]

1 Authentic 8%; authentic non-flavoured spirit vinegar Czech Republic

2 Authentic 8%; authentic flavoured spirit vinegar Czech Republic

3 Proved to be authentic 8%; spirit vinegar Hungary

4 Proved to be authentic 10%; spirit vinegar Czech Republic

5 Proved to be authentic 8%; spirit vinegar Czech Republic

6 Proved to be authentic 8%; spirit vinegar Unknown

7 Proved to be authentic 8%; spirit vinegar Slovak Republic

8 Proved to be authentic 8%; spirit vinegar Slovak Republic

9 Proved to be authentic 8%; spirit vinegar Czech Republic

10 Proved to be authentic 8%; spirit vinegar Czech Republic

11 Proved to be authentic 10%; spirit vinegar Hungary

12 Fully synthetic Synthetic acetic acid p. a. Czech Republic min. 99.00

13 Fully synthetic Synthetic acetic acid glacial Germany  99.80

14 Fully synthetic Synthetic acetic acid p. a. Czech Republic min. 99.80

15 Partially synthetic Model sample; mixture of 1 and 12; dilution 1:9

16 Partially synthetic Model sample; mixture of 1 and 12; dilution 5:5

17 Partially synthetic Model sample; mixture of 1 and 12; dilution 9:1

18 Partially synthetic Model sample; mixture of 2 and 13; dilution 1:9

19 Partially synthetic Model sample; mixture of 2 and 13; dilution 5:5

20 Partially synthetic Model sample; mixture of 2 and 13; dilution 9:1
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water from vinegar could be determined on CO2 
gas after equilibration of reference CO2 gas with 
raw vinegar. The isotopic ratio 18O/16O was de-
termined by isotopic ratios mass spectrometry 
from ion currents m/z 46 (12C16O18O) and m/z 44 
(12C/16O2) produced by carbon dioxide obtained 
after an exchange with water in wine according 
to the reaction: C16O2 + H218O  C16O18O + 
H216O. Carbon dioxide in the gaseous phase was 
used for analysis [7].

Volatile substances analysis
Two columns (DB-5 and DB-624; Agilent 

Technologies, Santa Clara, California, USA), 
two methods of isolation (headspace solid pha-
se microextraction and direct injection) and two 
methods of detection (FID and MS detector) were 
tested on authentic beet spirit vinegars (samples 1 
and 2); MS in first for the qualitative analysis.

The samples were analysed by GC-MS (Agilent 
Technologies 7890A/5975C, Agilent Technologies, 
Santa Clara, California, USA) and GC-FID (Agi-
lent Technologies 6890N, Agilent Technologies) 
on a column DB-624 (Agilent Technologies) with 
direct injection of samples diluted with water to 
8% (w/v) acetic acid. The conditions of method 
were modified from GUERRERO et al. and MEJÍAS 
et al. [14, 15].

Chromatographic conditions for GC-FID: 
column DB-624 60 m × 0.25 mm × 1.40 μm, tem-
perature programme: initial temperature held 
at 40 °C for 5 min, then ramped at 10 °C·min-1 
to 260 °C, held at 260 °C for 2 min, the detector 
temperature 300 °C, the carrier gas was nitrogen 
at a flow rate of 1.70 ml·min-1. Quantification was 
performed using the internal standard, 3-pentanol 
[16].

Chromatographic conditions for GC-MS were: 
column DB-624 60 m × 0.25 mm × 1.40 μm, tem-
perature programme: initial temperature held 
at 40 °C for 5 min, then ramped at 10 °C·min-1 
to 260 °C, held at 260 °C for 2 min, the detector 
temperature 280 °C, the carrier gas was helium at 
a flow rate of 1.80 ml·min-1. Quantification was 
performed using the internal standard, 3-pentanol 
[16].

Sensory analysis
Triangle and paired comparison tests were 

used; quality of the samples (taste, aroma and 
overall impression) was evaluated [17–19]. For 
sensory analysis, the samples of spirit vinegars and 
synthetic acetic acids were diluted to 1% acetic 
acid concentration and 1.50 g of sodium chloride 
per 100 ml was added [8].

The triangular test was used to determine the 

differences between samples. The assessor evalu-
ated the overall sensory properties (olfaction and 
taste). The paired comparison test was used to 
determine which sample, in respect of overall sen-
sory properties, had a higher quality for the evalu-
ator.

The sensory evaluation was performed by a to-
tal of 10 panelists from the Department of Food 
Preservation. The assessors were selected, trained 
and monitored according to the standard [20]. The 
performance was in agreement with the interna-
tional standard [18].

RESULTS AND DISCUSSION

Isotopic analysis
The isotopic analysis of acetic acid extracted 

from vinegar by SNIF-NMR and IRMS enables 
the distinction of grape origin from other sources, 
such as beet, cane, malt, apple and synthesis. In 
addition, 18O/16O ratio of water in wine vinegar 
also allows differentiating wine vinegar from vine-

gars made from raisins [7]. Over the past twenty 
years, published data for the spirit vinegars rep-
resented a fifth of all published information on 
isotopic profiles of vinegars. However, none of 
the published articles was focused to the analysis 
of spirit vinegars or differentiation between spirit 
vinegar and the synthetic acetic acid-based alter-
native.

The origin of the acetic acid is “natural” if all 
its precursors (saccharide, saccharose and alco-
hol) are traceable back to the photosynthesis of 
a plant. As a rule of thumb, low (for C3 plants: 
90–100 ppm; parts per million) to moderate (for 
C4 plants: about 110 ppm) values of the 2H/1H ra-
tio for this type of vinegars are expected, while the 
complete chemical synthesis of acetic acid results 
in a rather high value (130–140 ppm) [5]. Never-
theless, mixtures of synthetic and natural acetic 
acid cannot be revealed by 2H/1H ratio alone.

The values of relative isotopic ratio 13C range 
from –30‰ to –10‰ for fermented vinegar and 
from –40‰ to –30‰ for synthetic acetic acid and 
in particular the C3 plants-based authentic vinegar 
cannot be distinguished based on 13C ratios alone. 
From Fig. 1 it is obvious that it is necessary to use 
two-dimensional analysis (i.e. determination of 
both 2H/1H and 13C) for reliable discrimination 
between the sample origins [5].

From the perspective of the 2H/1H ratio, differ-
ences between spirit vinegars and synthetic acetic 
acids diluted with water were proved. In agree-
ment with the literature [4], the ratio of 2H/1H 
for spirit vinegars ranged from 90.30 ppm to 
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109.60 ppm and for synthetic acetic acids it ranged 
from 114.20 ppm to 124.90 ppm; the results are 
presented in Tab. 2 and Fig. 1. The samples were 
further analysed with respect to their 13C/12C ra-
tio, which ranged from –12.30‰ to –28.80‰ for 
spirit vinegars and from –32.50‰ to –42.40‰ 
for synthetic acetic acids. The 13C/12C ratios of 
samples 3, 10 and 11 showed that C4 spirit had 
been used for the vinegar production. The values 
–12.60‰, –12.40‰ and –12.30‰ were out of the 
usual range of C3 plants including sugar beet, wine 
or malt. The declared origin of the samples was 
confirmed. According to the literature, the cou-
pled SNIF-NMR and IRMS methods are able to 
reveal as low as 15% synthetic acid addition into 
the beet vinegar [4]. It is evident that the isotope 
analysis allows detecting synthetic acetic acid addi-
tion in vinegar, and it is also possible to prove the 
origin of saccharides or ethanol, which were used 
for the production of vinegar.

The 18O/16O ratio of water determined by 
IRMS allows differentiation of wine vinegar from 
vinegars made from dried grapes [7]. Regarding 
determination of synthetic acetic acid addition in 
spirit vinegars, this parameter does not appear to 
be valuable.

Determination of volatile substances; volatiles as 
markers for the vinegar authentification

Volatile substances or the profile of volatiles 
appear to be a useful tool for the authentification 
of the vinegar origin, raw materials and technol-
ogy. The methods described in the methodology 
part were those optimal from the evaluated pro-
cedures. Subsequently, based on the preliminary 
results, as the most appropriate method for de-
termining the profile of volatile compounds of 

a set of vinegars there was indicated the DB-624 
column with FID detector with direct injection. 
According to the expectation, the profiles were not 
too rich, the characteristic fermentation markers 
[6, 14] such as 3-hydroxy-2-butanone, butanediol, 
butanedioic acid diethyl ester and 5-acetoxyme-

Tab. 2. Results of natural isotope ratio analysis.

Sample 
number

2H/1H 
for acetic acid 

[ppm]

13C 
for acetic acid 

[‰]

18O 
for water 

[‰]

1 90.3 –28.8 –9.6

2 91.6 –28.5 –9.6

3 109.6 –12.6 –11.2

4 91.8 –28.3 –8.3

5 94.5 –28.0 –9.1

6 91.8 –28.4 –9.9

7 103.0 –20.1 –10.0

8 102.7 –20.1 –11.0

9 94.7 –26.8 –9.5

10 107.2 –12.4 –10.4

11 107.4 –12.3 –10.8

12 124.9 –42.4 NM

13 123.0 –32.5 NM

14 114.2 –33.4 NM

15 119.5 –41.1 –14.3

16 107.3 –36.2 –12.3

17 93.7 –30.5 –10.5

18 119.7 –32.2 –15.2

19 106.9 –30.5 –13.5

20 95.2 –28.9 –12.1

NM – not measured.

Fig. 1. Natural isotope ratios plot of the set of analysed samples.

Sample numbers correspond to Tab. 1. To illustrate better the distribution of the results, the zones of typical values for other 
sources of sacccharides and/or vinegars from the literature are indicated by big illustrating circles in the plot [4].
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thyl-2-furfural as well as other aliphatic alcohols, 
diols were all absent. Only five components were 
present in all tested vinegars in concentrations 
high enough to be considered as the indicators 
of fermentation process: acetaldehyde, acetone, 
ethanol, ethyl acetate and acetic acid. Unfortu-
nately, the concentrations of acetaldehyde and 
acetone were generally low and too variable to be 
successfully used as authenticity markers. Valida-
tion parameters (linearity, repeatability, detection 

limit, quantification limit and recovery) for etha-
nol and ethyl acetate are given in Tab. 3.

The results of the analyses of the set of sam-
ples are summarized in Tab. 4. All samples con-
tained 8% (w/v) of acetic acid, and ethanol and 
ethyl acetate concentrations ranged from 0.50 g∙l-1 

to 3.40 g∙l-1 and 0.10 g∙l-1 to 0.50 g∙l-1, respectively. 
In the model samples (15–20), ethanol and ethyl 
acetate concentrations ranged from 0.15 g∙l-1 to 
1.46 g∙l-1 and from 0.02 g∙l-1 to 0.22 g∙l-1, respec-
tively. The results corresponded to the theoretical 
values. Similar values were found in the brines, the 
determined quantities corresponded to the dilu-
tion of the vinegar during the brine preparation.

Ethanol and ethyl acetate seem to be useful 
as authenticity markers. Ethanol is a natural resi-
due from the fermentation medium, but its re-
sidual concentration depends on the process. Usu-
ally, the fermentation is stopped at about 0.30% 
volume residual ethanol level to avoid oxidation 
of acetic acid to carbon dioxide and water [21]. 
Ethyl acetate is formed during the fermentation by 
microbial esterases [22] and, in the vinegar, it can 
slowly hydrolyse due to the low pH, but its concen-

Tab. 4. Results of the analysis of volatile substances.

Sample 
number

Ethanol 
concentration 

[g∙l-1]

Ethyl acetate 
concentration 

[g∙l-1]
AA/E AA/EA

Confirmation 
by isotopic analysis

1 1.20 0.20 67 400 Beet

2 1.60 0.20 50 400 Beet

3 2.50 0.40 32 200 Maize or cane

4 0.50 0.10 160 800 Beet

5 1.80 0.30 44 267 Beet

6 1.30 0.20 62 400 Beet

7 2.80 0.50 29 160 Malt

8 0.80 0.13 100 615 Malt

9 3.40 0.50 24 160 Beet

10 1.00 0.20 80 400 Maize or cane

11 2.00 0.30 40 267 Maize or cane

12 ND ND ND ND Synthetic acetic acid

13 ND ND ND ND Synthetic acetic acid

14 ND ND ND ND Synthetic acetic acid

15 0.15 0.02 552 3 810 Model sample

16 0.63 0.10 127 808 Model sample

17 1.11 0.16 72 510 Model sample

18 0.16 0.02 494 3 478 Model sample

19 0.79 0.12 101 667 Model sample

20 1.46 0.22 55 367 Model sample

AA/E – ratio of acetic acid (80 g∙l-1) and ethanol; AA/EA – ratio of acetic acid (80 g∙l-1) and ethyl acetate.
ND – not detected.

Tab. 3. Validation parameters of the GC/FID method 
with direct injection (column DB-624).

Ethanol Ethyl acetate

Linearity [g·l-1]
0.0161–8.0742 
(R2 = 0.9998)

0.0180–9.0000 
(R2 = 0.9986)

Repeatability, RSD [%] 0.60 3.30

Detection limit [g·l-1] 0.0050 0.0050

Quantification limit [g·l-1] 0.0200 0.0200

Recovery rate [%] 110.90 95.50

RSD – relative standard deviation.
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tration is in equilibrium with ethanol. We tried to 
calculate the ratios of acetic acid/ethanol (AA/E) 
and acetic acid/ethyl acetate (AA/EA) as a tool 
for the authenticity evaluation. For vinegars, the 
AA/E and AA/EA ratios ranged from 24 to 160 
and from 160 to 800, respectively (Tab. 4). How-
ever, the number of samples that were analysed 
was not high enough to define reliable limit values 
for these ratios, which could be used for identifi-
cation of suspect vinegars. Estimated “detection 
limit” for the added synthetic acetic acid, using the 
limit values calculated from our data, was unac-
ceptably high to be effectively used. The vinegars 
with higher residual ethanol levels could be spiked 
with synthetic acetic acid and it was not possible 

to confirm the adulteration using this simple pro-
cedure only. However, there is no doubt that very 
low concentration or absence of ethanol and/or 
ethyl acetate can indicate the synthetic acetic acid 
in samples.

Sensory analysis
Sensory properties of vinegar are very impor-

tant as they may modify the overall appreciation of 
a food or meal that contains it. Besides acetic acid, 
minor components also affect the overall percep-
tion of vinegar and allow distinguishing of samples 
according to their origin [8].

Triangular and paired comparison tests were 
used to distinguish the samples of vinegars and 

Fig. 2. Determination of differences between vinegars and synthetic acetic acids by triangular method.

P = 0.95; black – authentic versus fully synthetic; grey – authentic versus proved to be authentic; white – proved to be authentic 
versus fully synthetic.

Fig. 3. Determination of differences between pickled cucumbers by triangular method.

P = 0.95; black – authentic versus fully synthetic; grey – authentic versus proved to be authentic; white – proved to be authentic 
versus fully synthetic.
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also of the brines of the pickled cucumbers pre-
pared with the vinegar samples according to both 
olfaction and taste.

The results of triangular tests in pairs of vine-
gar and synthetic acetic samples and for the brines 
are given in Fig. 2 and Fig. 3, respectively. The 
results were evaluated according to the tabulated 
values for a given number of evaluations [18].

From Fig. 2 it is evident, that 9 out of 15 pairs 
of the samples (vinegars and synthetic acetic acids) 
have shown statistically significant differences, ma-
jority of assessors having detected the sensory dif-
ferences between the pairs of the samples of spirit 
vinegars and synthetic acetic acid solutions and be-
tween different spirit vinegars. The pairs of vine-
gars and vinegars spiked with synthetic acid were 
also analysed, but the sensory differences were not 
proven in any of the tested pairs of the samples. 
In the case of pickled cucumbers (Fig. 3) it is ob-
vious that 7 out of 9 pairs of samples have shown 
statistically significant differences too (more than 
15 correct answers mean a statistically significant 
difference between two samples). The paired com-
parison method was used to evaluate the prefer-
ences of assessors to various samples. The results 
of paired comparison tests were not statistically 
significant, which means that there were no differ-
ences in preferences between the spirit vinegars 
and synthetic acid solutions.

CONCLUSIONS

Taking into consideration the acceptable senso-
ry properties of synthetic acetic acid solutions, the 
problem of adulteration of vinegar lies in adultera-
tion of traditional food composition or in adulter-
ation of traditional technological procedures.

Detection of added synthetic acid into spirit 
vinegar or into relevant products produced with 
the adulterated vinegar or synthetic acetic acid re-
mains difficult. The sensory evaluation allows dis-
tinguishing between different samples of vinegars 
and also between vinegars and synthetic acetic 
acid solutions. The output of the sensory evalua-
tion is not the confirmation of the synthetic ace-
tic acid addition, but the differentiation between 
two samples. Simple analysis of volatile substances 
based on the AA/EA and AA/E ratios seems to 
be useful for fast screening of suspicious samples 
(prior to the sophisticated analysis) or for detec-
tion of very outlying samples, but it does not fa-
cilitate quantification of the potential addition of 
synthetic acetic acid in the sample. The isotopic 
analyses (SNIF-NMR and IRMS) are very use-
ful tools, allowing the detection of above 15% of 

synthetic acetic acid into spirit vinegars. The de-
termined values of 2H/1H and 13C/12C extend and 
refine the available database for spirit vinegars. In 
order to reduce the detection limit of the method, 
it would be necessary to obtain additional data on 
spirit vinegars from specific species and geogra-
phic origins, as only a limited amount of data can 
be traced in the literature presently.
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