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Formic acid, acetic acid
and methanol:

their relevance to the
verification of the authenticity
of vinegar*

Jacques F. BOURGEOIS12, Ian McCOLL3, Francois BARJA24

Abstract
The presence of formic acid is an indirect indicator of the addition to vinegar of chemical acetic acid, derived from the pyro-
lysis of wood The quantity of formic acid in cider vinegar can vary between 65-305 mg/L
Modern technology for the analysis of acetic acid added to vinegar is based on SNIF-NMR + 13C - IRMS (site specific natural
isotope fractionation-nuclear magnetic resonance spectroscopy + 13C - isotope ratio mass spectrometry) The analysis of
methanol is by gas chromatography, and of formic acid by HPLC (high pressure liquid chromatography), or by enzymatic
analysis The authenticity of vinegar is still important, because fraud with chemical acetic acid is unfortunately on the
increase in certain countries
Methanol comes from pectin, which is hydrolysed partially to pectic acid and to methanol, due to pectinesterase The quantity

of methanol in wine vinegar varies between 20-90 mg/L, in cider vinegar between 40-380 mg/L

Keywords: Fermentation vinegar, diluted acetic acid, essence vinegar, pyrolysis of wood, formic acid, methanol

Resume
Importance de l'acide formique, de l'acide acetique et du methanol dans la verification de l'authenticite des
vinaigres.- Le methanol provient de la pectine, qui est hydrolysee partiellement en acide pectique et en methanol, grace a
la pectinesterase La quantite de methanol dans le vinaigre de vin vane entre 20-90 mg/L, dans le vinaigre de cidre entre 40-
380 mg/L Les esters de l'acide formique se trouvent dans le vinaigre de vin La presence d'acide formique est un indicateur
indirect de Taddition, au vinaigre, d'acide acetique chimique provenant de la pyrolyse du bois La quantite d'acide formique
dans le vinaigre de cidre peut varier entre 65-305 mg/L La technology moderne pour /'analyse de l'acide acetique ajoute
au vinaigre se base sur la methode SNIF-NMR + 13C - IRMS (site specific natural isotope fractionation-nuclear magnetic
resonance spectroscopy + '3C - isotope ratio mass spectrometry) L'analyse du methanol se fait par chromatography en phase

gazeuse, et celle de l'acide formique par HPLC (chromatography en phase liquide a haute pression), ou par analyse enzy-
matique L'authenticite du vinaigre est encore importante, car la fraude avec l'acide acetique chimique augmente malheu-

reusement dans certains pays
Mots-des: Vinaigre de fermentation, acide acetique dilue, essence de vinaigre, pyrolyse du bois, acide formique, methanol
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Introduction

Vinegar certainly appeared at the same time as the
first alcoholic beverages, produced from dates, in the
times of the Babylonians (probably 2000 B.C.).
Ethanol is oxidized into acetic acid by acetic acid
bacteria. Geber, an alchemist in Seville, was the first to
discover acetic acid by the distillation of vinegar, in
the 8th century.

Many people do not know that vinegar essence,
produced from chemical acetic acid, can contain arsenic
and heavy metals, such as lead, mercury, copper,
zinc, and whereas fermentation vinegar can contain
small quantities of methanol.

The addition of chemical acetic acid to vinegar was
already an indication of fraud more than 80 years ago.
Fritsch wrote in 1923: «The sure differentiation
between fermentation vinegar and wood vinegar
(or vinegar essence) is by analysis offormic acid
Fermentation vinegar does not normally contain
formic acid, whereas wood vinegar does contain
this acid. The analytical process is based on the
reduction ofHgCl2 in HgCl with formic acid».

In 1863, 60 years before Fritsch, Sestini mentioned
for the first time the presence of formic acid and its
esters, in balsamic vinegar.

In 1930 Wustenfeld wrote: «Formic acid does not
exist in spirit vinegar. On the contrary, vinegar
essence, produced by the dry distillation orpyrol-
ysis of wood, always contains small quantities of
this acid (less than 0.5 g in 100 g ofacetic acid)».
In 1942 Reif described a method to detect the presence

of formic acid by distillation, and thus to find out
whether chemical acetic acid had been added to
fermentation vinegar.

In 1955 Haeseler wrote: «It is considered to be a
fraud when vinegar contains more than 0 5% in
weight offormic acid in anhydrous acetic acid».

50 years ago, Bourgeois (1957b) wrote: «It is difficult

to differentiate between these 2 types of vinegars

(by fermentation and by synthesis). Fraud
continues to exist. [It still does so in the present
with chemical acetic acid]. Unlawful mixtures
can be detected by the analysis of amino acids.
Whereas fermentation vinegar contains amino
acids, this is not the case with vinegar essence».

Aurand et al (1966) and Kahn et al. (1972) found
ethyl formate in spirit vinegar by means of gas
chromatography and of mass spectrometry. This difference

of results - with the presence or not of formic
acid - in balsamic vinegar (Sestini 1863) and in spirit

vinegar (Wustenfeld 1930) is probably due to differences

in the above mentioned analytical methods
used over the last 60 or 70 years.

Methanol in vinegars comes from pectin, which is

hydrolysed partially to pectic acid and to methanol,
due to pectinesterase.

Furthermore, in Switzerland there was another type
of fraud. It consisted in adding cider vinegar (cheaper
in those days) to wine vinegar. Werder (1929) used a
method to analyse sorbitol, a sugar present in fruit
juices and cider, with only traces in wine. Werder
managed to eliminate this fraud in wine vinegar. At
present, the analysis of sorbitol is again used to
detect the fraudulent addition of crystallized fruit to
wine for its acetification.

This work deals with the importance of analysmg
formic acid and methanol in different vinegars. The
presence of formic acid is an indirect indicator of the
addition to vinegar of chemical acetic acid, derived
from the pyrolysis of wood. Modern methods of analysis

like the association SNIF-NMR + 13C-IRMS (site
specific natural isotope fractionation-nuclear
magnetic resonance spectroscopy + 13C - isotope ratio
mass spectrometry) allow the detection of added
chemical acetic acid, coming from petroliferous raw
materials.

Materials and methods

Formic acid and its esters. They were analysed by
the enzymatic method, as described by Boehnnger
(R-Biopharm 1997), or by high-pressure liquid
chromatography (HPLC).

Acetic acid. The analysis of acetic acid uses the
technique of 14C. Acetic acid coming from petroliferous

raw materials does not give an activity in 14C,

contrary to what happens when it has a recent organic
origin like wood. This technique of 14C can be used to
differentiate both sorts of acetic acid.

SNIF-NMR + 13C-IRMS. Using this technique it is
not only possible to know whether the acid originates
from petroliferous raw materials or from more recent
organic matter, but also, in this latter case, it is possible

to know the actual origin (Hermann 2001).
Whether the acid is derived from the pyrolysis of
wood can be ascertained, as well as from other
origins, for example from wine, alcohol from sugar beets
and cane, etc. This method, which is an AFNOR1

1 Association Frangaise de Normalisation, Tour Europe 92049
Paris La Defense Cedex
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norm, is also recommended by the
"Manuel suisse des denrees alimen-
taires" (2001), in order to detect
possible fraud.

Methanol. It was analysed by gas
chromatography.

Results and Discussion

The results of the analysis of formic
acid and its esters, of methanol, in
various vinegars and in wine, are
shown in Table 1.

Formic acid. In cider vinegar, its
content varies between 65-305 mg/L
according to Chabert et al. (1987).

Formic acid esters. Carnacini and
Gerbi (1992) have observed the
presence in Italian wine vinegars of:

ethyl, methyl, isobutyl, isoamyl
formate.
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Fig. 1. Methanol analysis by gas chromatography ofSpanish vinegar: spirit (A),
wine (B).

Methanol. In wine, its concentration
varies between 50 and 325 mg/L,
according to Lee et al. (1975). In wine vinegar, Gerbi
et al. (1995) mention 40 mg/L, Amati et al. (1990) 50-
90 mg/L, and Quiros (1990) 70-80 mg/L in sherry
vinegar. In cider vinegar, Gerbi et al. (1995) mention
370-380 mg/L. According to these authors: «The
presence of methanol within the limits allowed,
can be considered to be a parameter of authenticity

infruit vinegars».

The results of the methanol analysis of Spanish spirit
and wine vinegars, by gas chromatography, are
shown in Fig. 1.

We only know that Acidimonas metanolica can
grow in the presence of methanol, a precursor of
formic acid. Asai (1968) wrote: «The oxidizability
ofmethyl alcohol is extremely weak».

Physiological effects of acetic acid and methanol

Vinegar is produced for human consumption.
Therefore it is necessary to control the amount of
methanol and formic acid, because of their potential
physiological effects on the human organism.

Physiological effects of acetic acid. Acetic acid can
lead to death at a certain concentration. In 2004 the
«Swiss information center of toxicology» informed
that: «a young lady died 3 days after absorbing
acetic acid at 80%». According to a communication
of the «Office federal de la sante publique» in Berne,
dated 16.11.2005: «Acetic acid concentrate is
corrosive for mucous membranes and skin; it can
cause serious injuries to the eyes and lungs...

Table 1. Analysis offormic acid and its esters, ofmethanol in various vinegars and in wine.

organic
cider

vinegar

cider

vinegar
sherry It. wine Sp. wine bals.

vinegar vinegar vinegar vinegar

wine spirit
vinegar

formic acid

(mg/L) 65-305 + 20-90 +

formic acid esters

(mod) + + + + :

methanol

(mg/L) 40-60 370-380 70-80 40-90 20 — 50-325 10-25
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Table 2 Comparison offood legislations about the amount ofmethanol, formic acid, and acetic acid in vinegars, alcohol, and

vinegar essence (for human consumption)

Austria EU + Spain Spain Switzerland

Methanol — <1000 mg/L

in wine vinegar

<500 mg/L

in pure ethanol

j

Formic acid <1000 mg/Kg

of acetic at 100%

<500 mg/L

of acetic acid at 99 8%

Concentration >25% >25% >25% <14%

of vinegar essence

From a concentration of25%, acetic acid is a
particularly dangerous substance, which cannot be

sold freely». The EU norm EN 131892 (2000) allows
the sale of vinegar essence at more than 25%.

Physiological effects ofmethanol. The physiological
effects of methanol on our organism are measurable.
10 ml of pure methanol can lead to blindness, 30 ml to
death. On the other hand, according to Calder
(1997), it seems that methanol is responsible for certain

symptoms of hangover. These symptoms depend
upon the type of drink. They are in decreasing order
in the following examples: brandy, red wine, whisky,
white wine, gin and vodka.

Methanol is metabolised by the enzymatic systems of
alcohol-dehydrogenase and catalase, into formaldehyde

and formic acid, producing metabolic acidosis.

The European countries have tried to unify their food
legislations for vinegar, with only partial results, as
Table 2 shows it. The EU norm EN 131882 (2000)
does not limit formic acid in fermentation vinegar,
but in vinegar essence, in that case half as much as in
Austria3. Spain is the last country to limit methanol in
wine vinegar4.

Conclusion

Fraud with chemical acetic acid is increasing in
certain countries. Depending on its origin, apart from
the compounds mentioned previously, there are most
certainly traces of arsenic and of heavy metals such
as lead, mercury, copper, zinc, which come from the
catalysers used for the production of acetic acid. The
EU norm 131892 (2000) allows a maximum of 5 mg of
heavy metals per kg of pure acetic acid.

Legislation

As mentioned before, vinegar is produced for human
consumption, and therefore submitted to food
legislation.

In view of its supposed risk for the consumer, the
relevant authorities should be required to legislate
stricter regulations, which would limit and control
these practices.

The «Ordonnance du Departement federal de l'in-
terieur sur les potages, les epices et le vinaigre» art.
18, dated 27.12.2005 confirms the limit of the acetic
acid percentage of vinegar essence at 14%, in
Switzerland.

At the International Vinegar Congress at the Hague,
Bourgeois (1957a) made a communication about the
concentration of vinegar essence in Switzerland, saying:

«Vinegar essence can only be sold at a maximum

acid concentration of 14%. Previously, vinegar

essence was sold up to 80%. The new legislation

avoidsfatal accidents which happened before
in Alpine valleys».

I Acknowledgement

The authors would like to thank Miss M. Sabater for
her chromatograms, Mr W. Blum, Mr J. Feusi and Dr
J. Caperos, members of the «Commission Vinegar»
(1990-2000) of the «Swiss food Manual», and Dr E.
Jamin of Eurofins Scientific Analytics in F Nantes.

2 European Committee for Standardization (Brussels)
3 see "Austrian food Manual" B 8 & 23, Hollinek Bruder Verlag,

Vienna
4 according to the "Boletln oficial del Estado", BOE 293 (1993)

I ARCHIVES DES SCIENCESI ArchSci (2006)S9 107-1121



I Formic acid, acetic acid and methanol their relevance to the verification of the authenticity of vinegar Jacques F BOURGEOIS et al 11111

References

I Amati A, Carnacini A, Antonelli A, Natali N. 1990 Profilo analitico ed aromatico di aceti del commercio Presentato
al convegno L'aceto di vino. Aspetti scientific, storici e gastronomic. Torino, 26 2.1990, Quad. Vitic Enol. Univ.

Torino, 14: 69-78.

I Asai T. 1968 Acetic Acid Bacteria Classification and Biochemical Activities, University of Tokyo Press, Tokyo, p. 127.

I Aurand LW, Singleton JA, Bell TA, Etchells JL. 1966 Volatile components in the vapors of natural and distilled

vinegars. Journal of Food Sciences, 31: 172-177.

I Boehringer Mannheim (R-Biopharm GmbH). 1997 Enzymatische Bio Analytik und Lebensmittelanalytik.
I Bourgeois Ch. 1957a. In' Legislation et contröle des vinaigres en Suisse. CONAF den Haag, pp. 1-7

I Bourgeois JF. 1957b. Determination chromatographique et microbiologique des acides amines de differents

vinaigres. Travaux de chimie alimentaire et d'hygibne, Berne, 48: 217-223
I Calder I. 1997. Hangovers, not the ethanol-perhaps the methanol. British Medical Journal, 314: 2-3

I Carnacini A, Gerbi V. 1992. L'aceto di vino, un prodotto da tutelare e da valorizzare. Industrie delle Bevande,
21 465-477.

1 Chabert D, Giorgio B, Tisse C, Guerere M, Estienne J. 1987. Etudes des acides organiques des vinaigres par la

methode de Chromatographie liquide lonique. Ann. Fals. Exp. Chim. 80 259-267.

I Fritsch J. 1923 Fabrication du vinaigre d'apres les procedes les plus rbcents. Legrand A (ed), Paris, pp. 280-281.

I Gerbi V, Antonelli A, Zeppa G, Natali N, Carnacini A. 1995 Evoluzione dei costituenti principali del vino e del sidro
nel corso dell'acetificazione. Atti Convegno RAISA - Sottoprogetto IV - Agrobiotecnologie nei Processi di

Valorizzazione dei Prodotti e Sottoprodotti Agricoli, Sarteano (SI), 28 ottobre 1994 42bis Industrie delle Bevande,

24. 241-246.

I Haeseler G. 1955 Ullmanns Encyklopädie der technischen Chemie, ed Urban & Schwarzenberg, München-Berlin,
6. 762.

I Hermann A. 2001 Determination of D/H isotope ratio in acetic acid from vinegars and pickled products by 2H-NMR

spectroscopy. European Food Research and Technology, 212 683-686.

I Kahn JH, Nickol GB, Conner HA. 1972 Identification of volatile components in vinegars by gas chromatography-
mass spectrometry. Journal of Agricultural and Food Chemistry, 20' 214-218.

I Lee CY, Acree TE, Butts RM. 1975. Determination of methyl alcohol in wine by gas chromatography. Analytical

Chemistry, 47' 747-748.

I Manuel suisse des denr£es alimentaires. 2001. Vinaigre de fermentation, OFSP, Berne, chapitre 34 «Fraudes»,

pp 5-7, CD- ROM

I Quiros JM. 1990 Elaborazione di aceto di qualitä a Jerez. Presentato al convegno L'aceto di vino. Aspetti scientifici,

storici e gastronomic. Torino, 26.2.1990

I Reif G. 1942. In: Handbuch der Lebensmittelchemie, Springer, Berlin, p 36.

I Sestini F. 1863. Sopra gli Aceti Balsamic del Modenese, ed Monti, In: L'aceto balsamico di Modena, ed. Consorzio

Tutela Aceto Balsamico di Modena (1996), p 125.

I Werder J. 1929. The detection of fruit juice (fruit wine) in grape wine Travaux de chimie alimentaire et d'hygiene,
Berne, 20: 245.

I Wustenfeld H. 1930 In: Lehrbuch der Essigfabrikation, Paul Parey (ed.), Berlin, p 302.

I ARCHIVES DES SCIENCESI Arch So. (2006) 59: 107-112 1




	Formic acid, acetic acid and methanol : their relevance to the verification of the authenticity of vinegar

