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A GC/MS method previously described for diacetyl was developed for the quanitification of 2,3-

pentanedione, and the derivatization procedure was modified for the determination of a-acetohydroxy

acid. The reaction of 2,3-pentanedione with 4,5-dichloro-1,2-diaminobenzene produced 6,7-dichloro-2-

methyl-3-ethylquinoxaline (DCMEQ), which was extracted with toluene and determined by gas

chromatography using a mass selective detector. The formation of DCMEQ was linearly correlated with

the 2,3-pentanedione concentration. The method was very simple and sensitive. The detection limit of

the 2,3-pentanedione derivative and diacetyl derivative was 0.0007 mg/litre and 0.0002 mg/litre of the

toluene extract respectively, and the determination limit was 0.001 mg/litre and 0.0007 mg/litre,

respectively. Cautious sample treatment led to a low (10%) and controlled conversion of a-aceto

hydroxy acids to vicinal diketones. This reproducible percentage of conversion made it possible to

determine precisely free vicinal diketones and a-acetohydroxy acids.

The method was applied to the determination of precursors and vicinal diketones concentrations

during beer fermentation.
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Introduction

Diacetyl and 2,3-pentanedione are known to be important

flavour compounds of fermented food, such us alcoholic

beverages and dairy products, and to be produced by

microorganisms during fermentation.

In the brewing industry, the characteristic buttery taste of

vicinal diketones has long been a major problem. Human

taste thresholds are very low (diacetyl: 0.05-0.1 mg/litre and

pentanedione: I mg/litre in a lager beer11), which explains why

it is necessary to understand their formation and reduction by

yeasts during the brewing process.

Diacetyl and 2,3-pentanedione originate from a-acetolactate

and a-acetohydroxybutyrate respectively, through a chemical

oxidative decarboxylation. These precursors, which are inter

mediates in the synthesis pathways of valine, leucine and

isoleucine. are produced in the cells, then excreted in the broth

where they are converted into vicinal dikelones, which are

enzymatically reduced by yeasts into acetoin and 3-hydroxy-2-

pentanone. To understand the levels and kinetic formation of

diketones, it is necessary to study the kinetic formation of the

a-acetohydroxy acids by quantifying them during fermentation.

The generally low interest for 2,3-pentanedione is due to its

taste threshold (relatively high compared with diacetyl) and to

the relative abundance of diacetyl in beer. However, the latter

has been estimated2 to be between 10:1 and 1:10, thus the study

of 2,3-pentanedione could also be of prime interest.

The quantitative analysis of diacetyl, 2,3-pentanedione and

their precursors during beer fermentation is made difficult by

their very low concentrations (less than 0.5 mg/litre for total

diketones-) and high volatility, the instability of the precursors

due to their high sensitivity to temperature and redox potential6

and the interference with other matrix compounds, such as

ethanol and acetoin. Methods for the quantification of diacetyl

include colorimetric8, fluorometric9i:, enzymic' and gas

chromatographic110 procedures. Only the latter with an

electron-capture detection (GC/EC) makes it possible to

quantify the four components', with a detection limit of

0.01 mg/litre for diacetyl and 2,3-pentanedione. This method
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permits the quantification of free vicinal diketones by

elimination of air (sample saturation with nitrogen or carbon

dioxide) and a gentle heat treatment (35 minutes at 30°C).

which lowers the conversion percentage of precursors into

diketones. In some experiments, this percentage was lowered to

less than 1% by an additional sample adjustment to pH 7.07.

For a-acetohydroxy acid quantification, the oxidation of

precursors into vicinal diketones was performed in order to

determine the total vicinal diketones. The concentrations of the

a-acetohydroxy acids were obtained by subtracting the total

vicinal diketone concentration (100% oxidation) to the free

vicinal diketone concentration (negligible percentage of

conversion).

Only total vicinal diketones are usually quantified and one of

the reasons for this is the difficulty to stabilize the precursors

during free diketone quantification.

Using a very simple and accurate GC/MS method described

for the quantification of diacetyl'", we developed the analysis of

pentanedione and we modified the derivatization procedure to

enable the quantification of free vicinal diketones with an

accurate determination of the percentage of acetohydroxy acid

conversion.

The method is based on the reaction of 2,3-pentanedione

with 4,5-dichloro-l,2-diaminobenzene (DCDB) to form 6,7-

dichloro-2-methyl-3-ethylquinoxaline (DCMEQ) (Fig. 1). The

amount of DCMEQ formed is proportional to the concen

tration of 2,3-pentanedione present in the sample. DCMEQ is

extracted in toluene and quantified in nearly the same way as

DCDMQ (diacetyl derivate)10.

This accurate method permits physiological studies on the

synthesis of diacetyl, 2,3-pentanedione and their precursors, as

well as their kinetics of production and reduction by yeast. It is

also well suited for the quality control of beer during

fermentation.

Materials and Methods

Chemicals

Toluene (GC grade) was purchased from Carlo Erba

(Nanterre-France). 4.5-dichloro-l,2-diaminobenzene (DCDB),

2,3-butanedione (diacetyl), 2,3-pentanedione, ethyl 2-acetoxy-

2-methyl-acetoacetate and dodecanc were obtained from Sigma

Aldrich (St Qucntin Fallavier-France). The industrial wort was














