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DETERMINATION OF DIACETYL AND 2,3-PENTANEDIONE IN
BEER BY GC/MS USING SOLID-PHASE EXTRACTION COLUMNS

Jelena D. Pejin, Olgica S. Grujié, Nikola J. Marjanovic,
Dura N. Vujié¢ and Sundica D. Kocié-Tanackov

A new GC/MS method for the determination of diacetyl and 2,3-pentanedione was
investigated. Diaceryl and 2,3-pentanedione were derivatized with 1,2-diaminobenzene
to form 2,3-dimerylquinoxaline and 2-ethyl-3-methylquinoxaline, respectively. The
amounts of formed 2,3-dimetylquinoxaline and 2-ethyl-3-methylquinoxaline were
proportional to the concentrations of diacetyl and 2,3-pentanedione present in the
sample. 2,3-Dimetylquinoxaline and 2-ethyl-3-methylquinoxaline were extracted by
solid-phase extraction (SPE) columns and determined by gas chromatography using a
mass selective detector. This method was applied for the determination of diacetyl and
2,3-pentanedione concentrations in beer. Extraction by SPE columns proved to be very
simple and reliable. The method can be used for simultaneous determination of diacetyl
and 2,3-pentanedione concentrations in beer in a great number of beer samples.

KEY WORDS: vicinal diketones, gas chromatography, mass selective detector, beer

INTRODUCTION

Beer is malt beverage obtained from an alcoholic fermentation of the aqueous extract
of malted barley with hops. The production of beer is a multistage process involving
biological conversion of raw materials to final product.

Fermentation is performed by yeast. Brewing yeast fermentation performance; that
is, the ability of yeasts to consistently metabolize wort constituents into ethanol and
other fermentation products in order to produce beer with satisfactory quality and
stability, is influenced and controlled by a number of factors (genetic characteristics,
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cell physiology, nutritional availability and physical enviroment) (1). Some by-products
are obtained during the process affecting significantly the taste, smell and other beer
characteristics, and their formation, as well as degradation, are connected with yeast
cells metabolism (2). The most important by-products of beer fermentation are vicinal
diketones, higher alcohols, esters, aldehydes and S-compounds (3).

Diacetyl (2,3-butanedione) is the main aroma constituent of green beer. The beer has
a sweet, nonspecific taste, when diacetyl concentrations in beer are higher than the limit
values, and the increased concentrations result in buttery aroma. The taste threshold for
diacetyl is 0.10 mg/dm’. 2,3-Pentanedione is similar to diacetyl, however, the taste
threshold is higher (near 1.0 mg/dm’) resulting in honey-like aroma (4). Reduction of
diacetyl and 2,3-pentanedione is simultaneous with other processes during ripening of
beer, so it can be considered as an important criterion for maturity level estimation of a
certain beer. The formation and reduction of vicinal diketones proceeds in three phases:
formation of precursors, transformation of precursors and diketone reduction (5).

The formation and reduction of diacetyl and 2,3-pentanedione is affected by yeast (6,
7), fermentation temperature (8, 9), wort composition (10-12), aeration and amount of
dissolved oxygen (13, 14), pH (15-17), bacterial infection (18, 19) and pressure (20).

The aim of these experiments was to determine precisely concentrations of diacetyl
and 2,3-pentanedione in beer.

EXPERIMENTAL

Chemicals, supplies and samples

Diacetyl (2,3-butanedione), 2,3-pentanedione, 2,3-hexanedione, 1,2-diaminobenzene
(for the synthesis) and ethanol (for chromatography) were purchased from Merck,
dichlormethan (p a.) from "Zorka" Sabac and SPE Octadecyl (C;3) columns N° 7020-02,
volume 3 c¢m® and packed with 200 mg of octadecylsilane were purchased from "J.T.
Baker". Diacetyl and 2,3-pentanedione mass concentrations were determined in
commercial bottled beer.

Gas chromatography (GC) with flame ionisation detection (FID)
and experimental conditions

A Hewlett Packard 5890 Series II gas chromatograph was used of diacetyl solution
analyses. The gas chromatograph was equipped with flame ionisation detector (FID).
The gas chromatography (GC) separation was carried out on a Hewlett Packard 20 M
(Carbowax 20 M) (50 m x 0.32 mm and 0.3 um film thickness) capillary column.
Carrier gas was helium at constant flow rate 1.1 cm*/min; column head pressure was 70
kPa Constant flow rate of gases through the detector was: hydrogen 30 cm’/min, air 400
cm’/min and nitrogen 30 cm*min. The following temperature program was used:
injector and detector temperatures 200°C and 250°C, respectively, initial temperature
40°C, without holding, temperature increase 8°C/min to 200°C and held at this
temperature for 1 minute. The retention time for diacetyl varied between 14.612-14.662
min. The injected sample volume was 1 ~ 10 pL (split ratio 1 : 20).
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Gas chromatography with mass selective detection (GC/MS)
and experimental conditions

The GC/MS analyses were carried out using a Hewlett Packard model G 1800 A GC
SYSTEM combined with Hewlett Packard mass selective detector (using SCAN
technique in the range 45 — 425 Da) with autosampling and autoinjection (Hewlett
Packard 6890). The separation was accomplished on a Hewlett Packard 5 MS (methyl
syloxane) column (30 m x 0.25 mm and 0.25 pm film thickness). The carrier gas was
helium at constant flow rate 0.8 cm*/min. The following temperature program was used:
injector and detector temperatures 250°C and 280°C, respectively, initial temperature
50°C, without holding, temperature increase 40°C/min to 200°C, without holding at
200°C, and 20°C/min to 280°C, and held at this temperature for 7.25 min. The whole
cycle lasted 15 min. The retention times of derivates of diacetyl, 2,3-pentanedione and
2,3-hexanedione (internal standard) i. e. 2,3-dimethylquinoxaline, 2-ethyl-3-methyl-
quinoxalin and 2-methyl-3-n-propyl-quionoxalin were: 4.60, 4.90 and 5.20 min,
respectively. The injected sample volume was 1 pL (in splitless mode).

Sample preparation for GC with FID

Diacetyl in 5% ethanol solution was used in the experiments, according to MEBAK
method (21). Before use, the sample was intensively shaken for 5 min to obtain
homogenous diacetyl soluuon Diacetyl was weighed on analytlcal balance, 66.3 mg and
transferred to a 100 cm? flask (corresponding to 6.63 mg/dm’ mass concentration).

Sample preparation for GC/MS

Content of diacetyl and 2,3- pentanedlone was determined by calibration method.
Samples containing 0.05 - 1.00 mg/dm”® of diacetyl and 0.005 - 1.000 mg/dm® of 2,3-
pentanediene were prepared. Internal standard (2,3-hexanedione) was added to the
samples in the same amount as well as lem® of 1,2-diaminobenzene solution. 1,2-
Diaminobenzene was added for derivatization of diacetyl, 2,3-pentanedione and internal
standard. Solution of 1,2-diaminobenzene was obtained by dissolving 20 mM in
hydrochloric acid (1 M HCI solution). The samples were heated at 30°C for 15 min in
water bath.

The derivates of diacetyl, 2,3-pentanedione and internal standard i. e. 2,3-dimethyl-
quinoxalin, 2-ethyl-3-methyl-quinoxalin and 2-methyl-3-n-propylquinoxalin were concen-
trated and extracted on SPE column. The reaction between diacetyl and 1,2-diamino-
benzene is presented in Fig. 1. The reaction between 2,3-pentanedione and 1,2-diamino-
benzene is presented in Fig. 2.
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Fig. 1. Reaction between diacetyl and 1,2-diaminobenzene
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2,3-Pentanedione 1,2-Diaminobenzene 2-Ethyl-3-methyilquinoxaline

Fig. 2. Reaction between 2,3-pentanedione and 1,2-diaminobenzene

The derivatized diacetyl, 2,3-pentanedione and internal standard were transferred to
SPE columns. SPE octadecyl columns are nonpolar and they bind the nonpolar
compounds e.g. derivates of vicinal diketones. The derivates of diacetyl, 2,3-
pentanedione and internal standard were extracted with dichlormethan. After that,
dichlormethan was evaporated. The dry residue disolved in 200 uL of ethylacetate was
transferred to a vial, closed with rubber stopper and Al-cap. 1 pL of each sample was
injected into the GC/MS.

The aim of further investigations was to apply the GC/MS method for determination
of diacetyl and 2,3-pentanedione concentration in beer. The same concentration of
internal standard was added to original beer samples as to samples for calibration. Beer
samples with different concentration of diacetyl and 2,3-pentanedione, and same
concentrations of internal standard were also prepared. The determination of diacetyl
and 2,3-pentanedione in original beer samples and beer samples with the addition of
diacetyl and 2,3-pentanedione was performed as described above (sample preparation
for calibration).

RESULTS AND DISCUSSION

In order to determine the detection threshold (lowest concentration of investigated
substance that can be determined), the diacetyl mass concentration i. e. volumes of
diacetyl solutions injected were lowered (in the range from 663 ng/uL to 332 ng/uL).

The lowest detected mass concentration was 332.0 ng/uL. Varying the chromato-
graphic parameters (threshold (THRSH), attenuation (ATT 2%) and peak width (PK
WD)), lower concentrations of diacetyl were determined. In order to optimize the
chromatogram, a number of analyses were performed varying the mentioned
chromatographic parameters. Mass concentration of diacetyl injected into the GC was
102.0 ng/uL. First, the threshold was increased, to value =3 (THRSH = -3). Then the
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attenuation was increased, to value -4 (ATT 2” = -4). The attenuation value -4 was not
satisfactory so attenuation values —1 (ATT 2% = -1) and -2 (ATT 2” = -2) were used for
further analyses. The best results were obtained applying attenuation value —1. This
value was used for further analyses. The peak width was also varied in the experiments,
from 0.04 to 1.00 min. The lowest standard deviation was obtained with the peak width
0.12 min (PK WD = 0.12). Five measurements were performed using peak width 0.12
min and the results are presented in Table 1.

Chromatographic parameters used in these analyses are listed above the chroma-
togram presented in Fig. 3. Limit of detection — LOD and limit of quantitation — LOQ
were calculated according to ACS Committee on Enviromental Improvement (22).

Table 1. Determination of diacetyl mass concentration 102.0 ng/pL using peak width 0.12 min.

N° of analysis Retention time Area Diacetyl mass concentration in
N) (minutes) X5 prepared sample (ng/pL)
1. 14.612 2831 100.70
2. 14.662 2733 97.21
3. 14.630 2977 105.89
4. 14.622 2646 94.12
5. 14.615 3151 112.08

Table 2. Statistical data obtained by diacetyl determination using GC with FID

Diacetyl mass concentration in
prepared sample (ng/uL)
X 102.0
SD 6.40
LOD 19.2
LOQ 64.0
CVv 6.27%

The lowest diacetyl mass concentration determined using GC with FID was 102.0
ng/uL. The mass concentrations of diacetyl in beer are 0.1 mg/dm’®, and that is 1000
times lower value than the lowest concentration determined in these experiments. In
order to determine the content of diacetyl and 2,3-pentanedione in the beer, extraction
methods should be used. Due to the complex composition of beer and the fact that
retention time depends on sample composition and conditions of GC work, GC with
mass selective detector (MS) was used in further work. This device gives the retention
time but also the mass spectra of investigated compounds. In this way, the identification
is more accurate than with the use of other types of detectors. The average match quality
for determined compounds was 92%.

The chromatogram of the test solution prepared for calibration (extraction performed on
SPE column) is presented in Fig. 4.
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Fig. 4. Total ion chromatogram of derivates of diacetyl (2,3-dimethylquinoxalin), 2,3-
pentanedione (2-ethyl-3-methylquinoxalin) and internal standard
2,3-hexanedione (2-methyl-3-n-propylquinoxalin)



Table 3. presents the results of the diacetyl and 2,3-pentanedione determination in

beer using GC/MS. Table 4. presents statistical data (mean value (X), standard devia-
tion (SD), limit of detection —LOD, limit of quantitation ~LOQ and coefficient of variation
(CV)) obtained for the results presented in Table 3.

Statistical data show that the GC/MS method for the determination of diacetyl and
2,3-pentanedione is more sensitive and accurate than the method using GC with FID.

Chromatograms of an original beer sample and the beer sample with the addition of
diacetyl and 2,3-pentanedione are presented in Figure 5. The samples were prepared by
extraction on SPE column. The solution obtained after extraction on SPE column was
clear and the determination simple.

Table 3. Determination of diacetyl and 2,3-pentanedione in the sample
of beer with five replications using GC/MS

Diacetyl 2,3-Pentanedione
N° of
analysis Mass Mass Mass Mass
(N) concentration in concentration in concentration in concentration in
prepared sample beer (mg/dm’) prepared sample beer (mg/dm’)
(ng/uL) (ng/ul)
1. 0.45 0.090 0.20 0.039
2. 0.44 0.088 0.22 0.043
3. 0.45 0.090 0.23 0.045
4. 0.46 0.092 0.20 0.039
5. 0.44 0.088 0.19 0.037
Table 4. Statistical data obtained by diacetyl and 2,3-pentanedione
determination using GC/MS
Diacetyl 2,3-Pentanedione
Mass Mass Mass Mass
concentration in concentration in concentration in concentration in
prepared sample beer (mg/dm3 ) prepared sample beer (mg/dm3)
(ng/pl) (ng/ul)
X 0.45 0.090 0.21 0.041
SD 0.0077 0.0015 0.0148 0.0030
LOD 3.0077 ) 0.0045 0.0444 0.0090
LOQ 0.077 0.015 0.148 0.030
Ccv 1.71% 7.06%

To determine diacetyl and 2,3-pentanedione by gas-chromatography with flame
ionization detector, it is necessary to preconcentrate the sample. Extraction, liquid-
liquid, solid-phase extraction - SPE and solid-phase microextraction - SPME can be
used for the preconcentration.
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Fig. 5. Total ion chromatograms of beer samples with and without addition
of diacetyl and 2,3-pentanedione extracted on SPE column

The use of gas chromatography with mass selective detection is recommended for
the determination of diacetyl and 2,3-pentanedione content because of the complex
composition of beer and because of the fact that the retention time depends on the
sample composition. Besides, this procedure gives the retention time as well as the mass
spectrum of the compound investigated, resulting in more specific identification of
investigated compounds. If compared LOD and LOQ values calculated for data obtained
by using gas chromatograph with flame ionisation detector and gas chromatograph with
mass selective detector, it can be concluded that sensitivity is 800 times higher by using
gas chromatograph with mass selective detector.

Extraction on SPE columns proved to be simple and reliable. This method is simple
and can be used for simultaneous determination of diacetyl and 2,3-pentanedione
content in a large number of beer samples.
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OJIPEBUBAILE JUALETUJIA U 2,3-ITEHTAHUOHA Y ITUBY
IMOMORY GC/MS Y3 IIPUMEHY SOLID-PHASE
EXTRACTION KOJIOHA

Jenena /1. Ilejun, Oneuya C. I'pyjuh, Hukona J. Mapjanosuh,
Bypa H. Byjuh u Cynuuya /l. Koyuh-Tanayxos

Hcrpaxnsana je voa GC/MS metonma 3a oxapehuBame guanetwna M 2,3-neHTaH-
muoHa. Jluauerun u 2,3-MEHTAHAMOH CY NEPUBATU30BaHU ca 1,2-heHuneHanaMHHOM
NpH 4eMy HacTajy 2,3-IMMETHJIKBMHOKCAIMH U 2-€THJI-3-METHIKBHHOKCcaIUH. Hacrane
KONU-4MHe 2 3-TUMETHIKBHHOKCAJHHA M 2-eTHI-3-METHNKBUHOKCATHHA cy Ouie
HpONOpLMO-HaHEe KOHIUCHTpaludjamMa JualieThia U 2,3-NeHTaHIHOHA Y Y30pKy. 2,3-
JIMMETHIIKBUHO-KCAJIMH U 2-€THII-3-MEeTUIKBHHOKCAJIMH Cy eKCTpaxoaHu momohy SPE
KOMOHa ¥ oxpe-huUBaHM racHOM XpoMaTorpadHjoM ca  MaceHO-CEJEKTHBHUM
JerekropoM. OBa MeToJa je NpHMEHCHA 33 ojpehuBame KOHLEHTpallHja AHALCTHIA U
2,3-nentananona y nuBy. Excrpaknuja momohy SPE konoHa ce noka3saia jeAHOCTaBHOM
M noy3gaHoM. Merosa ce Mo)xe KOPHCTHTH 3a UcTOBpeMeHo oxpehuBame caapikaja
nuanetwia u 2,3-neHta”auoHa y sehieMm 6pojy y3opaka nuBsa.
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