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Trans-2-nonenal je aldehyd podilejici se na nepfijemné chuti a vini Zluklého masla ve skladovaném pivu. Cilem této prace byla opti-
malizace a zavedeni automatizované metody SPME-GC pro stanoveni obsahu trans-2-nonenalu v pivu a pivovarskych surovinach. Pro
extrakci HS-SPME bylo porovnano pét typd viaken: 100 pm PDMS, 65 pm PDMS/DVB, 85 pm CAR/PDMS, 50/30 um DVB/CAR/PDMS,
85 pym PA. NejvysSi vytéznosti pro extrakci HS-SPME bylo dosazeno viaknem PDMS/DVB, doba extrakce 20 minut pfi teploté 60 °C
s pfidavkem 1,5 g NaCl. Identifikace trans-2-nonenalu byla provedena metodou HS-SPME-GC-MS, vlastni analyza vzorkU byla provedena
automatizovanou metodou HS-SPME-GC-FID.

Svoboda, Z. — Mikulikova, R. — Bélakova, S. — BeneSova, K. — Marova. I. — Nesvadba, Z.: Determination of Trans-2-Nonenal in
Barley Grain, Malt and Beer. Kvasny Prum. 56, 2010, No. 11-12, p. 428—-432.

Trans-2-nonenal is an aldehyde contributing to an unpleasant off-flavor and odor of rancid butter in stored beer. The aim of this study
was to optimize and introduce automated solid phase microextraction technique coupled with gas chromatography for determination of
trans-2-nonenal in beer and brewing materials. Five types of SPME fibers coated with different stationary phases (100 um PDMS, 65 pm
PDMS/DVB, 85 um CAR/PDMS, 50/30 um DVB/CAR/PDMS, 85 um PA) were tested for their efficiencies in the headspace SPME. The
highest HS-SPME extraction efficiency was achieved with the PDMS/DVB fiber and addition of 1.5 g of NaCl, extraction time was 20
minutes at 60 °C. Trans-2-nonenal was identified with the method of HS-SPME-GC-MS; the samples were analyzed using the HS-SPME-
GC-FID technique.

Svoboda, Z. — Mikulikova, R. — Bélakova, S. — BeneSova, K. — Marova. |. — Nesvadba, Z.: Die Bestimmung des Trans-2-Nonenal-
gehalts im Gerstenkorn, im Malz und im Bier. Kvasny Prum. 56, 2010, Nr. 11-12, S. 428-432.

Trans-2-nonenal ist ein Aldehyd mit einem Anteil am unangenehmen Geschmack und am Geruch der ranzigen Butter im gelagerten
Bier. Das Ziel dieser Arbeit wurde die Einfllhrung und Optimisierung der automatisierten Methode SPME-GC zur Bestimmung des Trans-
2-Nonenalgehalts im Bier und in den Braurohstoffen. Fir die HS-SPME Extraktion wurden finf Fassersorten 100 um PDMS, 65 pm
PDMS/DVB, 85 pm CAR/PDMS, 50/30 pm DVB/CAR/PDMS und 85 pm PA verglichen. Die héchste Ausbeute fiir die HS-SPME Extraktion
wurde durch die Faser PDMS/DVB unter Zugabe 1,5 g NaCl, die Zeitdauer der Extraktion 20 Minuten, Temperatur 60°C erreicht. Durch
die Methode HS-SPME-GC-MS wurde die Identifikation des Trans-2-Nonenals durchgefiihrt, fir die eigene Musteranalyse wurde die

automatisierte HS-SPME-GC-FID Methode angewandt.
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1 UVOD

Obilky jeémene obsahuiji dva typy lipid(i: zasobni a funkéni. Zasobni
lipidy, specialné triglyceridy slouzi jako zasobarna energie pfi mobi-
lizaci specifickych enzymU pfi poSkozeni, nakaze a dalSich stresuiji-
cich faktorech nebo pfi kliceni. Kdyz jsou zrna jeémene poskozena
nespravnym skladovanim nebo jsou vystavena ur€itym mikroorga-
nismdm, mizZe dojit k degradaénim reakcim lipidud. Tyto reakce mohou
byt katalyzovany vlastnimi endogennimi enzymy zrna nebo enzymy
mikroorganismu v zavislosti na environmentalnich podminkach nebo
poskozeni. Lipasa a lipoxygenasa jsou dva hlavni enzymy ovliviujici
degradaci lipidd v zrnech je€mene [1].

Hydrolyza triglyceridl je katalyzovana lipasami, které jsou v zrnu
vzdy pfitomné. Mezi nepfiznivé efekty jejich aktivity patfi pfedev§im
zmény v chuti a aroma potravin, rostouci acidita olejl a uvolnéni ne-
nasycenych mastnych kyselin, které jsou oxidovany lipoxygenasami
[1, 2].

Specifickym substratem lipoxygenasy je cis,cis-1,4-pentadiennova
struktura, kterou je mozno nalézt u mastnych kyselin jako je linolova,
linolenova nebo arachidonova kyselina, degraduje je bud na volné
kyseliny, triglyceridy nebo methyl (ethyl) estery. Primarni produkty
jsou opticky aktivni cis-frans-konjugované hydroperoxidy. Tyto hydro-
peroxidy jsou tvofeny radikalovym mechanismem a jsou bud rozlo-
zeny, nebo dale oxidovany na sekundarni produkty jako jsou alkoholy,
kyseliny, ketony nebo aldehydy, které mohou nepfiznivé ovlivnit nut-
ricni hodnotu, aroma, chut a kvalitu potraviny [1, 2].

Keywords: barley, beer, gas chromatography, malt, SPME, trans-2-
nonenal

1 INTRODUCTION

Barley caryopses contain two types of lipids: storage and functional.
Storage lipids, especially triglycerides, serve as a reservoir of energy
for mobilization of specific enzymes at damage, infection and other
stress factors and during germination. Lipid degradation reactions can
occur when barley grains are damaged by incorrect storage or ex-
posed to certain microorganisms. These reactions can be catalyzed
by endogenous enzymes of the grain or the enzymes from microor-
ganisms depending on the environmental conditions or damage. Li-
pase and lipoxygenase are two principal enzymes affecting the degra-
dation of lipids in barley grains [1].

Hydrolysis of triglycerides is catalyzed by lipases which are always
present in a grain. Adverse effects of their activity then include
changes in food taste and aroma, increasing oil acidity and releasing
unsaturated fatty acids oxidized by lipoxygenases [1, 2].

Lipoxygenase reacts specifically only with cis, cis-1,4-pentadiene
structures, which can be found in fatty acids such as linoleic, linolenic
or arachidonic acids, it degrades them either to free acids, triglyc-
erides or methyl (ethyl) esters. The primary products are optically ac-
tive cis-trans-conjugated hydroperoxides. These hydroperoxides are
formed by a radical mechanism and they are either degraded or fur-
ther oxidized to secondary products, such as alcohols, acids, ketones
or aldehydes which can have an unfavorable impact on a nutritional
value, aroma, taste and quality of food [1, 2].

Aldehyde trans-2-nonenal is a principal component contributing to
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Obr. 1 Aldehyd trans-2-nonenal / Fig. 1 Aldehyde trans-2-nonenal

V uskladnéném pivu je zakladni slozkou podilejici se na chuti zluk-
Iého mésla aldehyd trans-2-nonenal (obr. 1) [3, 4]. Mechanismus
tvorby trans-2-nonenalu v pivu je enzymaticka nebo neenzymaticka
oxidace a oxidace volnych mastnych kyselin, kde svou roli sehrava
praveé lipoxygenasa [5].

Vzhledem k tomu, Ze aldehyd trans-2-nonenal je zakladni slozkou
podilejici se na zménach chuti ve skladovaném pivu, byla optimali-
zovana metoda automatické HS-SPME-GC pro stanoveni této latky
v pivu a pivovarskych surovinach [6, 7]. Pro HS-SPME bylo
porovnavano 5 rliznych vladken (100 ym PDMS, 65 pm PDMS/DVB,
85 ym CAR/PDMS, 50/30 pm DVB/CAR/PDMS, 85 pm PA) [8, 9].

Analyza vzorkd byla provedena metodou HS-SPDE-GC-FID
s vlaknem PDMS/DVB.

2 EXPERIMENTALNI CAST
2.1 Pouzité chemikalie a standardy

Trans-2-nonenal — Sigma, USA; ethanol — Sigma, USA; NaCl —
Sigma, USA,; deionizovana voda.

2.2 Material a pfistroje

Material

Pro sledovani obsahu trans-2-nonenalu v obilkach je¢mene,
sladech a pivech bylo analyzovano celkem 54 vzork(, 21 odrid
je€mene, 21 sladd z nich vyrobenych a 12 piv.

Pristroje a pomucky

Laboratorni mlynek na jemné mleti — Retsch, Némecko; analytické
vahy — Mettler Toledo, USA; chlazena centrifuga — Sigma, Némecko;
vialky s vicky pro head space a uzaviraci klesté 20 ml — CRS, USA;
plynovy chromatograf Trace Ultra s FID detektorem — Thermo Scien-
tific, USA; autosampler CombiPal — CTC Analytics, Svycarsko; ply-
novy chromatograf Trace Ultra s hmotnostnim detektorem — Thermo
Scientific, USA; kapilarni kolona Supelcowax (30 m x 0,25 mm |.D,,
0,25 pm) — Supelco, USA; SPME vldkna (100 ym PDMS, 65 pm
PDMS/DVB, 85 ym CAR/PDMS, 50/30 ym DVB/CAR/PDMS, 85 pm
PA) — Chromtech, Némecko.

2.3 Optimalizace HS-SPME extrakce stanoveni obsahu
trans-2-nonenalu

Pro HS-SPME extrakci trans-2-nonenalu byl optimalizovan typ
SPME vlédkna, teplota extrakce, doba extrakce a vliv pfidavku NaCl
na vytéznost extrakce. Optimalizace byly provadény s vodnym roz-
tokem, ktery obsahoval 10 pg standardu trans-2-nonenalu v 5 ml. Pro
extrakci bylo testovano celkem pét SPME vilaken: 100 ym PDMS, 65

off-flavor and odor of rancid butter in stored beer (Fig. 1) [3, 4]. Mech-
anism of trans-2-nonenal formation in beer is enzymatic or non-en-
zymatic oxidation and oxidation of free fatty acids where lipoxygenase
plays an important role [5].

Considering the fact that the aldehyde trans-2-nonenal is a principal
substance contributing to changes in taste of stored beer, the auto-
mated headspace solid phase microextraction technique coupled with
gas chromatography (HS-SPME-GC) for the determination of this
substance in beer and brewing materials was optimized. Five types
of fibers were compared for the HS-SPME (100 pm PDMS, 65 pm
PDMS/DVB, 85 pm CAR/PDMS, 50/30 um DVB/CAR/PDMS, 85 pm
PA) [8, 9].

The samples were analyzed with the HS-SPME-GC-FID technique
using the PDMS/DVB fiber.

2 EXPERIMENTAL
2.1 Chemicals and standards used

Trans-2-nonenal — Sigma, USA; ethanol — Sigma, USA; NaCl —
Sigma, USA; deionized water.

2.2 Material and instrumentation

Material

Atotal set of 54 samples (21 barley varieties and 21 malts produced
from them and 12 beers) was analyzed and content of trans-2-nonenal
in barley caryopses, malts and beers were determined.

Instrumentation

A laboratory mill for fine grinding — Retsch, Germany; analytical
balances — Mettler Toledo, USA; cooling centrifuge — Sigma, Ger-
many; head space vials (2 ml) and crimping pliers (20 ml) — CRS,
USA; gas chromatograph Trace Ultra with FID detector — Thermo Sci-
entific, USA; autosampler CombiPal — CTC Analytics, Switzerland;
gas chromatograph Trace Ultra with mass detector — Thermo Scien-
tific, USA; capillary column Supelcowax (30 m x 0,25 mm I.D, 0.25
pm) — Supelco, USA; SPME fibers (100 um PDMS, 65 pym PDMS/DVB,
85 pym CAR/PDMS, 50/30 pm DVB/CAR/PDMS, 85 pm PA)-
Chromtech, Germany.

2.3 Optimization of HS-SPME extraction for determination of
trans-2-nonenal content

For HS-SPME extraction of trans-2-nonenal, the type of a SPME
fiber, extraction temperature, extraction time and the amount of added
NaCl on extraction yield were tested and optimized. The optimization
was performed with an aqueous solution containing 10 pg of trans-
2-nonenal standard in 5 ml. Following five types of SPME fibers were
tested: 100 pm PDMS, 65 ym PDMS/DVB, 85 pm CAR/PDMS,
50/30 pm DVB/CAR/PDMS, 85 pm PA. Fig. 2 shows the affinity of the
individual fibers for trans-2-nonenal extraction.

Fig. 3 shows the dependency of extract yield efficiency of trans-2-
nonenal on the sample temperature during extraction. The highest
extraction efficiency was achieved at the sample temperature of 60 °C.

The effect of the extraction time of trans-2-nonenal at 60 °C is shown
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Obr. 2 Vybér SPME vlakna pro extrakci trans-2-nonenalu / Fig. 2
Choice of the SPME fiber for the extraction of trans-2-nonenal

Obr. 3 Vliv teploty extrakce na vytéznost SPME extrakce / Fig. 3 Effect
of the extraction temperature on the efficiency of SPME extraction
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ym PDMS/DVB, 65 ym CAR/PDMS, 50/30 um DVB/CAR/PDMS,
85 um PA. Afinita jednotlivych vliaken pro extrakci trans-2-nonenalu
je znazornéna na obr. 2.

Na obr. 3je zndzornéna zavislost vytéZnosti extrakce trans-2-none-
nalu na teploté vzorku pfi extrakci. Nejvétsi vytéznosti bylo dosazeno
pfi teploté vzorku 60 °C.

Vliv doby extrakce trans-2-nonenalu pfi 60 °C je zndzornén na
obr. 4. Z grafu je patrné, ze nejvétsi vytéznosti bylo dosazeno pfi ex-
trakci po dobu 20 minut.

Pfi optimalizované teploté a dobé extrakce byl sledovan vliv pfi-
davku (koncentrace) NaCl v analyzovaném vzorku na vytéznost ex-
trakce (obr. 5). Nejvétsi vytéznost extrakce trans-2-nonenalu byla pfi
pridavku 1,5 g NaCl do vialky se vzorkem.

2.4 Stanoveni obsahu trans-2-nonenalu v obilkach jeémene
a ve sladu

Do zabrusové Erlenmayerovy banky bylo navazeno cca 5 g pom-
letého vzorku zrna jeémene nebo sladu, bylo pfidano 50 ml deioni-
zované vody a po uzavieni zabrusovou zatkou byl vzorek extrahovan
na laboratorni tfepa¢ce po dobu 15 minut. Po extrakci byl vzorek
pfeveden do centrifugaéni zkumavky a za chladu byl pfi vysokych
ota¢kach centrifugovan 15 minut. Do 20 ml head space vialky bylo
navazeno 1,5 g NaCl a vlozeno magnetické michadlo. Do takto
pfipravené vialky bylo napipetovano 5 ml supernatantu a vialka byla
uzaviena kovovym vickem se septem. Takto pfipraveny vzorek byl
analyzovan metodou automatické HS-SPME-GC-FID.

2.5 Stanoveni obsahu trans-2-nonenalu v pivu

Do 20 ml head space vialky bylo navazeno 1,5 g NaCl a vlozeno
magnetické michadlo. Do takto pfipravené vialky bylo napipetovano
5 ml vychlazeného piva. Takto pfipraveny vzorek byl analyzovan
metodou HS-SPME-GC-FID.

2.6 Instrumentace a chromatografické stanoveni

Analyzy vzorkl byly provadény na plynovém chromatografu (Trace
GC Ultra, Thermo Finigan) s plamenoionizaénim detektorem. K se-
paraci analyzovanych latek byla pouzita kapilarni kolona Supelcowax
(30 m x 0,25 mm 1.D, 0,25 pm — Supelco, USA) s nasledujicim teplot-
nim programem: po¢atec¢ni teplota 50 °C po dobu 2 min, nardst teploty
8 °C.min"" do 200 °C, setrvani 5 min. Pritok nosného plynu He byl
1,5 ml.min™'. Kalibraéni kfivka byla linearni v rozsahu 0,03 do 3,4 pg.I"
s korela¢nim koeficientem 0,9998 (obr. 6).

3 VYSLEDKY A DISKUSE

Pro SPME extrakci trans-2-nonenalu byl optimalizovan typ SPME
vladkna, teplota extrakce, doba extrakce a vliv pfidavku NaCl na
vytéznost extrakce. Nejvyssi afinitu pro extrakci trans-2-nonenalu
mélo vlakno PDMS/DVB.

Na zakladé experimentalnich vysledkl byla pro stanoveni obsahu
trans-2-nonenalu v obilkdch je€mene, sladech a pivech zvolena
metoda automatické HS-SPME-GC-FID s viaknem PDMS/DVB, doba
extrakce 20 minut pfi teploté 60 °C s pfidavkem 1,5 g NaCl. Metoda

in Fig. 4. From the figure, it is evident that the highest extraction yield
was achieved at the extraction for 20 minutes.

The effect of NaCl concentration in the analyzed sample on the ex-
traction yield was studied at the optimized extraction temperature and
time (Fig. 5). The highest extraction efficiency of frans-2-nonenal was
achieved with the addition of 1.5 g of NaCl.

2.4 Determination of trans-2-nonenal content in barley grain
and malt

A ground sample of barley or malt (+ 5 g) was weighed into an Er-
lenmayer flask, 50 ml of deionized water was added and the flask
was closed. The sample was then extracted in a laboratory shaker
for 15 minutes. After the extraction, the sample was transferred into
a centrifuge tube and centrifuged at high-speed rotation at low tem-
perature for 15 minutes. NaCl (1.5 g) was added into a 20 ml head
space vial and a magnetic stirrer was inserted. 5 ml of supernatant
was then pipetted into the vial. The vial was closed with a metal cap
with septum and the sample was analyzed using the HS-SPME-GC-
FID method.

2.5 Determination of trans-2-nonenal content in beer

1.5 g of NaCl was weighed out into a 20 ml beer head a space vial
and a magnetic stirrer was inserted. 5 ml of cooled was then added
with a pipette into the vial and the sample was analyzed using the
HS-SPME-GC-FID.

2.6 Instrumentation and chromatographic determination

The gas chromatograph Trace GC Ultra with a flame ionization de-
tector was used for the assessment of frans-2-nonenal in samples.
For separation of the analyzed substances, the column Supelcowax
(30 m x 0.25 mm I.D, 0.25 pm — Supelco, USA) with following thermal
regime was used” initial temperature 50 °C for 2 min, then increase
in temperature of 8 °C.min"' to 200 °C, held for 5 min. The flow rate
of helium carrier gas was 1.5 ml.min-'. The calibration curve was linear
in the range from 0.03 to 3.4 pg.I'" with the correlation coefficient of
0.9998 (Fig. 6).

3 RESULTS AND DISCUSSION

A type of the SPME fiber, extraction temperature and time and the
effect of NaCl addition on extraction yield were optimized for SPME
extraction of trans-2-nonenal. The PDMS/DVB fiber had the highest
affinity for trans-2-nonenal extraction.

Based on the experimental results, the automated HS-SPME-GC-
FID method with the PDMS/DVB fiber, time of extraction 20 minutes
at 60 °C and with the addition of 1.5g NaCl was chosen for the de-
termination of trans-2-nonenal content in barley caryopses, malts and
beers. The HS-SPME-GC-FID method with the PDMS/DVB fiber for
the determination of trans-2-nonenal content in a barley caryopsis,
malt and beer was validated. Validation parameters are givenin Tab. 1.

Atotal set of 54 samples (21 barley varieties and 21 malts produced
from them and 12 beers) was analyzed and contents of trans-2-none-
nal in barley caryopses, malts and beers were determined with the
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Obr. 4 Vliv doby extrakce na vytéznost SPME extrakce / Fig. 4 Effect
of the extraction time on the efficiency of SPME extraction

Obr. 5 Vliv pfidavku NaCl na plochu piku trans-2-nonenalu / Fig. 5
Effect of the NaCl addition on peak area of trans-2-nonenal
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/ Vzorek / Sample LoQ LOD RSD (%)
Jeémen a slad / 15-102 pg.kg'| 5-102 pg.kg™’ 8.3
Barley and Malt
/ Pivo / Beer 1510 pg.I'" | 5-10° pg.I" 9.5

Tab. 2 Obsah trans-2-nonenalu ve vzorcich je¢mene a sladu / Trans-
-2-nonenal content in barley and malt samples

’ Y 0s X 15 ) 25 3 15 . Odrida jeémene / Trans-2-nonenal (ug.kg™")
(el /< jon (ng/l) Barley variety Jeémen / Barley| Slad / Malt
Obr. 6 Kalibragni kfivka trans-2 lu/ Fig 6 Calibrati f Wikingett 114 17.20
o ;S_Z_s ;nr:,;:ér;ll fivka trans-2-nonenalu / Fig 6 Calibration curve o Troon 0.98 23.93
Cruiser 1.24 10.29
Bellevue 0.97 29.43
Biatlon 1.39 18.16
Mauritia 0.81 27.59
. e— Ebson 0.83 38.54
NFC Tipple 0.89 10.31
Westminster 1.42 15.66
Publican 0.30 8.90
o Marthe 1.74 26.86
Maltasia 3.06 12.07
Lissane 0.96 10.96
Musikant 0.28 15.82
n w Xanadu 1.18 2.77
. - * | Jersey 0.59 22.38
Malvaz 0.16 23.96
Obr. 7 Ukéazka chromatogramu stanoveni trans-2-nonenalu v pivu Binder 0.24 61.70
metodou automatické HS-SPME-GC-FID s vlékn.em'PD.MS/DVB / Tepelsky 421 0.65 13.96
fiber Timori 0.96 1.89

HS-SPME-GC-FID s pouzitim vlakna PDMS/DVB pro stanoveni ob-
sahu trans-2-nonenalu v obilce je€mene, sladu a pivu byla validovana,
validaéni parametry jsou uvedeny v tab. 1.

Pro sledovani obsahu trans-2-nonenalu v obilkach je¢mene,
sladech a pivech bylo analyzovano celkem 54 vzork(. Z toho 21 odrGd
jeEmene, 21 sladd z nich vyrobenych a 12 piv. Obsah trans-2-none-
nalu ve vzorcich byl stanoven optimalizovanou HS-SPME-GC-FID
metodou s vlaknem PDMS/DVB. Obr. 7 zobrazuje ukazkovy chro-
matogram stanoveni trans-2-nonenalu ve vzorku piva metodou auto-
matické HS-SPME-GC-FID s vldknem PDMS/DVB.

Vysledky obsahu trans-2-nonenalu ve vzorcich je€mene a sladu
jsou uvedeny v tab. 2.V jeCmenech se obsah tran-2-nonenalu pohy-
boval v rozmezi 0,28 — 3,06 pg.kg ve sladech v rozmezi 8,90-38,54
bg.kg'. Nékolikanasobné vyssi obsah trans-2-nonenalu ve sladu
oproti zrnu je€mene je zplsoben zvySenou enzymatickou aktivitou
pfi sladovani.

V tab. 3 jsou uvedeny vysledky obsahu trans-2-nonenalu ve vzor-
cich piva. NejvyS8si obsah trans-2-nonenalu byl zjistén u piv nealko-

4 ZAVER

V 21 odrudéach jeémene, 21 sladech z nich vyrobenych a 12 pivech
byl stanoven obsah trans-2-nonenalu optimalizovanou metodou au-
tomatické HS-SPME-GC-FID s vlaknem PDMS/DVB.

V jeémenech se obsah frans-2-nonenalu pohyboval v rozmezi 0,28
— 3,06 pg.kg, ve sladech v rozmezi 8,90-38,54 ug.kg'. Nejvyssi ob-

sah v pivech vyc€epnich.

optimized HS-SPME-GC-FID method with the PDMS/DVB fiber. Fig. 7
shows a chromatogram of the determination of trans-2-nonenal in
a beer sample using the automated HS-SPME-GC-FID method with
the PDMS/DVB fiber.

Tab. 2 summarizes the results of trans-2-nonenal in barley and malt
samples. Trans-2-nonenal content in barleys ranged from 0.28 — 3.06
pg.kg™, in malts it varied from 8.90 — 38.54 ug.kg™. Multiply higher
trans-2-nonenal content in malt versus the barley grain was caused
by an increased enzymatic activity at malting.

Tab. 3 summarizes the results of trans-2-nonenal content in beer
samples.The highest trans-2-nonenal content was determined in non-
alcoholic beers and the lowest values were found in dispensed beers.

4 CONCLUSIONS

Tran-2-nonenal content was determined in 21 barley varieties, 21
malts made from them and 12 beers using the optimized automated
HS-SPME-GC-FID method with the PDMS/DVB fiber.

Trans-2-nonenal contents in barleys ranged from 0.28 — 3.06 pg.kg™,
in malts it moved from 8.90 — 38.54 ug.kg'. The highest trans-2-none-
nal content was determined in non-alcoholic beers and the lowest in
dispensed beers.
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Tab. 3 Obsah trans-2-nonenalu ve vzorcich piva / Trans-2-nonenal content in beer samples

Vzorek / Svétlé vycepni Svétly lezak Nealkoholické
Sample pivo / Pale | Pale lager pivo /
dispensed beer (n=4) Nonalcoholic
beer (n=4) beer (n=4)
Trans-2-nonenal (ug.l") 1.01 - 3.44 1.06 — 4.02 3.39-20.28
Podékovani

Prezentované vysledky jsou sougasti fedeni vyzkumného projektu NAZV MZe CR pod iden-

tifikaénim kédem QH 81056.
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