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Mikulikova, R. — Svoboda, Z. — BeneSova, K. — Bélakova, S.: Stanoveni methioninu ve sladu. Kvasny Prum. 55, 2009, ¢. 11-12,
s. 310-314.

Tékavé sirné latky maji nezanedbatelnou roli v senzorické jakosti piva. Jejich prekursory jsou sirné aminokyseliny a hlavné sirna amino-
kyselina methionin. Byl sledovan obsah methioninu ve sladech vyrobenych ze Sesti odriid je¢émene (Bojos, Jersey, Malz, Prestige, Tolar a
Xanadu) ze dvou lokalit (BraniSovice, Hrubgice). Déale byl sledovan obsah methioninu v zavislosti na teploté hvozdéni (prazeni). Byla opti-
malizovana metoda stanoveni methioninu ve sladu pomoci plynové chromatografie se selektivnim plamenofotometrickym detektorem. Pfi
validaci metody se dosahlo téchto parametri LOQ 1,6, R2 0,99974, RSD 15 %.

Mikulikova, R. — Svoboda, Z. — BeneSova, K. — Bélakova, S.: Determination of methionine in malt. Kvasny Prum. 55, 2009, No. 11-12,
p. 310-314.

Volatile sulphur substances play an important role in sensory beer quality. Their precursors are sulphur amino acids, first of all sulphur
amino acid metionine. Content of methionine was studied in malts made from six barley varieties (Bojos, Jersey, Malz, Prestige, Tolar, and
Xanadu) from two localities (BraniSovice, Hrubcice). In addition, methionine content in dependence on temperature of kilning (roasting) was
monitored. The technique for the determination of methionine in malt was optimized using the gas chromatography with a selective flame
photometric detector. At the validation of this method, the following parameters were achieved: LOQ 1.6, R? 0.99974, RSD 15 %.

Mikulikova, R. — Svoboda, Z. — BeneSova, K. — Bélakova, S.: Die Methioninbestimmung im Malz. Kvasny Prum. 55, 2009, Nr. 11-12,
S. 310-314.

In der sensorischen Qualitét des Bieres stellen flichtige schwefelhaltige Stoffe eine unvernachlédssigbare Rolle dar. Ihre Prekursore sind
Schwefelaminosauren und insbesonders die Schwefelaminosaure Methionin. Es wurde ein Gehalt an Methionin im aus den sechs Malzger-
stensorten (Bojos, Jersey, Malz, Prestige, Tolar a Xanadu) aus den zweien Anbaugebieten (BraniSovice, Hrubcice) hergestellten Malz ver-
folgt. Weiterhin wurde auch der Gehalt an Methionin in der Abhangigkeit von der Darrtemperatur (Réstungstemperatur) geforscht. Die Met-
hode der Methioninbestimmung im Malz durch die Gaschromatographie mit selektivem Flammenphotometrischendetektor ist optimalisiert

worden. Bei der Validation der Methode wurden die folgende Parameter LOQ 1,6, R2 0,99974, RSD 15 % erreicht.
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1 UvoD

Sirné aminokyseliny jsou pfirozenou soucasti je€mene, sladu i piva
a jsou prekurzory tékavych sirnych latek, které maji nezanedbatel-
nou roli v senzorické jakosti piva. Tyto tékave sirné latky mohou ne-
pfiznivé ovlivnit chut piva i ve velmi nizkych koncentracich. Proto je
nutné znat nejen obsah jejich prekurzord, ale i moznosti jejich vzniku
v prabéhu technologie vyroby piva.

Mezi hlavni meziprodukty pfi vzniku senzoricky aktivnich sirnych
latek béhem vyroby piva patfi S-methylmethionin, ktery vznikd me-
tylaci methioninu v cyklu sirnych aminokyselin (obr. 1).

Béhem hvozdéni sladu, kdyz teplota pfesahne 60 °C, je S-met-
hylmethionin degradovan na homoserin a dimethylsulfid, takze ne-
zanedbatelng ¢ast mlze vytékat do plynné faze. Syntéza a degra-
dace S-methylmethioninu je zavisla na vihkosti a teploté zrna.
Oxidaci uvolnéného dimethylsulfidu vznika dimethylsulfoxid. Rych-
lost oxidace roste s teplotou hvozdéni. Rozsahlejsi oxidace dimet-
hylsulfidu vede ke vzniku dimethylsulfonu [1].

Dal$i cestou vzniku dimethylsulfidu je rozklad methioninu vza-
jemnou reakci s redukujicimi cukry (obr. 2). Hlavnim produktem této
degradace je methional nebo od néj odvozeny methionol. DalSimi
dvéma produkty jsou dimethylsulfid a dimethylsulfoxid. Rozkladem
methionalu mlze vznikat ethylmethylsulfid. Termickym rozkladem
cysteinu a cystinu vznika sirovodik [2].

Béhem rmutovani pfechazi S-methylmethionin, vznikly pfi slado-
vani, do roztoku, kde probiha jeho rozklad. Vznikajici dimethylsulfid
je za varu strhavan parami. Rychlost vypafovani dimethylsulfidu je
v této fazi rychlejsi nez jeho syntéza [2].

Po vareni piva dochazi v chladnouci mladiné stale k degradaci
S-methylmethioninu, ale jiz nedochéazi k odpafovani dimethylsulfidu
[2].
V lezackych pivech se nachazi dimethyltrisulfid, ktery vznika de-
gradaci methionalu a methionolu v ¢erstvém pivu. Methional pochazi
pfedevsim ze Streckerovy eliminace methioninu pfi sladovani jec¢-
mene [2].

Keywords: Methionine, GC/FPD, derivatization, malt

1 INTRODUCTION

Sulphur amino acids are natural components of barley, malt and
beer. They are precursors of volatile sulphur substances which play
an important role in sensory beer quality. These volatile sulphur sub-
stances can unfavorably affect beer taste even in very low concent-
rations. For this reason it is necessary to know not only the content
of their precursors but also possibilities of their origin during beer
production technology.

S-methylmethionine, which is formed by methylation of methionine
in the cycle of sulphur amino acids, belongs to the principal inter-
mediates upon the origin of sensorially active sulphur substances
during the beer production. (Fig. 1)

During malt kilning when the temperature exceeds 60 °C, S-met-
hylmethionine is degraded to homoserine and dimethylsulfide and
not a negligible part can volatilize to a gaseous phase. Synthesis
and degradation of S-methylmethionine depends on grain moisture
and temperature. Released dimethyl sulfide is oxidized to dimethyl
sulfoxide. The rate of oxidation increases with kilning temperature.
More extensive oxidation of dimethyl sulphide results in the origin of
dimethyl sulfone [1].

Another route of the dimethyl sulphide formation is the breakdown
of methionine by interaction with reducing sugars (Fig. 2). The main
product of this degradation is methional or from it derived methionol.
Other two products are dimethyl sulphide and dimethyl sulfoxide. Bre-
akdown of methional can give rise to ethyl methyl sulfide. Thermal
degradation of cystein and cystin produces hydrogen sulphide [2].

During mashing, S-methylmethionine, formed at malting, passes
to a solution where it is decomposed. The dimethyl sulphide formed
is taken up by hot vapors. The rate of dimethyl sulphide evaporation
is faster than its synthesis in this phase [2].

After boiling, S-methylmethionine is still decomposed in cooling
hopped wort but it is not evaporated any more [2].

In lager beers, dimethyl trisulphide occurs, it is produced by de-
gradation of methional and methionol in fresh beer. Methional comes
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Obr. 1 Vznik S-methylmethioninu / Fig. 1 Origin of S-methylmethionine
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Stanovenl’ sirnych aminokyselin v potravinéch je jednou z nejné-
zvolit takova metoda déleni a stanoveni, ktera zarucuje dostatecnou
pfesnost a spravnost, musi byt dostate¢né rychla a experimentalné
akceptovatelna. Analyza sirnych aminokyselin je navic komplikovana
pritomnosti dalSich sloZzek v potravinach, které dané stanoveni mo-
hou rusit nebo mohou dévat pozitivni chyby. V sou¢asné dobé je vy-
uzivana ke stanoveni sirnych aminokyselin pfedevSim plynova chro-
matografie (GC). Pfed vlastni analyzou je tfeba sirné aminokyseliny
derivatizovat. Derivatizace sirnych aminokyselin se provadi za tuce-
lem jejich transformace na produkt se Zzadanymi separa¢nimi a de-
tekénimi vlastnostmi. Pfi GC analyze se musi zajistit Uplné zabloko-
vani protickych funkénich skupin (maji aktivni vodiky napf. -OH, -SH,
-NH,) a zvySeni tékavosti sirnych aminokyselin [3].

K derivatizaci sirnych aminokyselin Ize vyuzit nékolik derivatiza¢-
nich metod [3,4,5]:

* Esterifikace karboxylu bezvodym alkoholem v HCI a nasledna

acylace dalSich protickych funkénich skupin.

* Silylace protickych funkénich skupin za tepla v bezvodém pro-

stfedi pomoci trimethylsilyl nebo terc-butyldimethylsilyl derivata.

e Derivatizace alkyl chlorformiaty.

K detekci sirnych aminokyselin Ize pouzit FID (plamenoionizaéni
detektor) i FPD (plamenofotometricky detektor — selektivni pro sirné
latky) detektor. Velmi vyhodné je spojeni plynového chromatografu
s hmotnostnim detektorem.

2 EXPERIMENTALNI CAST

Chemikalie

D, L — methionin (Fluka, USA), pyridin (Merck, Némecko), ethanol
(ML Chemica, CR), methanol, 1-propanol, chloroform, methyl chlor-
formiat, ethyl chlorformiat (Sigma Aldrich, USA), destilovana voda.

Vzorky sladu
Bylo analyzovano 12 vzork( sladl, které byly vyrobeny z 6 od-

mainly from Strecker degradation of methionine during barley mal-
ting [2].

Determination of sulphur amino acids is one of the most deman-
ding analytical operations in the whole area of food analyses. The
selected method of amino acids separation and determination must
guarantee sufficient accuracy and correctness; it must be sufficiently
fast and experimentally acceptable. In addition, the amino acid ana-
lysis is complicated by the presence of other components in food
which can distort the given determination or can give positive mis-
takes. Currently, the gas chromatography (GC) method has been fre-
quently used for the determination of sulphur amino acids. Prior to
the analysis alone, amino acids must be derivatized. The purpose
of amino acid derivatization is to transform them to a product with
the required separation and detection characters. Prior to the GC
analysis, protic functional groups must be completely blocked (they
have active hydrogens, e.g. -OH, -SH, -NH,) and enhanced volati-
lity of amino acids secured [3].

Several methods can be used for the amino acid derivatization
[3,4,5]:

e Esterification of carboxyl group with anhydrous alcohol in HCI

and subsequent acylation of other protic functional groups.

« Silylation of protic functional groups in anhydrous media at hig-
her temperatures using trimethylsilyl or terc-butyldimethylsilyl de-
rivatives.

* Derivatization with alkyl chloroformates.

For the amino acid detection, the FID (flame inonization detector)
and FPD (flame photometric detector — selective for sulphur sub-
stances) detectors can be used. Coupling of the gas chromatograph
and mass detector is very advantageous.

2 EXPERIMENTAL

Standards and chemicals
D, L — methionine (Fluka, USA), pyridine (Merck, Germany), et-
hanol (ML Chemica, CR), methanol, 1-propanol, chloroform, methyl

Obr. 2 Mozny mechanismus syntézy polysulfidl z methioninu béhem rmutovani sladu / Fig. 2 Possible mechanism of synthesis of polysulp-

hides from methionine during malt mashing
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r(id jarniho jeémene (Bojos, Jersey, Malz, Prestige, Tolar a Xanadu)
a které pochazely ze dvou Slechtitelskych a zkuSebnich stanic (Bra-
niSovice, Hrubcice) ze sklizriového ro¢niku 2007.

U vybraného vzorku sladu bylo v pribéhu hvozdéni (prazeni)
sladu odebirano 18 vzorku. Prvni vzorek byl odebran pfi 50 °C a po-
sledni pfi 220 °C, teplotni interval odebirani byl 10 °C.

Priprava a zpracovani vzorkt sladu

5 g pomletého sladu se 15 min extrahuje v ultrazvukové lazni smési
destilované vody s methanolem (4:1). Po sonifikaci se smés pfevede
do centrifugaéni zkumavky a odstfedi (15 minut, 6500 min-'). 1 ml
supernatantu se pfevede do mikrozkumavky a centrifuguje (5 mi-
nut, 5000 min"). Z ¢irého roztoku se odebere 300 ml vzorku na de-
rivatizaci.

Derivatizace vzorkt

K 300 wl vodného roztoku vzorku se pfida 200 ul smési propa-
nol-pyridin (4:1), nasledné se pfida 25 ul ethyl chlorformiatu. Smés
se micha 3 minuty pfi laboratorni teploté, poté se pfida 700 ul chlo-
roformu obsahujiciho 1 % ethyl chlorformiatu. Smés derivatizova-
ného vzorku se po protfepani centrifuguje (5 minut, 5000 min-*)
a pak se 500 ul organické faze prevede do nové zkumavky. Chlo-
roform se odpafi proudem plynného dusiku do sucha. Zbytek po od-
pareni se rozpusti v 200 ul methanolu. Takto pfipraveny vzorek se
analyzuje plynovou chromatografii.

Priprava standardd methioninu

Standard methioninu byl navazen na analytickych vahach s pfes-
nosti na 0,1 mg, rozpu$tén v destilované vode, kvantitativné pre-
veden do 25 ml odmérné banky a objem byl doplnén destilovanou
vodou po rysku. Rozsah koncentraci standardu methioninu byl 0,8
az 14 mg.ul'. Na derivatizaci bylo pouzito 300 ul standardniho roz-
toku.

Instrumentace a chromatografické stanoveni

Analyzy vzorkd byly provadény na plynovém chromatografu
(Trace GC Ultra, Thermo Finigan, USA) s plamenofotometrickym
detektorem (FPD) selektivnim pro siru. K separaci analyzovanych
latek byla pouzita kapilarni kolona RTX-5 (15m x 0.32 mm i.d., 0.25
mm, stacionarni faze 5 % difenyl — 95 % dimethyl polysiloxan) s na-
sledujicim teplotnim programem: pocate¢ni teplota 100 °C po dobu
0,5 min, narlst teploty 6 °C.min"* do 180 °C, setrvani 3 min, narlst
teploty 10 °C min do 280 °C, setrvani 1 min. Konstantni prutok
nosného plynu He 1.5 ml.min=". Teplota SSL injektoru 250 °C, split-
less rezim 0,8 min, pratok 60 ml.min~". Teplota detektoru 150 °C,
pritok vzduchu 105 ml.min=", pratok vodiku 90 ml.min~", pritok du-
siku (make-up) 20 ml.min-".

Identifikace analyzovaného methioninu byla provedena na za-
kladé porovnani reten¢nich ¢asl se standardem, kvantifikace byla
provedena pomoci kalibraéni kfivky.

3 VYSLEDKY A DISKUSE

Nejdfive bylo nutné zvolit nej-
vhodnéjsi extrakéni Cinidlo pro
extrakci volného methioninu ze
vzorkd sladl. Pro optimalizaci

Obr. 3 Optimalizace extrakce methioninu (smés 1:4) / Fig. 3 Optimi-
zation of methionine extraction (mixture 1:4)

chloroformate, ethyl chloroformate (Sigma Aldrich, USA), distilled
water.

Malt samples

A total set of 12 samples of malting barley were analyzed. The
samples were prepared from 6 varieties of spring barley (Bojos, Jer-
sey, Malz, Prestige, Tolar, and Xanadu) and they were obtained from
two breeding and testing stations (BraniSovice, Hrubgcice) from the
harvest year 2007.

In the selected malt sample, 18 samples were taken during kilning
(roasting). The first sample was taken at the temperature of 50 °C and
the last one at 220 °C, thermal interval of sample taking was 10 °C.

Preparation and processing of the samples of malt

Five grams of ground malt was extracted for 15 min in the ultra-
sound bath in the mixture of distilled water and methanol (4:1). Af-
ter sonification, the mixture was transferred to a centrifugal tube and
centrifuged (15 minutes, 6.500 RPM). 1 ml of supernatant was tran-
sferred to a microtube and centrifuged (5 minutes, 5.000 RPM). From
the transparent solution, 300 ml of the sample was taken for deri-
vatization.

Derivatization of samples

200 ml of propyl alcohol-pyridin mixture (4:1) was added to 300 ml
of aqueous solution of the sample, after that 25 ml of ethyl chloro-
formate was added. The mixture was blended for 3 minutes at the
laboratory temperature, then 700 ml of chloroform containing 1 %
ethyl chloroformate was added. The mixture of the derivatized sam-
ple was shaken and then centrifuged (5 minutes, 5.000 RPM), sub-
sequently organic phase (500 ml) was transferred to a new tube.
Chloroform was dry-evaporated in a stream of nitrogen gas. The re-
sidue left after the evaporation was dissolved in 200 ml methanol.
The sample was then analyzed by gas chromatography.

Preparation of methionine standards

Standard of methionine was weighed on the analytical scales with
0.1 mg precision, dissolved in distilled water, quantitatively transfer-
red to 25 ml volumetric flasks and the volume was completed with
distilled water to a scale line. Range of standard methionine con-
centrations was from 0.8 to 14 mg.ml-'. For the derivatization, 300
ml of standard solution was used.

Instrumentation and chromatographic determination

The samples were analyzed on the gas chromatograph (Trace GC
Ultra, Thermo Finigan) with the flame photometric detector (FPD)
selective for sulphur. For the separation of the analyzed substances,
the capillary column RTX-5 (15m x 0.32mm i.d., 0.25 mm, stationary
phase 5 % diphenyl — 95 % dimethyl polysiloxan) with following ther-
mal program was used: initial temperature 100 °C for 0.5 min., inc-
rease in temperature 6 °C.min"' to 180 °C, kept for 3 min, increase
in temperature 10 °C.min"" to 280 °C, kept for 1 min. Constant flow
of the carrying gas He was 1.5 ml.min~"'. Temperature of the SSL in-
jector 250 °C, splitless regime for 0.8 min, flow rate 60 ml.min=".
Temperature of the detector 150 °C, air flow rate 105 ml.min=", hyd-
rogen flow rate 90 ml.min~", nitrogen flow rate (make-up) 20 ml.min"

Identification of the analyzed
sulphur amino acids was perfor-
med based on the comparison of
retention times with the stan-

extrakce methioninu ze sladu

7000

dards, quantification was carried

byly testovany extrakéni smési using the calibration curves.
methanol-voda, ethanol-voda 6000

a propanol-voda v poméru 1 : 4.

Jako nejvhodné&jsi byla vybrana | g su0 3 RESULTS AND DISCUSSION
smés methanol-voda a u této |2

smési byly testovany r(izné po- | & 400 At first, it was necessary to
méry methanoluavody (1:1,1:2, |z choose the most suitable extrac-
1:3,1:4,1:5,1:6).Nazakladé do- | s 000 tion agent for the extraction of
sazenych experimentalnich vy- | 8 methionine from the malt sam-
sledkti byla zvolena extrakce | = 2000 ples. To optimize extraction of
methioninu  smési methanol- methionine from malt, the ex-
voda v poméru 1 : 4. Uginnost ex- 1000 traction mixtures methanol-wa-
trakce byla uréena podle ] ] ter, ethanol-water and propanol-
velikosti ploch pik analyt(l. Ex- 0 water in ratio 1 : 4 were tested.
trakce methioninu smési etha- methanol ethanol propanol The mixture methanol-water was

nol-voda a propanol-voda vyka-
zovaly vyrazné mensi vytéznosti

rozpoustédlo / solvent

selected as the most appropriate
and in this mixture various ratios
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Obr. 4 Optimalizace volby derivatiza¢niho ¢inidla / Fig. 4 Optimization of the selection of the derivatizing agent
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nez smés methanol-voda, coz je znazornéno pro pomér 1 : 4 na
obr. 3.

Pro analyzu methioninu je rozhodujici volba derivatizaéniho ¢i-
nidla. Pfi optimalizaci derivatizace byla testovana dvé derivatizaéni
¢inidla pro pfipravu N(O,S)-alkoxykarbonyl propyl ester derivatu
methioninu. Testovanymi derivatizacnimi €inidly byly methyl chlor-
formiat a ethyl chlorformiat (obr. 4). U vzniklych derivatl methioninu
byly srovnany plochy pikd. Z experimentalnich vysledk( derivati-
zace standardu byl pro derivati-
zaci methioninu pouzit ethyl
chlorformiat.

Tab. 1 Valida¢ni parametry / Tab. 1 Validation parameters

of methanol and water (1:1, 1:2, 1:3, 1:4, 1:5, 1:6) were tested. Ba-
sed on the experimental results achieved, extraction of methionine
with the mixture methanol-water in the ratio 1 : 4 was selected. The
efficacy of the extraction was determined according to the size of ana-
lyte peak area. Extraction of methionine with the mixtures ethanol-wa-
ter and propanol-water exhibited significantly lower yield. Yield than
the mixture methanol-water as shown for the ratio 1 : 4 in Fig. 3.
Selection of derivatizing agent is decisive for the methionine analysis. To
optimize the derivatization, two deri-
vatizing agents for preparation of
N(O,S)-alkoxycarbonyl propyl ester

Byla optimalizovana a valido- LOD
vana metoda stanoveni methio- mg.g™
ninu ve sladu [6,7]. Valida¢ni pa- .
rametry jsou uvedeny v tab. 1. Methionin / 05

Vzorky slad(i byly pro stano- | Methionine

LOQ R2 RSD derivatives of methionine were tested.
mg.g™ % The tested derivatizing agents were
methyl chloroformate and ethyl chlo-

1.6 0.99974 15 roformate. In the methionine derivati-
ves formed, peak areas were compa-

veni methioninu  zpracovany

optimalizovanym pracovnim postupem, vlastni stanoveni methio-

ninu bylo provedeno metodou GC/FPD. Jeho obsah byl vypocitan

pomoci softwaru ChromCard 2.4.0 z kalibraéni kfivky.
Chromatogram vzorku sladu je znazornén na obr. 5.

red (Fig.4).Based onthe experimental
results of standard derivatization, ethyl chlorformate was used for methionin
derivatization.
The method for the determination of methionine in malt was opti-
mized and validated [6,7]. Validation parameters are given in Tab. 1.

Obr. 5 Chromatogram vzorku sladu / Fig. 5 Chromatogram of malt sample

9.853
-

methionine

| S

Obsahy methioninu v analyzovanych vzorcich sladu z obou loka-
lit (BraniSovice a Hrubéice) se pohybovaly od 23,0 do 36,0 mg/g.
Slady vyrobené z odrid Malz, Radegast a Tolar mély pfi vzajemném
porovnani srovnatelné obsahy methioninu v obou lokalitadch. Slady
vyrobené z jemenl z péstebni lokality BraniSovice mély obsahy
methioninu u jednotlivych odrGd vyrovnané. U sladi vyrobenych
z péstebni lokality Hrubcice byl vyrazné vysSi obsah methioninu u od-

The malt samples for the methionine determination were proces-
sed using the optimized procedure; the methionine alone was deter-
mined by the GC/FPD method. Its content was calculated from the ca-
libration curve using the software ChromCard 2.4.0.

Malt sample chromatogram is illustrated in Fig. 5.

Contents of methione in the analyzed malt samples from both the
localities (Brani$ovice and Hrubg&ice) moved from 23.0 to 36.0 mg/g.



314

KVASNY PRUMYSL
ro¢. 55 /2009 — ¢islo 11-12

rid Bojos a Sebastian
nez u ostatnich analyzo-
vanych odrud (obr. 6).

content (mg/g) in malt — harvest 2007

Obr. 6 Obsah methioninu (mg/g) ve sladu — sklizer 2007 / Fig. 6 Methionine

Comparison of the malts produced
from the varieties Malz, Radegast,
and Tolar showed comparable

Slady sladované (pra-
zené) pfi teplotach 50 az
220 °C vykazovaly sni-
zujici  se koncentraci
methioninu se vzrusta-
jici teplotou. Tato zavis-
lost je zplisobena de-
gradaci methioninu na
dimethylsulfid, ktery ze
sladu unika. Vysledkem
odbouravani sirnych
aminokyselin jsou sen-
zoricky  aktivni  sirné
latky [8]. Na obr. 7 je
znazornéna  zavislost
obsahu methioninu na
teploté hvozdéni respek-
tive prazeni sladu.

Radegast

contents of methionine in both lo-
calities. Malts produced from bar-
leys from the growing locality Bra-
niSovice had relatively balanced
methionine content in the indivi-
dual varieties. Malts produced from
the growing locality Hrubcice had
significantly higher methionine
content in the varieties Bojos and
Sebastian compared to the other
varieties analyzed (Fig. 6).

Malts (roasted) malted at the
temperatures of 50 to 220 °C exhi-
bited with increasing temperature
a declining methionine concentra-
tion. This dependence is caused by

DOBranisovice
B Hrubcice

Hrubcice

the degradation of methionine to
dimethyl sulphide, which is relea-
sed from malt. Sensorially active

BraniSovice

Tolar

ZAVER

Byla optimalizovana a validovana metoda stanoveni methioninu
ve sladu. Optimalizace extrakce spocivala v pouziti riznych ex-
trakénich rozpoustédel, pro optimalizaci derivatizace byla srovna-
vana dveé derivatizaéni Cinidla. Na zakladé experimentalniho ovéfeni
byla zvolena jako nejvhodné;jsi extrakce smési methanol-voda (1:4)
a derivatizace ethyl chlorformiatem.

Vyznamny rozdil v obsahu methioninu z pohledu lokalit i odr(id byl
pouze u odrudy Bojos a Sebastian.

Pfi analyze sladi hvozdénych (prazenych) pfi rliznych teplotach
byla prokézana zavislost poklesu obsahu methioninu na vzristajici
teploté. Tato skute€nost souvisi s degradaci sirnych aminokyselin na
jednodus8si tékavé sirné latky. Prokazanou zavislost obsahu metio-
ninu a teploty Ize vyuzit pfi optimalizaci teploty hvozdéni, s cilem sni-
Zit obsah metioninu ve vyrabénych sladech.

Podékovani

v ramci Vyzkumného zaméru

$ o . Obr. 7 Obsah methioninu ve sladu sladovaném pfi rGznych teplotach / Fig. 7
Vysledkl bylo dosazeno  wjethjonine content of malt malted at different temperatures

sulphur substances are produced
as a result of the degradation of
sulphur amino acids [8]. Fig. 7 shows the dependence of methionine
content on the temperature of malt kilning or roasting.

4 CONCLUSION

The method for the determination of methionine in malt was opti-
mized and validated. Principle of the optimization of the extraction
was based on the use of different extraction dissolvents, to optimize
the derivatization, two derivatizing agents were compared. Based on
the experimental verification, extraction with the mixture methanol-
water (1:4) and derivatization with ethyl chloroformate were selected
as the most suitable.

A significant diference in methionine content in terms of localities
and varieties was found only in the varieties Bojos and Sebastian.

The analysis of malts kil-
ned (roasted) at different tem-
peratures proved the depen-
dence of the decline in
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can be utilized for the optimi-
zation of the kilning tempera-
ture with the aim to reduce
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Acknowledgement

50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220

teplota / temperature (°C)

The results were obtained
within the Research Plan of the

LITERATURA / REFERENCES

1. Perpete, P., Gijs, L., Collin, S.: Methionine: A key amino acid for
flavour biosynthesis in beer. Brewing Yeast Fermentation Per-
formance (2nd Edition), K. Smart ed., Blackwell Science Ltd,
2003, ISBN0-632-06498-6, 206—212.

2. Gijes, L.,Veermeulen, C., Collin, S.: Vyskyt a vznik sirnych aro-
mat v pivu. Cerevisia, 1, 2003.

3. HuSek, P.: Chloroformates in gas chromatography as general
purpose derivatizing agents. J. Chromatogr. B, 717, 1998,
57-91.

4. Husek, P, Matucha, P, Vranova, A., Simek, P: Simple plasma
work-up for fast chromatographic analysis of homocysteine, cys-
teine, methionine and aromatic amino acids. J. Chromatogr. B,
789, 2003, 311-322.

MEYS CR MSM 6019369701
Translated by Vladimira Novakova

5. Myung, S., Kim, M., Min, H., Yoo, E., Kim K.: Determination of
homocysteine and its related compounds by SPME/ GC/ MSD.
J. Chromatogr. B, 727, 1999, 1-8.

6. Barek, J. a kol.: Metrologicka terminologie v chemii. Chem. Listy
94, 2000, 439-444.

7. Spektroskopicka spole¢nost Jana Marka Marci: Nejistota a ne-
zévaznost vysledkll spektroskopickych metod, 2001, ISBN 80-
7080-447-5.

8. Alix, J. H.: Molecular aspect of the in vivo and in vitro effects of
ethionine, an analog of methionin. Microbiological reviews, 46,
1982, 281-295.

Recenzovany c¢lanek
Do redakce doslo 21. 10. 2009



KVASNY PRUMYSL
ro¢. 55 /2009 — ¢islo 11-12

315

STANOVENI OBSAHU LIPIDU A ZASTOUPENI MASTNYCH KYSELIN

V OBILKACH JECMENE A VE SLADU

DETERMINATION OF LIPID CONTENT AND FATTY ACID REPRESENTATION IN

BARLEY CARYOPSES AND MALT

ZDENEK SVOBODA', RENATA MIKULIKOVA', SYLVIE BELAKOVA', KAROLINA BENESOVA',

ZDENEK NESVADBA?

"Wyzkumny ustav pivovarsky a sladafsky, a. s., Sladarsky ustav Brno, Mostecka 7, 614 00 Brno
Research Institute of Brewing and Malting, Plc., Malting Institute, Mostecka 7, 614 00 Brno, Czech Republic

e-mail: svoboda@brno.beerresearch.cz

2Agrotest Fyto, s. r. 0., Havli¢kova 2787/121, 768 01 KroméFiz
Agrotest Fyto, Ltd., Havlickova 2787/121, 768 01 KromériZ, Czech Republic

Svoboda, Z. — Mikulikova, R. — Bélakova, S. — BenesSova, K. — Nesvadba, Z.: Stanoveni obsahu lipidi a zastoupeni mastnych ky-
selin v obilkach je€mene a ve sladu. Kvasny Prum. 55, 2009, ¢. 11-12, s. 315-320.

Ke stanoveni obsahu lipid(i v obilce jeémene a ve sladu byla optimalizovdna moderni metoda extrakce na fluidnim lozi. Z vyextrahova-
nych lipidd bylo stanoveno zastoupeni mastnych kyselin v obilce jeémene a ve sladu.

Zastoupené mastné kyseliny byly stanoveny jako methylestery pfipravené transesterifikacni reakci. Vzniklé estery byly separovany me-
todou plynové chromatografie s plamenoveé ionizaéni detekci na kapilarni koloné SLB-IL 100.

Svoboda, Z. — Mikulikova, R. — Bélakova, S. — BeneSova, K. — Nesvadba, Z.: Determination of lipid content and fatty acid repre-
sentation in barley caryopses and malt. Kvasny Prum. 55, 2009, No. 11-12, p. 315-320.

The modern method of extraction on the fluidized bed was optimized for the determination of lipids in barley caryopses and malt. Re-
presentation of fatty acids in barley caryopsis and malt was determined from extracted lipids.

The represented fatty acids were determined as methyl esters prepared with transesterification reaction. The esters formed were sepa-
rated using the method of gas chromatography with flame ionization detection on the capillary column SLB-IL 100.

Svoboda, Z. — Mikulikova, R. — Bélakova, S. — BeneSova, K. — Nesvadba, Z.: Die Bestimmung des Lipidgehalts und Vertretung der
Fettsaduren in der Gersten- und Malzgrasfrucht. Kvasny Prum. 55, 2009, Nr. 11-12, S. 315-320.

Zur Bestimmung des Lipidgehalts und Vertretung der Fettsduren in der Gersten- und Malzgrasfrucht wurde eine moderne Methode der
Extraktion im FlieBbett optimalisiert. Aus den extrahierten Fettsduren wurde ihre Vertretung in der Gersten- und Malzgrasfrucht festgestellt.
Die vertretenen Fettséduren wurden als die durch Transesterifikationsreaktion vorbereitete Methylesters festgestellt. Mittels der Methode der
Gaschromatographie mit Flammenionisierbardetektion auf der Kapillarskolonne SLB-IL 100 wurden die entstandenen Ester separiert.

Klicova slova: jeCcmen, slad, lipidy, mastné kyseliny, plynova chro-
matografie

1 UVOD

Hlavni surovinou pro vyrobu sladu a nasledné piva na Gizemi Ceské
republiky od konce 19. stoleti je jarni jeémen. Postupné se zvySuji a
konkretizuji pozadavky na kvalitu sladovnického je¢mene.

Stale ne zcela probadanou a docenénou oblasti zlstava u obilek
je€mene jejich enzymaticka ¢innost. Enzym lipoxygenasa katalyzuje
oxidaci nenasycenych mastnych kyselin s vice dvojnymi vazbami,
obsahujicimi cis-1,4-pentadienovou skupinu, molekulovym kyslikem.
Retézovou reakci vznikaji pfechodné peroxidy nenasycenych mast-
nych kyselin, které se $tépi na karbonylové slouceniny (aldehydy,
ketony) nebo mastné kyseliny s kratkymi fetézci. Vytvareji se tim
slou¢eniny s charakteristickymi vinémi a chutémi. Mezi substraty
enzymu lipoxygenasy patfi nutriéné vyznamné esencialni mastné ky-
seliny linolova, linolenova a arachidonova. Mohou byt oxidovany i
acylglyceroly a dalsi estery zminénych mastnych kyselin.

Zakladni slozkou podilejici se na Zluklé chuti v uskladnéném pivu
je aldehyd trans-2-nonenal. Mechanismus vytvoreni trans-2-none-
nalu v pivu je enzymatickd nebo neenzymaticka oxidace tuk( a oxi-
dace volnych mastnych kyselin (obr. 1), kde svou roli sehrava en-
zym lipoxygenasa [1, 2].

Vzhledem k tomu, Ze mastné kyseliny obsazené v obilce je€mene
a nasledné ve sladu mohou byt zdrojem mnohych senzoricky aktiv-
nich latek v pivu, bylo nutné zavést a optimalizovat stanoveni tuk(i a
mastnych kyselin ve vychozich surovinach.

Obsah lipidi byl stanoven pomoci moderni metody extrakce na
fluidnim lozi. Pro analyzu zastoupeni mastnych kyselin byly porov-
navany dvé polarni kapilarni kolony Supelcowax a SLB-IL 100.

2 EXPERIMENTALNI CAST

2.1 Pouzité chemikalie a standardy
Petrolether —Lach-Net, s.r. 0., CR; izooktan — Sigma-Aldrich, USA;

Keywords: barley, malt, lipids, fatty acids, gas chromatography

1 INTRODUCTION

Spring barley is the main raw material for production of malt and
subsequently beer in the territory of the Czech Republic from the
late 19" century. Requirements for the quality of malting barley have
gradually been increased and specified.

Ezymatic activity in barley caryopses still remains a not fully in-
vestigated and evaluated area. Lipoxygenase enzyme catalyzes the
oxidation of unsaturated fatty acids with more double bonds conta-
ining cis-1,4-pentadien group, with a molecular oxygen. Thus in a
chain reaction transient peroxides of unsaturated fatty acids are for-
med, these are further degraded to carbonyl compounds (aldehy-
des, ketones) or short-chain fatty acids. In this way the compounds
with characteristic flavors and odors are formed. Nutritiously impor-
tant essential fatty acids, linoleic, linolenic, and arachidonic, belong
to lipoxygenase substrates. Acyl glycerols and other esters of the
fatty acids mentioned above can also be oxidized.

An aldehyde trans-2-nonenal is the basic component contributing
to rancid taste in stored beers. Mechanism of formation of trans-2-
nonenal in beer is enzymatic or non enzymatic oxidation of fats and
oxidation of free fatty acids (Fig. 1), enzyme lipoxygenase plays a
role here [1, 2].

Regarding the fact that fatty acids contained in barley caryopses
and subsequently in malt can be a source of many sensorially ac-
tive substances in beer, it was necessary to optimize the determi-
nation of fats and fatty acids in the initial raw materials.

Lipid content was determined using the modern extraction met-
hod in fluidized bed. For the analysis of the representation of fatty
acids, two capillary columns Supelcowax and SLB-IL 100 were com-
pared.

2 EXPERIMENTAL

2.1 Chemicals and standards used
Petrol ether — Lach-Net, Ltd. CR; isooctan — Sigma-Aldrich, USA;
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Obr. 1 Schéma metabolismu dienovych mastnych kyselin [3] / Fig. 1 Scheme of metabolism of dien fatty acids [3]
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metanol — Sigma-Aldrich, USA; KOH — ML Chemica, CR; NaHSO,
— Sigma-Aldrich, USA; smésny standard methylesteri mastnych ky-
selin — FAME mix 37 — Sigma-Aldrich, USA; helium — ¢istota 5.0; vo-
dik — Cistota 5.0; vzduch — Cistota 4.5; dusik — Cistota 4.5.

2.2 Material a pfistroje
Material

Pro sledovani obsahu lipidi a zastoupeni mastnych kyselin v in-
taktnich obilkach je€mene a sladech bylo analyzovano celkem 40
vzork(l. 20 odrld je¢mene a 20 sladl z nich vyrobenych.

Pristroje

Laboratorni mlynek na jemné mleti — Retsch, Némecko; analy-
tické vahy s presnosti na 0,001 g — Mettler Toledo, USA; extraktor
fexIKA® dive-in control — IKA, Némecko; PC; vakuova rota¢ni od-
parka — IKA, N&mecko; laboratorni susarna — BMT, CR; exsikator
— Simax, CR; pipeta sklenéna 5 ml — Qaulicator, CR; automaticka
pipeta 200 ml — Hamilton, USA; odmérny valec 100 ml — Simax,
CR; zkumavky o objemu 10 ml se sklenénou zabrusovou zatkou;
vialky pro head space a uzaviraci klesté 2 ml — CRS, USA; plynovy
chromatograf Trace Ultra s FID detektorem — Thermo Scientific,
USA; autosampler AS3000 — Thermo Scientific, USA; kapilarni ko-
lona SLB-IL 100 (60 m x 0,25 mm I.D., 0,25 mm) — Supelco, USA;
kapilarni kolona Supelcowax (60 m x 0,25 mm |.D., 0,25 mm) — Su-
pelco, USA.

2.3 Stanoveni obsahu lipidi
Do patrony extraktoru se navazi cca 5 g pomletého vzorku a poté
se vzorek necha automaticky extrahovat 60 ml petroléteru v 6 cyk-

lech po dobu 2,5 hodiny. Po extrakci se zbylé rozpoustédio odpafi

na rota¢ni vakuové odparce a po odpareni se barika s vyextrahova-
nym tukem susi 2 hodiny pfi 105 °C v su$arné. Barika se nechd vy-
chladit v exsikatoru a zvazi s pfesnosti na 0,001 g. Vysledky obsahu
lipidG se uvadi v procentech v susiné vzorku (relativni smérodatna
odchylka — RSD 2,1%).

2.4 Stanoveni zastoupeni mastnych kyselin

Vyextrahované triacylglyceroly se rozpusti v izooktanu a pfevedou
na methylestery transesterifikaci s methanolickym roztokem hydro-
xidu draselného (obr. 2). Vzniklé estery se identifikuji metodou
GC/MS (plynova chromatografie s hmotnostnim detektorem) a sta-
novuji metodou GC/FID (plynova chromatografie s plamenoionizac-
nim detektorem).

methanol — Sigma-Aldrich, USA; KOH — ML Chemica, CR; NaHSO,
— Sigma-Aldrich, USA; standard mix of fatty acid methyl esters —
FAME mix 37 — Sigma-Aldrich, USA; helium — purity 5.0; hydrogen
— purity 5.0; air — purity 4.5; nitrogen — purity 4.5.

2.2 Material and instrumentation
Material

A total set of 40 samples (20 barley varieties and 20 malts pro-
duced from them) was analyzed and content of lipids and profile of
fatty acids in intact barley caryopses and malts were determined.

Instrumentation

A laboratory mill for fine grinding — Retsch, Germany; analytical
scales with the accuracy to 0. 001 g — Mettler Toledo, USA; extrac-
tor fexIKA® dive-in control — IKA, Germany; PC; vacuum rotary eva-
porator— KA, Germany; laboratory drier- BMT; exsicator- Simax, CR;
glass pipette 5 ml — Qaulicator CR; automatic pipette 200 ml — Ha-
milton USA; measuring cylinder 100 ml — Simax CR; tubes, volume
10 ml, with ground-in glass stopper; head space vials 2 ml and crim-
ping pliers — CRS, USA; gas chromatograph Trace Ultra with FID de-
tector- Thermo Scientific, USA; autosampler AS3000 — Thermo Sci-
entific, USA, capillary column SLB-IL 100 (60 m x 0.25 mm I.D., 0.25

m)- Supelco, USA,; capillary column Supelcowax (60 m x 0.25 mm
1.D., 0.25 mm) Supelco, USA.

2.3 Determination of lipid content

Approximately 5 grams of ground sample were weighed into an
extraction cartridge and the sample was automatically extracted with
60 ml of petrol ether in 6 cycles for 2.5 hours. After the extraction,
the residual solvent was evaporated on the rotary evaporator and
subsequently the flask with extracted fat was placed to a drier for 2
hours at 105 °C. The flask was allowed to cool down in the exsica-
tor and it was weighed with the accuracy to 0.001 g. The results of
lipid content are given as the dry matter percentage (relative stan-
dard deviation — RSD 2.1%).

2.4 Determination of fatty acid representation

Extracted triacylglycerols were dissolved in isooctane and trans-
esterified into methyl esters using methanolic solution of potassium
hydroxide (Fig. 2). The formed esters were identified using the
GC/MS method (gas chromatography with the mass detector) and
determined by the GC/FID method (gas chromatography with the
flame ionization detector).
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Obr. 2 Rovnice esterifikaéni reakce / Fig. 2 Equation for the esterification reaction
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Do zkumavky se zabrusem se navazi 50 az 70 mg tuku. Po roz-
pusténi ve 4 ml izooktanu se pfida 200 ml metanolického roztoku
KOH a zkumavka se uzavie. Smés se po dobu asi 30 sekund in-
tenzivné protfepava. Do roztoku se pfida cca 1 g hydrogensiranu
sodného a znovu se intenzivné tfepe po dobu 15 sekund, aby se
zneutralizoval hydroxid draselny. Po usazeni soli se do 2ml vialky
odebere horni izooktanova vrstva, ktera obsahuje methylestery
mastnych kyselin a pouzije se k chromatografické analyze. Vysledek
se uvadi jako procentudlni zastoupeni jednotlivych mastnych kyse-
lin ve vzorku (RSD 9,0-15,2 %). Pro separaci jednotlivych vzniklych
esterd mastnych kyselin byly pouzity dvé kapilarni chromatografické
kolony Supelcowax a SLB-IL 100.

Podminky chromatografickych analyz jsou uvedeny v tab. 1. Iden-
tifikace jednotlivych analytl byly jeSté potvrzeny srovnanim se stan-

Fifty to 70 mg of fat was weighed into the ground tube and solved
in 4 ml of isooctane. Then 200 ml of KOH methanolic solution was
added and the tube was closed. The mixture was shaken intensively
for ca 30 seconds. Approximately 1 g of sodium hydrogen sulphate
was added to the solution and again intensively shaken for approxi-
mately 15 seconds to neutralize potassium hydroxide. When the salt
settled down, the top isooctane layer containing fatty acid methyl es-
ters was taken to the 2ml vial and the chromatographic analysis was
performed. The result is given as percentage representation of the
individual fatty acids in the sample (RSD 9.0 — 15.2 %).

For separation of the individual fatty acid esters, two capillary chro-
matographic columns Supelcowax and SLB-IL 100 were used.

Conditions of the chromatographic analyses are given in Tab.1.
Identification of the individual analytes was also confirmed by the

Tab. 1 Podminky chromatografické analyzy / Tab. 1 Conditions of the chromatographic analysis

Plynovy chromatograf / Gas chromatograph Trace Ultra

Nosny plyn / Carrying gas He

Ostatni plyny / Other gases N,, H,, vzduch / air
Teplota PTV injektoru / Temperature of the PTV injector 250 °C

Teplota FID detektoru / Temperature of the FID detector 250 °C

Teplotni program / Thermal program

kolona / column SLB-IL 100
40 °C—220 °C (4 °C/min) 30 min

kolona / column Supelcowax
40 °C—240 °C (4 °C/min) 20 min

Tab. 2 Seznam mastnych kyselin (methylestery) — standard FAME mix 37 / Tab. 2 List of fatty acids (methyl esters) — standard FAME mix 37

¢€./Nu. | Mastna kyselina / fatty acid ¢€./Nu.| Mastna kyselina / fatty acid

1 maselna kys. / butiric acid (C4:0) 20 linolelaidova kys. / linolelaidic acid (C18:2n6t)

2 kapronova kys. / caproic acid (C6:0) 21 y-linolenova kys. / y-linolenic acid (C18:3n6)

& kaprylova kys. / caprylic acid (C8:0) 22 a-linolenova kys. / a-linolenic acid (C18:3n3)

4 kaprinova kys. / capric acid (C10:0) 23 arachova kys. / arachidic acid (C20:0)

5 undekanova kys. / undecenoic acid (C11:0) 24 cis-11-eikosenova kys. / cis-11-eikosenoic acid (20:1)

6 laurova kys. / lauric acid (C12:0) 25 cis-11,14-eikosadienova kys. / cis-11, 14-eikosadienoic acid (C20:2)

7 tridekanova kys. / tridecanoic acid (C13:0) 26 cis-8,11,14-eikosatrienova kys. / cis-8,11,14-eikosatrienoic acid (C20:3n6)

8 myristova kys. / myristic acid (C14:0) 27 cis-11,14,17-eikosatrienova kys. / cis-11,14,17-eikosatrienoic acid (C20:3n3)

9 myristolejova kys. / myristoleic acid (C14:1) 28 arachidonova kys. / arachidonic acid (C20:4n6)

10 pentadekanova kys. / pentadecenoic acid (C15:0) 29 cis-5,8,11,14,17-eikosapentaenova kys. / cis-5,8,11,14,17-eikosapentaeonic acid
(C20:5n3)

11 cis-10-pentadecenova kys. / cis-10-pentadecenoic acid (C15:1) | 30 heneikosanova kys. / heneicosanoic acid (C21:0)

12 palmitova kys. / palmitic acid (C16:0) 31 behenova kys. / behenic acid (C22:0)

13 palmitolejova kys. / palmitoleic acid (C16:1) 32 erukova kys. / erucic acid (C22:1n9)

14 heptadekanova kys. / heptadecanoic acid (17:0) 33 cis-13,16-dokosadienova kys. / cis-13,16-dokosadienoic acid (C22:2)

15 cis-10-heptadecenova kys. / cis-10-heptadecenoic acid (C17:1) | 34 cis-4,7,10,13,16,19-dokosahexaenova kys. / cis-4,7,10,13,16,19-dokosahexae-
noic acid (C22:6n3)

16 stearova kys. / stearic acid (C18:0) 35 trikosanova kys. / tricosanoic acid (C23:0)

17 olejova kys. / oleic acid (C18:1n9c) 36 lignocerova kys. / lignoceric acid (C24:0)

18 elaidova kys. /elaidic acid (C18:1n9t) 37 nervonova kys. / nervonic acid (C24:1n9)

19 linolova kys. / linoleic acid (C18:2n6c)
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dardem FAME mix 37, jehoz
slozeni je uvedeno v tab. 2.

3 VYSLEDKY A DISKUSE

Pro stanoveni obsahu lipidQ
v obilce je€mene a ve sladu
byla zavedena a optimali-
zovana metoda extrakce
s pouzitim fluidniho extraktoru
fexIKA® dive-in control. Mnoz-
stvi pouzitého extrakéniho roz-
poustédla a doba trvani jed-
noho cyklu byly zvoleny tak,
aby pfi konci cyklu byl analy-
zovany vzorek zcela ponofen
v rozpoustédle a aby ve varné
barice zUstal dostateény ob-
jem rozpoustédla. Pocet cykll
extrakce byl optimalizovan na
zakladé mnozstvi vyextraho-
vaného tuku ze vzorku (obr. 3).
Pro extrakci bylo zvoleno 6
cykll. Jak vyplyva z vysledkd,
po 4. cyklu extrakce jiz nedo-
chazi k narlstu obsahu tuka.
Zvoleny pocet 6 cykll je tedy
zcela dostateény pro kvantita-
tivni extrakci tukll z obilek je¢-
mene a ze sladu.

Optimalizovanou metodou
extrakce byly stanoveny ob-
sahy lipid( u vzorkd 20 odrid
je€mene a 20 sladll z nich vy-
robenych. Vysledky obsah li-
pidu pro jednotlivé odridy jsou
uvedeny v tab. 3.

Obsah tukGi v analyzova-
nych vzorcich jeémene a sladu
se pohyboval v rozmezi 1,3 az
2,5 % v susiné, coz odpovida
béZznym hodnotam obsahu
tukd v obilce jeémene uvadeé-
nych v literatufe [5].

Pro stanoveni zastoupeni

mastnych kyselin v obilce je€émene a ve sladu byly porovnavany dvé
kapilarni kolony Supelcowax a SLB-IL 100. Nejdfive byla metodika
stanoveni esterl mastnych kyselin testovana na standardu FAME
mix 37. Vysledné chromatogramy na koloné SLB-IL 100 a Supelco-

Obr. 3 Zavislost obsahu vyextrahovaného tuku na poctu cykll extrakce /
Fig. 3 Dependence of the extracted fat content on the number of the ex-

traction cycles
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Tab. 3 Obsah lipid{i v obilkach je€mene a ve sladu / Tab. 3 Results of lipid

contents in barley caryopses and malt

Odrida/ |Obsah lipidii v susiné (%)| Odrada/ | Obsah lipidii v susiné (%)
Variety jeémen/slad / Variety jeémen/slad /
Lipid content in dry Lipid content in dry

matter (%) matter (%)

barley/malt barley/malt
Wikingett 1.9/1.4 Marthe 2.5/1.4
Troon 1.71.3 Maltasia 1.9/1.5
Cruiser 1.8/1.4 Lissane 1.6/1.4
Bellevue 1.3/1.3 Musikant 1.6/1.4
Biatlon 1.6/1.3 Xanadu 1.6/1.1
Mauritia 1.7/1.3 Jersey 1.7/1.4
Ebson 1.6/1.3 Malvaz 2.1/1.5
NFC Tipple 1.7/1.2 Binder 1.4/1.3
Westminster 1.71.2 Tepelsky 1.5/1.3
Publican 1.8/1.3 Ratborsky 1.711

wax jsou zobrazeny na obr. 4 a 5.

Kolona Supelcowax s polarni stacionarni fazi (polyethylenglykol)
je vhodna pro separaci nizkovroucich analytd a methylester(t mast-
nych kyselin. Tato kolona je tepelné stabilni az do 250 °C. SLB-IL100
je nova kapilarni kolona se silné polarni stacionarni fazi a je vhodna

Obr. 4 Chromatogram standardu FAME mix 37 na koloné SLB-IL 100
/ Fig. 4 Chromatogram of the standard FAME mix 37 on the column

SLB-IL 100

rature [5].

comparison with the standard
FAME mix 37, the mix com-
position is given in Tab. 2.

3 RESULTS AND
DISCUSSION

For the determination of lipid
content in a barley caryopsis
and malt, the extraction met-
hod with the fluid extractor fe-
xIKA® dive-in control was int-
roduced and optimized. The
amount of the extraction dis-
solvent used and duration of
one cycle was chosen so that
towards the end of the cycle,
the analyzed sample was com-
pletely dipped in the dissolvent
and a sufficient volume of the
dissolvent remained in the bo-
iling flask. The number of ex-
traction cycles was optimized
on the basis of the amount of
the extracted fat from the sam-
ple (Fig. 3). Six cycles were se-
lected for the extraction. Re-
sults indicate that there was no
increase in fat content already
after the fourth cycle. This me-
ans that the selected number
of 6 cycles is fully sufficient for
the quantitative extraction of
fats from barley caryopses and
malt.

The optimized extraction
method was used to deter-
mine lipid contents in the
samples of 20 barley varieties
and 20 malts produced from
them. The results of lipid con-
tents for the individual varie-
ties are given in Table 3.

Fat content in the analyzed
barley and malt samples va-

ried from 1. 3 to 2.5 % in the dry matter. This corresponds to the
common values of fat content in a barley caryopsis given in the lite-

For the determination of the representation of fatty acids in a bar-

ley caryopsis and malt, two capillary columns Supelcowax and SLB-

lumn Supelcowax

IL 100 were compared. Firstly, the method for the determination of
fatty acid esters was tested on the standard FAME mix 37. The re-
sulting chromatograms on the SLB-IL 100 and Supelcowax columns
are shown in Fig. 4 and 5.

Obr. 5 Chromatogram standardu FAME 37 mix na koloné Supelco-
wax / Fig. 5 Chromatogram of the standard FAME mix 37 on the co-
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Tab. 4 Rozmezi zastoupeni mastnych kyselin v obilkach jeémene 20 odrid a ve sladech z nich pfipravenych (kolona SLB-IL 100) / Tab. 4
Range of the representation of fatty acids in barley caryopses of 20 varieties and malts prepared from them (SLB-IL 100 column)

¢./Nu.| Mastné kyseliny / Fatty acid Obsah v obilce jeEmene / Obsah ve sladu / RSD (%)
Content in barley (%) Content in malt (%)
6 laurova kys. / lauric acid (C12:0) 0.01 — 0.02 0.01 - 0.03 9.8
8 myristova kys. / myristic acid (C14:0) 0.19 — 0.31 0.27 — 0.51 12.0
10 pentadekanova kys. / pentadesanoic acid (C15:0) 0.07 — 0.09 0.15-0.26 13.6
12 palmitova kys. / palmitic acid (C16:0) 19.25 — 22.07 17.69 — 22.81 11.0
16 stearova kys. / stearic acid (C18:0) 1.12-2.04 1.53 - 1.98 11.1
17 olejova kys. / oleic acid (C18:1c) 12.50 — 14.24 1.50 — 5.36 10.7
19 linolova kys. / linoleic acid (C18:2c) 49.25 — 54.06 58.18 — 61.08 13.1
22 linolenova kys. / linolenic acid (C18:3) 5.10 - 6.37 8.33 — 10.61 12.7
23 arachova kys. / arachic acid (C20:0) 0.18 - 0.27 0.23 - 0.32 12.5
25 eikosadienova kys. / eicosadienoic acid (C20:2) 0.05 - 0.09 0.06 — 0.15 14.9
31 behenova kzs. / behenic acid (C22:0) 0.07 - 0.16 0.16 — 0.31 13.8
32 erukova kys. / erucic acid (C22:1) 0.08 - 0.14 0.14 - 0.53 141
35 trikosanova kys. / tricosanoic acid (C23:0) 0.02 — 0.05 0.11 - 0.20 13.6
36 lignocerova kys. / lignoceric acid (C24:0) 0.02 — 0.07 0.11 — 0.21 15.2
37 nervonova kys. / nervonic acid (C24:1) 0.02 - 0.06 0.07 - 0.12 14.4

k analyze methylesterd mastnych kyselin. Tato kolona se vyznacuje
jak dobrou tepelnou stabilitou (230 °C), tak vysokou stabilitou staci-
onarni faze. Kolona SLB-IL100 je polarnéjsi nez kolona Supelcowax
a navic umoznuje rozdéleni cis / trans izomerl methylesterti mast-

nych kyselin (obr. 6).

P¥i porovnani chromatogramu separace smésného standardu je
ziejmé, ze kolona SLB-IL 100 vykazuje dokonalej$i separaci jedno-
tlivych analytd (obr. 4 a 5). Pro analyzu zastoupeni mastnych kyse-
lin byla vybrana kolona SLB-IL 100 také proto, Ze je schopna rozli-
Sit kyselinu olejovou a elaidovou (obr.6), z nichz pouze prvni byla
zjisténa v obilce je€mene a ve sladu.

Zastoupeni jednotlivych mast-
nych kyselin bylo sledovano v tu-
cich vyextrahovanych z 20 odrud
je€mene a ve sladech z nich vy-
robenych. Ve vSech vzorcich obi-
lek je€mene byly identifikovany a
stanoveny:  kyselina  laurova
(C12:0), myristova (C14:0), pen-
tadekanova (C15:0), palmitova
(C16:0), stearova (C18:0), olejova
(C18:1c), linolova (C18:2), linole-
nova (C18:3), arachova (C20:0),
eikosadienové (C20:2), behenova
(C22:0), erukova (C22:1), trikosa-
nova (C23:0), lignocerova (C24:0)
a nervonova (C24:1) (tab. 4).

4 ZAVER

Lipidy v obilkach je€mene a ve
sladu byly stanoveny optimalizo-
vanou moderni metodou extrakce
na fluidnim lozi.

Pro stanoveni zastoupeni mast-
nych kyselin v obilce je¢mene a ve
sladu byla pouzita kapilarni kolona
SLB-IL 100, protoze na rozdil od
kolony Supelcowax vykazuje do-
konalejsi separaci analyt( pfi srov-
natelné dobé analyzy.

Ve sladu byl zjistén az deseti-
nasobny pokles obsahu kyseliny
olejové (C18:1c) zpusobeny
pravdépodobné jeji autooxidaci.
Zastoupeni ostatnich mastnych
kyselin v obilce jeémene je velmi
podobné profilu mastnych kyse-
lin ve sladu.

The Supelcowax column with highly polar stationary phase (polyet-
hylene glycol) is suitable for the separation of low boiling analytes and
methyl esters of fatty acids. This column is thermally stable to 250 °C.
The SLB-IL100 is a new capillary column with highly polar stationary

phase and it is suitable for the analysis of fatty acid methyl esters. This

the stationary phase.

Obr. 6 Srovnani déleni cis/trans izomerd methylesterd mastnych ky-
selin na dvou kapilarnich kolonach (methylestery kyseliny olejové —
17 a elaidové — 18) / Fig. 6 Comparison of the separation of the
cis/trans isomers of fatty acid methyl esters on two capillary columns
(methyl esters of oleic — 17 and elaidic acids — 18)

Supelcowax

s = AN e N ——

’/ SLB-IL 100 /

column has both good thermal stability (230 °C) and high stability of

The SLB-IL100 column is more polar than the Supelcowax column
and in addition it allows the separation of the geometric cis/ trans iso-
mers of methyl esters of fatty acids (Fig. 6).

The comparison of the chromatograms showing the separation of the

standard mix clearly suggests that
the SLB-IL 100 column exhibits
more perfect separation of the in-
dividual analytes (Fig.4and 5). The
SLB —IL 100 column was selected
for the analysis of the representa-
tion of fatty acids also for that rea-
son that it is able to distinguish the
oleic and elaidic acids (Fig. 5), of
which only the first was determined
in the barley caryopsis and malt.

Representation of the individual
fatty acids was studied in fats ex-
tracted from 20 barley varieties
and malts produced from them.
Following acids were identified and
determined in all the samples of
barley caryopses:

lauric (C12:0). myristic (C14:0).
pentadecanoic (C15:0). palmitic
(C16:0). stearic (C18:0). oleic
(C18:1c).linoleic (C18:2t).linolenic
(C18:3). arachidic (C20:0). eicosa-
dienoic (C20:2). behenic (C22:0).
erucic (C22:1). tricosanoic
(C23:0). lignoceric (C24:0). and
nervoic (C24:1) (Tab. 4).

4 CONCLUSION

Lipides in barley caryopses
and malt were determined by the
optimized modern method of ex-
traction on the fluidized bed.

For the determination of the
fatty acid profile in a barley cary-
opsis and malt, the SLB-IL 100
capillary column was used as in
contrast to the Supelcowax co-
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Podékovani lumn it provides a more perfect separation of analytes at a compa-

Prezentované vysledky jsou soucasti feSeni vyzkumného projektu
NAZV MZe CR pod identifika¢nim kédem QH 81056.
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Sachambula, L. — Psota, V. — Dvofaékova, O.: Kvalita zrna jeémene ze zkuSebnich stanovist Ceské republiky, sklizefi 2008. Kvasny

Prum. 55, 2009, €. 11-12, s. 320-325.

Vzorky tfi odrad je€émene jarniho z 24 zkuSebnich stanic a dvou odrid je€émene ozimého ze 13 zkuSebnich stanic byly analyzovany podle
CSN 461100-5. Pfiznivy pribéh podasi v roce 2008 pozitivné ovlivnil obsah dusikatych latek (11,9 % a 11,4 %) a Skrobu (64,4 % a 63,6
%) v obilkach je¢mene jarniho i ozimého. Vyskyt porostlych zrn byl minimalni a mnozstvi poSkozenych zrn bylo nizsi. Zrno sklizené v roce
2008 bylo vétsi a velikostné vyrovnangjsi. Podil zrna nad sitem 2,5 mm byl v prdméru 88,3 % u je€émene jarniho a 87,8 % u je€mene ozi-
mého. Rok 2008 byl z hlediska kvality zrna je€mene pfiznivy.

Sachambula, L. — Psota, V. — Dvorackova, O.: Quality of barley grain from the testing sites of the Czech Republic, harvest 2008.
Kvasny Prum. 55, 2009, No. 11-12, p. 320-325.

Samples of three varieties of spring barley from 24 testing stations and two winter barley varieties from 13 testing stations were analy-
zed according to the standard CSN 461100-5. The favorable course of weather in 2008 positively affected content of nitrogenous substan-
ces (11.9 % and 11.4 %) and starch (64.4 % and 63.6 %) in spring and winter barley caryopses. The occurrence of sprouted grains was
minimal and the amount of the damaged grains was lower. Grain harvested in 2008 was bigger and its size was more homogenous. Por-
tion of sieving fractions above 2.5 mm was on average 88.3 % in spring barley and 87.8 % in winter barley. 2008 was a favorable year in
terms of quality.

Sachambula, L. — Psota, V. — Dvorackova, O.: Die Qualitdt des Gerstenkornes aus den Priifungstellen der Tschechischen Republik,
die Ernte 2008. Kvasny Prum. 55, 2009, Nr. 11-12, S. 320-325.

Laut den tschechischen Standarten CSN 461100-5 wurden die Muster von dreien Sommergerstensorten aus den 24 Versuchsanstalten
und Muster von zweien Wintergerstensorten aus den 13 Versuchsanstalten analysiert. Ein glnstiger Ablauf des Wetters im Jahre 2008 hat
den Gehalt an stickstoffhaltige Stoffe (11,9 % und 11,4 %) und Starkegehalt (64,4 % und 63,6 %) in der Grasfrucht der Winter- und Som-
mergersten positiv beeinflusst. Das Vorkommen des bewachsenen Kornes wurde minimal und die Menge des beschadigen Kornes ist ni-
edriger gewesen. Das Korn aus der Ernte 2008 wurde gréBer und mehr in der GréBe ausgeglichen. KorngréBenbereich am Sieb mit Léchern
2,5 mm wurde im Durchschnitt bei der Sommergerste 88,3 % und bei der Wintergerste 87,8 %. Aus der Qualitatshinsicht des Gerstenkor-
nes wurde der Jahr 2008 ginstig.
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1 UvVOD

Zakladni faktor ovliviiujici kvalitu zrna jeémene je odriida. Odrida
Pldni a klimatické podminky, pfedplodina, hnojeni, oSetfovani
a skladovani vyraznym zplsobem ovliviiuji finalni vlastnosti sklize-
ného zrna je€mene.

Zku$ebni stanice UKZUZ i soukromé zku$ebni stanice, které jsou
rozmistnény v rliznych astech Ceské republiky, mohou poskytovat
rychlé a objektivni informace. Mohou informovat o vyvoji jeémene na
poli, o vyskytu chorob a $kiddcu atd. Zaroveri mohou slouzit jako
zdroj pfesné definovanych vzork( jeémene.

2 MATERIAL A METODY

Na v8ech zkugebnich stanicich UKZUZ a privatnich zkugebnich
stanicich, ve kterych byl v roce 2008 péstovan jarni a ozimy jemen,
byla sledovana zékladni fenologicka data (tab. 7). Pokusy byly zalo-
Zeny ve dvou variantach péstovani ozna¢enych v tabulce S1 a S2.

S1 — NeoSetfena varianta

— mofidlo ucinné proti: snét prasna je¢na, pruhovitost jeéna, hnéda
skvrnitost jeémene (primarni infekce),

— zékladni davka dusiku,

— bez osSetfeni fungicidem.

S2 — OSetfena varianta

— mofidlo uginné proti: snét prasna je¢na, pruhovitost jeéna, hnéda
skvrnitost je¢mene (primarni infekce),

— zékladni davka dusiku,

— fungicid proti chorobam pat stébel (dle potfeby) a proti listovym
a klasovym chorobam (prvni oSetfeni do konce sloupkovani, druhé
oSetfeni v dobé metani a na zacatku kvétu).

Po sklizni byly ze vSech zku$ebnich stanic a z obou variant ode-
brany vzorky zrna odrid jeémene jarniho Prestige, Bojos a Seba-
stian a jeCmene ozimého Mascara a Wintmalt pro nasledny rozbor
podle CSN 46 1100-5 [1]. V pfepadu zrna nad 2,5 mm byl stanoven
obsah dusikatych latek a Skrobu metodou NIRS.

Soucasné byla stanovena porostlost pomoci pfistroje Falling Num-
ber 1100. Hydrolytické enzymy, které jsou v obilce aktivovany ihned
v poc¢atecnich fazich kli¢enti, {j. i v pribéhu porastani, degraduiji Skrob.
Na této reakci je zalozen i princip stanoveni porostlosti pomoci pfi-
stroje Falling Number. Zkou$eny vzorek je€mene je rozemlet. Vodna
suspenze mouky rychle zmazovati ve vrouci vodni lazni. Plisobenim
a-amylazy obsazené ve vzorku dojde ke ztekuceni krobu. Cislo po-
klesu je stanoveno pomoci ¢asu, po ktery klesa michadlo ve zkumavce.
V pfipadé, ze byl vzorek silné porostly, klesa michadlo velice rychle
a pokles muze trvat min. 60 sekund. Hrani¢ni hodnotou je 220 s. Vzorky
porostlé vykazuji niz§i hodnoty nez 220 sekund [2]. Metoda je velice
rychla a objektivni v porovnani s vizualnim stanovenim porostlosti.

Ziskané vysledky byly u jarniho je€émene statisticky zpracovany
pomoci analyzy rozptylu dvojného tridéni.

Vysledky dosazené ozimym je¢émenem nebyly statisticky hodno-
ceny.

3 VYSLEDKY A DISKUZE

Zima 2007-2008 byla teplotné nadnormalni. Mésic bfezen byl tep-
lotné i srazkové normalni. Srazky byly rozdéleny nerovnomeérné. Seti
zacalo ve zku$ebnich stanicich 7. bfezna a skoncilo 23. dubna.V po-
loviné bfezna pfiSlo ochlazeni, na mnoha stanovistich napadl snih.
Jarni prace tak byly preruSeny asi na 2 tydny. Mésice duben a kvé-
ten byly teplotné a srdzkové normalni. V ervnu byly teploty nad-
normalni a srazky podnormalni. Porosty jeCmene dobfe vymetaly
a jejich stav byl velmi dobry. Cervenec byl teplotné i srazkové nor-
malni [3]. Zné ve sledovanych zku$ebnich stanicich probé&hly v ob-
dobi od 12. ¢ervence do 22. srpna 2008. Priibéh pocasi se odrazil
v rlistu a vyvoji jarniho jeémene (tab. 1) a na kvalité zrna je¢émene
ve stanicich (tab. 2).

Pramérny obsah dusikatych latek se u vybranych odrid jarniho
jeEmene ve zkuSebnich stanicich v Ceské republice pohyboval ko-
lem 11,9 %. Obsah dusikatych latek vyrazné kolisal v rozmezi
9,0-16,0 %. Primérny obsah $krobu byl 63,3 % a kolisal v rozmezi

Keywords: barley, variety, grain, quality

1 INTRODUCTION

Quality of barley grain depends on many factors. The fundamen-
tal factor affecting the barley grain quality is a variety. However, the
variety is also significantly affected by the environment. Soil and cli-
matic conditions, previous crop, fertilizing, treatment and post har-
vest treatment, storage significantly contribute to the final character
of the harvested barley grain.

The testing stations of the CISTA and private testing stations pla-
ced in various parts of the Czech Republic can provide quick and
objective information. They can inform about barley development in
a field, disease and pest occurrence, etc. At the same time they can
serve as a source of exactly defined barley samples.

2 MATERIAL AND METHODS

In all testing stations of the CISTA and private testing stations
where in 2008 spring and winter barleys were grown, basic phono-
logical data were studied (Tab. 7). The experiments were establis-
hed in two growing variants marked as S1 and S2 in the table.

S1 — Non treated variant

— disinfectant effective against: loose smut of wheat, barley leaf
stripe, net blotch (primary infection),

— basic dosage of nitrogen,

— without fungicidal treatment.

S2 — Treated variant

— disinfectant affective againstloose smut of wheat, barley leaf stripe,
net blotch (primary infection),

— basic dosage of nitrogen,

— fungicide against stem-base diseases (as necessary) and against
foliar and ear diseases (first treatment to the phase BBCH 35, the
other at the beginning of ear heading and before anthesis).

After harvest, grain samples of the spring barley varieties Pres-
tige, Bojos, and Sebastian and winter varieties Mascara and Wint-
malt were collected from both variants and all testing stations and
analyzed pursuant to the standard CSN 46 1100-5 [1]. The NIRS
method was used to determine starch and nitrogenous substance
contents in sieving fractions over 2.5 mm.

At the same time, the extent of sprouting was assessed using the
equipment Falling Number 1100. Hydrolytic enzymes which are ac-
tivated in the caryopsis immediately in the initial stages of germina-
tion, i.e. also during sprouting, degrade starch. The principle of de-
termination of the extent of sprouting with the Falling Number is based
on this reaction. The tested barley sample is ground. Aqueous flour
suspension quickly gelatinizes in a boiling water bath, and a-amy-
lase-induced liquefaction of starch occurs. Falling number is given by
the time the stirrer falls down the tube. In case of a heavily sprouted
sample, the stirrer falls down very quickly and fall can last minimally
60 seconds, the limit value is 220 s. The sprouted samples show va-
lues lower than 220 seconds [2]. The method is very quick and ob-
jective compared to the visual assessment of the extent of sprouting.

The results acquired in spring barley were statistically evaluated
using the analysis of variance for the two-way classification.

The results acquired in winter barley were not statistically evalu-
ated.

3 RESULTS AND DISCUSSION

Temperatures in winter 2007-2008 were above average. March
was average in terms of temperatures and precipitations. Precipita-
tions were unevenly distributed. Sowing started in the testing stati-
ons on March 7 and finished on April 23. In the half of March drop
in temperature and snowfall occurred in many sites. Spring work was
interrupted for about 2 weeks. April and May’s temperatures and pre-
cipitations were average. In June the temperatures were above ave-
rage and the precipitations below average. Barley stands headed
well and their state was very good. July’s temperatures and precipi-
tations were normal [3]. Harvest in the followed testing stations pro-
ceeded in the period from July 12 to August 22 2008. The weather
conditions affected the growth and development of spring barley
(Tab. 1) and barley grain quality in the stations (Tab. 2).
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Tab. 1 Z&kladni fenologické udaje / Tab. 1 Basic phenological data

Zdroj zrna kontrolnich odrid Mascara (M) a LP 2-345 (W): privatni zku$ebni stanice a zku$ebni stanice UKZUZ
S1 — zakladni intenzita (mofidlo — U¢inné proti snéti prasné, pruhovitosti je¢né, hnédé skvrnitosti jeémene; zakladni davka dusiku; zadny
fungicid; zadny morforegulator)
S2 — zvySena intenzita (mofidlo — U¢inné proti snéti prasné, pruhovitosti je¢né, hnédé skvrnitosti jeémene; regeneraéni davka dusiku; fun-
gicid proti chorobam pat stébel a proti listovym a klasovym chorobam)
Source of control variety grains Mascara (M) and LP 2-345 (W): private testing stations and testing stations of CISTA
S1 — basic intensity (disinfectant — efficacious against loose smut, barley leaf stripe, net bloch; basic dose of nitrogen; without fungicide,
without morphoregulator)
S2 — enhanced intesity (disinfectant — efficacious against loose smut, barley leaf stripe, net bloch; regenerative dosage of nitrogen; fun-
gicide against stem base diseases and foliar and ear diseases; morphoregulator)
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Jecmen jarni / Spring barley
BraniSovice Brno-venkov 78k &file 14.-16.4. 7.-85. 27.-28.5. | 27.-29.5 8.-9.7. 8.-9.7. | 127. | 127.
Oblekovice Znojmo 10.3. &ile 20.4. 6.5. 30.-31.5. 30.5. 6.-8.7. 5-7.7. | 12.7. | 12.7.
Chrlice Brno-mésto 1.4. 14.4. 26.-28.4. 12.-17.5. 2.-4.6. 2.-36. 9.-15.7. 7-157. | 16.7. | 16.7.
Hrubgice Prostéjov 10.3. 6.4. 20.-21.4. 11.-12.5. 3.-5.6. 1.-4.6. 16.-17.7 | 15.-16.7. | 19.7. | 19.7.
Lednice Breclav 11.3. 1.-2.4. 15.-17.4. 11.-145. | 30.-31.5 | 29.-31.5. 3.-47. 2-47. [19.7. | 19.7.
Zatec Louny 10.3. 2.-34. 18.-20.4. 12.-16.5 2.-4.6. 2.-36. 16.-18.7. | 16.-18.7. | 24.7. | 24.7.
Stupice Praha-vychod 27.3. 74. 21.4. 15.5. 3.-4.6 3.-4.6. 25.-27.7. | 25.-27.7. | 28.7. | 28.7.
Kromériz Kroméfiz 24. 14.4. 27.4. 15.5. 5.-7.6. 4.-7.6. 22.-26.7. | 22-26.7. | 29.7. | 29.7.
Tursko Praha-zapad 16.3. 7.-10.4. 25.-27 4. 14.-16.5. 3.-7.6. 5.-8.6. 16.7. 16.7. 29.7 | 29.7.
Vérovany Olomouc 1.4. 14.4. 30.4.-1.5. | 30.4.-145. | 3.-4.6. 3.-4.6. 16.-18.7. | 21.-23.7. | 29.7. | 29.7.
Libéjovice Strakonice 11.3. 6-8.4. 22-24.4. 13-15.5 3.-4.6 3.-4.6. 21.-23.7. | 27.-29.7. | 29.7. | 30.7.
Horazdovice Klatovy 1.4. 19.-20.4. 30.4.-15. 20.-23.5. 5.-6.6. 6.-8.6. 19-22.7. | 20-21.7. | 30.7. | 30.7.
Pusté Jakartice | Opava 7.3. 5.-74. 21.-24.4. 8.-12.5. 30.-31.5. | 31.5-36. | 21.-24.7. | 21.-24.7. | 30.7. | 30.7.
Jaroméfice n.R. | Trebi¢ 1.4, 25.4. 555, 17.5. 10.-11.6. | 10.-11.6. | 28.-29.7. | 28.-29.7. | 31.7. | 31.7.
Uhersky Ostroh | Uherské Hradisté 1.4. 13.-14.4. 26.-27.4. 13.-16.5. 1.-3.6. 1.-3.6. 20.-23.7. | 21.-25.7. | 4.8. 4.8.
Caslav Kutna Hora 1.4. 13.4. 28.4. 8.-13.5. 6.-8.6. 6.-8.6. 18.-19.7. | 20.-21.7. | 31.7. | 5.8.
Kujavy Novy Ji¢in 14.4, 29.4. 6.-8.5 23-27.5 13.-146. | 13.-156. | 29.-30.7. | 29.-30.7. | 6.8. 6.8.
Chrastava Liberec 18.4. 2.-3.5. 12.-13.5. 26.-27.5. | 13.-186. | 14.-17.6. 2.-4.6. 3.-5.8. 7.8. 7.8.
Lipa Havlickav Brod 10.4. 23.-24.4. 3.-55. 24.-26.5. 9.-11.6 9.-10.6. 24.-25.7. | 30.7.-38. | 1.8. 7.8.
Starkov Domazlice 13.4. 27.-29.4. 3.-55 24.-26.5. 9-10.6. | 10.-11.6. | 25.-29.7. | 27.-31.7. | 1.8. 7.8.
Vysoka Pfibram 13.4. 29.4. 9.-11.5. 28.-305. | 11.-136. | 11.-136. 2.-3.8. 2.-3.8. 7.8. 7.8.
Domaninek Zdér nad Sazavou | 18.4. 28.4. 13.5. 26.5. 14.-186. | 13.-186. | 25-28.7. | 25.-28.7. | 10.8. | 10.8.
Hradec n.Sv. Svitavy 234. 1.-3.5. 13.-14.5. | 27.5.-295. | 21.-23.6. | 21.-236. 4.-6.6. 5.-7.8. 78. | 118.
Krasné Udoli Karlovy Vary 18.4. 2.5. 11.5. 29.5 24.-28.6. | 24.-28.6. 12.-138 | 15.-19.8. | 228 | 228.
Je¢men ozimy / Winter barley

Horazdovice Klatovy 22.9.07 | 1.-4.10.07 20.-25.10.07 | 9.-12.4. 12-135. | 12-13.5. 27-28.6. | 28-30.6. | 26. 3.6.
Kromériz Kroméfiz 26.9.07 5.10.07 2.11.07 11.4. 5.5, 7.5. 24.6. 24.6. 2.7. 2.7.
Kujavy Novy Ji¢in 21.9.07 |30.9.-1.10.07 | 13.-15.10.07 | 19.-21.4. 11.5. 135 27.6 29.6 2.7. 3.7.
Luzany Plzen-jih 26.9.07 6.10.07 29.10.07 18.4. 16.-18.5. | 20.-21.5. 30.6. 2.-3.7. 5.7. 6.7.
BraniSovice Brno-venkov 24.9.07 4.10.07 29.10.07 14.4, 11.5. 11.5. 2.7. 2.7. 11.7. | 11.7.
Hradec n. Sv. Svitavy 18.9.07 | 26.-27.9.07 16.-17.10.07 | 21.-234. | 17.-22.5. | 18.-23.5. 2.-7.7. 3-87. | 11.7. | 11.7.
Jaroméfice n.R. | Trebi¢ 20.9.07 2.10.07 15.10.07 13.-16.4. | 13.-165. | 14.-155. | 30.6.-3.7. | 2-47. | 11.7. | 11.7.
Starkov Domazlice 2.10.07 | 10.-13.10.07 | 28.10.-1.11.07 16.-19.4. | 14.-175. | 15.-185. 1.-2.7. 2.-3.7. 37. | 11.7.
Zatec Louny 26.9.07 6.10.07 23.-30.10.07 | 18.-25.4. | 11.-145. | 12.-15.5. 1.-4.7. 1.-47. | 11.7. | 15.7.
Vysoka Pfibram 24.9.07 5.10.07 19.-20.10.07 20.4. 13.-16.5. | 14.-175. | 10-11.7. | 11.-127. | 16.7. | 19.7.
Lipa Havlickav Brod 21.9.07 1.10.07 22.-26.10.07 | 20.-234. | 14.-20.5. | 14.-19.5. 1.-8.7. 3-9.7. | 26.7. | 26.7.
Chrastava Liberec 21.9.07 2.10.07 14.10.07 13.-14.4. | 12.-185. | 12-19.5. | 11.-12.7. | 12-137. | 28.7. | 28.7.
Libéjovice Strakonice 22.9.07 | 1.-3.10.07 20.-30.10.07 | 18.-21.4. 13.5. 14.5. 21.-23.7. | 21.27.7. | 29.7. | 29.7.
Poznamky / Comments:
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Tab. 2 Kvalita zrna je€mene, sklizeri 2008 / Quality of barley grain. 2008 harvest

| g 4 RE
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Jeémen jarni / Spring barley
BraniSovice Brno-venkov 616 | 337 | 151 | 152 | 664 | 57 0.2 0.0 0.0 0.0 0.0 0.1 0.0 0.1
Oblekovice Znojmo 63.1 | 297 | 124 | 65.0 | 90.7 | 2.1 2.4 1.5 0.8 1.2 0.1 0.9 0.1 0.7
Chrlice Brno-mésto 631 | 299 | 121 | 28.1 | 83.0 | 56 1.7 1.2 0.1 0.6 0.7 0.4 0.0 0.4
Hrubgice Prostéjov 654 | 324 | 10.0 | 55.0 | 87.3 | 1.8 1.1 0.7 0.2 0.4 0.0 0.4 0.1 0.2
Lednice Breclav 652 | 296 | 9.7 | 46.0 | 89.9 | 1.8 1.8 1.4 0.1 0.6 0.5 0.2 0.0 0.1
Zatec Louny 65.0 | 336 | 131 | 65.8 | 95.7 | 1.2 2.1 1.9 0.9 2.2 0.0 0.3 0.0 0.2
Stupice Praha-vychod 649 | 329 | 123 | 325 | 924 | 34 2.5 1.9 1.0 1.0 0.0 0.5 0.0 0.4
Kromériz Kromériz 65.0 | 308 | 123 | 57.8 | 89.6 | 24 5.2 1.5 0.8 0.4 0.0 3.7 0.0 3.7
Tursko Praha-zapad 643 | 283 | 127 | 547 | 918 | 25 2.2 1.1 0.6 1.3 0.4 1.1 0.0 0.9
Vérovany Olomouc 651 | 330 | 11.2 | 52.3 | 936 | 3.2 1.8 1.5 0.3 1.2 0.2 0.3 0.1 0.2
Horazdovice | Klatovy 645 | 310 | 119 | 39.1 | 849 | 14 2.6 1.7 0.5 0.5 0.7 0.9 0.4 0.2
Libéjovice Strakonice 645 | 287 | 124 | 626 | 904 | 26 | 145 | 123 | 108 | 0.6 0.0 2.2 0.4 1.6
Pusté Jakartice | Opava 653 | 180 | 9.7 | 779 | 90.8 | 14 6.7 6.4 0.1 3.6 5.6 0.1 0.0 0.1
Jaroméfice n. R.| Trebi¢ 634 | 286 | 133 | 555 | 889 | 14 6.0 47 1.3 0.8 1.6 1.3 0.0 1.2
Uhersky Ostroh | Uherské Hradisté | 64.8 | 305 | 11.3 | 56.7 | 934 | 1.6 2.8 2.1 0.4 2.3 1.0 0.5 0.0 0.4
Caslav Kutna Hora 65.7 | 305 | 11.6 | 58.7 | 75.1 1.9 3.2 2.8 0.4 0.2 0.1 0.4 0.1 0.2
Kujavy Novy Jiéin 64.0 | 214 | 115 | 70.0 | 89.9 | 44 8.0 4.5 1.8 0.4 0.1 3.5 0.1 3.2
Chrastava Liberec 65.0 | 277 | 11.7 | 77.7 | 87.6 2.5 519 4.2 0.3 0.9 1.5 1.5 0.1 1.4
Lipa Havlickav Brod 65.8 | 281 | 10.8 | 61.1 | 90.6 | 1.9 6.8 6.3 0.4 0.8 2.6 0.4 0.2 0.1
Starkov Domazlice 63.8 | 269 | 140 | 538 | 91.8 | 23 5.2 4.3 0.1 1.2 0.0 0.8 0.2 0.2
Vysoka Pribram 641 | 266 | 11.8 | 643 | 953 | 1.3 6.1 1.8 0.4 3.8 1.0 4.2 0.4 3.2
Domaninek Zdar nad Sazavou| 64.2 | 273 | 11.9 | 744 | 780 | 2.2 7.6 6.0 0.9 1.8 2.9 1.3 0.1 0.9
Hradec n. S. Svitavy 63.9 | 244 | 125 | 65.3 | 87.1 3.1 104 | 6.4 3.2 0.7 0.4 3.7 0.3 3.0
Krasné Udoli | Karlovy Vary 646 | 289 | 11.2 | 816 | 89.2 | 09 45 4.0 3.2 0.2 0.0 0.5 0.2 0.2
Prameér / Mean 644 | 289 | 119 | 57.1 | 883 | 24 4.6 3.3 1.2 1.1 0.8 1.2 0.1 0.9
Smérodatna odchylka /
standard deviation 1.1 44 14 | 189 | 7.9 1.7 3.9 3.3 2.4 1.7 1.6 1.4 0.2 1.3
Jeémen ozimy / Winter barley
Horazdovice | Klatovy 63.3 | 320 | 10.4 | 41.2 | 63.1 42 | 104 | 100 | 37 1.0 588 0.5 0.1 0.3
Kromériz Kromériz 634 | 349 | 128 | 71.9 | 89.2 | 2.1 2.4 2.0 1.4 0.6 0.0 0.4 0.0 0.4
Kujavy Novy Jiéin 625 | 365 | 123 | 56.1 | 86.5 | 1.1 7.7 5.2 2.8 2.1 0.4 25 0.0 2.4
Luzany Plzen-jih 635 | 284 | 119 | 378 | 732 | 79 2.5 1.3 0.1 0.5 0.6 1.1 0.0 0.7
BraniSovice Brno-venkov 595 | 116 | 17.6 | 49.3 | 643 | 7.1 4.1 3.8 1.3 1.5 1.1 0.3 0.0 0.3
Hradec n. Sv. | Svitavy 63.8 | 324 | 102 | 835 | 956 | 1.1 5.1 4.0 2.7 0.9 0.4 1.0 0.0 0.8
Jaroméfice n. R. | Trebi¢ 644 | 279 | 104 | 764 | 929 | 20 8.1 7.5 0.9 0.5 6.2 0.5 0.0 0.4
Stankov Domazlice 63.3 | 326 | 11.6 | 60.0 | 84.7 | 34 4.9 3.2 2.5 0.6 0.1 1.6 0.0 1.2
Zatec Louny 651 | 316 | 11.9 | 78.1 | 948 | 1.1 2.9 2.8 1.6 1.0 0.2 0.2 0.0 0.1
Vysoka Pribram 644 | 186 | 106 | 783 | 949 | 1.3 6.0 3.4 2.5 0.6 0.3 25 0.1 2.0
Lipa Havlickav Brod 63.7 | 164 | 109 | 858 | 958 | 1.0 9.2 8.6 0.5 2.0 6.1 0.2 0.1 0.1
Chrastava Liberec 647 | 119 | 93 | 837 | 948 | 16 7.8 5.3 0.4 0.3 4.8 2.2 0.0 2.1
Libéjovice Strakonice 619 | 322 | 13.0 | 61.1 | 87.9 | 23 7.8 7.6 4.3 3.3 0.1 0.2 0.1 0.1
Prameér / Mean 63.6 | 260 | 11.4 | 68.9 | 87.8 | 2.6 6.0 4.8 1.7 1.0 2.1 1.1 0.0 0.9
Smérodatna odchylka /
standard deviation 1.5 91 19 | 194 | 126 | 3.2 3.2 3.1 1.7 0.9 2.8 1.0 0.1 0.9

od 61,6 do 65,8 %. Obsah dusikatych latek a Skrobu byl statisticky
priikazné az vysoce priikazné ovlivnén variantou o$etieni, odrtidou
i stanovistém (fab. 2, 3).

Porostlé vzorky je€émene jarniho s velmi nizkou hodnotou &isla po-
klesu byly zaznamenany pouze ve zkuSebni stanici Pusté Jakartice.
Hodnoty ¢&isla poklesu pod 220 s byly zaznamenany také ve zku-
Sebni stanici Kujavy. Porostlost uréena &islem poklesu byla statis-

Average content of nitrogenous substances in the selected spring
barley varieties in the testing stations in the Czech Republic moved
around 11.9 %. Content of nitrogenous substances varied markedly
from 9.0 — 16.0 %. Average starch content was 63.3 % and varied
from 61.6 to 65.8 %. Contents of nitrogenous substances and starch
were statistically significantly to highly significantly affected by the
variant of treatment, variety and site (7ab. 2, 3).
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Tab. 3 Analyza variance a odhady komponent rozptylu pro / Analysis of variance and estimated components of variance for

Zdroj Primérny Hladina F Odhad komponent rozptylu
proménlivosti d.f. ctverec Vyznamnosti hodnota
Source of Mean Significant F Estimated components of variance
variation square level ratio abs. rel. (%) s.e.
Obsah skrobu (%) / Starch content (%)
System 1 4.2367 e 25.21 0.0565 4.4 0.0832
Variety 2 8.7140 e 51.86 0.1780 13.7 0.1815
Site 23 5.5256 e 32.88 0.8929 68.9 0.2716
Residual 117 0.1680 0.1680 13.0 0.0220
Cislo poklesu (s) / Falling number (s)
System 1 2002.5625 NS 2.688 17.4655 0.8 39.3573
Variety 2 3777.3332 e 5.070 63.1726 3.1 78.7206
Site 23 8191.0482 e 10.994 1241.000 60.0 402.8953
Residual 117 745.0479 745.0479 36.1 97.4106
Obsah dusikatych latek (%) / Protein content (%)
System 1 4.0669 e 19.13 0.0535 2.7 0.0799
Variety 2 11.2969 e 53.14 0.2309 11.5 0.2354
Site 23 9.2707 e 43.61 1.5097 75.2 0.4557
Residual 117 0.2126 0.2126 10.6 0.0278
Prepad zrna na sité 2,8 mm (%) / Grading > 2.8 mm (%)
System 1 2764.131 e 25.579 36.8898 9.6 54.2930
Variety 2 104.8503 NS 0.970 0.0108 0.0 2.2812
Site 23 1548.0905 e 14.326 240.0048 62.3 76.1209
Residual 117 108.0616 108.0616 28.1 14.1284
Pfepad zrna na sité 2,5 mm (%) / Grading > 2.5 mm (%)
System 1 261.8069 e 9.32 2.7897 4.2 4.4196
Variety 2 NS 0.0024 0.0 0.5096
Site 23 261.8069 e 10.85 39.6110 59.5 12.8779
Residual 117 45.9959 45.9959 27.2 6.0137
Propad zrna sitem 2,2 mm (%) / Waste < 2.2 mm (%)
System 1 10.0278 *x 7.127 0.1197 4.0 0.1970
Variety 2 3.4067 NS 2.421 0.0417 1.4 0.0711
Site 23 9.8360 e 6.991 1.4048 47.3 0.4844
Residual 117 1.4070 1.4070 47.3 0.1840
PFimési celkem/ Total admixtures
System 1 12.9001 NS 2.335 0.1024 0.7 0.2536
Variety 2 0.5238 NS 0.095 0.0006 0.0 0.1166
Site 23 66.1288 e 11.968 10.1005 64.2 3.2523
Residual 117 5.5256 5.5256 35.1 0.7224
PFimési sladarsky ¢astec¢né vyuzitelné (%) / Admixtures partly usable in malting (%)
System 1 6.76000 NS 1.469 0.0300 0.3 0.1330
Variety 2 5.28083 NS 1.148 0.0142 0.1 0.1107
Site 23 45.02685 e 9.787 6.7377 59.2 2.2152
Residual 117 4.60067 4.6007 40.4 0.6015
Zrna bez pluch (%) / Grains without husks (%)
System 1 0.275625 NS 0.214 0.0001 0.0 0.0256
Variety 2 2.840833 NS 2.207 0.0324 0.5 0.0593
Site 23 29.479611 xxk 22.907 4.6988 78.1 1.4491
Residual 117 1.286932 1.2869 21.4 0.1683
Zrna se zahnédlou Spickou (%) / Grains with blackened tips (%)
System 1 3.8025000 NS 2.305 0.0299 1.2 0.0747
Variety 2 0.2734028 NS 0.166 0.0002 0.0 0.0348
Site 23 7.2257850 e 4.381 0.9294 35.6 0.3569
Residual 117 1.6493222 1.6493 63.2 0.2156
Zrna s osinou (%) / Grains with awn (%)
System 1 1.380625 NS 1.395 0.0054 0.2 0.0272
Variety 2 6.788403 o 6.858 0.1208 4.6 0.1415
Site 23 10.183113 e 10.287 1.5322 57.8 0.5009
Residual 117 0.989922 0.9899 37.4 0.1294
Primési sladarsky nevyuzitelné (%) / Admixtures non usable in malting (%)
System 1 1.4601 NS 2.686 0.0127 0.6 0.0287
Variety 2 3.8702 o 7.121 0.0693 3.2 0.0806
Site 23 9.7875 e 18.008 1.5407 711 0.4812
Residual 117 0.5435 0.5435 25.1 0.0711
Zlomky zrn (%) / Broken grains (%)
System 1 0.1167361 NS 0.256 0.0000 0.0 0.0091
Variety 2 3.5002778 e 7.676 0.0634 3.6 0.0729
Site 23 7.8211564 e 17.151 1.2275 70.3 0.3845
Residual 117 0.4560203 0.4560 26.1 0.0596
Zelena zrna (%) / Green (unripe) grain (%)
System 1 0.3500694 o 9.314 0.0043 7.9 0.0069
Variety 2 0.0169444 NS 0.451 0.0000 0.0 0.0008
Site 23 0.1115187 e 2.967 0.0123 22.7 0.0055
Residual 117 0.0375873 0.0376 69.4 0.0049
Poznamky / Notes: ~ * P=0.05 d.f. stupné volnosti / degrees of freedom NS non significant
**  P=0.01 rel.  relativni hodnota / relative value s.e. chyba odhadu / standard error
*** P=0.001 abs. puvodni hodnota / original value
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ticky vysoce prukazné ovlivnéna odridou a stanovistém (tab. 2, 3).
U vzorkl jeémene ozimého byly hodnoty pod 220 s zaregistrovany
Castéji, a to ze stanovist BraniSovice, Chrastava, Lipa a Vysoka.

Velikostni frakce zrna sledovanych odrid je€émene byly vyrazné
ovlivnény stanovistém a oSetfovanim (tab. 2, 3). Ve srovnani s ro-
kem 2007 byl v roce 2008 sklizen vyrazné vétsi podil zrna nad si-
tem 2,8 mm (57,1 %) a tudiz i nad 2,5 mm (88,3 %) [4].

PFimési sladarsky nevyuZitelnych (zrna s vyrazenym klic¢kem, zrna
mechanicky deformovana, zrna zjevné plesniva atd.) bylo malo (v pra-
méru 1,2 %). Pfimési sladafsky ¢aste¢né vyuzitelnych bylo vice (3,3 %).
Nejcastéji se vyskytovala zrna bez pluch (1,2 %), zrna se zahnédlou
$pickou (1,3 %) a zrna s osinou (0,8 %). Pfitomnost téchto typl pfi-
mési byla statisticky vysoce prilkazné ovlivnéna stanovistém. Odrady
statisticky priikazné ovlivnily pfitomnost zlomkl a zrn s osinou.

Rok 2008 byl pfiznivy také pro kvalitu zrna ozimého je€émene. Ve
srovnani s rokem 2007 [4] mélo zrno sklizené v roce 2008 vyssi ob-
sah Skrobu, optimalni obsah dusikatych latek a vyrazné vyssi podil
zrna nad sitem 2,8 mm.V roce 2008 bylo zaznamenano vy$§i mnoz-
stvi pfimési ¢aste¢né sladarsky vyuzitelnych, a to pfedevsim zrn bez
pluch.

4 ZAVER

Ptiznivy pribéh pocasi v roce 2008 pozitivné ovlivnil obsah dusi-
katych latek a Skrobu v obilkach jeémene. Ve srovnani se sklizni
v roce 2007 byl vyskyt porostlych zrn minimalni a mnozstvi posko-
zenych zrn bylo nizsi. Zrno sklizené v roce 2008 bylo vétsi a veli-
kostné vyrovnanéjsi nez v roce pfedchozim [4] a mélo by tedy po-
skytnout vétsi mnozstvi extraktu. Rok 2008 byl pFiznivy téZ pro kvalitu
zrna ozimého jeCmene.
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Sprouted spring barley samples with a very low value of Falling
number were recorded only in the testing station Pusté Jakartice.
The values of Falling number below 220 s were also recorded in the
testing station Kujavy. Sprouting determined by the Falling number
was statistically significantly highly affected by the variety and site
(Tab. 2, 3). Values in the winter barley varieties below 220 s were re-
corded more often in the sites BraniSovice, Chrastava, Lipa, and Vy-
soka.

Grain sieving fractions of the studied barley varieties were mar-
kedly affected by the site and treatment (7ab. 2, 3). Compared to
2007, a markedly higher portion of sieving fractions above 2.8 mm
(57.1 %) and thus also above 2.5 mm (88.3 %) was harvested in
2008 [4].

Content of admixtures unusable for malting (grains with removed
germ, mechanically deformed grains, apparently moldy grains, etc.)
was low (on average 1.2 %). Content of admixtures partly usable for
malting was higher (3.3 %), most frequently these were hulless gra-
ins (1.2 %), black pointed grains (1.3 %) and grains with the awn
(0.8 %). The presence of these types of admixtures was highly sta-
tistically significantly affected by the site. The varieties statistically
significantly affected the presence of fragments and grains with the
awn.

2008 was a favorable year for quality of winter barley grain. Com-
pared to 2007 [4], grain harvested in 2008 had higher starch con-
tent, optimal level of nitrogenous substances and markedly higher
portion of sieving fractions above 2.8 mm. In 2008 a higher amount
of admixtures partly usable in malting, mainly grains without awns,
was recorded.

4 CONCLUSION

The favorable weather conditions in 2008 affected contents of nit-
rogenous substances and starch in barley caryopses positively.
Compared to harvest 2007, the occurrence of sprouted grains was
minimal and the amount of the damaged grains was lower. Grain
harvested in 2008 was bigger and its size was more homogenous
than in the previous year [4] and thus it should provide higher ex-
tract yield. Year 2008 was also favorable for quality of winter barley
grain.
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