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-
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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.
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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;
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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

Obsah lipida / Lipide content (%)

1,8
1,6
1,4
1,2

0,8
0,6
0,4
0,2

o

L 4

/

3

3 4 5

Pocéet cyklu / Number of cycles

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.



