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V poslednich letech se strobiluriny staly velmi vyznamnou skupinou uéinnych latek pouzivanych proti chorobam je€mene i chmele. Jsou
to latky se Sirokym fungicidnim uginkem. Vyznacuji se velmi variabilnimi vlastnostmi, véetné spektra jejich ucinnosti. Plisobi prfedevsim pre-
ventivné, maji vSak i kurativni a nékteré i eradikativni G¢innost. VSechny plisobi kontaktné, nékteré také hloubkové nebo systemicky.

Vzhledem k nardstu rozsahu pouZziti strobilurini v ochrané jeémene a chmele bylo nezbytné zavést sledovani jejich rezidui v suroving, me-
ziproduktech i finalnim produktu.

Mikulikova, R. — Svoboda, Z. — Bélakova, S.: Monitoring of residues of fungicides used in malting barley protection. Kvasny Prum.
54, 2008, ¢. 11-12, s. 332-337.

During the last years strobilurines have become a very important group of efficacious substances used against the diseases of barley and
hop. These are substances with a wide fungicide effect. Their characters, including the efficacy spectrum, are very variable. They affect ma-
inly preventively, but also curatively and they even have eradicative effects. All of them act in contact, some of them also in depth or syste-
mically.

Considering the increase in the extent of strobilurine use in the protection of barley and hop, it was necessary to introduce monitoring of
their residues in raw materials, intermediaries and a final product.

Mikulikova, R. — Svoboda, Z. — Bélakova, S.: Monitoring der zum Braugerstenschutz angewandten Fungizidresidui. Kvasny Prum.
54, 2008, Nr. 11-12, S. 332-337.

In den letzten Jahren die gegen die Gersten- und Hopfenkrankenheiten angewandten Strobilurins ist eine bedeutende Fungizidwir-
kungsgruppe geworden. Strobilurins sind eine Stoffe mit einer hohen Fungizidwirkung und sehr variablen Eigenschaften einschlieBlich des
Wirkungsspektrums. Strobilurins wirken vor allem praventiv, jedoch wiesen auch eine Kurativwirkung, davon einige Strobilurins auch eine
eradikative Wirkung auf. Alle Strobilurins wirken kontaktsweise, einige Strobilurins wirken tiefweiBe oder systemisch. In Ansehung zum An-
stieg des Strobilurinseinsatzbereiches im Bereich des Gersten- und Hopfenschutzes war es nétig, eine Verfolgung von Strobilurinsresiduen
im Rohstoff, im Zwischenprodukt und in dem fertigen Produkt einzufiihren.
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AaumeHs. Kvasny Prum. 54, 2008, Ho. 11—-12, cTp. 332-337.

B nocnegHve rogpl CTPO6UITYPYHBLI CTanmM O4eHb BaXKHOMW rpynnov ahEeKTUBHbIX BELECTB NPUMEHAEMbIX MPOTUB 60NE3HAM SYMEHS 1
xmens. 9T1o BeuwecTea C WWMPOKUM beHrI/ILtM,D,HbIM p'eVICTBI/IeM. OTnn4yarTcsl 04eHb U3MEHSeBbIMU CBOVICTBaMM, BK/O4aaA CnekTp ux
apheKTUBHOCTM. BO3AENCTBYIOT Npexkae BCEro NPEBEHTUBHO, HO Y HUX KypaTMBHASA 1y HEKOTOPbIX TOXE apagnkKaTuBHas 4eNCTBEHHOCTb.
Bce [efcTBYIOT KOHAKTHO, HEKOTOPbIE TOXE FMYyOUHHO UM CUCTEMUYHO.

YuuTbiBas HapacTaHue 0611acTi NPYMEHEHNST CTPOOUTYPUHOB B 3alUUTe SUMEHS 1 XMens 6b1rio HE0O6XOAMMO BBECTY UCCNefoBaHne nx

0CTaTKOB B Cbipe, NOMYNpPoAyKTax U roTOBOM U3LENnN.

Klicova slova: fungicidy, strobiluriny, GC-MSD, jeCmen, slady, pivo

1 UvoD

Strobiluriny predstavuji v sou¢asné dobé velmi vyznamnou sku-
pinu fungicidnich U¢innych latek. Vyznacuiji se predevsim specifickym
pusobenim a velmi Sirokym spektrem ucinnosti.

Do komeréniho uzivani se dostaly v roce 1996, jako produkty firmy
Syngenta (azoxystrobin) a BASF (kresoxim-methyl). V sougasné
dobé jsou komer€né vyuzivany strobilurinové uginné latky uvedené
v tab. 1[1].

Tab. 1 Prehled komeréné pouzivanych strobilurinti / List of commer-
cialy used strobilurines

Strobilurin / Strobilurines Spole¢nost / Company
Azoxystrobin Syngenta
Kresoxim-methyl BASF

Metominostrobin Shionogi

Trifloxystrobin Bayer

Pyraclostrobin BASF

Picoxystrobin Syngenta

Dimoxystrobin BASF

Fluoxastrobin Bayer

Orysastrobin BASF

Keywords: fungicides, strobilurines, GC-MSD, barley, malt, beer

1 INTRODUCTION

Today strobilurines represent a very important group of fungicidal
efficacious substances. Their action is specific and they have a very
wide efficacy spectrum.

They got into commercial use in 1996 as products of the compa-
nies Syngenta (azoxystrobin) and BASF (kresoxim-methyl). Currently
following strobilurine effective substances have been used commer-
cially [1] (Tab. 1).

Natural strobilurines (Strobilurus and Oudemansiella) were isola-
ted from wood-rotting bracket fungi. These wood decay fungi produce
fungicidially acting substances in defense against lower fungi. The
name strobilurine comes from Strobilurus tanacellus, one of the first
fungi from which they were isolated.

Strobilurines represent an important group of efficient fungicides
and together with oxazoline-diones (famoxadone) and imidazolino-
nes (fenamidone) they are Qo inhibitors (Quinone outside Inhibitors).
Their action is based on the inhibition of mitochondrial respiration,
they block Qo instead of cytochrom b, which is a part of cytochromal
complex bc, localized in the inner mitochondrial membrane of fungi.
The transfer of electrons between cytochrom b and cytochrom c; is
blocked, and thus production of ATP is inhibited and the energy cycle
of fungi is disrupted. Originally, strobilurines are natural substances
produced by higher fungi, e.g. Strobilurus tanacellus (strobilurine A)
Oudemansiella mucida (oudemansin A). Chemically they belong to
methoxyacrylates (e.g. azoxystrobin and picoxystrobin), methoxycar-
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PFirodni strobiluriny byly izolovany z dfevokaznych stopkovytrusych
hub (Strobilurus a Oudemansiella). Tyto dfevokazné houby produkuiji
strobiluriny pochazi z védeckého nazvu Strobilurus tanacellus, jedné
z prvnich hub, z nichz byly izolovany.

Strobiluriny pfedstavuji vyznamnou skupinu Gc¢innych fungicidnich
latek fazenych z hlediska pUsobeni mezi Qo inhibitory (Quinone out-
side Inhibitors) spolu s oxazoline-diony (famoxadone) a imidazolinony
(fenamidone). Plsobi tak, ze inhibuji mitochondrialni respiraci, blo-
kuji Qo misto cytochromu b, ktery je sou€éasti cytochromalniho kom-
plexu bc, lokalizovaného uvnitf mitochondrialni membrany hub. Blo-
kovan je transfer elektrond mezi cytochromem b a cytochromem c;,
¢imz dochazi k zastaveni produkce ATP a naruseni energetického
cyklu houby. Strobiluriny jsou plivodné pfirodni latky produkované
vy8Simi houbami, napf. Strobilurus tanacellus (strobilurin A), Oude-
mansiella mucida (oudemansin A). Chemicky jsou fazeny mezi me-
toxyakrylaty (napf. azoxystrobin a picoxystrobin), metoxykarbamaty
(pyraclostrobin), oximino acetaty (kresoxim-methyl, trifloxystrobin),
ozimino-acetamidy (dimoxystrobin aj.) a dihydro-dioxazinony (fluo-
xastrobin). Vyznacuji se velmi variabilnimi vlastnostmi, véetné spektra
aéinnosti. Uginkuji pfedevsim preventivng, maji véak i kurativni a né-
které i eradikativni Uc€innost. V8echny plsobi kontaktné, nékteré
hloubkové, translaminarné nebo systemicky (azoxystrobin a pico-
xystrobin). V rostliné se pohybuji akropetalné. Maji velmi Sirokou uéin-
nost, plsobi na houby vieckovytrusé (Ascomycetes), stopkovytrusé
(Basidiomycetes), houby nedokonalé (Anamorphic fungi) i oomycety
(Oomycetes). Jsou vysoce ohrozeny vznikem rezistence (cross rezi-
stence v ramci Qol fungicidu) [1].

Rezistence byla prokdzana u vice patogennich hub, u obilovin
u padli travniho (Blumeria graminis f. sp. tritici, Blumeria graminis f.
sp. hordei), brani¢natky pSeni¢né (Mycosphaerella graminicola),
hnédé skvrnitosti je€mene (Pyrenophora teres), helminthosporiosy
pSenice (Pyrenophora tritici — repentis) a u ostatnich plodin napf.
u strupovitosti jabloné (Venturia inaequalis), plisné révy (Plasmopara
viticola) a padli révy (Erysiphe necator). Pfi pouziti strobilurinG je tfeba
dusledné dodrzovat opatfeni proti vzniku rezistence.

Proti houbovym chorobam jeémene jsou v CR pouzivany azoxyst-
robin (Amistar), picoxystrobin (Acanto, Acanto Prima), trifloxystrobin
(Sfera 267,5 EC), fluoxastrobin (Fandango 200 EC) a kresoxim-met-
hyl (Juwel, Juwel Top). Proti houbovym chorobam chmele je v CR re-
gistrovan azoxystrobin (Ortiva). Vzhledem k narlstu rozsahu pouZziti
strobilurind v ochrané je€mene a chmele a jejich stabilité v rostliné
je nezbytné zavést sledovani jejich rezidui v suroviné, meziproduk-
tech i findlnim produktu.

Protoze tyto latky mohou znamenat potencialni nebezpeéi pro lid-
ské zdravi a zivotni prostredi (tab. 2), bylo cilem nasi prace optimali-
zovat metodu stanoveni azoxystrobinu (obr. 1), kresoxim-methylu
(obr. 2), picoxystrobinu (obr. 3) a trifloxystrobinu (obr. 4) v je¢meni,
sladu a pivu a provést monitoring jejich vyskytu ve vybranych vzor-
cich je€mene, sladu a piva.

2 MATERIAL A METODY

2.1 Standardy a chemikalie

Standardy: azoxystrobin (99,5 %, Dr. Ehrenstorfeer GmbH, Né-
mecko), picoxystrobin (99,9 %, Riedel-de Haén, Némecko), kreso-
xim-methyl (96,6 %, Riedel-de Haén, Némecko), trifloxystrobin
(99,2 %, Riedel-de Haén, Némecko)

Tab. 2 Maximalni limit rezidui pro je€men (VyhlaSka ¢. 381/2007 Sb.
ze dne 19. prosince 2007) / Maximum limits of residues in barley (No-
tice no. 381/2007 Coll. of 19 December 2007)

CAS Nazev pesticidu MLR pro jeémen
Name of pesticide | MLR for barley (mg.kg™)
131860-33-8 azoxystrobin 0,3
143390-89-0 kresoxim-methyl 0,05
117428-22-5 picoxystrobin 0,2
141571-21-7 trifloxystrobin 038

bamates (pyraclostrobin), oximino acetates (kresoxim — methyl, trif-
loxystrobin), ozimino-acetamides (dimoxystrobin, etc.), and dihydro-
dioxazinones (fluoxastrobin). Their characters, including the efficacy
spectrum, are very variable. They act mainly preventively, but also cu-
ratively and some even have eradicative effects. All of them act in
contact, some of them in depth or translaminarily or systemically (azo-
xystrobin and picoxystrobin). They move acropetally in a plant. Their
efficacy is very wide, they are active against sac fungi (Ascomyce-
tes), bracket fungi (Basideomycetes), imperfect fungi (Anamorphic
fungi) and oomycetes (Oomycetes). They are highly imperilled by the
origin of resistance (cross resistance within the Qol fungicides) [1].

Resistance was proved in other pathogenic fungi, in cereals, pow-
dery mildew (Blumeria graminis f. sp. tritici, Blumeria graminis f. sp.
hordei), septoria blotch (Mycosphaerella graminicola), net blotch (Py-
renophora teres), helminthosporioses in wheat (Pyrenophora tritici-
repentis), and in the other crops, e.g. in apple, scab (Venturia inae-
qualis), grapevine downy mildew (Plasmopara Vviticola), and
grapevine powdery mildew (Erysiphe necator). When applying stro-
bilurines, observance of all provisions is highly recommended to avoid
the development of resistance.

Following fungicides are used against fungal diseases of barley in
the CR: azoxystrobin (Amistar), picoxystrobin (Acanto, Acanto Prima),
trifloxystrobin (Sfera 267.5 EC), fluoxastrobin (Fandango 200 EC),
and kresoxim-methyl (Juwel, Juwel Top). Azoxystrobin (Ortiva) is re-
gistered against fungal diseases of hop in the CR. Considering the
increase in the extent of strobilurine use in the protection of barley
and hop and their stability in a plant, it is necessary to introduce mo-
nitoring of their residues in raw materials, intermediaries and the fi-
nal product.

As these substances can be potentially dangerous for human he-
alth and the environment (Tab. 2), the aim of our study was to opti-
mize the method for the determination of azoxystrobin (Fig. 1), kre-
soxim-methyl (Fig. 2), picoxystrobin (Fig. 3) and trifloxystrobin (Fig. 4)
in barley, malt and beer and to carry out monitoring of their occur-
rence in barley, malt and beer samples.

2 MATERIAL AND METHODS

2.1 Standards and chemicals

Standards: azoxystrobin (99.5 %, Dr. Ehrenstorfeer GmbH, Ger-
many), picoxystrobin (99.9 %, Riedel-de Haén, Germany), kresoxym-
methyl (96.6 %, Riedel-de Haén, Germany), trifloxistrobin (99.2 %,
Riedel-de Haén, Germany).

Columns: ENVITMCarbll/PSA 500/500 mg (Supelco, USA), LiChro-
lut EN 200 mg (Merck, Germany), Discovery DSC-18 (Supelco, USA).
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Obr. 1/ Fig. 1 Azoxystrobin

Obr. 2/ Fig. 2 Kresoxim-methyl

Obr. 3 / Fig. 3 Picoxystrobin ~ Obr. 4 / Fig. 4 Trifloxystrobin
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Kolony. ENVI™Carbll/PSA 500/500 mg (Supelco, USA), LiChrolut
EN 200 mg (Merck, Némecko), Discovery DSC-18 (Supelco, USA)
Chemikalie: NaOH (Merck, Némecko), methanol, aceton, acetonit-
ril, toluen, ethylacetat (Sigma Aldrich, USA), destilovana voda.

2.2 Vzorky jeémene, sladu a piva
Bylo analyzovano celkem 50 vzorkd sladovnického je¢mene, které
byly ziskany z rliznych péstebnich oblasti CR. Dale bylo analyzovano
50 vzork( sladu vyrobeného ze ziskanych vzork( je¢mene.
Analyzované vzorky piv byly zakoupeny ndhodnym vybérem v ob-
chodni siti (25 vzorku).

2.2.1 Priprava vzorku jecmene a sladu

K20 g pomleté matrice se pfida 60 ml smési methanol:aceton (8:2).
Provede se extrakce smési v ultrazvukové lazni po dobu 30 minut.
Extrakt se odstfedi pfi 6500 min po dobu 15 minut pfi 10-15 °C.
Ziskané roztoky se pfevedou do varnych banék (250 ml) a odpafi do
sucha na vakuové odparce. Odpareny vzorek se rozpusti v 5 ml ace-
tonitrilu v ultrazvukové lazni po dobu 1 minuty. Smés se predisti na
SPE kolonce [2]. Pro pfecisténi byly testovany 3 typy SPE kolon —
ENVI™Carbll/PSA, LiChrolut EN, Discovery DSC-18.

Kolonka ENVI™Carbll/PSA byla kondicionovana 5 ml smési ace-
tonitril:toluen (3:1). Na kondicionovanou kolonku bylo naneseno 5 mi
extraktu jeCmene (sladu) v acetonitrilu. Analyty byly eluovany 3 mil
smeési acetonitril:toluen (3:1). Ziskany eluat byl zakoncentrovan na
rotaCni vakuové odparce, odparek byl pfeveden do 0,5 ml etylace-
tatu.

Kolonky LiChrolut EN a Discovery DSC-18 byly kondicionovany 5
ml methanolu a 5 ml destilované vody. Na kondicionované kolonky
bylo naneseno 5 ml extraktu je¢mene (sladu) a kolonky byly promyty
1 ml destilované vody. Po vysu$eni dusikem (15 min) byly analyty elu-
ovany 2x5 ml smési ethylacetat:voda (1:1). Takto ziskané eluaty byly
zakoncentrovany na rotacni vakuové odparce, odparky byl pfevedeny
do 0,5 ml ethylacetatu.

Chemicals: NaOH (Merck, Germany), methanol, acetone, acetonit-
rile, toluene, ethyl acetate (Sigma Aldrich, USA), distilled water.

2.2 Samples of barley, malt and beer

Total of 50 samples of malting barley acquired from various gro-
wing areas of the CR were analysed. In addition, 50 samples of malt
produced from the acquired barley samples were analysed.

The analysed beer samples were randomly selected and bought
in retail shops (25 samples).

2.2.1 Preparation of samples of barley and malt

60 ml of methanol/acetone mixture (8:2) was added to 20 g of
ground matrix. Extraction of the mixture was performed in an ultra-
sound bath for 30 minutes. The extracted mixture was centrifuged at
6500 RPM for 15 min at 10-15 °C. The obtained solutions were tran-
sferred to boiling flasks (250 ml) and evaporated to dryness on a va-
cuum evaporator. The obtained dry residue was dissolved with 5 ml
of acetonitrile in the ultrasound bath for 1 minute. The mixture was
purified through the SPE column [2]. Three types of SPE columns
were tested for purification — ENVI™Carbll/PSA, LiChrolut EN and
Discovery DSC-18.

The ENVI™Carbll/PSA column was conditioned with the 5 ml ace-
tonitrile:toluene mixture (3:1). 5 ml of barley (malt) extract in aceto-
nitrile was transferred to the conditioned column. Analytes were elu-
ted with 3 ml of an acetonitrile:toluene mixture (3:1). The obtained
eluate was concentrated on a vacuum rotary evaporator, the evapo-
ration residue was transferred to ethyl acetate (0.5 ml).

The LiChrolut EN and Discovery DSC-18 columns were conditio-
ned with 5 ml of methanol and 5 ml of distilled water. 5 ml of barley
(malt) extract was transferred to the conditioned columns and the co-
lumns were washed with distilled water (1 ml). After drying with nit-
rogen (15 min) the analytes were eluted with 2 x 5 ml mixture of et-
hyl-acetate:water (1:1). The obtained eluates were concentrated on
the vacuum rotary evaporator, the evaporation residues were tran-
sferred to 0.5 ml of ethyl acetate.
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Obr. 5/ Fig. 5 Hmotnostni spektra strobilurind / Mass spectra of strobilurines
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2.2.2 Priprava vzorku piva

U 100 ml vzorku piva se upravi pfidavkem roztoku NaOH pH na 6
a takto upraveny vzorek se precisti pfes SPE kolonku. Pro precisténi
byly testovany 2 typy kolon ENVItCarbll/PSA a LiChrolut EN.

Kolonka ENVI™Carbll/PSA byla kondicionovana 5 ml smési ace-
tonitril:toluen (3:1). Na kondicionovanou kolonku bylo naneseno 100
ml piva. Analyty byly eluovany 3 ml smési acetonitril:toluen (3:1). Zis-
kany eluat byl zakoncentrovan na rotaéni vakuové odparce, odparek
byl pfeveden do 0,5 ml ethylacetatu.

Kolonka LiChrolut EN byla kondicionovana 5 ml methanolu a 5 ml
destilované vody. Na kondicionovanou kolonku bylo naneseno 100
ml piva a kolonka byla promyta 1 ml destilované vody. Po vysuSeni
dusikem (15 min) byly analyty eluovany 2x5 ml smési ethylacetat:voda
(1:1). Takto ziskany eluat byl zakoncentrovan na rota¢ni vakuové od-
parce, odparek byl pfeveden do 0,5 ml ethylacetatu.

2.3 Instrumentace a chromatografické stanoveni

Analyzy vzorkud byly provadény na plynovém chromatografu (Trace
GC Ultra, Thermo Finigan) spojeném s hmotnostnim detektorem
(Trace DSQ, Thermo Finigan). K separaci analyzovanych latek byla
pouzita kapilarni kolona DB5-MS (30m x 0.25mm i.d., 0.25 um) s na-
sledujicim teplotnim programem: poc¢atecni teplota 70 °C po dobu 1
min, narlst teploty 10 °C.min" do 280 °C, setrvani 5 min. Progra-
movany pritok nosného plynu He byl od 1.5 ml.min-' do 3 ml.min-".
Teplota PTV injektoru 280 °C, splitlles rezim po dobu 0,8 min. Tep-
lota spojovaci ¢asti GC a MSD byla 200 °C. Hmotnostni spektrometr
byl nastaven v SCAN (50-450 m/z) a SIM (Selected lon Monitoring)
modu (El+ — pozitivni elektronova ionizace) a vybrané hodnoty (m/z)
pro jednotlivé analyty byly:
azoxystrobin — 344, 388 (m/z)
trifloxystrobin — 116, 131, 222 (m/z)
picoxystrobin — 145, 335 (m/z)
kresoxim-methyl — 116, 131, 222 (m/z).

Identifikace analyzovanych strobilurin(i byla provedena na zakladé
retenénich ¢asl a specifickych iontd m/z (obr. 5), kvantifikace byla
provedena pomoci kalibraénich kfivek (obr. 6).

2.2.2 Preparation of beer samples

pH of the beer sample (100 ml) was adjusted to pH 6 by adding
NaOH solution and the sample was then purified through the SPE
column. For purification two types of SPE columns — ENVI™Car-
bll/PSA and LiChrolut EN were tested.

The ENVI™Carbll/PSA column was conditioned with 5ml of ace-
tonitrile:toluene mixture (3:1). 100 ml of beer was transferred to the
conditionated column. The analytes were eluted with 3 ml of aceto-
nitrile:toluene mixture (3:1). The obtained eluate was concentrated
on the on the vacuum rotary evaporator, the evaporation residue was
transferred to 0.5 ml of ethyl acetate.

The LiChrolut EN column was conditioned with 5 ml of methanol
and 5 ml of distilled water. 100 ml of beer was transferred to the con-
ditionated column and the column was washed with 1 ml of distilled
water. After drying with nitrogen (15 min) the analytes were eluted
with 2x5 ml mixture of ethylacetate:water (1:1). The obtained eluate
was concentrated on the vacuum rotary evaporator, the evaporation
residue was transferred to 0.5 ml of ethyl acetate.

2.3 Instrumentation and chromatographic determination

The analyses of samples were performed on the gas chromato-
graph (Trace GC Ultra, Thermo Finnigan) connected to the mass de-
tector (Trace DSQ, Thermo Finnigan). To separate the analysed sub-
stances the DB5-MS capillary column (30m x 0.25mm i.d., 0.25 pm)
with following thermal program was used: initial temperature 70 °C
for 1 min, increase in temperature 10 °C.min"! to 280 °C, maintained
for 5 min. Programmed flow of carrying gas He was from 1.5 ml.min!
to 3 ml.min'. Temperature of PTV injector 280 °C, splitless regime
for 0.8 min. Temperature in the transfer line between GC and MSD
was 200 °C. The mass spectrometer was adjusted in SCAN
(50-450 m/z) and SIM (Selected lon Monitoring) mode (El+ — posi-
tive electron ionisation) and selected values (m/z) for relevant analy-
tes were as follows:
azoxystrobin — 344, 388 (m/z)
trifloxyistrobin — 116, 131, 222 (m/z)
picoxystrobin — 145, 335 (m/z)
kresoxim-methyl — 116, 131, 222 (m/z)

Identification of the strobilurines analysed was performed on the
basis of retention times and specific ions m/z (Fig. 5), quantification
was carried out using calibration curves (Fig.6).
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Tab. 3 Je€men a slad (SPE — EnviTMCarbll/PSA) / Barley and malt
(SPE — EnviTMCarbll/PSA)

Tab. 4 Pivo (SPE — LiChrolut EN) / Beer (SPE — LiChrolut EN)

SPE vytéznost LoQ RSD SPE vytéznost LoQ RSD

SPE recovery % mg.kg’ % SPE recovery % mg.|"! %
Azoxystrobin 83-88 0.003 8-12 Azoxystrobin 88-90 0.003 <8
Kresoxim - methyl 80-84 0.002 51 Kresoxim - methyl 87-90 0.002 <5
Picoxystrobin 85-90 0.002 51 Picoxystrobin 90-95 0.002 <5
Trifloxystrobin 82-87 0.002 7-10 Trifloxystrobin 87-91 0.002 <5

3 VYSLEDKY A DISKUSE

Byly testovany tfi typy extrakénich SPE kolonek — ENVI™Car-
bll/PSA, LiChrolut EN a Discovery DSC-18 pro vzorky je€mene
a sladu a dva typy kolonek — ENVI™Carbll/PSA a LiChrolut EN pro
vzorky piv.

Kolonka ENVI™Carbll/PSA poskytovala velice dobré vysledky pro
vzorky jeémene a sladu. Pfi optimalizaci kolonky byly provadény eluce
analyt rznymi eluénimi objemy (10 ml, 6 ml, 4 ml a 3 ml) smési
acetonitril:toluen (3:1). Jako nevhodnéjsi byl zjistén objem 3 ml, pfi
kterém dochazelo k nejmensi eluci interferentt a k nejvys$si vytéz-
nosti. Kolonka v8ak nebyla vhodna pro analyzy vzorku piv, protoze
dochéazelo k rozmyvani analytd a k eluci interferujicich latek.

Kolonky LiChrolut EN a Discovery DSC-18 nebyly vhodné pro ana-
lyzy jeémene a sladu. Pfi pouziti téchto kolonek dochazelo k nedo-
stateCnému oddéleni interferujicich latek, které mély pfi chromato-
grafické analyze stejné retenéni ¢asy jako stanovované analyty.

Pro analyzy vzorkd piv byla nejvhodnéjsi kolonka LiChrolut EN.
Tato kolonka je vhodna pro zakoncentrovani a ¢isténi vétsich objem
a u vzorku piv dochazelo k dostateénému oddéleni interferujicich 1a-
tek.

Byla optimalizovana metoda stanoveni strobilurin(i v je¢meni, sladu
a pivu [3]. Valida¢ni parametry pro jednotlivé matrice a SPE kolonky
jsou uvedeny v tab. 3a 4.

Vysledky stanoveni jednotlivych latek ve sladu, je¢meni a pivu jsou
uvedeny v fab. 5.

4 ZAVER

Strobilurinové pesticidy predstavuji skupinu pesticidl, jez ma po-
mérné Siroké spektrum ucinnosti proti houbovitym chorobam. Jedna
se o relativné novou skupinu latek, ktera nemusi byt dokonale pro-
zkoumana a mozné dlouhodobé nésledky jejich rezidui nejsou do-
state€¢né presné popsany. Tyto latky tedy mohou znamenat zdravotni
riziko pro lidsky organismus.

Cilem této prace bylo zjistit mozné stopy strobilurinovych pesticidli
v je€meni, sladu a pivu. Pfipadny nadlimitni vyskyt rezidui by monhl
ohrozit konzumenta, proto je nutné je sledovat. Pfipustné limity rezi-
dui jsou stanoveny Vyhlaskou €. 381/2007 Sb. ze dne 19. prosince
2007 o stanoveni maximalnich limitd rezidui v potravinach a surovi-
nach.

Byly analyzovany vybrané v ochrané sladovnického jeémene v CR
nejvice pouzivané strobiluriny — azoxystrobin, kresoxim-methyl, pi-
coxystrobin a trifloxystrobin.

V souc¢asnosti neni popsano mnoho metod, které se zabyvaiji sta-
novenim strobilurind v obilovinach nebo pivu [4, 5, 6, 7, 8]. VétSina
uvefejnénych praci se vénuje stanoveni téchto latek v ovoci a hroz-
nech révy vinné. Proto bylo nutné optimalizovat metodu pro stano-
veni v obilovinach a pivu. Obiloviny, tedy analyzovany jeémen, obsa-
huji znaéné mnozstvi barviv, pfedevSim chlorofylu, které znacné
znepfijemnuji stanoveni metodou GC-MSD, protoZze mohou prekry-
vat stanovované analyty a dale zatézuji iontovy zdroj. Obdobna situ-
ace nastava i u vzorkUl piva, kde je nezbytné odstranit interferujici ba-
lastni latky.

Byla optimalizovana a validovana metoda stanoveni vybranych

3 RESULTS AND DISCUSSION

Three types of extraction SPE columns — ENVI™Carbll/PSA, Li-
Chrolut EN and Discovery DSC-18 for samples of barley and malt
and two types of columns — ENVI™Carbll/PSA and LiChrolut EN for
samples of beer were tested.

The ENVI™Carbll/PSA column provided very good results for bar-
ley and malt samples. To optimize the column, the analytes were elu-
ted using various elution volumes (10 ml, 6 ml, 4 ml and 3 ml) of the
acetonitrile:toluene mixture (3:1). The 3 ml volume was found as the
most suitable; it provided the least elution of interferents and the hig-
hest recovery. But this column was not suitable for the analyses of
beer samples due to washing off the analytes and elution of the in-
terfering substances.

The LiChrolut EN and Discovery DSC-18 columns were not sui-
table for the analyses of barley and malt. When using these columns,
the interfering substances were insufficiently separated and at chro-
matographic analyses they had the same retention times as the de-
termined analytes.

The LiChrolut EN column proved to be the most suitable for the
analyses of beer samples. This column is suitable for concentration
and purification of bigger volumes and in the beer samples, the in-
terfering substances were sufficiently separated.

The method for determination of strobilurines in barley, malt and
beer was optimized [3]. Validation parameters for the individual ma-
trices and SPE columns are given in tables (Tab. 3, 4). Results of the
determination of individual substances in barley, malt and beer are
given in tab. 5.

4 CONCLUSION

Strobilurine pesticides represent a group of pesticides with a qu-
ite wide spectrum of efficiency against fungal diseases. A relatively
new group of substances is regarded here which has not been per-
fectly investigated and possible long-term consequences of their re-
sidues have not been sufficiently described. These substances may
therefore represent health risk for the human organism.

The aim of this study was to determine possible traces of strobilu-
rine pesticides in barley, malt and beer. Possible excessive occur-
rence of resiudes could endanger a consumer, for this reason it is
necessary to monitor them. Acceptable limits of residues are given
by the Notice no. 381/2007 Coll. of 19" December 2007 on determi-
nation of maximum limit of strobilurine residues in foods and raw ma-
terials.

Selected strobilurines, the most frequently applied in protection of
malting barley in the CR, were analysed — azoxystrobin, kresoxim-
methyl, picoxystrobin, trifloxystrobin.

So far only few methods for the determination of strobilurines in
cereals or beer have been described [4, 5, 6, 7, 8]. Majority of the
published studies have been focused on the assessment of these
substances in fruit and wine grapes. Therefore, it was necessary to
optimize the method for the determination in cereals and beer. Ce-
reals, i.e. determined barley, contain a considerable amount of dyes,
first of all chlorophylls, which considerably hamper the analysis with
the GC-MSD method as they can overlap the determined analytes

Tab. 5 Obsah rezidui strobilurinG v analyzovanych vzorcich / Content of strobilurine residues in the analysed samples

Pocet analyzovanych vzork(
Number of analysed samples

azoxystrobin

kresoxim-methyl | picoxystrobin trifloxystrobin

Jeémen / barley 50 <LOQ <LOQ <LOQ < LOQ
Slad / malt 50 <LOQ < LOQ <LOQ <LOQ
Pivo / beer 25 <LOQ < LOQ <LOQ <LOQ




KVASNY PRUMYSL
ro¢. 54 /2008 — ¢islo 11-12

337

strobilurin(i v jeémeni, sladu a pivu. Pro precisténi extraktd z jeémene,
sladu a vzorku piva byla optimalizovana SPE metoda vybérem vhod-
nych kolonek pro jednotlivé matrice. Pro jeCmen a slad byla nej-
vhodnéjsi kolonka ENVI™Carbll/PSA a pro vzorky piva kolonka Li-
Chrolut EN.

Obsahy strobilurini ve vSech analyzovanych vzorcich byly pod
mezi stanoveni a tedy i pod hodnotou maximalniho limitu reziduf
(MLR) daného Vyhlaskou &. 381/2007 Sb. ze dne 19. prosince 2007
o stanoveni maximalnich limitd rezidui v potravinach a surovinach.
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Nachodsky pivovar predstavuje dalSi pivni unikat

V roce 2008 pfiSel Pivovar Nachod, a. s.,
se zajimavou novinkou z rodiny svrchné kva-
Senych piv, které jsou v segmentu komer¢-
nich pivovaru porad jesté vyjimkou. Jedna se
0 svrchné kvasené tmaveé pivo anglo-irského
puvodu — PRIMATOR Stout. Vyrabi se infuzni
technologii ze ¢tyf druh sladt (Ceského, ba-
vorského, nakufovaného, barviciho), praze-
ného je€mene, nesladovaného ovsa a z ori-
ginalnich britskych chmelli. Pro toto pivo je
charakteristicka velmi tmava barva, vyrazna
chut prazeného jeCmene, silna horkost,
ovocné toény, krémova plnost a smetanova
péna. V portfoliu Pivovaru Nachod doplini
ostatni specialni piva typu Weizenbier a Eng-
lish Pale Ale.

Pivovar Néachod, a. s., je jiz po fadu let pro-
sluly svymi experimenty se specialnimi a u
nas neobvyklymi druhy piv. | kdyz jde o kla-

sicky komeréni pivovar, jeho portfolio je vice
nez srovnatelné se sortimentem restaurac-
nich mikropivovaru. V nasich podminkach ne-
obvyklou filozofii komentoval pro tisk gene-
ralni feditel Josef Hlavaty: ,Jedna se o dalsi
prirozeny krok v nasi filozofii— Specialisty na
specidly — s cilem obohacovat cesky pivni trh
o netradi¢ni produkci a neomezovat spotre-
bitelské chuté pouze na jeden typ piva, kon-
krétné Cesky leZak. Uvédomujeme si, Ze se
tak trochu davame do boje se znacné kon-
zervativnim pfistupem ¢eského konzumenta
piva, ale pravé zvysujici se odbyt v segmentu
specialnich piv v poslednim obdobi nam po-
tvrzuje, Ze i u nds po letech izolace a zakon-
zervovani spotrebitelskych zvyklosti se po-
stupné objevuje skupina konzumentd, ktera
je ochotna experimentovat a neomezuje se
jen na uniformni fadovou produkci.”

Prfedvanocni novinka Plzenského Prazdroje

V listopadu predstavil Plzensky Prazdroj,
a.s., novou znacku piva — Gambrinus 11° Ex-
celent. Stejné jako jeho sourozenci, Gambri-
nus vycepni svétly (10°) a Gambrinus Pre-
mium (12°), i Gambrinus 11° Excelent se
vyrabi tradiénim pivovarskym postupem s od-
délenym hlavnim kvaSenim a zranim. Gamb-

rinus se vafi pouze ze tfi pfirodnich pivovar-
skych surovin (jec¢ny slad, chmel a voda) a
jako v&echny vyrobky zna¢ky Gambrinus tak
spliiuje podminky k pouZzivani chranéného
oznaceni Ceské pivo. Jméno Excelent pro no-
vou plzefiskou jedenactku vzeslo z interne-
tové srpnové ankety mezi samotnymi konzu-

Nové pivo PRIMATOR Stout bude nabizeno
nejSirsi vefejnosti prostfednictvim obchod-
nich fetézct a nezavislé maloobchodni sité,
v dal$i fazi pak bude dodavano do sité vy-
branych gastronomickych zafizeni. Pivo bude
vyrabéno ve vratnych lahvich typu NRW o ob-
jemu 0,5 I. Pro gastronomické Ucely budou
k ¢epovani vyuzivany sklenice se specialnim
designem. Na podporu prodeje pivovar pfi-
pravuje fadu marketingovych aktivit, k nimz
budou patfit pfedevSim ochutnavky v misté
prodeje, dale k tomuto ucelu specialné vyro-
bené POS/POP, a to vSe v kombinaci s ko-
munikacnimi a PR aktivitami prostfednictvim
tisku a dalSich médii. Pivovar planuje v bu-
doucnu vyrabét priblizné 2000 hl tohoto spe-
ciélniho druhu piva.

Podle tiskové zpravy — F2

menty. Gambrinus 11° Excelent je pivo pro
Zitosti, v obchodni siti se objevil v druhém li-
stopadovém tydnu. Dodava se v klasickych
0,5 I lahvich, a to v pfepravkach i multipacich
po osmi kusech, a v KEG sudech (50 a 30 I).

Tiskova zprava Plzeriského Prazdroje, a. s.



