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STANOVENI DEOXYNIVALENOLU (DON) VE SLADU VYROBENEM
Z JECMENU CILENE INFIKOVANYCH IZOLATY Fusarium spp.
1. Sledovani vlivu DON na gushing a dalsi kvalitativni parametry sladu

LEVELS OF DEOXYNIVALENOL (DON) IN MALT PREPARED FROM BARLEY
ARTIFICIALLY INOCULATED WITH Fusarium spp.
1. Influence of DON on Gushing and Other Technological Parameters of Malt
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1 UvVOD

Ceredlie fadime mezi zemédélské plodiny, které jsou ¢asto
napadany hmyzimi Skddci nebo houbovou infekci (pfi vhod-
nych klimatickych podminkach pro jejich rast). Celosvétové
rozSifené houbové onemocnéni, nazyvané ,Fusarium head
blight* (FHB), vyskytujici se nej¢astéji u pSenice a jeCmene,
bylo popsano jiz na konci devatenactého stoleti [1].V posledni
dobé byl zaznamenan masivni vyskyt FHB v Némecku (epi-
demie 1987 a 1991), na stfedozapadé USA a v Kanadé (Ma-
nitoba, od roku 1993) [2]. NejCastéji se FHB vyskytuje ve vih-
kych a stfedné vihkych péstebnich lokalitach, ale protoze je
zavisla i na dal$ich klimatickych podminkach (teplota), mlze
se vyskyt FHB rok od roku velmi ménit. Moznosti restrikce vy-
skytu FHB jsou v sou¢asnosti omezené (Casté zmény klima-
tickych podminek). Naopak moderni metody zemédélské
praxe (napf. minimalni orba, omezena aplikace fungicidu)
spiSe nahravaji rlistu FHB a dalSimu rozsifeni fusarii.

Houbové mycelium Fusarium spp. mize zpUsobit velké
ekonomické ztraty, znacné ponicit urodu, snizit kvalitu produ-
kovaného zrna (sterilni, svrastélé obilky, ¢asto narGzovélé

Keywords: barley, malt, deoxynivalenol, gushing, oxalates

1 INTRODUCTION

Cereals are ranged among the agricultural crops often at-
tacked by insect pests or fungal infections (under the conve-
nient climatic conditions for their growth). Globally spread fun-
gal disease called “Fusarium head blight“ (FHB), occurring
most frequently in wheat and barley, was described already
in late 19th century [1]. Recently the massive incurrence of
FHB was recorded in Germany (epidemic in 1987 and 1991),
in the Middle West of the USA and in Canada (Manitoba, since
1993) [2]. Most frequently FHB occurs in damp and medium
damp growing localities but as it also depends on further cli-
matic conditions (temperature), FHB incurrence can change
a lot year after year. Possibilities to restrict the FHB incur-
rence are limited today (frequent changes of climatic conditi-
ons). Conversely, modern methods of the agricultural prac-
tice (e.g. minimal tillage, limited application of fungicides)
rather help to FHB growth and further spread of fusaria.

Fungal mycelium Fusarium spp. can cause great econo-
mic losses, damage crop considerably, lower the quality of
the produced grain (sterile, shrunken caryopses of pinkish co-
lour) or it can become a cause of disease of farm animals fed
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barvy), a popfipadé se také stat pfi¢inou onemocnéni hos-
podarskych zvifat krmenych takto napadenym zrnem. Nic-
méné vyskyt houbového mycelia je pouze pocatkem problému
spojenych s FHB. Houba je totiz schopna produkovat jako
soucast svého sekundarniho metabolismu velmi stabilni to-
xické latky, mykotoxiny, které jsou odolné vici tepelnému
oSetfeni a mohou tedy pfechazet az do finalnich potravinar-
skych produktt, napf. mouky a pekarskych vyrobk( nebo piva,
jejichz prostrednictvim mlze u ¢lovéka dochazet k pfijmu my-
kotoxind.

K nejcastéji se vyskytujicim fusariovym toxinlm (tricho-
thecenového typu) fadime pfedevsim deoxynivalenol (DON
— nékdy také oznacovan nazvem ,vomitoxin®, jelikoz hlavnim
pfiznakem akutni otravy je zvraceni neboli vomitus). Jeho nej-
vétsimi producenty jsou F. graminearuma F. culmoruma DON
se vyskytuje obvykle v nékolikandsobné vyssich koncentra-
cich nez ostatni trichotheceny (T-2 toxin, HT-2 toxin, acetylo-
vany deoxynivalenol, nivalenol atd.) a zearalenon.

Prechod mykotoxint z jeémene do piva je zavisly na jejich
rozpustnosti a tepelné stabilité. Produkce DON v prubéhu sla-
dovani je velmi riznoroda a pravdépodobné zavisi jak na od-
riidé jeémene, tak na technologickych podminkach sladovani.
Nalézané koncentrace DON ve sladu se obvykle pohybuji na
nizsich hladinach nez v je¢meni [3]. Ac¢koli DON je rozpustny
ve vodé, nedochazi k jeho vyraznému ubytku pfechodem do
macecich vod v priibéhu maceni jeCmene, ale spiSe dochazi
k jeho dalsi tvorbé b&éhem maceni a kli€eni (probiha pfi opti-
malnich teplotach a vlhkosti pro rist dal$iho houbového my-
celia). DON patfi mezi inhibitory proteinové syntézy, a tudiz
muUze potencialné ovliviiovat i proces kli¢eni sladu. Mycelium
jako takové je také producentem amylolytickych a proteoly-
tickych enzymu a giberelinQ, které mohou podpofit enzymo-
vou syntézu v jeémeni [4]. V pribéhu hvozdéni pak dochazi
ke zniCeni mycelia a zastaveni produkce DON, nikoli v&ak
k jeho odstranéni ¢i degradaci na netoxické degradacni pro-
dukty. V priibéhu dal$iho technologického kroku vyroby piva,
rmutovani, dochazi obvykle k odstranéni 80-95 % DON. A¢-
koli jeho rezidua diky vysoké tepelné stabilité mohou pre-
chazet do dalsiho meziproduktu, je tfeba si uvédomit, ze pfi
vafeni piva dojde jesté k dalSimu osmi az desetinasobnému
zfedéni jeho koncentrace. Napf. v prubéhu sledovani vyskytu
DON v komeréné prodavanych pivech (6 studii zahrnujicich
analyzu 327 piv z USA, Kanady a Evropy) nebyl u vétsiny
vzork( viibec detegovan a pokud ano, jeho koncentrace se
pohybovala mezi 5-20 ppb [5]. V tomto pfipadé by tedy mu-
sel jedinec zkonzumovat najednou nékolik stovek litr( piva,
aby pozil letalni davku DON (akutni toxicita, pro my$ LDsg
DON pfi oralnim podani je 46 mg/kg télesné hmotnosti, tj.
davka, kterd zpusobi akutni uhynuti 50 % experimentalnich
zvirat).

Dlouhodobéjsi pozivani nizkych hladin toxind (chronicka to-
xicita) se u hospodarskych zvifat projevuje jako snizena pro-
duktivita, tj. zpomaleny rlst a snizeny vahovy pfirstek, zpo-
malena schopnost rozmnoZovani, nizSi trzni kvalita
hospodarskych zvifat. Dlouhodoby pfijem potravin kontami-
novanych trichotheceny je u lidského organismu spojovan
s vyskytem rlznych onemocnéni, jako je septicka angina
(ATA-Alimentary Toxic Aleukia), akutni DON toxikdza, Akabi-
byo toxikéza, otrava Cervenou plisni (Red Mold Disease — po-
jmenovana podle &ervené diskolorace napadeného zrna)
nebo Stachybotrytoxik6za (zavinéna makrocyklickymi tricho-
theceny — satratoxiny, roridin E, verrucarin J). Mykotoxikézy
vyvolané pozitim potravin vyrobenych z obili obsahujiciho mik-
roskopickou vlaknitou houbu F. graminearum byly v minulosti
detailnéji popsany v Japonsku, Ciné a také Indii.

Trichotheceny, jak jiz bylo Fe€eno, jsou latky stabilni
a odolné vuci tepelnému zpracovani. Proto vybrat vhodnou
metodu dekontaminace potravin a krmiv je velmi obtizné pre-
devsim s ohledem na mozné znehodnoceni jejich vyZzivové
kvality. Pfedejit pouziti kontaminované suroviny pro vyrobu po-
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with a grain infected like that. All the same, occurrence of fun-
gal mycelium is only the beginning of problems associated
with FHB. Fungus is able to produce as a part of its secon-
dary metabolism very stable toxic substances, mycotoxins
that are resistant to thermal treatment and can thus pass even
to the final food products, for example flour and bakery pro-
ducts or beer through which man can take up mycotoxins.

To the most frequently occurred fusarium toxins (of a tri-
chothecene type) we range first of all deoxynivalenol (DON
— sometimes also marked as “vomitoxin®, because vomiting,
in other words vomitus, is a basic symptom of the acute poi-
soning). Its major producers are F. graminearum and F. cul-
morum and DON usually occurs in multiply higher concent-
rations than the other trichothecenes (T-2 toxin, HT-2 toxin,
acetylated deoxynivalenol, nivalenol, etc.) and zearalenon.

Transition of mycotoxins from barley to beer depends on their
solubility and thermal stability. Production of DON in the course
of malting is much heterogenous and it probably depends both
on the barley variety and on the technological conditions of mal-
ting. The determined concentrations of DON in malt usually
move on the lower levels than in barley [3]. Though DON is so-
luble in water, its transition to steeping waters does not bring
its substantial decline during steeping of barley but there is
another production of it during steeping and germination in-
stead (it proceeds at optimal temperatures and moisture for
growth of further fungal mycelium). DON belongs to inhibitors
of a protein synthesis and thus it can potentially influence also
the process of malt germination. Mycelium as such is also a pro-
ducer of amylolytic and proteolytic enzymes and gibberellins
that can support enzymatic synthesis in barley [4]. In the course
of kilning, DON production is stopped and mycelium is destro-
yed, but not removed or degraded to non-toxic degradation pro-
ducts. During another technological step of the beer produc-
tion, mashing, 80-95% of DON is usually removed. Though due
to a high thermal stability, its residua can pass to another in-
termediate product, we must realize that during brewing its con-
centration is further 8-10 times diluted. For example, in the
course of following the incidence of DON in commercially sold
beers (6 studies including an analysis of 327 beers from the
USA, Canada and Europe), it was not detected at all in majo-
rity of samples and if it was, its concentration varied between
5-20 ppb [5]. In this case an individual would have to drink a few
hundreds of litres of beer at once in order to consume a lethal
dosage of DON (acute toxicity, for a mouse LDs, DON is
46 mg/kg of the body weight when administered orally, that is
a dosage causing 50 % mortality of the experimental animals).

In farm animals, the consumption of low levels of toxins
(chronic toxicity) for a longer period expresses itself as a re-
duced productivity, i.e. slowdown in growth and body weight
gain, reduced reproduction ability, lower market quality of farm
animals. Long-term intake of food contaminated by trichothe-
cenes is in the human organism connected with incurrence
of various diseases as septic angina (ATA-Alimentary Toxic
Aleukia), acute DON toxicosis, Akabi-byo toxicosis, poison
with red mold (Red Mold Disease — named after red discolo-
ration of the infected grain) or Stachybotrytoxicosis (caused
by macrocyclic trichothecenes — satratoxins, roridin E, verru-
carin J). In past mycotoxicoses induced by consumption of
food produced from grains containing microscopic fibrous fun-
gus F. graminearum were described in more details in Japan,
China and also in India.

Trichothecenes, as we have already mentioned, are stable
substances and they are resistant to thermal processing. The-
refore it is very difficult to choose a suitable method for food
and feed decontamination, mainly with respect to possible de-
valuation of their nutritious quality. Prevention of use of the
contaminated material for the production of food is possible
mainly by consistent checking initial materials and removing
infected grains before the technological processing of the food
material. Sieving, removal of outer grain parts, washing, mil-
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travin Ize prfedevsim duslednou kontrolou vstupnich surovin
a odstranénim napadenych zrn pfed zapocetim technologic-
kého zpracovani potravinarské suroviny. Mezi nejcastéji pou-
zivané metody patfi sitovani, odstranéni vnéjSich ¢asti zrn,
promyvani, mleti (suché a mokré), separace napadenych zrn
dle jejich zbarveni (napf. k automatickému tfidéni se v CR Us-
pésné pouziva separator Sortex, vybaveny optickym &idlem),
ozarovani a rtzné formy technologickych a kulinarnich uprav
jako napf. pasterace, sterilace, zamrazeni nebo mikrovinny
ohfev. Uspésnost téchto dekontaminacénich postupu zavisi na
rozsahu a intenzité CiSténi, stupni kontaminace a distribuci
mykotoxin( v zrnech. VétSina v soué¢asnosti pouzivanych zp(-
sobU kontroly sladovnického jeémene vSak neni efektivni ani
z hlediska technologického, ani ekonomického. Napf. sepa-
race fusarii napadenych zrn na zakladé jejich niz§i hmotnosti
oproti zdravym zrniim snizila obsah DON pouze o 10-20 %.
Chemické oSetfeni sladu v pribéhu sladovani také neni fe-
Senim, prfedev§im z dlvodu vzniku nezadoucich sekundar-
nich latek, které ovliviuji kvalitu sladu. Prostym feSenim to-
hoto problému se tedy zd& byt jedina moznost, vyhnout se
pouzivani kontaminovaného je€mene pro vyrobu sladu a da-
vat pfednost péstovani vhodnych odrid jeémene odolnych
vUc¢i houbovym patogentim.

K nejcastéjSim efektlm spojovanym s vyskytem FHB patFi
tzv. primarni gushing. Pfitomnost FHB v obilce je€mene a ve
sladu je také spojovana s dalSimi vedlejSimi efekty ovliviuiji-
cimi kvalitu piva, jako je ,off-flavour” nebo pfedCasna floku-
lace kvasnic, ktera vede k pfed¢asnému ukonc&eni fermen-
tace [6].

Termin gushing je bézny jak v anglické, tak v némecké li-
teratufe a byva jim ozna¢ovano samovolné pfepénéni piva
z lahve nebo plechovky. Projevuje se pfedevdim u piva, ale
muze se vyskytnout i u nealkoholickych napoja. Jde v pod-
staté o okamzité uvolnéni oxidu uhli¢itého (CO,) po otevieni
nadoby [7]. Vyskyt gushingu je spojovan, jak jiz bylo pozna-
menano, s hapadenim obilky je€mene mikroskopickymi viak-
nitymi houbami nejen rodu Fusarium, ale i napf. Aspergillus,
Rhizopus, Penicillium a Nigrospora. Vlastni latky, zpasobuijici
gushing, v8ak nejsou pfesné znamy. Pfedpoklada se, ze se
jedna o latky, které jsou produkovany jako odezva na pred-
chozi stres organismu, at uz v obdobi ristu nebo pfi nasled-
ném zpracovani surovin za urgitych podminek (mikrobialni na-
padeni, technologické zpracovani jeEmene — sladovani
apod.). Pfi¢inou gushingu mohou byt jednak metabolity vylu-
Cované patogeny, jednak slouceniny, které se uvolfiuji z na-
rusovanych bunécénych stén obou organisml a souvisi s je-
jich obranyschopnosti. Latky mohou byt napf. bilkovinné
povahy nebo nalezi mezi polysacharidy. Cely komplexni me-
chanismus reakci, ktery se spusti pfi napadeni rostliny pato-
genem, je velmi slozity. Z tohoto dlivodu i cela problematika
Lplvodcl“ gushingu a dalSich uvedenych technologickych
problému vyroby piva neni dosud vyfeSena.

Gushing ale nemusi vZdy souviset s pfitomnosti patogenu
(fusarii). PFi¢inou tzv. sekundarniho gushingu, ktery ne-
souvisi s kvalitou sladu, mohou byt nékteré z vyrobnich fak-
torQ, napf. hruby povrch lahvi, pfesyceni oxidem uhli¢itym, vy-
soka koncentrace nékterych tézkych kovu, oxidaéni produkty,
nespravna manipulace s pivem a fada dalSich. Také zvySeny
obsah stavelant (ve formé stavelanu vapenatého) mize vy-
znamné pfispét k uvedenému jevu. Obsah Stavelant v pivu
je uréen prevazné obsahem stavelan( v jeémeni a ve sladu.
Je ovlivnén nejen roénikem, ale i odrddou [8]. Ovlivnit mnoz-
stvi Stavelant mlze i obsah vapniku v pivovarské vodé a ve
sladu [9].

Hlavnim cilem nasi studie (2000-2002) bylo na zakladé pol-
nich pokusu s cilené inokulovanymi vhodné vytipovanymi od-
ridami jeémene sledovat zmény obsahu DON v je¢meni
a sladu a dale se zaméfit, popf. definovat vztah mezi obsa-
hem DON, gushingem, obsahem kyseliny Stavelové a tech-
nologickymi parametry sladu.
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ling (dry and wet), separation of infected grains based on their
colour (in the CR, for example, a separator Sortex fitted with
an optic sensor is used successfully for automatic grading), ir-
radiation and various forms of technological and culinary tre-
atments as for example pasteurization, sterilization, freezing
or microwave heating belong to the most frequently used met-
hods. Fruitfulness of these decontamination processes de-
pends on the range and intensity of refinement, level of con-
tamination and mycotoxin distribution in grains. However,
majority of the currently used methods of a malting barley con-
trol is not efficient, neither from the technological nor econo-
mic point of view. For example, separation of the grains affec-
ted by fusaria based on their lower weight versus healthy grains
reduced the content of DON only by 10-20 %. The chemical
treatment of malt in the course of malting is not a solution eit-
her mainly due to the generation of undesirable secondary
substances affecting the malt quality. The only possibility
seems to be a simple solution of this problem — to avoid using
contaminated barley for the malt production and to prefer gro-
wing suitable barley varieties resistant to fungal phatogenes.

So called primary gushing belongs to the most frequent
effects connected with the incidence of FHB. Presence of FHB
in a barley caryopsis and malt is also connected with other
side effects influencing the beer quality as off-flavour or pre-
mature flocculation of yeasts leading to precocious termina-
tion of fermentation [6].

Term gushing is common both in the English and in German
literature and it usually indicates spontaneous over-foaming of
beer from a bottle or tin. It expresses itself mainly in beer but it
can occur in non-alcoholic beverages as well. Basically, imme-
diate releasing of carbon dioxide (CO,) after opening a bottle,
is regarded here [7]. Gushing incidence is associated as alre-
ady noted, with the attack of a barley caryopsis by microscopic
fibrous fungi not only of species Fusarium but also for example
Aspergillus, Rhizopus, Penicillium, and Nigrospora. The very
substances causing gushing, however, are not known exactly.
It is supposed that these are substances produced as a res-
ponse to a previous stress of an organism either in the growing
period or during the consequential processing of materials un-
der the certain conditions (microbial infection, technological bar-
ley processing — malting, etc.). Gushing can be caused either
by metabolites that are secreted by pathogens or compounds
released from infringed wall cells of both organisms and are
in relation to their striking power. Substances can be for exam-
ple of a protein nature or they belong to polysaccharides. The
whole complex mechanism of reactions that is triggered after
the plant attack by a pathogene, is very complicated. This is
the reason why all the relevant questions regarding “casual
agents“ of gushing and other presented technological pro-
blems of the beer production have not been solved yet.

Gushing, however, does not always have to be related to
the presence of pathogenes (Fusaria). Some of the produc-
tion factors as for example abrasive surface of bottles, su-
persaturation with carbon dioxide, high concentration of some
heavy metals, oxidation products, incorrect handling with beer
and many others, can be a cause of a so-called secondary
gushing which is not related to the quality of malt,. The inc-
reased content of oxalates as well (in form of calcium oxa-
late) can contribute significantly to the given phenomenon.
The content of oxalates in beer is prevailingly determined by
the oxalate content in barley and malt. It is influenced not by
a year only but by a variety as well. [8]. The amount of oxa-
late content can be influenced also by the calcium content in
brewing water and in malt [9].

The principal objection of our study (2000-2002) was, ba-
sed on the field trials with purposefully inoculated, suitably
selected barley varieties, to follow changes in the content of
DON in barley and malt and further to focus on or to define
the relation among the content of DON, gushing, oxalate acid
content and technological malt parameters.
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2 EXPERIMENTALNI CAST

2.1 Polni experimenty

Polni pokusy byly provadény ve spolupraci se Zemédél-
skym vyzkumnym tstavem Kromériz v prabéhu sklizni 2000-
2002. Uméla infekce fusarii byla provedena v obdobi kvétu
jarniho jemene vysoce patogennimi izolaty Fusarium cul-
morum. Po predplodiné cukrovka byl na poli vZdy ponechan
rozdrceny chrast a zapraven do pudy stfedni orbou. Sklizen
cukrovky byla provedena v raném terminu. U pfedplodiny pSe-
nice v roce 2002 byly posklizfiové zbytky mélce zapraveny do
pudy diskovanim.

2.2 Stanoveni deoxynivalenolu

Pro ureni obsahu DON byla pouzita multirezidualni ana-
lytickd metoda pro stanoveni trichothecenovych mykotoxinG
publikovana Radovou a kol. [10]. Metoda sestavala z extrakce
10 gram( vzorku 100 ml smési acetonitril-voda (84:16, v/v),
1 h tfepani na tfepacce, filtrace pres skladany filtr, precisténi
alikvotu pomoci SPE-MycoSep 225 kolony (odebirana frakce
4 ml) a derivatizace do sucha odpafeného rezidua vzorku tri-
fluoacetanhydridem kyseliny octové (100 ul TFAA/20 min/60
°C). Pro identifikaci a kvantifikaci byla vyuzita plynova chro-
matografie s detektorem elekronového zachytu (GC/ECD) za
podminek: kolona HP-35 (30 m 0,25 mm 0,15 um), nastfik 1 ul
(splitless), nosny plyn He — pratok 1 mil/min, make-up plyn N,
— pratok 50 ml/min, teplotni program — 80 °C zadrz 2 min,
vzrlst 5 °C/min do 150 °C, vzrust 3 °C/min do 207 °C, vzrlst
1,5 °C/min do 250 °C, 250 °C zadrz 5 min, teplota detektoru
300 °C, teplota nastfiku 250 °C.

2.3 Technologie sladovani

Vzorky jeémene byly sladovany upravenou technologii ur-
¢enou pro vyrobu sladu, které se podrobuji testu na gushing,
tzn. maceni dvoudenni 3-5 h pod vodou, kli¢eni 6 dni, hvoz-
déni 1 x 22 h pfi dotahovaci teploté 80 °C po dobu 4 h.

2.4 Gushing

Ke stanoveni gushingu ve sladu byl pouzit tfidenni test Carls-
berg [11]. Metoda je zaloZzena na predpokladu, Ze markery
pfepénéni jsou ve vodé rozpustné, aktivni a rozpustné po po-
vafeni a aktivni za podminek prevladajicich v pivu. Postup za-
hrnuje nahrazeni 50 ml nepfepénujiciho hotového piva sla-
dovym extraktem, tfidenni tfepani a pak otevieni.

2.5 Stavelany a dal$i zakladni kvalitativni parametry
jeémene a sladu

Obsah kyseliny Stavelové byl stanoven metodou kapilarni
izotachoforézy [12]. Zakladni parametry je€mene a sladu byly
stanoveny podle Pivovarsko-sladafské analytiky [13] a Ana-
lytiky EBC [14]. U je€mene se stanovila vliaha a obsah bilko-
vin. U vzorkl vyrobenych sladl se stanovila barva EBC, vis-
kozita, extrakt, rozdil extraktu DLFU, relativni extrakt,
diastaticka mohutnost, obsah bilkovin, rozpustny dusik, Kol-
bachovo &islo, friabilita a obsah B-glukan(.

3 VYSLEDKY A DISKUSE

Pfi polnich experimentech v letech 2000-2001 byla jako
pfedplodina zvolena cukrovka, ktera je fazena spolu s fep-
kou nebo obilninami mezi pfedplodiny vhodné pro péstovani
obilnin. Oproti kukufici neposkytuji dostatek organickych
zbytk( plodin, jeZ jsou vhodnym substratem pro pfenos hou-
bového mycelia. Dale byly vytipovany na zakladé dlouho-
dobych pokust s odradami sladovnického je¢mene a zna-
losti péstovanych odrid v Ceské republice takové tfi odrtdy
sladovnického je€mene, aby bylo pokryto celé spektrum, od
odrdy nachylné k houbové infekci (Akcent), pfes stfedné
odolné odriidy (Kompakt) az po odriidy k houbové infekci

149

2 EXPERIMENTAL PART

2.1 Field experiments

Field trials were carried out in cooperation with the Agri-
cultural Research Institute Kroméfiz during the harvests of
2000-2002. Artificial infection with fusaria was carried out in
the period of spring barley blossom with highly pathogenic
isolates of Fusarium culmorum. After a foregoing crop sugar
beet, crushed beet tops were always left on a field and app-
lied to soil by medium ploughing. Sugar beet harvest was
made in the early period. In the year 2002, in the foregoing

crop wheat, crop residues were shallowly ploughed into soil.

2.2 Assessment of deoxynivalenol

The multiresidual analytical method for the determination of
trichothecene mycotoxins published by Radova et al was used
to assess the DON content [10]. The method comprised of the
extraction of 10 grams of a sample of 100 ml of a mixture ace-
tonitril-water (84:16, v/v), shaking in a shaker for 1 hour, filtra-
tion through a folded filter, refining of the aliquot by means of
SPE-MycoSep 225 column (sampled fraction of 4 ml) and de-
rivatization of a sample residuum evaporated to dry by trifluoa-
cetanhydrid of acetic acid (100 ul TFAA / 20 min / 60 °C). For
the identification and quantification, gas chromatography with
an electron catching detector (GC/ECD) was used under the con-
ditions: column HP-35 (30 m 0.25 mm 0.15 m), feed 1 pl (split-
less), carrying gas He — discharge 1 ml/min, make-up gas N, —
discharge 50 ml/min, temperature programme — 80 °C deten-
tion 2 min, increase 5 °C/min to 150 °C, increase 3 °C/min to
207 °C, increase 1,5 °C/min to 250 °C, 250 °C detention 5 min,
detector temperature 300 °C, feed temperature 250 °C.

2.3 Malting technology

Barley samples were malted by the adopted technology
determined for the production of malts subjected to the gus-
hing test, it means two-day steeping, 3 — 5 hours under wa-
ter, germination for 6 days, kilning 1 x 22 hours at the kilning
temperature 80 °C for the period of 4 hours.

2.4 Gushing

The three-day Carlsberg test was used for determination
of gushing in malt [11]. The method is based on the pre-
sumption that markers of overfoaming are soluble in water,
active and soluble after boiling, and active under the conditi-
ons prevailing in beer. The procedure includes replacement
of 50 ml of a finished non-overfoaming beer with malt extract,
three-day shaking and then opening.

2.5 Oxalates and other basic qualitative parameters
of barley and malt

The content of the oxalate acid was assessed by the met-
hod of capillary izotachophoresis [12]. The basic parameters
of barley and malt were assessed pursuant to Brewing and
Malting Analytics [13] and Analytica EBC [14]. Moisture and
the protein content were assessed in barley. EBC colour, vis-
cosity, extract, difference of the DLFU, relative extract, dias-
tatic power, protein content, soluble Nitrogen, Kolbach index,
friability and B-glucan content were assessed in samples pro-
duced from malts.

3 RESULTS AND DISCUSSION

In field experiments in years 2000 — 2001, sugar beet was
chosen foregoing crop, sugar beet along with rape or cere-
als are classified as foregoing crops convenient for growing as
cereals. Conversely to maize they do not provide enough or-
ganic crop residues which are a suitable substrate for trans-
mission of fungal mycelium. Next, based on long-term tests with
barley malting varieties and knowledge of the varieties grown
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rezistentni (Forum). Aby byl co nejvice eliminovan vliv kli-
matickych podminek, byly tytéz pokusy opakovany v pru-
béhu let 2000-2001. V roce 2002 pak stejné odrlidy po pred-
plodiné cukrovka nebyly infikovany, aby mohla byt
porovnana produkce DON pfi pfirozeném vyskytu fusarii.
Pro cilenou infikaci fusarii v roce 2002 byla zvolena pfed-
plodina pSenice, aby bylo mozné porovnat vliv pfedplodiny
na produkci DON.

Pro cilenou inokulaci rostlin je€mene byly pouZzity v jedno-
tlivych letech rGizné izolaty mikroskopické vlaknité houby Fu-
sarium culmorum, jednoho z nejvétSich producentl tricho-
thecenll typu B, u kterych byla prfedem ovéfena tvorba
deoxynivalenolu.

V roce 2000 byla produkce deoxynivalenolu u vSech tfi tes-
tovanych odrdd sladovnického je€mene (pfedevSim vSak
u Akcentu, nachylné odrady vici fusariové infekci) nékolika-
nasobné vysSi nez v nasledujicich letech (2001-2002). Za-
timco u odridy Akcent obsah DON po sladovani zGstal témér
beze zmény na stejné koncentrani hladiné (okolo 1200
ug/kg), v pfipadé stfedné odolné odriidy Kompakt po zesla-
dovani doslo k pfiblizné desetindsobnému nardstu koncent-
race DON (obr. 1). Rezistentni odrida Forum obsahovala
velmi nizké koncentrace DON (pod 100 ug/kg) pred i po ze-
sladovani. Hodnoty gushingu byly u odrid Forum a Kompakt
nulové, vy$Si hodnota byla nalezena pro nachylnou odridu
Akcent (12 ml), coz je mozné oznacit za velmi dobrou kore-
laci obsahu DON a gushingu. Co se ty¢e obsahu $tavelana,
hodnoty se pohybovaly nad 20 mg/100 g susiny. NejvysSi ob-
sah Staveland byl naméfen u odrldy Kompakt (25,38
su8.). Kvalita je€mene nevyhovovala sladafskym pozadav-
kiim, tj. do 11,5 % obsahu bilkovin. V dusledku této skutec-
nosti byla i Spatna chemicka kvalita sladu (tab. 7). Dosazené
vysledky pIné korelovaly s vysledky ziskanymi v tkolu VUPS
[15].

V roce 2001 byla inokulace testovanych odr(id provedena
odliSnym izolatem F. culmorum, ktery v porovnani s izolatem
F. culmorum, pouzitym v roce 2000, produkoval pomérné
nizké hladiny DON. V tomto roce jiz bylo velmi obtizné roz-
délit testované odridy sladovnického je€mene do jednotli-
vych skupin podle odolnosti vic¢i fusariové infekci. Neoceka-
vanym zjisténim byla vysoké& koncentrace DON ve vzorku
sladu odridy Forum. Moznym vysvétlenim mize byt jeho do-
dateéna produkce v prubéhu sladovani nebo uvolnénim
vazaného DON (obvykle ve formé glukoronid(l) diky enzy-
matickym procestm probihajicim v pribéhu sladovani. U gus-
hingu byla zachovana posloupnost jako v roce 2000, ale na-
mérené hodnoty byly vySSi, tzn. nejvy$Si hodnota byla
zjisténa u nachylné odridy Akcent (62 ml), niz§i hodnoty
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Obr. 1/Figure 1 Porovnani obsahu DON, stavelant a gushingu v je¢-
meni a sladu po predplodiné cukrovka, sklizeri 2000 — cilené infiko-
vané vzorky/Comparison of DON content, oxalates and gushing in
barley and malt after a forecrop sugar beet, harvest 2000 — intentio-
nally infected samples
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in the Czech Republic, such three varieties of malting barley
were specified so that the whole spectrum of varieties could be
covered, from the variety susceptible to the fungal infection (Ak-
cent), over varieties with medium resistance (Kompakt) to the
varieties resistant to the fungal infection (Forum). To eliminate
the effect of the climatic conditions as much as possible, the
same trials were repeated in the course of years 2000 — 2001.
In the year 2002 then, the same varieties after the foregoing
crop sugar beet were not infected so that the production of DON
in the natural occurrence of Fusaria could be compared. For
the intentional infection with Fusaria the foregoing crop wheat
was chosen in the year 2002 so that it could be possible to
compare the influence of a forecrop on the DON production.

For the intentional inoculation of barley plants, various iso-
lates of microscopic fibrous fungi Fusarium culmorum, one of
the largest producers of trichothecenes of the type B in which
generation of deoxynivalenol had been checked before, were
used in single years.

In the year 2000 the deoxynivalenol production was in all
three tested varieties of malting barley (but mainly in Akcent,
a susceptible variety to fusarium infection) multiply higher than
in the following years (2001-2002). While in the variety Ak-
cent the content of DON after malting remained nearly wit-
hout a change on the same concentration level (about 1200
ug/kg), in case of the mid-resistant variety Kompakt there was
approximately a tenfold increase of the concentration of DON
after malting, see Fig. 1. The resistant variety Forum contai-
ned very low concentrations of DON (below 100 ug/kg) be-
fore and also after malting. The values of gushing were zero
in the varieties Forum and Kompakt, a higher value was found
for a susceptible variety Akcent (12 ml), which can be identi-
fied as a very good correlation of the DON content and gus-
hing. Regarding the oxalate content, the values varied above
20 mg/100 g of dry matter. The highest oxalate content was
measured in the variety Kompakt (25.38 mg/100g d.m.), the
lowest in the variety Forum (21.01 mg/100 g d.m.). The qua-
lity of barley did not meet the malting requirements, i.e.to 11.5
% of the protein content. Poor chemical quality was a conse-
quence of this fact (Tab. 7). The achieved results correlated
fully with the results acquired in the task of the RIBM [15].

In the year 2001 inoculation of the tested varieties was car-
ried out with a different isolate £ culmorum which in compari-
son with the isolate £ culmorum used in the year 2000, produ-
ced relatively low values of DON. In this year it was very difficult
to classify the tested varieties according to resistance to fusa-
rium infection. The unexpected finding was a high concentration
of DON in a malt sample of the variety Forum. The possible ex-
planation can be its supplementary production in the course of
malting or release of bound DON (usually in the form of gluco-
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Obr. 2/Figure 2 Porovnani obsahu DON, stavelant a gushingu v je¢-
meni a sladu po predplodiné cukrovka, sklizeri 2001 — cilené infiko-
vané vzorky/Comparison of DON content, oxalates and gushing in
barley and malt after a forecrop sugar beet, harvest 2001 — intentio-
nally infected samples
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Tab. 1/Table 1 Sledované technologické parametry/Followed technological parameters
Odruda/Variety Jednotky/ Units Akcent Kompakt Forum
Rok/Year 2000 2001 2000 | 2001 2000 2001
Jeémen/Barley
Obsah vlahy/Moisture content % 13.7 13.3 13.7 13.8 13.6 13.8
Obsah bilkovin/Protein content Y% 12.9 11.8 12.3 11.7 12.3 10.0
Slad/Malt
Barva/Colour j-/u. EBC 6.6 3.2 4.5 4.0 3.8 2.7
Viskozita/ Viscosity MPa.s 1.50 1.52 1.46 1.49 1.51 1.54
pH lab. sladiny/pH of lab. wort 5.71 5.96 5.85 5.90 5.82 6.02
Extrakt v mouéce/Extract in meal Y% 80.8 80.9 81.8 81.5 82.8 82.4
Rozdil extraktu DLFU/Difference of extract Y% 2.0 2.3 1.6 1.4 2.5 1.4
Rel.extrakt 45 °C/Rel. extract 45 °C 49.9 40.4 46.8 37.6 442 33.3
Diastaticka mohutnost/Diastatic power JWK 300 384 375 374 390 326
Stupen prokvaseni/Final attenuation % 75.7 81.1 74.3 78 80.0 79.6
Obsah bilkovin/Protein content Y% 12.2 11.3 12.1 11.2 11.9 9.4
Rozpustny dusik/Soluble nitrogen mg/100 ml 109 83 104 93 100 78
Kolbachovo ¢islo/Kolbach index 49.6 40.9 47.8 46.3 46.8 46.2
Friabilita/ Friability % 73 76 80 82 84 87
Obsah B-glukani/pB-glucan content mgl/l 382 333 266 203 367 254
Gushing ml 12 62 0 3 0 2
Stavelany/Oxalates ng/100g sus./d.m. 22.67 14.14 25.32 14.90 21.01 10.08

u odriidy Kompakt (3 ml) a Forum (2 ml). Obsah Stavelanu
oproti roku 2000 byl mnohem niz8i, pohyboval se v mezich
od 14,9 do 10,08 mg /100 g suS. Opét nejvyssi hodnota byla
sledk( hodnot parametrd, jako jsou napf. obsah bilkovin, ex-
trakt, obsah B-glukanti apod., mizeme konstatovat, Zze vzorky
je€mene a sladu roku 2001 byly kvalitnéj$i ve srovnani s ro-
kem 2000 (tab. 7). Tento zaver je shodny se zavérem vy-
zkumného ukolu VUPS [16].

Pfi porovnani hladin deoxynivalenolu v jeémeni a sladu
v jednotlivych letech po rGznych predplodinach (obr. 2 a 4)
Ize konstatovat, Ze obilovina (pSenice) je spolu s cukrovkou
vhodnou pfedplodinou pro péstovani sladovnického je¢mene.
Hladiny DON se u v$ech testovanych vzorkd péstovanych
v roce 2002 po predplodiné pSenice, cilené infikovanych izo-
latem F. culmorum, pohybovaly na nizSich Urovnich (u jec¢-
mene max. 260 ug/kg), bézné detegovanych v poskliziiovych
vzorcich je€mene v péstebnich lokalitdch CR. V pfipadé pfi-
rozené infekce by se patrné ve vSech pfipadech nalezy DON
pohybovaly tak jako u neinfikovanych vzorku (pouze pfirozena
kontaminace) péstovanych po predplodiné cukrovka okolo
100 ug/kg (obr. 3).

Jako nejnachylnéjsi odriida viéi fusariové infekci a pro-
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Obr. 3/ Figure 3 Porovnani obsahu DON, Stavelant a gushingu v je¢-
meni a sladu po predplodiné cukrovka, sklizeri 2002 — neinfikované
kontroly/Comparison of DON content, oxalates and gushing in bar-
ley and malt after a forecrop sugar beet, harvest 2002 — non-infec-
ted samples

ronids) due to enzymatic processes ongoing during malting. In
gushing, the same succession as in the year 2000 was mainta-
ined but the measured values were higher, it means the highest
temperature was ascertained in the susceptible variety Akcent
(62 ml), lower values in the varieties Kompakt (3 ml) and Forum
(2 ml). The oxalate content versus the year 2000 was much lo-
wer. It varied in the scope from 14.9 to 10.08 mg/100 g of d.m.
The highest value was again measured in the variety Kompakt
and the lowest in the variety Forum. From the results of the va-
lues of parameters as for example protein content, extract, -
glucan content, etc, we can state that the samples of barley and
malt of the year 2001 were of a better quality in comparison with
the year 2000 (see Tab. 7). This conclusion coincides with the
conclusion of the research task of the RIBM [16].

After comparing deoxynivalenol levels in barley and malt in
the individual years after various forecrops (see Fig. 2 and 4)
we can state that a cereal (wheat) is together with sugar beet
a suitable forecrop for growing of malting barley. The levels of
DON in all tested samples grown in the year 2002 after a fo-
recrop wheat, intentionally infected by an isolate £ culmorum,
varied on the lower concentrations (in barley max. 260 g/kg),
commonly detected in postharvest samples of barley in the
growing localities of the CR. In case of a natural infection, fin-
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Obr. 4/ Figure 4 Porovnani obsahu DON, Stavelant a gushingu v je¢-
meni a sladu po predplodiné obilovina, sklizeri 2002 — cilené infiko-
vané vzorky/Comparison of DON content, oxalates and gushing in
barley and malt after a forecrop sugar beet, harvest 2002 — intentio-
nally infected samples
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dukci DON se v roce 2002 jevila odrida Kompakt (obr. 4)
(v pfedchozich letech experimentu byla takto ozna¢ena od-
rida Akcent). Tak jako v prvnich dvou letech experimentu
i v roce 2002 byla zjiSténa dobra korelace mezi obsahem $ta-
velant, gushingem a DON. U vzork( cilené infikovanych fu-
sarii v roce 2002 vSak méla tato korelace opacny trend. Pro
2002 po predplodiné obilovina (cilené infikované vzorky) na-
méreny nejvysSi hodnoty obsahu $taveland a gushingu na
rozdil od vzork(l po prfedplodiné cukrovka (pouze pfirozena
kontaminace) a od cilené infikovanych vzork( po predplodiné
cukrovka v letech 2000 a 2001.

4 ZAVER

Vyskyt fusarii nejen v cerealiich je v sou€asnosti celosvée-
tovym problémem. MnoZstvi, v jakém tyto mikroskopické vlak-
nité houby produkuji mykotoxiny, se meziro¢né velmi lisi a je
zavislé pfedevSim na typu houbového izolatu, klimatickych
podminkach (pfedevsim vihkosti), rezistenci péstovanych od-
rid a technologickém oSetfeni pldy i skladovani sklizenych
plodin.

Z hlediska nachylnosti k fusariové infekci miizeme na za-
kladé nasich experimentu vytipovat odridu Forum jako vhod-
nou pro péstovani sladovnického je€mene a odridu Akcent
oznacit jako nejméné vhodnou. Z hlediska sklonu jeCmene
k prepénovani poradi odrid ale také vyznamné ovlivhovala
predplodina. Jako predplodina se jevila nejvhodnéjsi cuk-
rovka.

U nékterych testovanych vzorkl byly nalezené koncent-
race DON ve sladu vySSi nez v je€meni, coz zcela nepo-
tvrdilo zavéry prace publikované Schwarzem [3], ktery
uvadi, Zze hladiny DON jsou ve sladech oproti je€meni nizsi.
V prabéhu studie nebyly ménény parametry sladovani, aby
nebyl vnasen dalsi neznamy faktor. Ziistava tedy otazkou,
zda a jakym zplsobem zména postupu sladovani ovliviiuje
produkci DON a ostatni sledované kvalitativni parametry
sladu.Vyzkumy proto v této oblasti dale pokracuji. Bude sle-
dovana zména koncentrace DON v prabéhu jednotlivych
krok( sladovani a v pfipadé ziskani dostateéného mnozstvi
kontaminovaného sladu bude sledovan i jeho pfechod do
piva.

Pfitomnost a mnozstvi DON ve vzorcich jeémene a sladu
nelze jednozna¢né oznacit za primy faktor ovlivAiujici gus-
hing, ale mykotoxiny (DON atd.) patfi k hlavnim indikatorim
vyskytu houbového mycelia. Bylo by vhodné vedle DON sta-
novit i jiné dal8i indikatory vyskytu mikroskopickych vlakni-
tych hub, které nas informuji o pfitomnosti mikroorganism
v obilce jeémene a tim o moznostech problém0 s nimi spo-
jenych.

Jak jiz bylo zminéno v Uvodu, obsah DON, Stavelanud ale
i dal$i sledované parametry jsou zavislé na odriidé, predplo-
diné, ro¢niku (klimatickych podminkéach), coz potvrdila i nase
studie. Pro formulaci a potvrzeni vzajemnych zavislosti mezi
jednotlivymi parametry a faktory, které je mohou ovliviiovat,
je tfeba provést dlouhodobéjSi experimenty. Souc¢asné by bylo
vhodné rozSifit Skalu nejen sledovanych odrld, ale i para-
metru.
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dings of DON would probably varied in the same way as in the
non-infected samples (only the natural contamination) grown
after the forecrop sugar beet around 100 ug/kg, see Fig. 3.
In the year 2002, the variety Kompakt appeared to be the
most susceptible variety to the fusarium infection and DON pro-
duction, see Fig. 4 (in previous years of the experiment it was
the variety Akcent). As in the first two years of the experiment,
in the year 2002 as well, a good correlation among the oxalate
content, gushing and DON was found. In 2002, in intentionally
infected fusaria, however, the correlation had an opposite trend.
In 2002, for the resistant variety Forum (the lowest level of DON)
the highest values of the oxalate content and gushing after the
forecrop cereal (intentionally infected samples) were measu-
red contrary to the samples after the forecrop sugar beet (only
the natural contamination) and the intentionally infected sam-
ples after the forecrop sugar beet in years 2000 and 2001.

4 CONCLUSION

Today incidence of fusaria not only in cereals has been a glo-
bal problem. The amounts in which these microscopic fibrous
fungi produce mycotoxins differ much year from year and it de-
pends mainly on the type of a fungal isolate, climatic conditi-
ons (mainly on moisture), resistance of growing varieties and
technological treatment of soil and harvested crop storage.

Based on our experiments, from the aspect of susceptibility
to a fusarium infection, we can determine the variety Forum as
suitable for growing of malting barley and the variety Akcent mark
as the least suitable. From the aspect of the inclination of barley
to overfoaming, the order of varieties was significantly affected
by a forecrop, sugar beet appeared to be the most suitable one.

In some tested samples the found concentration of DON in
malt was higher than in barley, which did not completely con-
firmed conclusions of the study published by Schwarz [3], who
states that the levels of DON are in malts conversely to barley
lower. In the course of the study the malting parameters were
not changed so as no new factor was brought in. Thus a qu-
estion remains whether and in what manner the change of
a malting procedure influences the DON production and the ot-
her followed parameters of the malt quality. For this reason re-
searches in this field have been going on. The change of the
DON concentration will be observed in the course of individual
steps of malting and in case of acquiring a sufficient amount of
the contaminated malt its transition to beer will be followed too.

Presence and quantity of DON in barley samples and malt
cannot be unambiguously identified as a direct factor influ-
encing gushing but mycotoxins (DON, etc.) belong to the main
indicators of fungal mycelium occurrence. It would be appro-
priate to determine besides DON also other indicators of
occurrence of microscopic fibrous fungi informing us about
the presence of microorganisms in a barley caryopsis and
thus about the possibilities of problems related to them.

As already mentioned in the introduction, the content of
DON, oxalates but also other followed parameters depend on
the variety, forecrop, year (climatic conditions), which was
confirmed by our study as well. It is necessary to perform ex-
periments in a longer period for formulation and affirmation
of the mutual dependencies among the individual parameters
and factors that can influence them. At the same time it would
be suitable to enlarge the scale not only of the followed vari-
eties but of the parameters as well.
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gezielt inokulierten Gerstensorten — die Verfolgung der Anderungen
in dem DON-Gehalt in Gerste und Malz und weiter auch auf die
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meter der Malze.
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TpuxoTeueHb!, NPOAYKTbl BTOPUYHOrO MeTa6onnama MUKPOCKOMMYECKNX TPU6oB
Fusarium npuHagnexar K OfHOR M3 caMblX UCCNeAyeMblX rpynn MUKOTOKCUHOB.
HacTosilumM naToreHom ualle BCEr0 3apakeHbl 03uMas MLUEHWULLA, POXb,
TpUTUKane 1 sumeHb. OfHAKO MOXHO C HUMM BCTPETUTLCS TakXe Ha SPOBbIX
AYMEHsX, nileHnue u osce. CambiM YaCTEAWMM MPU3HAKOM MaToreHHoro
COCTOSHWS  CENbCKOXO3ANCTBEHHbBIX KYMbTYP, 3aPaXEHHbIX 3TUMKM rpubamu,
SABNAETCA MNecHeBeHWe cesHueB, NMCTbeB, WIN THUMb KOpHeVI W KONOCbEB.
TpuxoTeLeHbl YCTOAYMBLI OT TEPMUYECKON 00paboTKM, B CNEACTBUE YEro OHM
MOTYT MOSIBUTBLCS B FOTOBbIX MPOAOBO/bCTBEHHbIX MPOAYKTAX, HANp. MyKe unu 6y-
NIOYHbIX MPOAYKTaX uan B niBe. Lienbio aKCrepuMeHTOB, NPOBOAUMBIX Ha NoMsX
B 2000-2002 rr., npu KOTOPbIX OblAM MCMONb30BAHbI HAMEPEHHO WHOKYM-
POBaHHble N0AX0AsLLMM 06pa30M 36paHHbIE CopTa AYMEHS, 6bI0 UCCefoBaHNe
n3meHenus cogepxxaqns [JOH B suMeHe v conofe, Kak u 065iCHEHNE OTHOLLEHMI
Mexay cogepxannem JOH, doHTaHupoBaHueM (gushing) nusa n nameHeHnem
TEXHONOTMYECKMX NapaMeTPoB CONOAA.
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