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Reseni vyzkumnych tkolG
Vyzkumny ukol

Vyzkum je Casto popisovan jako aktivni, vytrvaly a systematicky proces badani s cilem
objevit, interpretovat nebo prepracovat fakta. Tento intelektualni proces produkuje
velké mnoiZstvi teorii, zakonQ, popisd chovani a umoznuje jejich praktické vyuZiti.
Slovo vyzkum muze byt pouZito ve vyznamu celé kolekce informaci o daném subjektu
a je Casto spojovan s védou a védeckymi metodami.

Pro feSeni vyzkumného ukolu je nutné vytvorit tym nejlépe sloZzeny ze studentd,
mladych védeckych pracovnikd a zkusenych védeckych pracovniki, kde je zajistén tok
informaci obéma sméry. Tyto informace nasledné slouZi pro fizeni feseni vyzkumného
ukolu a kontrolu dosazenych vysledkd.
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Ustav chemie a biochemie

. Department of Chemistry and Biochemistry, Mendel
University in Brno

v 72 employees,

v"  More than 350 m? of laboratories,

v Part of Central European Institute of Technology
(CEITEC, Large infrastructural project funded mainly by
EU),

v' Well equipped.

{
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Ustav chemie a biochemie

Equipment

Animal breeding and cell cultivation facilities,

In vive imaging system,

S NN

Mass spectrometers,

v'  Capillary electrophoresis with UV-Vis and laser-
induced fluorescence detection,

v" Gel electrophoresis (1D and 2D systems),

v"  Fluorescence and confocal microscope,

v"  High performance liquid chromatographs with
electrochemical, UV-Vis, and mass detectors,

v"  Automatic pipetting robot,

v"  Stationary  electrochemical instruments  and

microarray technology.
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Reseni vyzkumného ikolu
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Reseni vizkumného tikolu

Organizace
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Ustav chemie a biochemie

«  Vedouci ustavu

v Vedouci laboratofie

v Vedouci sekee (5 sekei)

+" Laboratof aplikovanych nanobiotechnologii

¥ Laboratof klinické biochemie, hematologie a imunochemie
¥ Laboratof nanobioelektrochemie

+" Laboratof pokroé&ilych priutokovych technik

+" Laboratof vypocetni chemie a biochemie

+" Laboratof bunééné nanobiologie a nanomediciny

¥ Laboratof mikrosenzori a nanotechnologii

+" Laboratof biofyzikilni chemie a elektrochemie
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Reseni vizkumného iikolu

Ustav chemie a biochemie
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Ustav chemie a biochemie

*  Expermmentalni plan

v Vedouci planu
v Méfeni
v Tvorba obrazki
v" Psani uvodu
v" Spojeni komentafe k vysledkim
v" Diskuze
v" QOdeslani

v' Revize
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Vyhledavani v databazi Web of Science

Databaze

Databaze, které shromazduji zakladni bibliografické informace o publikacich
v odbornych recenzovanych casopisech, mohou slouzit nejen pro hledani vysledk
dosazenych ve vyzkumu a vyvoiji, ale také pro hodnoceni jak védeckych pracovnikd,
tak samotnych periodik. V tomto prispévku jsou struc¢né popsany a diskutovany dnes
nejpouzivanéjsi databaze védeckych publikaci a zpisoby hodnoceni védecké prace.

Vyznam citacnich databazi

Scientometrie je védeckou disciplinou, ktera ma za hlavni ukol porovnavat a sledovat
kvalitu védecké prace [1-3]. Aby néco takového bylo uskutecnitelné a dosazené
vysledky mély vysokou vypovidaci hodnotu, je nezbytné shromazdit vSechny formy
vystupl védecké prace (predevsim publikace v odbornych recenzovanych c¢asopisech)
do specializovanych databazi. Pro tyto ucely byla vytvorena cela rfada takovych médii,
které jsou rQizné specializovany. Globalni povédomi ziejmé ziskala nejdrive databaze
National Public of Health s oznaéenim PubMed, kde jsou indexovany casopisy, které
maji vztah k biologickym disciplinam. Dalsi vyznamnou globalni databazi, ktera vznika
na evropském kontinentu, je databdze Scopus, ktera si klade za cil shromazdit
informace o vydavanych pracich ze vSech obor(. V databdzi je mozné vyhledavat
podle vSech dulezitych bibliografickych ukazatell, tedy kli¢ovych slov, autora, nazvu
prace, ¢asopisu, roku. K dispozici jsou sluzby jako abstrakty publikovanych ¢lanka,
pfimé odkazy na stranky casopist, kde je prace dostupna a seznam citované
literatury. Ddle je zde moiné nalézt citace publikované prace. Ovsem nejvétsi
pozornosti mezi databazemi se mlze pysnit databaze nazvana Web of Science, kterd
se svym obsahem a poskytovanymi sluzbami snazi dostat svému ndzvu co nejlépe.

Web of Science

Diky velkému a mohutnému rozvoji databaze Web of Science a ji vydavanému
dopadovému faktoru (impact factor, IF) je potfebné se o této databdzi zminit ve

Tento projekt je spolufinancovan z Evropského socialniho fondu a statniho rozpoétu Ceské republiky
10



* ok ..‘° Mendelova
x * . univerzita
. ° v
evropsky e v Brné

socialni . MINISTERSTVO SKOLSTVI, OP Vzdlévani
fondvCR EVROPSKAUNIE  MLADEZE A TELOVYGHOVY  pro kenkurenceschopnost

INVESTICE DO ROZVOJE VZDELAVANI

specidlnim odstavci [4-6]. IF jako bibliograficky indikdtor vypracoval se svymi
spolupracovniky Euegene Garfield na univerzité Johna Hopkinse na prelomu 50. a 60.
let 20. stoleti. Vroce 1961 vysel prvni svazek Science Citation Index (SCI) jako
seznamu Casopisl setfidénych podle Journal Impact Factor [7-11].

Co potrebuje konecny uZivatel vSech téchto databazi? Odpovéd je nasnadé. Existenci
jedné databdze, kde by bylo dostupné vse, co bylo uverejnéno v odbornych
publikacich bez ohledu na zemi jejiho vydani. Jen toto umozni zabranit zkoumani jiz
vyzkoumaného, nebo usnadni navazani na praci nékoho, kdo ji nemohl dokoncit pred
20, 50, 100 a vice lety.

Scientometrické hodnoceni ¢asopisu

Jak se urci impaktovy faktor?

V dobé pravidelného hodnoceni pracovniho vykonu kazdého z nas, podle poctu
uverejnénych praci, konferenci, prednasek, obhdajenych diplomantli, doktorand,
sumy impakt faktor( a poctu citaci je otazkou zda bude do toho ¢i onoho ¢asopisu
psat zkuSeny a uznavany odbornik. Podle naseho nazoru je pak naprosto nezbytné
sledovat jasny cil, a tim je dosazeni maximdlniho impakt faktoru ¢asopisu [12-18].
Otéazkou sledovani a smyslu téchto scientometrickych parametrd se zabyva celd rada
vyzkumnik( a vysledky jsou prezentovany ve specializovanych ¢asopisech [19-21].
Impakt faktor se pocitd jako podil sumy publikovanych praci v predeslych dvou letech
a poctu vsech citaci ve stejném obdobi.

Které ¢asopisy maji nejvyssi impaktové faktory?

Na prvnich mistech tabulky se objevuji tradi¢né americké casopisy. Velmi zajimavym
trendem jsou prvni mista obsazovana skupinou ridznych mutaci ¢asopisu Nature.
V roce 2007 byl nejcitovanéjsim v USA vychazejici ¢asopis (Iépe asi kniha) s nazvem
CA-A Cancer Journal for Clinicians, jehoz IF je asi nejvyssi v historii databaze (69,026).
Jiz tradi¢né se na prednich prickach, konkrétné druhé, objevil ¢asopis New England
Journal of Medicine s IF 59,589. PomysIné treti misto patfi roCence Annual Review of

Tento projekt je spolufinancovan z Evropského socialniho fondu a statniho rozpoétu Ceské republiky
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Immunology s IF 47,981. Casopis Nature se nachazi na desatém misté s IF 28,751.
Podobné multi-oborové orientovany casopis Science je na ctrnactém misté s |F
26,372. Obecné Ize vysledovat, Ze hodnoty impaktovych faktor( jednotlivych ¢asopist
mirné narustaji. Tento fakt je zpUsoben fadou okolnosti, pocinaje dobrou redakéni
praci editord a zlepSenym pristupem k publikovanym pracim diky elektronizaci
databazi a iniciativou autort otevienych ¢lankd (Open Access).

Casopisy vydavané a zafazené do databdze ISI v CR

Ceskd republika je pro rok 2007 v databdzi zastoupena 23 odbornymi €asopisy
z rliznych obor( vyzkumu (Tab. 1). Na pocatku roku 2008 byly do databaze ISI znovu
zarazeny Casopisy Listy cukrovarnické a reparské a Plant Soil and Environment, jejichz
aktualni hodnota IF je zatim nula. Nynéjsi pocet ISl indexovanych casopisl
vydavanych v Ceské republice neni rozhodné kone¢ny a do daldich let by mél
narUstat.

Stejné jako loni presahly ctyfi Casopisy hranici IF 1, a to Preslia, Physiological
Research, Folia Geobotanica a Folia Parasitologica. Ovsem je tfeba zminit, Ze hodnoty
jejich impaktovych faktor( se spisSe snizily. Napf. Physiological Research zaznamenal
pokles IF o 0,5. V celkovém souctu poklesl u vyse zminénych casopisti IF z 6,919
(2006) na 5,702 (2007).

Chemické védy jsou vdatabazi stale zastoupeny casopisem Collection of
Czechoslovak Chemical Communication a Chemickymi listy. Impaktovy faktor
casopisu Collection of Czechoslovak Chemical Communication je letos pfiblizné stejny
jako v minulém hodnoceném obdobi a dosahl hodnoty 0,879 (Tab.1).

Tento projekt je spolufinancovan z Evropského socialniho fondu a statniho rozpoétu Ceské republiky
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Tab. 1: Seznam impaktovanych ¢asopist vydavanych v Ceské republice, které jsou

zarazeny v databazi Web of Science.

Celvkovy Pocet
Nazev ¢asopisu Obor p_oce:c ¢lanka IF

citaci (2007)

2005/2006
Preslia Rostlinna véda 335 23 2,064
Physiological Research Fyziologie 1445 132 1,505
Folia Geobotanica Rostlinnd véda 574 26 1,133
Folia Parasitologica Parazitologie 750 39 1,000
Folia Microbiologica Mikrobiologie 922 89 0,989
Photosyntetica Rostlinnd véda 1291 96 0,976
CoIIectlor.1 of Czechoslovak Chemical Chemie 2600 118 0,879
Communication
European Journal of Enthomology Entomologie 781 95 0,734
Studia Geophysica and Geodetica Geoch.emla @ 370 95 0,733

geofyzika

Acta Veterinaria Brno Veterinarni véda 425 98 0,687
Chemické Listya Chemie 469 108 0,683
Veterinarni Medicina Veterinarnivéda 335 67 0,645
Czech Journal of Animal Science Zemédélstvi 276 63 0,633
Folia Biologica Biologie 244 32 0,596
Acta Virologica Virologie 515 25 0,560
Kybernetika Pocitacova véda 329 68 0,552
Ceramics-Silikaty Materialova véda 137 37 0,488
Czech Journal of Food Science Potravinarstvi 190 38 0,488
Czechoslovak Journal of Physics Fyzika 1225 0 0,423
Folia Zoologica Zoologie 445 47 0,376
Neural Network World Pocitacova véda 113 44 0,280
Czechoslovak Mathematical Journal Matematika 515 87 0,155
Ceskd a Slovenskd Neurologie a Neurovédy 24 15 0,037

Neurochirurgiea

a Tyto Casopisy jsou publikovany predevsim v ¢estiné a slovenstiné, ostatni vyhradné

v anglictiné.
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Jak se pise védecka publikace?

Publikace

Odborna literatura je typ textu, ktery slouzi k prezentaci deklarativné presnych
poznatk(l védeckého charakteru ziskanych vlastnim vyzkumem nebo odvozenych z
drivéjsich praci. Odborna literatura klade dliraz zejména na spravnost a ovéritelnost
udaju, proto by u védecké prace mél byt uveden autor, a veSkeré prameny, ze kterych
prace vychazi, by mély byt radnym zplsobem citovany. Vychazi-li prace z vlastniho
vyzkumu, mély by byt co nejpodrobnéji popsany jeho podminky, pribéh a vysledky.
Styl odborné prace by mél byt presny a jasny, ale podrobny, nemél by obsahovat
zadné zbytecné literarni ozdoby, ale ani dvojznacnosti a nejasnosti, a pochopitelné
ani oCividné stylistické chyby. Védecka prace u ctenare predpoklada urcitou znalost
tématu, a proto pouZziva odborné terminy a urcité predpoklady povazuje za
samozrejmé. Ctivost, poutavost nebo literarni krdsa textu neni hlavnim cilem odborné
literatury, prestoze nékterd dila jimi, i za splnéni definice odborné literatury, vynikaiji.
Konvence odborné literatury se v jednotlivych zemich lisi (napf. v c¢eském prostredi je
bézné pouzivani autorského pluralu, v anglofonnim svété je naopak povazovano za
nevhodné aZz arogantni) a vyviji se spolu s rozvojem védy. Odborn3 literatura je mimo
knizni publikace vydavana ve specializovanych casopisech, vétSinou zamérenych na
konkrétni védni obor. V soucasnosti je nejrozsifenéjsi formou odborné literatury
studie. Odbornou literaturu je tfeba disledné rozlisSovat od beletrie a také populdrné
védecké literatury, kterad se snazi odborné poznatky zpopularizovat a zpracovat je co
nejctivéjsi formou, ac je to ¢asto na Skodu jejich presnosti a nékdy i vécné spravnosti.
Schopnost produkovat odborné texty musi v CR dokazat kazdy absolvent vysoké $koly
formou zdvérecné prace.

A pravé publikovani ve védeckych casopisech je jednim z nejdilezitéjSich aspektl
védecké prace. Poté, co je prace sepsana, je odeslana do ¢asopisu, ve kterém je po
rozhodnuti editora ¢lanek postoupen oponentnimu fizeni, které konci odeslanim
posudkl zpét autorim. Ti musi ¢lanek opravit dle pfipominek a zaslat zpét do
redakce, kde se editor a oponenti rozhodnou, zdali ¢lanek akceptuji. Na nasledujicich
strankach naleznete vyvoj a zmény v ¢lanku, ktery jsme nedavno publikovali
v Casopise International Journal of Environmental Research and Public Health.

Odeslana verze
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Abstract: Mycotoxins are secondary metabolites produced by fungi species
having harmful effects on mammals. The aim of the study was to assess the
content of mycotoxins in green mass of selected forage grass species during the
growing season and at the end of the growing season. Furthermore, an assessment
mycotoxin contents in subsequently produced the first cut silages were also
evaluated with respect to species used in this study (Lolium perenne (cv. Kentaur),
Festulolium pabulare (cv. Felina), Festulolium braunii (cv. Perseus) and mixture
of these species with Festuca rubra (cv. Gondolin) or/and Poa pratensis
(Slezanka)). We found that deoxanivalenol mycotoxins, zearalenone and T2 toxin
were detected mainly in the green mass of grasses. However, fumonisin and
aflatoxin content was below the limit of detection. July and October were the most
risky period of mycotoxins occurrence. During cold temperatures in November
and December, the occurrence of mycotoxins in green mass declined. Although
June was the period with a low incidence of mycotoxins in green silage, content of
deoxynivalenol and zearalenone in silages of the first cut exceeded several times
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contents determined in their biomass collected directly from the field. Moreover,
we observed that preservatives did not prevent mycotoxin production.

Keywords: grass; silage; mycotoxin; environmental factor

1. Introduction

Prerequisite for high-quality fodder is a clean and healthy phytomass. Epiphyte flora of
plants consisting of number of microorganisms, include undesirable microorganisms, such as
clostridia and fungi [1,2]. Development of microscopic fungi may lead to the formation of
mycotoxins [3]. Mycotoxins are secondary metabolites produced by fungi especially
Aspergillus, Penicillium and Fusarium [4]. Production of mycotoxins is caused by
interactions and reactions of fungi on environmental conditions [5]. Production of mycotoxins
is associated with stress caused by extreme weather conditions or damage caused by insects or
animals. The occurrence of mycotoxins contaminating silages is associated with failure to
silage management practices [6]. Mycotoxins cause serious health problem in the human
population, annually increasing incidence of liver cancer caused by aflatoxin, up to 28.2% of
cases of liver cancer is caused by the aflatoxins [7]. Mycotoxins have naturally negative
impact on livestock. They cause the alterations in hormonal functions, poor feed utilization,
lower gain and possibly death. Moreover, some mycotoxins may pass into the milk [8-11].
Preventing the occurrence of mycotoxins in forage should begin in the field, there have been
suggested some guidelines and practises. Some of such practices include the use of varieties
or hybrids that are adapted to the growing area and resistant to fungal disease [12].

Various grasses are used for grazing and the production of canned feed, however, There
are considerable differences among the grass species. Lolium perenne includes among the
species susceptible to fungal infestation. On the contrary, Festulolium ssp. are being
considered as the resistant species [3]. Interspecific hybrids of Festulolium ssp. combine the
endurance of the Festuca sp. family with the high quality of the Lolium sp. family. The aim of
the study was to assess the content of mycotoxins in green mass of selected forage grass
species during the growing season and at the end of the growing season. Furthermore, an
assessment mycotoxin contents in subsequently produced the first cut silages were also
evaluated with respect to species used in this study (Lolium perenne (cv. Kentaur),
Festulolium pabulare (cv. Felina), Festulolium braunii (cv. Perseus) and mixture of these
species with Festuca rubra (cv. Gondolin) or/and Poa pratensis (Slezanka)).

2. Experimental Section

Tento projekt je spolufinancovan z Evropského socialniho fondu a statniho rozpoétu Ceské republiky
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2.1. Plant Material and Cultivation

The small-plot experiment was conducted at the Research Station of Fodder Crops in
Vatin, Czech Republic (49°31°’N, 15°58’E) and established in 2007 at an altitude of 560 m
a.s.l. In 1970-2000, mean annual precipitation was 617 mm and mean annual temperature was
6.9 °C. Precipitation and mean temperature in years of observed are in Fig. 1. Soil type used
in our experiments was Cambisol as a sandy-loam on the diluvium of biotic orthogneiss. In
the year of observation, the contents of soil nutrients were 89.1 mg kg P, 231.6 mg kg' K,
855 mg kg'! Ca; pH was 4.76. The experimental plots were fertilized with 50 kg ha™! N in the
spring (March). Dates of cuts were beginning of June, end of July, and beginning of October,
beginning of November and beginning of December. Biomass from the first cut was
ensilaging. The experiment was carried out in triplicates. A split plot design was used with
plots of 1.5 x 10 m. The plots were harvested by the self-propelled mowing machine with an
engagement width of 1.25 m. Harvested area was 12.5 m?. Stubble height was 0.07 m. The
grasses were harvested at the stage of earing.

Figure 1. Precipitations and mean temperatures in years 2008 — 2011 in Research Fodder
Station Vatin.
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2.2. Green mass and silages preparation

The contents of mycotoxins in green mass and contents of mycotoxins in silages were
evaluated. In the evaluation of green mass, species as Lolium perenne (cv. Kentaur),
Festulolium pabulare (cv. Felina), Festulolium braunii (cv. Perseus) and mixture of these
species with Festuca rubra (cv. Gondolin) or/and Poa pratensis (Slezanka) was as the first
factor taken into the account (Table 1). Pure stands of each species were sown with 30 kg ha!
seeds. Sown of the mixtures was 37.5 kg ha™!. Season with degree beginning of June, end of
July, beginning of October, beginning of November and beginning of December was the
second evaluated factor. The cumulative effect was observed. In the evaluation of silages type
of species was the first factor. Second factor was preservative with degree untreated, chemical
ingredient (formic acid, propionic acid, ammonium formate) and biological-enzymatic
inoculant (Enterococcus faecium, Lactobacillus plantarum, Pediococcus acidilactici,
Lactobacillus salivarius, cellulase, hemicellulase, and amylase, with 1x1011 CFU; 10 g t!).
The amount of chemical ingredient was 4 1t and the amount of biological additive was 10 g
t'!. The assessed grasses were wilted 20 — 30 hours. Biomass was after wilting ensilaged in
containers whose diameter and height were 0.15 m and 0.64 m, respectively. The observation
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of silages was for three years 2008 (1 harvest year), 2009 (2"¢ harvest year) and 2010 (3™
harvest year). In the fourth harvest year, silages were not produced due to low yields.

2.3. Mycotoxin determination

Green forage samples and silages dried at 60 °C and homogenized to a particle size of < 1
mm were analysed for content of mycotoxins deoxynivalenol (DON), zearalenone (ZEA),
fumonisin (FUM), aflatoxin (AFL) and T2 toxin (T2) by ELISA method according to [13].
The data were processed using the STATISTICA.CZ Version 8.0 (Czech Republic). The
results are expressed as means (x). The obtained results were further analysed using the
ANOVA and Scheffe test. Graphical representation of cluster analysis was performed.

3. Results and Discussion
3.1. Green mass

In our study, mycotoxins deoxynivalenol (DON), zearalenone (ZEA) and T2 toxin (T2)
were mainly detected. The content of fumonisin (FUM) and aflatoxin (AFL) was in the
majority of samples below the limit of detection. The lowest DON content in green mass was
found at Festulolium pabulare as 31.02 ppb (Table 1). On the contrary, the highest content in
the green mass was determined at mixture with Festuca rubra as 42.15 ppb. Similarly, the
low levels of ZEA were determined at the green mass of Festulolium pabulare. Due to the
high variability of the samples, statistically significant influence of grass species on
mycotoxin content was not confirmed. However, it is obvious lower tendency to the
occurrence of mycotoxins in Festulolium pabulare. This is evidenced by the results of the
cluster analysis (Fig. 2). Festulolium pabulare stands outside a cluster of other species,
particularly in June, October and December.

Table 1. Influence of species, date of cut and year on the content (ppb) of deoxynivalenol
(DON), fumonisin (FUM), aflatoxins (AFL), zearalenone (ZEA) and T2-toxin (T2) in green
mass of grasses. LOQ...limit of quantification.

Factor DON FUM AFL ZEA T2
Species

Lolium perenne 41.03 <LOQ <LOQ 17.06 24.80
Festulolium pabulare 31.02 <L0Q 0.07 4.95 24.19
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Festulolium braunii 36.98 <LoQ <LoQ 36.45 24.94
Mixture with Festuca rubra 42.15 <LoQ <LOQ 47.37 30.40
Mixture with Poa pratensis 40.19 <LOQ <LOQ 48.15 29.98
p 0.6347 - 0.5288 | 0.4581 | 0.7976
Date of Cut

Beginning June 16.09° <LOQ <LOQ 1.46 24.70
End July 51.90° <LOQ 0.09 61.18 28.49
Beginning October 41.94° <LOQ <LOQ 86.55 36.49
Beginning November 41.58° <LOQ <LOQ 1.88 18.25
Beginning December 39.86% <LOQ <LOQ 2.91 26.39
p 0.0004 - 0.0176 | 0.0045 | 0.1112
Year

2008 37.63* <LOQ <LOQ | 115.76° | 34.89%°
2009 46.28° <LOQ 0.08 6.15° | 48.37°
2010 47.13° <LOQ <LOQ <LoQ® 5.34¢
2011 22.06° <LoQ 0 1.23> | 18.87*
p 0.0019 - 0.0138 | 0.0000 | 0.0000

Mean values in the same column with different superscripts (**) are significant at the P<0.05

level after Scheffe test analysis.

Date of cut influenced (P <0.01), especially the content of deoxynivalenol and zearalenone.
Deoxynivalenol content was highest (P <0.05) at the end of July (51.90 ppb). High content
retained also in October (41.94 ppb) and November (41.58 ppb). In December there was a

decrease to 39.86 ppb. Similarly, high zearalenone (61.18 ppb) content, which culminated in

October on the value of 86.55 ppb, was found at the late of July. The population density of

filamentous fungi is positively associated with the senescence process of plants [14]. Fodder

from November and December had low levels of zearalenone (1.88 and 2.91 ppb,
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respectively). Reduction of mycotoxins in forage late autumn and early winter is also
evidenced by analysis of T2 toxin. However, the onset of winter would be associated to the
death of biomass, as already mentioned above, and the senescent processes would be bound
by microscopic fungi capable of producing mycotoxins. One would expect rather more of
mycotoxins increase with continued coming autumn and winter. The fact, however, was the
opposite. Low temperatures reduce the risk of mycotoxins (mean annual temperature was 6.9
°C, Fig. 1). Denijs et al., Engels and Kramer, and Behrendt et al. also found the influence of
not only biotic, but also abiotic factors on the production of mycotoxins [14-16]. Higher
levels of mycotoxins can be determined in the winter months as shown by Golinski et al. [17].
Fodder from the beginning of June is generally characterized by low levels of mycotoxins,
especially this is evident (P <0.01) for deoxynivalenol and zearalenone.

Figure 2. Cluster analysis of evaluated species.
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The interannual variability of the average content of deoxynivalenol, zearalenone and T2
toxin is significant (P <0.01). In the case of deoxynivalenol, there is an obvious difference (P
<0.05), especially between 2010 and 2011. More evident differences are in the content of
zearalenone. While in 2008, the content of zearalenone was 115.76 ppb, but it was only 6.15
ppb in 2009, and only 1.23 ppb in 2011. In 2010, the content of zearalenone was even below
the limit of detection. 2010 was characterized by very low (P <0.05) content of T2 toxin.
Moisture, temperature and availability of nutrients and oxygen belong to the important factors
influencing the growth of mould [18]. The combination of these factors can have a significant
share on the annual fluctuations in the concentrations of mycotoxins. In 2008, when the
highest occurrence of mycotoxins in green fodder was determined, the highest average annual
temperature was measured and the precipitation was evenly distributed in each month. During
the year there was enough precipitation for plant growth. In contrast, the following years had
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lower mean annual temperature and especially autumn months were characterized by a lack of
precipitation. Sometimes precipitation curve falls below the curve of temperatures, which
indicates lack of moisture for plant growth. This may be reflected also on the growth of mould
and subsequent mycotoxin production.

3.2. Silages

Grass specie had no influence on the content of mycotoxins in silages of the first cut (Table
2). Differences between species are minimal in produced silages. However, there is an
interesting difference in the content of mycotoxins between green mass and silages. The
increase in the content of deoxynivalenol, zearalenone and T2 toxin in silages compared with
green mass shows Table 3. DON content in silages increased up to 405.2%. The highest
content was found at mixture with Poa pratensis (167.70 ppb). Nevertheless, Charmley et al.
reports the transition of DON to the milk from the value of 6 mg kg' [8]. European
Commission (Commission Recommendation of 17 August 2006 on the presence of
deoxynivalenol, zearalenone, ochratoxin A, T-2 and HT-2 and fumonisins in products
intended for animal feeding (2006/576/EC)) advisory guideline for DON is 5 mg kg'! DM.
Zearalenone content increased up to 868% in silage from Festulolium pabulare. The lowest
content of zearalenone was determined in silage mixture with Festuca rubra (66.89 ppb). The
guidance value for zearalenone in Europe is 500 mg kg™!. According to D'Mello, zearalenone
concentration ranging from 0.2 to 1.0 mg kg is even toxic for rodents [19]. Forage with a
zearalenone content higher than 0.5 mg kg™ is not advised for feeding [20]. Except for
fumonisin and aflatoxin, where no difference between the green mass and silage was found,
the smallest changes in T2 toxin were recorded. T2 toxin content in silages increased by a
maximum of 86.8 % at Festulolium pabulare. However, the increase of mycotoxins in silages
1s in some cases very significant. Silage is a process where lactic acid bacteria ferment simple
sugars and produce acids, which reduce the pH and consequently there is a reduction of
growth of undesirable microorganisms (Garon et al., 2006). The increase in mycotoxin
produced silages was probably caused by the production of mycotoxins during withering and
probably during the first phase of aerobic fermentation. Anaerobic environment reduces the
growth of fungi and silage is from this perspective effective strategy to prevent the growth of
mycotoxin [6]. Silage is contaminated with mycotoxins and has consequent reduced health
feed safety already in the field, at least during the first hours after the start of ensiling. This
finding supports the fact that DON and zearalenone, as well as other Fusarium mycotoxins,
are produced in silages [18]. On the other hand, there are also studies showing the
development of these mycotoxins in silages [21-24]. In any case, the results indicate that
mycotoxins have been degraded silage process. However, there are studies demonstrating
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strong reduction of mycotoxin promoting silage process [25,26]. However, we do not support

this assumption. Cluster analysis (Fig. 2) shows on the one hand the similarity of intergeneric

hybrids (Festulolium pabulare and Festulolium braunii) and on the other hand, a cluster of

Lolium perenne and mixtures with both Festuca rubra or Poa pratensis.

Table 2. Influence of species, preservative and year on the content (ppb) of deoxynivalenol
(DON), fumonisin (FUM), aflatoxins (AFL), zeatralenone (ZEA) and T2-toxin (T2) in silages

from first cut.

Factor DON FUM AFL ZEA T2
Species

Lolium perenne 141.39 <LOQ <LOQ 66.07 20.37
Festulolium pabulare 156.73 <LOQ <LOQ 47.92 45.19
Festulolium braunii 143.60 <LOQ <LoQ 46.34 43.04
Mixture with Festuca rubra 161.97 <LOQ <LOQ 66.89 38.58
Mixture with Poa pratensis 167.70 6.07 0.21 54.46 19.96
p 0.5142 0.4207 0.2551 0.1577 0.8363

Preservative

Untreated 139.19° <LoQ <LoQ 60.28 21.81
Chemical 182.71° <LoQ <LoQ 53.40 21.64
Biological-enzymatic 140.93° 3.66 0.14 55.33 56.83
p 0.0042 0.3765 0.4899 0.6803 0.2137
Year

2008 164.61 0 <LoQ 53.95% 12.67
2009 156.49 <L0Q <LoQ 73.24° 42.97
2010 141.73 3.72 0.15 41.81° 44.65
p 0.2553 0.3590 0.4037 0.0016 0.2929
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Mean values in the same column with different superscripts (**°) are significant at the P<0.05
level after Scheffe test analysis

Table 3. Difference (%) of content of deoxynivalenol (DON), zeatralenone (ZEA) and T2-
toxin (T2) between green mass and silages. GM = green mass, S = silages

Factor DON ZEA T2

GM S Rel. GM S Rel. GM S Rel.

% % %

Lolium perenne 41.03 | 141.39 | 344.6 | 17.06 | 66.07 | 387.3 | 24.80 | 20.37 | 82.1
Festulolium pabulare 31.02 | 156.73 | 505.2 | 4.95 | 47.92 | 968.0 | 24.19 | 45.19 | 186.8
Festulolium braunii 36.98 | 143.60 | 388.3 | 36.45 | 46.34 | 127.1 | 24.94 | 43.04 | 172.6
Mixture with Festuca rubra | 42.15 | 161.97 | 384.3 | 47.37 | 66.89 | 141.2 | 30.40 | 38.58 | 126.9
Mixture with Poa pratensis | 40.19 | 167.70 | 417.3 | 48.15 | 54.46 | 113.1 | 29.98 | 19.96 | 66.6

The detected preservatives did not prevent mycotoxin production. In the case of
deoxynivalenol even supplementation organic acids lead to an increase (P <0.05) the content.
It is precisely the addition of organic acids, in particular propionic acid, which has antifungal
effects [27]. However acids and inoculants have no effect on mycotoxins that have been
already synthesized (Binder, 2007). Year affected (P <0.01) content of zearalenone in silages.
The lowest content of zearalenone (P <0.05) was found in silages in 2010, similar to the green
mass.

4. Conclusions

Mycotoxins belong to the secondary metabolites having harmful effects on mammals. It is
clear that their contents are monitored and their effects are intensively studied. In this study,
we investigated several factors influencing the content of these secondary metabolites in
green mass and silages prepared from various grass species. It can be concluded based on the
results obtained that low temperatures can be beneficial for not-production of mycotoxins,
however, processing of green matter for silage can be also source for mycotoxins occurrence,
which should be also taken into account.
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Abstract: Mycotoxins are secondary metabolites produced by fungi species and
that have harmful effects on mammals. The aim of this study was to assess the
content of mycotoxins in fresh-cut material of selected forage grass species both
during and at the end of the growing season. We further assessed mycotoxin
content in subsequently produced first-cutting silages with respect to the species
used in this study: Lolium perenne (cv. Kentaur), Festulolium pabulare (cv.
Felina), Festulolium braunii (cv. Perseus), and mixtures of these species with
Festuca rubra (cv. Gondolin) or Poa pratensis (Slezanka). Mainly the mycotoxins
deoxynivalenol, zearalenone and T-2 toxin were detected in the fresh-cut grass
material while fumonisin and aflatoxin contents were below the detection limits.
July and October were the most risky periods for mycotoxins to occur. During
cold temperatures in November and December, the occurrence of mycotoxins in
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fresh-cut material declined. Although June was a period with low incidence of
mycotoxins in green silage, contents of deoxynivalenol and zearalenone in silages
from the first cutting exceeded by several times those determined in their biomass
collected directly from the field. Moreover, we observed that use of preservatives

or inoculants did not prevent mycotoxin production.

Keywords: grass; silage; mycotoxin; environmental factor

1. Introduction

Clean and healthy phytomass is a prerequisite for producing high-quality forage. Potential
plant contaminants include various epiphyte microflora as undesirable clostridia (Clostrium
spp.) and fungi (Fusarium spp., Puccinia spp.) [1,2]. Development of microscopic fungi may
lead to the formation of mycotoxins [3], which are secondary metabolites produced especially
by the fungi Aspergillus, Penicillium and Fusarium [4]. Mycotoxins are produced due to
interactions and reactions of fungi to environmental conditions [5]. While such production is
especially associated with stress caused by extreme weather conditions or damage from
insects or animals, mycotoxin contamination of silages is nevertheless associated with failure
in silage management practices [6].

Mycotoxins can cause serious health problems in the human population. The incidence of
liver cancer caused by aflatoxins is believed to be increasing each year, for example, and up
to 28.2% of liver cancer cases may be due to aflatoxins [7]. Mycotoxins naturally have
negative impacts also upon livestock, causing alterations in hormonal functions, poor feed
utilization, lower rates of body weight gain, and possibly death. Moreover, some mycotoxins
may pass into milk, which could represent risk for the food chain [8-11].

Preventing the occurrence of mycotoxins in forage should begin in the field, and certain
guidelines have been suggested and practices recommended to avoid that. These include to
use varieties or hybrids that are well adapted to the given growing area and that are resistant
to fungal diseases [12].

Various grasses are used for grazing and producing stored forages, and it exists
considerable differences between these grass species. Among those species, Lolium perenne is
susceptible to fungal infestation. By contrast, Festulolium ssp. are considered to be resistant
[3]. Interspecific hybrids of Festulolium ssp. may combine the endurance of the Festuca spp.
with the high quality of the Lolium spp. Poa pratensis and Festuca rubra are ones of the
rhizomatic grasses, which are used to thicken the lower floor stand and contribute to the
density of the stands [13].
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The aim of the present study was to assess mycotoxins content in feedstuffs under Central
European environmental conditions [14,15] and the risk to health safety posed by mycotoxins
in fresh-cut material of selected forage grass species both during and at the end of the growing
season. Furthermore, mycotoxin content was assessed in subsequently produced first-cutting
silages with respect to the various species used in this study: Lolium perenne (cv. Kentaur),
Festulolium pabulare (cv. Felina), Festulolium braunii (cv. Perseus), and mixtures of these
species with Festuca rubra (cv. Gondolin) or Poa pratensis (Slezanka). The choice of species
considered the facts described above, and the various species were either potentially
susceptible to diseases or potentially more resistant to disease. When producing silage, a
chemical preservative or biological inoculant was applied.

2. Experimental Section
2.1. Plant Material and Cultivation

A small-plot experiment was established in 2007 at the Research Station of Fodder Crops
in Vatin, Czech Republic (49°31°N, 15°58’E, 560 m a.s.l.). The climate at the station can be
characterized by the 1970-2000 mean annual precipitation of 617 mm and mean annual
temperature of 6.9 °C. Figure 1 reports precipitation and mean temperature during the
observation years (2008-2011). These data were obtained from a meteorological station
situated at the experimental location. The soil type used in our experiments was Cambisol as a
sandy-loam on a diluvium of biotic orthogneiss. In the years of observation, the contents of
soil nutrients were 89.1 mg kg ! P, 231.6 mg kg ! K, and 855 mg kg™ ' Ca; pH was 4.76. The
experimental plots were fertilized with 50 kg ha™' N in spring (March). Times of cutting were
the beginning of June, end of July, beginning of October, beginning of November and
beginning of December. Biomass from the first cutting was ensiled. The experiment was
carried out in triplicate. A split-plot design was used with plots of 1.5 x 10 m. The plots were
harvested using a self-propelled mowing machine with an engagement width of 1.25 m.
Harvested area was 12.5 m?. Stubble height was 0.07 m. The grasses were harvested at the
earing stage.

Figure 1. Precipitation and mean temperatures in years 20082011 at Research Station of
Fodder Crops, Vatin, Czech Republic.
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2.2. Fresh-Cut Material and Silages Preparation

Mycotoxin contents of fresh-cut material and in silages were evaluated. In evaluating
fresh-cut material, species was the first factor examined (Table 1). Season was the second
factor examined, and it was defined by time of cutting, as follows: beginning of June, end of
July, beginning of October, beginning of November and beginning of December. The
combined effects of the two factors were also observed. In evaluating silages, grass species
was the first factor examined. The second factor was use of inoculant, the groups being
untreated, treated with chemical ingredient (formic acid [43% w/w], propionic acid [10%
w/w], ammonium formate [30% w/w], benzoic acid [2% w/w]), and treated with biological—
enzymatic inoculant (containing FEnterococcus faecium, Lactobacillus plantarum,
Pediococcus acidilactici, Lactobacillus salivarius, cellulase, hemicellulase, and amylase, with
1 x 10'"! CFU/g). The amount of chemical ingredient added was 4 1 t™! of ensiled material and
that of biological additive was 10 g t !. Biological additive was diluted in water at the rate of
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2 1 t!. Chemical and biological additives were applied by spraying onto fresh-cut material.
During the application, the material was mixed in order to spread the additives evenly.
Material for ensiling was harvested from the first cutting in the first week of June. Grasses
were allowed to wilt and dry for 20 to 30 h after mowing. The wilted biomass was ensiled in
containers with diameter and height 0.15 m and 0.64 m, respectively. Silages were sampled
90 d after closing the containers. Silages were observed in the three years 2008 (1st harvest
year), 2009 (2nd harvest year) and 2010 (3rd harvest year). In the fourth harvest year, silages
were not produced due to low grass yields.

Silages sampled 90 d after ensiling were assessed for pH, acidity of water extract (AWE),
as well as contents of lactic acid (LA), acetic acid (AA), butyric acid (BA) and NH3. Values
of pH were from 4.05 to 4.26. Content of lactic acid (LA) was from 10.39 to 16.63 %, content
of acetic acid (AA) was from 1.23 to 3.25 %, content of NH3 was from 0.1541 to 0.1752 %
and content of ethanol was from 1.88 to 4.28 %.

2.3. Mycotoxin Determination

Green forage samples and silages were dried at 60 °C, ground to a particle size of < 1 mm,
then analyzed for content of the mycotoxins deoxynivalenol (DON), zearalenone (ZEA),
fumonisin (FUM), aflatoxin (AFL) and T-2 toxin (T-2) using enzyme-linked immunosorbent
assay (ELISA) according to Skladanka et al. (2011) [16]. ELISA is a competitive, direct
enzyme-linked assay for quantitative analysis. The toxin concentration is expressed in parts
per billion (ppb). The data were processed statistically using STATISTICA.CZ Version 8.0
(Czech Republic). The results are expressed as means (x). The results obtained were then
further analyzed using ANOVA and Scheffé’s method. Cluster analysis was performed to
create graphical representations.

3. Results and Discussion
3.1. Fresh-Cut Material

In our study, mainly the mycotoxins DON, ZEA and T-2 were detected. The contents of
FUM and AFL were below the limits of detection in the majority of samples. The lowest
DON content in fresh-cut material was found in F. pabulare, at 31.02 ppb (Table 1). The
highest DON content in the fresh-cut material was determined for the mixture with F. rubra,
at 42.15 ppb. Similarly, the lowest levels of ZEA were determined in the fresh-cut material of
F. pabulare. Due to high variability among samples, no statistically significant influence of
grass species on mycotoxin content was confirmed. There nevertheless was a clear lower
tendency for mycotoxins to occur in F. pabulare. This is evidenced by the results of the
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cluster analysis (Figure 2), where F. pabulare stands outside a cluster of the other species for

June, October and December.

Table 1. Influence of species, season (time of cutting) and year on the content (ppb) of
deoxynivalenol (DON), fumonisin (FUM), aflatoxins (AFL), zearalenone (ZEA) and T-2
toxin (T-2) in fresh-cut material of grasses.

Factor DON FUM AFL ZEA T-2

X s.d. X s.d. X s.d. X s.d. X s.d.
Species
Lolium perenne 41.03 6.12 <LOQ - <L0OQ 0,00 17.06 15,52 2480 5,76
Festulolium 31.02 6.27 <LOQ - 0.07 0,05 4.95 2,70 2419 6,27
pabulare
Festulolium braunii 36.98 5.49 <LOQ - <LOQ 0,01 36.45 2505 2494 5,33
Mixture with 42.15 6.72 <LOQ - <L0Q 0,01 4737 31,50 3040 6,45
Festuca rubra
Mixture with Poa 40.19 7.56 <LoOQ - <LOQ 0,01 48.15 30,99 29.98 6,34
pratensis
p 0.6347 - 0.5288 0.4581 0.7976
Season (time of cutting)
Beginning June 16.09° 3,76 <LOQ - <LOQ 0,01 1.46 1,43 24.70 6,35
End July 51.90° 6,55 <LOQ - 0.09 0,05 61.18 33551 2849 6,70
Beginning October 41.94° 590 <LOQ - <L0OQ 0,01 86.55* 37,83 36.49 5,80
Beginning 41.58* 6,99 <LOQ - <LOQ 0,01 1.88 1,80 18.25 5,72
November
Beginning 39.86°* 5,97 <LoQ - <LoQ 0,01 291 1,97 26.39 4,90
December
p 0.0004 - 0.0176 0.0045 0.1112
Year
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37.63%
46.28°
47.13°
22.06°
0.0019
0.7797
0.9552

0.0000

7,65
5,67
3,64

3,78

<L0Q

<L0Q

<L0Q

<L0Q

<L0Q

0.08

<LO0Q

<LO0Q

0.0138

0.6986

0.3676

0.0518

0.01 115.76°
0.04 6.15°
0.01 <LOQ®
0.01 1.23°
0.0000
0.9950
0.6122

0.0000

Mendelova
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37,82
2,50
0,01

1,14

34.89%
48.37°
5.34¢
18.87%
0.0000
0.9766
0.9906

0.0001

5,26
3,99
3,03

4,51

Mean values in the same column with different superscripts (**°) are significant at the p <

0.05 level after Scheffé’s method analysis. LOQ = limit of quantification. x = mean. s.d. =

standard deviation.
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Figure 2. Cluster analysis of evaluated species (Euclidean distance), 2008—-2011.
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LP = Lolium perenne, FP = Festulolium pabulare, FB = Festulolium braunii, FR = mixture
with Festuca rubra, PP = mixture with Poa pratensis.

Time of cutting influenced (p < 0.01) especially the contents of DON and ZEA.
Deoxynivalenol content was highest (p < 0.05) at the end of July (51.90 ppb). High DON
content remained also in October (41.94 ppb) and November (41.58 ppb). In December, DON
decreased to 39.86 ppb. Similarly, high ZEA content was found in late July (61.18 ppb), and
this culminated in October at 86.55 ppb. The population density of filamentous fungi is
known to be positively associated with the senescence process of plants [17], and yet forage
from November and December had low levels of ZEA (1.88 and 2.91 ppb, respectively).
Reduction of mycotoxins in forage during late autumn and early winter is also evidenced by
the analysis for T-2. In as much as the onset of winter would be associated with the death of
biomass and the senescent processes would themselves be associated with microscopic fungi
capable of producing mycotoxins, one would expect rather greater increase of mycotoxins as
autumn and winter drew nearer and nearer. In fact, however, the opposite was true. Low
temperatures reduce the risk from mycotoxins. It is obvious that the higher humidity of the
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growing season contributes to the development of mold, but low temperatures inhibit
formation of mycotoxins. Fall of temperature under 5 °C in November and December can
lead to reduction of enzymatic activity of mold and lower production of mycotoxins, which
comprise stress reaction on the lower temperature [18-20]. Denijs et al., Engels and Kramer,
and Behrendt et al. had also observed the influence of not only biotic but also abiotic factors
on the production of mycotoxins [17,21,22]. Moreover, higher levels of mycotoxins occurring
during winter months were reported by Golinski et al. [23]. Forage from the beginning of
June is generally characterized by low levels of mycotoxins, and this is especially evident (p <
0.01) for DON and ZEA.

The interannual variability of the average DON, ZEA and T-2 contents was significant (p <
0.01). In the case of DON, there was an obvious difference (p < 0.05) especially between
2010 and 2011. Even more evident differences occurred in ZEA content. While in 2008 ZEA
content was 115.76 ppb, it was only 6.15 ppb in 2009 and just 1.23 ppb in 2011. In 2010,
ZEA content was even below the limit of detection. Meanwhile, 2010 was characterized by
very low T-2 content (p < 0.05). There were differences among the evaluated years in terms
of total rainfall and its distribution as well as in average annual temperatures and temperature
changes.

Moisture, temperature and availability of nutrients and oxygen are among the important
factors influencing mold growth [24]. The combination of these factors can have a significant
proportionate influence on annual fluctuation in mycotoxin concentrations. In 2008, when the
greatest occurrence of mycotoxins in green forage was determined, the highest average annual
temperature was measured and precipitation was well distributed within and between months.
There was sufficient precipitation for plant growth through the year. By contrast, the
following years had lower mean annual temperatures and especially the autumn months were
characterized by a lack of precipitation. Sometimes, the precipitation curve falls below the
curve of temperatures, which indicates lack of moisture for plant growth. This may be
reflected also in the growth of mold and subsequent mycotoxin production. Temperature may
affect the utilization of certain nutrients in the soil, and in particular phosphorus [25,26].
Reduced nutrients availability can cause plants to have lower resistance to disease and
subsequently to be subject to mold development. The year 2008 was among the warmest, and
there was a higher incidence of ZEA in the green plant material. In 2009, when there was an
obvious drought and rainfall was insufficient for plant growth, higher levels of T-2 were
found.

3.2. Silages
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Grass species had no influence on the content of mycotoxins in silages from the first
cutting (Table 2). Differences between species were minimal in the silages produced. There
were, however, interesting differences in the contents of mycotoxins between fresh-cut
material and silages. The increase in the contents of DON, ZEA and T-2 in silages compared
with fresh-cut material is shown in Table 3. DON content in silages increased by as much as
400%. This rise could be due to a higher temperature after closing of the silo containers.
Higher temperatures constitute a stress factor that can trigger production of mycotoxins. After
closing the silo containers, the aerobic phase, during which aerobic microorganisms consume
the remaining oxygen, produces heat. Mold growth then diminishes during the following
anaerobic phase, but the mycotoxins already produced are nevertheless preserved in the
silages.

The highest content of mycotoxin generally and of DON in particular (167 ppb) was found
in the mixture with P. pratensis. Charmley et al. have reported that DON may be passed to
milk when its content in feedstuffs reaches the level of 6 mg kg ' [8]. The European
Commission advisory guideline for DON is 5 mg kg! of dry matter (Commission
Recommendation of 17 August 2006 on the presence of DON, ZEA, ochratoxin A, T-2 and
HT-2 toxins, and fumonisins in products intended for animal feeding [2006/576/EC]).
Zearalenone content increased by as much as 868% in silage from F. pabulare. The highest
ZEA content was determined in the silage mixture with F. rubra (66.89 ppb). The guidance
value for ZEA in Europe is 500 ug kg ' of dry matter. According to D'Mello, ZEA in
concentrations ranging from 0.2 to 1.0 mg kg ! is even toxic to rodents [27]. It is advised not
to use for feeding purposes forage with ZEA content higher than 0.5 mg kg ! [28]. Aside from
FUM and AFL, for which no differences between the fresh-cut material and silages were
found, the smallest changes after ensiling were recorded for T-2. T-2 content in silages
increased by a maximum of 86.8% in the case of F. pabulare.

The increase of mycotoxins in silages was in some cases very significant. Ensiling is a
process whereby lactic acid bacteria ferment simple sugars and produce acids. This reduces
the pH and consequently there is diminished growth of undesirable microorganisms (Garon et
al., 2006). The increase of mycotoxins within the silages was probably caused by the
production of mycotoxins during wilting of the cut grass and the first phase of aerobic
fermentation. Because an anaerobic environment reduces the growth of fungi, ensiling is from
this perspective an effective strategy to prevent the production of mycotoxins [6]. Material for
producing silage is contaminated with mycotoxin-producing fungi already in the field, and
consequently the feeding safety continues to diminish at least through the first several hours
after the start of ensiling. Our findings support earlier observations that DON, ZEA and other
Fusarium mycotoxins are produced in silages [24]. In any case, our results indicate that
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mycotoxins were generally not degraded by the ensiling process. Nevertheless, there are other

studies demonstrating potential for strongly reducing mycotoxins production during the

ensiling process by using, for example, inoculants [29,30].

Cluster analysis (Figure 2) in relation to the silages shows, on the one hand, a similarity

between the intergeneric hybrids (F. pabulare and F. braunii) and, on the other hand, a cluster

of L. perenne and both mixtures including F. rubra or P. pratensis.

Table 2. Influence of species, preservative or inoculant, and year on the content (ppb) of
deoxynivalenol (DON), fumonisin (FUM), aflatoxins (AFL), zearalenone (ZEA) and T-2
toxin (T-2) in silages from the first cutting of grasses.

Factor DON

FUM

AFL

ZEA

T-2

s.d.

s.d.

s.d.

s.d.

s.d.

Species

Lolium 141.39
perenne

Festulolium  156.73
pabulare

Festulolium 143.60
braunii

Mixture 161.97
with

Festuca

rubra

Mixture 167.70
with Poa
pratensis

p 0.5142

6,29

19,04

13,24

13,86

15,82

<LOQ

<LOQ

6.07

<LOQ

<LOQ

0.4207

0,02

0,02

6,04

0,02

0,02

0.2551

<LoQ

<LOQ

<LoQ

<LOQ

0.21

0,02

0,02

0,01

0.01

0,12

66.07

47.92

46.34

66.89

54.46

0.1577

10,80

7,99

8,96

6,89

6,64

20.37

45.19

43.04

38.58

19.96

0.8363

11,29

25,39

26,10

23,88

12,1
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Preservative or inoculant
Untreated 139.19* 8,91 <LOQ 0,01 <LOQ 0,01 60.28 6,35 21.81 13,64
Chemical 182.71° 12,41 <LOQ 3,62 <LOQ 0,01 5340 8,23 21.64 11,67

Biological- 140.93% 7,22 3.66 0,01 0.24 0,08 55.33 5,23 56.83 20,14
enzymatic

p 0.0042 0.3765 0.4899 0.6803 0.2137

Year

2008 164.61 8,70 <L0Q 0.01 <LOQ 0,01 53.95* 5,59 12.67 5,22
2009 156.49 15,19 <LOQ 0.01 <LOQ 0,08 73.24* 6,94 42,97 11,82
2010 141.73 6,81 3.72 362 0.15 0,01 41.81° 4,68 44,65 23,94
p 0.2553 0.3590 0.4037 0.0016 0.2929
Species x 0.9502 0.4596 0.3666 0.5255 0.3641

Preservative

Species x 0.4784 0.4560 0.3753 0.9177 0.8801
Year

Preservative 0.0004 0.4212 0.3174 0.0362 0.2586
X Year

Mean values in the same column with different superscripts (**€) are significant at the p <
0.05 level after Scheffé’s method analysis. x = mean. s.d. = standard deviation.

Table 3. Differences (%) in content (ppb) of deoxynivalenol (DON), zearalenone (ZEA) and
T-2 toxin (T-2) between fresh-cut material and grass silages. FCM = fresh-cut material, S =
silages.

Factor DON ZEA T-2

FCM S Rel. FCM S Rel. FCM S Rel.

% % %
Lolium perenne 41.03 14139 344.6 17.06 66.07 3873 24.80 20.37 821
Festulolium pabulare 31.02 156.73 505.2 4.95 4792 968.0 24.19 45.19 186.8
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Festulolium braunii 36.98 143.60 388.3 36.45 46.34 127.1 2494 43.04 1726
Mixture with Festuca rubra  42.15 161.97 384.3 47.37 66.89 141.2 30.40 38.58 126.9

Mixture with Poa pratensis  40.19 167.70 417.3 48.15 54.46 113.1 29.98 19.96 66.6

The preservatives used in our study did not prevent mycotoxin production although, these
materials are commonly used by farmers with the aim to improve the ensiling process. In the
case of DON, the addition of organic acids even led to an increase (p < 0.05) in the content. It
is precisely the addition of organic acids, and in particular propionic acid, which has
antifungal effects [31]. Nevertheless, acids and inoculants have no effect on mycotoxins that
already have been synthesized.

We observed an effect of year on ZEA content in silages (p <0.01). The lowest ZEA
content (p < 0.05) was found in silages during 2010, in which year ZEA concentrations were

similar to those in fresh-cut material.
4. Conclusions

Mycotoxins are secondary metabolites having harmful effects on mammals. Their
concentrations are therefore monitored and their effects intensely studied in fresh material. In
this study, we investigated several factors influencing the content of these secondary
metabolites in fresh-cut material and silages prepared from various grass species. It can be
concluded that low temperatures can be beneficial for inhibiting the production of
mycotoxins. This is well documented by the above results, however, these conditions can be
taken into the account in some part of Europe, mainly in the middle and northern. On the
other hand, these places are beneficial for the growing of the mentioned specie, because they
are also resistant to that environment together with the lower content of mycotoxins. It should
also be taken into account that the processing of green material for silage can itself contribute
to increasing mycotoxin concentrations.
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