Anna KILISZCZYK, Katarzyna KIERASINSKA, Barbara WROBEL
Institute of Technology and Life Sciences, Falenty
Al. Hrabska 3, 05-090 Raszyn, Poland
e-mail: a.kiliszczyk@itp.edu.pl
Received: 2019-09-20 ; Accepted: 2019-10-08

OCCURRENCE AND CONCENTRATION OF MYCOTOXINS IN GRASS SILAGE FROM
SELECTED FARMS

Summary

The aim of the study was to assess the frequency of occurrence and concentrations of mycotoxins in grass silages depending
on meadow location, term of harvest and type of fertilizer used. The research material consisted of 24 grass silage samples
collected in 2013 from three farms located in: Falenty, Koder and Kqty. The following mycotoxins were evaluated: deox-
ynivalenol (DON), nivalenol (NIV), T2 and HT2 toxin, zearalenone (ZEA) and roquefortine C (ROQ C). 22 samples were
positive for at least one mycotoxin. The most frequently detected toxins were NIV (14 samples contaminated), DON and
ZEA (10 samples). The concentration of mycotoxins in silage samples coming from individual farms varied and significant
differences between farms were obtained only in the case of T2 toxin and ZEA. Silage made out of sward from the third cut
was more likely to be contaminated, than silage made out of sward from the first cut. The type of fertilizer had no significant
impact on mycotoxin concentrations except for NIV and HT2 toxin.
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CZESTOTLIWOSC WYSTEPOWANIA I ZAWARTOSC MYKOTOKSYN W KISZONCE
Z RUNI LAKOWEJ W WYBRANYCH GOSPODARSTWACH

Streszczenie

Celem pracy byla ocena czestotliwosci wystgpowania i zawartosci Mykotoksyn w kiszonce z runi tgkowej w zaleznosci od
lokalizacji gospodarstwa, terminu zbioru runi fgkowej oraz rodzaju nawozenia stosowanego do nawozenia Igki. Material
badawczy stanowily 24 probki sianokiszonki pobrane w 2013 r. w trzech gospodarstwach: w Falentach, Kodniu i Kqtach.
Oceniono zawartos¢ nastepujgcych mykotoksyn i toksyn: deoksyniwalenolu (DON), niwalenolu (N1V), toksyn T2 i HT2, zea-
ralenonu (ZEA) i roquefortyny C (ROQ C). 22 probki byly skazone co najmniej jedng mykotoksynq. Najczesciej wykrywa-
nymi toksynami byly NIV (14 probek) DON i ZEA (po 10 probek). Zawartos¢ poszczegdlnych mykotoksyn w probkach ki-
szonki pochodzqcych z poszczegolnych gospodarstw byla bardzo zroznicowana, ale istotne roznice migdzy gospodarstwami
stwierdzono tylko w przypadku dwdch mykotoksyn: toksyny T-2 i ZEA. Kiszonki sporzgdzone z runi tgkowej zebranej w trze-
cim pokosie zwykle byly bardziej zanieczyszczone niz kiszonki z pierwszego pokosu. Rodzaj nawozenia nie mial istotnego

wplywu na poziom skazenia mykotoksynami, z wyjgtkiem toksyn NIV i HT?2.
Stowa kluczowe: pokos, deoksyniwalenol, NPK, obornik, niwalenol, toksyny T2 i HT2, roquefortyna C, zearalenon

1. Introduction

Mycotoxins are a group of highly toxic secondary me-
tabolites secreted by fungal organisms mostly belonging to
the genera Aspergillus, Fusarium, Alternaria, and Penicil-
lium. Mycotoxin synthesis depends on environmental and
physiological conditions [1, 2].

Animal mycotoxin metabolism is a complex net of biac-
tivation and detoxification pathways. Ruminants are less
sensitive to some mycotoxins since rumen microbiota can
effectively degrade them over time [3]. Some mycotoxins
and the by-products of their detoxification may become
fixed in animal or human tissues, but are mostly expelled in
faeces, urine or milk. The presence of toxic residues in edi-
ble animal products (milk, meat, offal), may have some det-
rimental effects on human health [4]. In animals, mycotoxin
toxicity can cause many different minor chronic illnesses,
in rare situations high mycotoxin concentration may cause
death. Symptoms of mycotoxicosis depend mainly on the
type of mycotoxin, the age, overall health condition and di-
etary status of the affected organisms. Mycotoxins ingested
by livestock can cause vomiting, reduced fertility, lame-
ness, impaired resistance to infections, reduced feed intake
and feed refusal [5]. There’s approximately 400 types of
mycotoxins that can cause undesirable effects in cattle and
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be harmful to human health [6]. Some of the mycotoxins
harmful to ruminant health include: aflatoxins, ochratoxin
A, zearalenone, fumonisins (B1 and B2), trichothecenes,
ergot alkaloids, and gliotoxin and others [7]. There are
methods that decrease the risk of mycotoxin occurrences:
screening plant material for fungal contamination, im-
proved cultivation, harvest and storage methods, eliminat-
ing mycotoxins from contaminated food [16].

Epiphyte numbers, including moulds, are strongly af-
fected by anthropogenic factors such as farming [8, 9]. Mi-
croorganisms present in the phyllosphere of grasses are in-
fluenced by changes in grassland management, particularly
by change from intensive management to extensification
due to reduced cutting frequencies and lower fertilizer ap-
plications [10].

Seasonal diversity in mould development is a common
occurrence. In late autumn the vegetation of pastures grad-
ually decreases and weather conditions stimulate the devel-
opment of microscopic fungi, which, in consequence, may
lead to the formation of mycotoxins [11].

There are considerable differences in mould-resistance
amongst plant species. An example of mould-resistant grass
species is Festuca arundinacea and its hybrids [12]. Most
research studies have focused primarily on mycotoxin oc-
currence in cereal grains. Relatively few studies have sur-
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veyed mycotoxins in silages [10, 13]. Silage can become
contaminated with fungi, either pre-harvest or post-harvest.
The amount of mycotoxins in silage depends on many fac-
tors such as the quality of the plant material from which
they are prepared, conditions of ensilaging and fodder stor-
age [2, 14, 15].

2. Materials and methods
2.1. Grass silage samples collection

The research material consisted of 24 grass silage sam-
ples collected in 2013 from three farms located in: Falenty
(52°08' N 20°55’E) - Masovian Voivodoship, Koden
(51°54’ N 23°36' E) - Lublin Voivodeship and Katy (53°22’
N 22°59’ E) — Podlasie Voivodeship.

Meadow sward intended for silage production was har-
vested on May 2013 (1% cut) and September 2013 (3" cut).
Before harvest the sward was wilted on the surface of the
meadow to a dry matter content of 32 to 80%. Big-bale
technology was used in all farms. Silages produced in Fa-
lenty came from meadow swards fertilized with mineral
fertilizers NPK and organic fertilizer (Tab. 1). The time of
forage ensilaging ranged from 9 to 12 weeks.

2.2. Mycotoxin analysis

The content of the following mycotoxins was evaluated:
deoxynivalenol (DON), nivalenol (NIV), T2 and HT2 tox-
ins, zearalenone (ZEA) and roquefortine C (ROQ C). My-
cotoxin determinations were performed by liquid chroma-
tography with tandem mass spectrometry (LC-MS/MS) in
Kazimierz Wielki University, Bydgoszcz, Poland.

Table 1. Experimental design
Tab. 1. Schemat doswiadczenia

Experimental factor Number of samoles
Farm Cut Fertilisation P

| NPK 3
1] NPK 3
Falenty | manure 3
11 manure 3
, | NPK 3
Koden 1 NPK 3
| NPK 3
Katy i NPK 3

Source: own study / Zrédlo: opracowanie wiasne
2.3. Statistical analysis

Obtained data was compared using two-way analysis of
variance (ANOVA) with place of sampling (farm) and time
of harvest (cut) as factors. In samples collected from Fa-
lenty farm, the type of fertilisation and time of harvest was
also analysed. Significance of differences was checked with
the Tuckey HSD test at a=0.05. Correlations were calculat-
ed with a Spearman correlation test and were considered
significant at a level of p=0.05. All tests were made using
Statistica ver. 6 (Statsoft, Poland).

3. Results
3.1. Frequency of mycotoxin occurrence

Out of 24 evaluated silage samples 22 were positive for
at least one mycotoxin, and 12 samples contained three or
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more mycotoxins. NIV, ZEA and DON were amongst the
most frequently encountered mycotoxins in grass silage and
were found in 58% and 42% of the samples, with average
concentrations at levels of 5.89 ppb (ZEA), 4.80 ppb (NIV)
and 3.41 ppb (DON). Toxins T2 and HT2 were detected in
grass silage samples at a frequency of 37% and 33%, re-
spectively (Fig. 1).

70
60

58%

Proportion of silage samples
%

DON NIV T2 HT2

ZEA ROQC
Source: own study / Zrédlo: opracowanie wlasne

Fig. 1. Frequency of different mycotoxin occurrence in
grass silage

Rys. 1. Procentowy udzial prob sianokiszonki zanieczysz-
czonych poszczegolnymi mykotoksynami

3.2. Mycotoxin concentration

The highest noticed concentration of mycotoxin oc-
curred in grass silage samples from the farm located in
Katy (52.3 ppb), made of meadow sward harvested in the
third cut where mineral fertilization had been used. The
dominant mycotoxin being ZEA produced by Fusarium sp.
fungi. In the first cut similar amounts of mycotoxins were
noticed (44.3 ppb) with Roquefortin C being the dominant
type of mycotoxin.

Smaller amounts of mycotoxins were noticed in Falenty,
where mineral fertilization was applied, in grass silage
samples from the first cut (18.6 ppb) and from the third cut
(17.4 ppb). The most abundant mycotoxin types being
DON and NIV, mycotoxins from the Trichotocene group
which are produced by Fusarium sp.

No mycotoxins were detected in two silage samples
from Falenty: one made out of meadow sward coming from
the first cut that was fertilized with manure and one from
the third cut fertilised with NPK.

The concentration of mycotoxins in silage samples com-
ing from individual farms varied. Statistically significant
differences between farms were obtained only in the case of
T-2 mycotoxin and ZEA (Table 2). The highest concentra-
tion of both toxins was measured in Katy and the lowest in
Falenty.

The factor differentiating the amount of mycotoxins in
silage samples was the cut in which the material for silage
production was harvested. Silages made of meadow swards
harvested in the third cut were more contaminated with my-
cotoxins than silages made from meadow swards coming
from the first cut. Although significant differences were
proven only in the case of ZEA (Table 2). The concentra-
tions of other analysed mycotoxins showed no statistically
significant differences.

Table 3 shows how the type of used fertilizer impacts
the level of mycotoxin concentrations in samples of grass
silage from Falenty. Mycotoxin amounts were very similar
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in samples from meadow swards fertilized with mineral fer-
tilizers NPK and manure. Statistically significant differ-
ences were noted only between the levels of two mycotox-
ins: NIV and toxin HT2. On average the concentration of
NIV was higher in silages from meadow sward fertilized
with manure (10.47 ppb) than with mineral fertilizer (2.76
ppb). The opposite was observed in the case of HT2 toxin
level (Table 3). Silages from meadow sward fertilized with
manure had 0.0 ppb of HT2 toxin and those fertilized with
mineral fertilizer - 1.89 ppb.

The term of cut had a significant impact only on HT2
toxin concentrations (Table 3).

3.3. Co-occurrences of mycotoxins

Table 4 shows that there was a statistically significant
positive correlation between toxins T2 and HT2 (0.50) as
well as between T2 toxin and ROQ C (0.50). Statistically
significant negative correlation was obtained between toxin
T2 and NIV mycotoxins (-0.48).

Table 2. Mycotoxin concentrations in grass silage depending on farm and term of harvest
Tab. 2. Stezenia mykotoksyn w sianokiszonce w zaleznosci od gospodarstwa i terminu zbioru runi lgkowej

Farm Cut DON NIV Toxin T2 Toxin HT2 ZEA Roquefortine C
(ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Falenty | 4.56 6.28 0.0a 0.0 0.32a 0.0a
11 3.34 6.95 0.10ab 1.89 0.88a 0.0a
Kodeh | 1.52 5.60 0.0a 0.0 0.0a 0.0a
11 8.95 5.17 0.92bc 5.30 11.3ab 0.0a
Kat | 1.00 0.00 1.11c 1.33 0.19a 21.0b
ay 1T 0.00 1.18 0.70abc 0.67 33.2b 0.0a
Mean for farms
Falenty 3.95 6.62 0.05a 0.95 0.60a 0.0
Koden 5.23 5.38 0.46ab 2.65 5.65ab 0.0
Katy 0.50 0.59 0.91b 1.0 16.7b 10.5
Mean for cuts
| 2.91 4.54 0.28 0.33 0.21a 0.0
11 3.91 5.06 0.45 2.44 11.57b 5.25

Means in columns followed by the same letter are not significantly different at 5% level of probability (Tukey’s test, p<0.05)

Source: own study / Zrédlo: opracowanie wlasne

Table 3. Mycotoxin concentrations in grass silage samples in Falenty depending on fertilization type and cut
Tab. 3. Stezenia mykotoksyn w probkach kiszonki z trawy w Falentach w zaleznosci od rodzaju nawozenia i pokosu

Fertiliser cut DON NIV Toxin T2 Toxin HT2 ZEA Roquefortine C
type (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Mineral [ 7.2 10.85 0 0.0a 0.53 0.0
1 5.1 10.1 0 0.0a 1.38 0.0
Manure [ 1.92 1.72 0 0.0a 0.12 0.0
11 1.59 3.80 0.2 3.79b 0.38 0.0
Mean from fertilisation
Mineral 1.75 2.76a 0.0 1.89b 0.25 0.0
Manure 6.16 10.47b 0.1 0.0a 0.95 0.0
Mean from cuts
[ 4.56 6.28 0.0 0.0a 0.32 0.0
11l 3.34 6.95 0.1 1.89b 0.88 0.0

Means in columns followed by the same letter are not significantly different at 5% level of probability (Tukey’s test, p<0.05)

Table 4. Spearman's Rank Correlation Coefficient
Tab. 4. Korelacja porzqdku rang Spearmana

Source: own study / Zrédlo: opracowanie wlasne

DON NIV Toxin T2 Toxin HT2 ZEA ROQC
DON 1.00 0.18 -0.04 0.01 0.18 -0.06
NIV 0.18 1.00 -0.48* -0.17 -0.13 -0.32
T2 -0.04 -0.48* 1,00 0.50* 0.39 0.50*
HT2 0.01 -0.17 0.50* 1.00 0.04 0.05
ZEA 0.18 -0.13 0.39 0.04 1.00 -0.07
ROQC -0.06 -0.32 0.50* 0.05 -0.07 1.00

* correlations significant at p <0.05

4. Discussion

So far only a few studies on the occurrence of mycotox-
ins in grass silage have been published [10, 12, 17; 18].
Among the few studies in Poland focused on mycotoxins
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22

Source: own study/ Zrédio: opracowanie wlasne

contaminating silages there’s a paper by Panasiuk et al. [19]
in which 87 maize silage and 33 grass silage samples were
collected in 2015 from farms in Poland. All silage samples
were positive for at least one mycotoxin, and 61% of the
samples contained five or more mycotoxins simultaneously.
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The most frequently detected toxins were deoxynivalenol,
nivalenol, zearalenone, enniatins and beauvericin. In grass
silage DON and ZEN were detected at a frequency of 37%
and 3%, respectively, but the concentration levels of these
toxins were relatively low. In their study deoxynivalenol
mean concentration was 40.6 and zearalenon 80.6 ppb, re-
spectively, and the two toxins were positive-correlated. In
the study conducted by Skladanka et al. [10], the maximum
content of DON was 167 pg/kg and ZEN at 66.9 pg/kg.

In our study the most frequently detected toxins were
NIV (14 samples contaminated) DON and ZEA (10 sam-
ples) but their concentrations were relatively low and con-
siderably lower than the current EU directive or guidance
thresholds [20, 21]. Similar results, where mycotoxin con-
centrations in grass silages were relatively low, were ob-
tained by McElhinney et al. [17, 18].

The simultaneous presence of different mycotoxins can
be more toxic than the toxicity predicted for one mycotoxin
only. In our study 22 samples were positive for at least one
mycotoxin. But 50% of silage samples were contaminated
by 3 or 4 toxins. A positive correlation between toxins T2
and HT2 was noted. T2 toxin is rapidly transformed into
HT-2 toxin during the fermentation process [19]. The stated
co-occurrence of toxins in examined grass silage samples,
could pose chronic problems for exposed cattle, with possi-
ble synergistic and/or additive effects. The presence of mul-
tiple mycotoxins in animal feed should be considered as a
potential threat to livestock wellbeing.

Obtained results confirm the observation that the occur-
rence of mycotoxins in grass silage is lower than in maize
silage or wheat silage [22]. This is probably a result of the
fact that fungi and other pathogens can easily survive on
maize crops, which contain more necessary proteins and
polysaccharides than grasses [23].

The results obtained in our study show that the concen-
trations of some mycotoxins (T2 and ZEA) in grass silage
depends on the place and term of meadow sward harvest
intended for silage production (the cut). The differences in
occurrence of the main mycotoxins (DON, NIV and ZEN)
could be caused by climate differences (temperature and
precipitations). Kang’ethe et al. [24] study from 2017
showed differences in the number of grain samples contam-
inated with aflatoxins and levels of contamination depend-
ing on sampling site. The authors explain this finding by
differences in weather conditions: hot and dry weather
could possibly promote Aspergillus growth and consequent-
ly the production of aflatoxins.

It’s hypothesized that the amount of mycotoxins is af-
fected by the plant’s condition, time of harvest and utiliza-
tion. Our results, as well as Baholet et al. study [25] show
that the driving factor behind mycotoxin contamination is
the term of harvest. Silage made of sward coming from the
third cut tend to be more contaminated than silage made of
sward from the first cut. The reasons for this phenomenon
are different weather condition during the growing season
that promote mould development and synthesis of mycotox-
ins. Skladanka et al. [10] examined how forage grasses can
become contaminated with deoxynivalenol (DON) and
zearalenone (ZEA) during the growth season. July and Oc-
tober were presented as months where mycotoxin contami-
nation was most common.

In our study the type of fertilizer had no significant im-
pact on mycotoxin concentrations in silage except for NIV
and HT?2 toxin, similar results were observed in Baholet et
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al. study [25]. Results of our research can be important for
organic farming systems as they show that natural fertiliz-
ers do not affect mycotoxin content in grass silages.

5. Conclusions

The concentrations of measured mycotoxins were gen-
erally low and considerably lower than current EU directive
or guidance thresholds.

The content of individual mycotoxins in silage samples
coming from individual farms varied but significant differ-
ences between farms were obtained only in case of T-2 tox-
in and ZEA.

Silage made of sward coming from the third cut tend to
be more contaminated than silage made of sward from the
first cut.

The type of fertilizer used had no significant impact on
the mycotoxins concentrations except for NIV and HT2
toxin.
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