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Abstract
In this study, samples of maize and grass silage were collected from various farms of Lithuania and were analysed 
for mycotoxins: aflatoxin B1 (AFB1), deoxynivalenol (DON), T-2 toxin (T-2) and zearalenone (ZEA), over the 
2017–2019 period. Silage nutrient composition, including content of dry matter, crude protein, crude fibre, starch 
(for maize), and acidity (pH) were investigated, and fermentation degree was computed. 
All samples contained at least one mycotoxin, 85% of samples were co-contaminated with all four mycotoxins 
tested, 13% of samples contained three and only 1.5% of samples contained two mycotoxins. In general, the 
concentrations of DON, ZEA and T-2 were respectively 5, 1.7 and 2 times higher in maize silage than in grass 
one. Maize silage had the highest levels of ZEA and AFB1, exceeding the European Union’s (EU) maximum 
allowable limits. In grass silage, mycotoxin with the highest concentration exceeding the allowable limits was 
AFB1. Between the experimental years, statistically significant differences were found only in T-2 content in maize 
silage. Silage storage had an impact only on AFB1 concentrations: its highest concentration (10.9 ± 1.1 μg kg-1) was 
found in trench silos, while in silage clamps and bales that ones were lower by 48% and 44%, respectively. DON 
negatively correlated with dry matter in grass silage. ZEA negatively correlated with crude protein content and pH 
in maize silage and with dry matter and crude fibre content and pH in grass silage, but positively correlated with 
fermentation degree in both silages. T-2 negatively correlated with crude protein content and positively correlated 
with crude fibre content in grass silage. 
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Introduction
Silage is one of the key ingredients in the diet of 

ruminants and a vital source of proteins, nutrients, energy 
and fibre (Queiroz et al., 2012). As a result, most of the 
Northern European countries store forages as silage due 
to the wet climate conditions (Hutnik, Kobielak, 2012). 
It is known that control of silage production can be the 
key factor determining silage fermentation, but even 
under controlled conditions this process can be complex 
(Mogodiniyai et al., 2013). It is necessary to pay more 
attention to the quality and safety issues, as the feeding 
of poor-quality silages reduces animal productivity and 
endangers animal and human health (Stoškus et al., 
2019). Aerobic instability of silage can adversely affect 
its hygienic quality by inducing the growth of moulds and 
mycotoxin formation, which may pose a risk to humans 
by possible transmission of pathogens and mycotoxins to 
animal products such as milk. In addition, a high ambient 
temperature can accelerate several aerobic microorganisms 
that further accelerate the process of silage deterioration 
(Ogunade et al., 2016; Borreani et al., 2018). 

The most important crops used for ensiling are 
forage legumes, grasses and maize with grasses being 
more important in Europe and maize in North America. 
Other crops used for ensiling are wheat, barley and 

industrial by-products: sugar beet tops, pressed sugar 
beet pulp, brewer’s grains, ect. (Alonso et al., 2013). A 
recent 4-year mycotoxin survey in Poland revealed that 
up to 95% of feedstuffs contained at least one mycotoxin 
(Kosicki et al., 2016). Ensiled forages may contain a 
mixture of mycotoxins, originating from pre-harvest 
contamination by Fusarium and Aspergillus species 
(Uegaki et al., 2013; Gallo et al., 2015) and/or from 
postharvest contamination with toxigenic moulds such as 
Aspergillus and Penicillium species that are common in 
silage (Alonso et al., 2013). 

A high dry matter content (>50%) in the raw 
material makes the silage more susceptible to self-heating 
and infection with toxin-producing fungi. Advances in 
silage production technology are primarily related to 
maize whole plant and grain silage, the quality of which 
depends on the stage of growth. Delayed harvesting to 
achieve high dry matter content results in the growth 
of yeast and mould; thus, maize silage has the highest 
dynamics of changes in microbiological quality (Purwin 
et al., 2006). Therefore, it is very important that such 
silage is not contaminated with microscopic fungi and 
mycotoxins (Ogunade et al., 2016; Jatkauskas et al., 2018; 
Queiroz et al., 2018), because the weather conditions in 
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Lithuania are favourable for the occurrence of fungi and 
for the contamination of animal feed with mycotoxins 
(Baliukonienė et al., 2012). 

A preliminary study of ZEA and other 
mycotoxins in Australian silage showed that 
concentrations of mycotoxins are positively correlated 
with crude protein content and negatively correlated with 
neutral detergent fibre (Reed, Moore, 2009). Mycotoxin 
contamination levels in silage produced in Lithuania 
were reviewed by Baliukonienė et al. (2012). The survey 
revealed that the highest total concentration of aflatoxins 
was detected in ryegrass silage stored in bales. The 
highest ZEA concentration was detected in grass mixture 
silage from trenches, and the highest DON concentration 
was determined in clover silage from bales. A comparison 
of silage produced using different technologies showed 
that contamination with aflatoxins and DON was by 
14% and 24% higher in silage samples from bales than 
that from trenches (Baliukonienė et al., 2012). It has 
been documented that fungal growth and mycotoxin 
concentration impact silage quality (Alonso et al., 2013; 
Dagnas et al., 2015; Schmidt et al., 2015; Jovaišienė et al., 
2017). However, there is still a paucity of information 
about mycotoxin contamination levels of maize whole 
plant silage and grain silage and correlations between 
mycotoxin levels and silage nutrient composition. 

The aim of the present study was to quantify 
mycotoxin contamination levels in maize and grass 
silage in Lithuania, ascertain how the weather conditions 
and silage storage influence silage contamination with 
mycotoxins, and to determine the correlations between 
mycotoxins and different silage nutrient composition 
parameters. 

Materials and methods
Samples collection. Sixty-eight samples of 

whole plant maize (n = 58) and grass (n = 78) silage were 
collected from different regions of Lithuania between 
May 2017 and August 2019 at different seasons. All 
farms were selected randomly, including small and large 
farms. The types of silage sampled represented different 
regions of Lithuania. All samples were taken according 
to the standard procedures (European Commission, 
2009). At the end of the ensiling season, 8 incremental 
samples of silage were taken from each currently used 
trench silo, clamp or bale. Using disposable gloves, each 
incremental sample was taken from various points and at 
a depth of about 30 cm. An aggregate sample was about 
4 kg in weight. The final sample (approx. 1 kg) was made 
from the homogenised aggregate sample. The sample was 
placed in a clean plastic bag, vacuumed and sealed for 
transportation to the laboratory. All samples were stored 
at 4–8°C temperature. In total, 272 mycotoxin and 369 
nutrient composition analyses were performed. 

Mycotoxin analyses. The presence of four 
different mycotoxins in maize and grass silage was 
observed. The samples were analysed for mycotoxins 
deoxynivalenol (DON), zearalenone (ZEA), T-2 toxin 
(T-2) and aflatoxin B1 (AFB1) contamination by an 
enzyme linked immunosorbent assay (ELISA). The 
mycotoxins were quantified using competitive test kits 
Ridascreen® No. R5901, R5502, R1211 and R5302 (R-
Biopharm, Germany), as instructed by the manufacturer. 
The analytical methods were validated by the kit’s 
manufacturer with the sample matrices for maize and 
grass silage. The limit of detection (LOD) for DON is 
200 µg kg-1, for ZEA – 17 µg kg-1, for T-2 – 50 µg kg-1 and 
for AFB1 – 1.0 µg kg-1. The method has been approved by 
the AOAC Research Institute (Certificate No. 950702). 
Mycotoxin analyses were done in duplicate. The optical 
densities of the samples and controls from a standard curve 
were estimated using a 450 nm filter by a multichannel 

photometer Multiskan Ascent (Thermo Electron Corp., 
Finland) supplied with internal software. 

Nutrient composition of silage. Dry matter 
(DM), crude protein (CP), starch and crude fibre (CF) 
content and fermentation degree (FD) in silage were 
determined by near infrared spectroscopy (NIRS) by 
a NIRS-6500 device with a sample spinning module 
(Foss-Perstorp, USA) using wavelengths between 400 
and 2500 nm in reflectance. For NIRS determination, 
the samples were chopped into ~3 cm pieces, oven-dried 
at 65 ± 5°C temperature to a constant weight and ground 
in an ultra-centrifugal mill ZM 200 (Retsch, Germany) 
to pass a 1mm screen. The dried samples were scanned 
in triplicate using cuvettes, and the obtained spectra 
were processed with equations installed in the device 
(for maize silage – equation from VDLUFA laboratory, 
Germany; for grass silage – from ADAS, UK). The 
acidity (pH) was measured on a liquid phase according 
to a potentiometric method using a pH meter (Horiba, 
UK). To determine DM content, the sample was dried at 
105°C temperature until the weight was stable. FD was 
computed under the data of DM and pH. 

Meteorological conditions. In 2017, summer 
and autumn periods were wet and cool (Figure 1). 
Precipitation was markedly above the long-term average 
from June to October, except for August. Rainfall in 
July and September was twice as high as the long-term 
average and amounted to 153.3 and 123.1 mm, when 
the long-term average is 76.6 and 64 mm, respectively. 
In 2018, temperature averages of the summer months 
(June–August) ranged from 17.5°C to 20.5°C and were 
higher than the long-term average by 1.8, 2.7 and 2.7 °C, 
respectively. The amount of rainfall in June, August and 
September was respectively 34.1, 37 and 13.1 mm, and 
it was nearly half lower than the long-term average: June 
61.2 mm, August 73.2 mm and September 65 mm. In 
general, the year 2018 was very dry and rather warm. The 
period from June to September in 2019 was relatively dry 
and warm. The temperature was almost the same as long-
term average, except for June, which was hotter than 
usual 20.6°C, which is 5.2°C more than the long-term 
average. Rainfall in June and July was 16.0 and 66.0 mm 
lower than the long-term average. Moisture shortage and 
high temperature resulted in fast development of crops. 

Statistical analysis was conducted using packages 
from the software IBM SPSS Statistics, version 25. 
Significant differences between mycotoxin concentrations in 
the samples were calculated using one-way ANOVA (LSD 
test). The values with P ≤ 0.05 were considered significant. A 
confidence interval of 95% was measured, and figures were 
created with IBM SPSS Statistics. The Pearson correlation 
analysis was performed to examine the quantitative 
relationship between the investigated variables. The strength 
of the correlation was estimated according to the value of 
correlation coefficient (r). Significance level (data were 
significant when P ≤ 0.05) was calculated with a regression 
analysis tool in Excel. The data of mycotoxins and nutrient 
composition of silage were expressed as mean ± standard 
error (SE) and median. 

Results and discussion
Mycotoxin concentration differences in maize 

and grass silage. DON, ZEA, T-2 and AFB1 were 
detected in all maize samples. DON was found in 74%, 
AFB1 in 97% and ZEA and T-2 in all of grass silage 
samples. Maize and grass silage showed quantitative and 
qualitative differences regarding the nutrient composition 
and mycotoxin contamination (Tables 1 and 2). Except 
for AFB1, the levels of all mycotoxins were higher in 
maize silage than in grass one. The differences in the 
concentrations of mycotoxins between these two types of 
silage were statistically significant (P < 0.05) for DON, 
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Figure 1. The average monthly air temperature (A) and precipitation (B) during the 2017–2019 growing seasons and 
long-term average (1925–2019) 
Table 1. Nutrient composition of maize silage and concentrations of mycotoxins deoxynivalenol (DON), zearalenone 
(ZEA), T-2 toxin (T-2) and aflatoxin B1 (AFB1) in 2017–2019 

Dry matter 
%

Crude protein Starch Crude fibre pH Fermentation 
degree

DON ZEA T-2 AFB1
DM % µg kg-1

Mean 39.8 8.10 32.2 19.3 4.1 26.8 2180 623 199 10.0
SE 1.8 0.10 1.2 0.58 0.06 1.31 356 39.5 20.8 1.2

Max 60.8 9.50 42.1 26.8 5.4 30.0 8047 1235 467 27.4
Min 22.9 7.20 16.0 13.4 3.8 0.2 510 150 55 1.8

Median 39.0 8.00 32.0 19.5 4.0 28.8 1271 625 200 7.2
SE – standard error 

Table 2. Nutrient composition of grass silage and concentrations of mycotoxins deoxynivalenol (DON), zearalenone 
(ZEA), T-2 toxin (T-2) and aflatoxin B1 (AFB1) in 2017–2019 

Dry matter 
%

Crude protein Crude fibre pH Fermentation 
degree

DON ZEA T-2 AFB1DM % µg kg-1

Mean 45.8 13.30 27.3 4.9 11.7 438 376 104 9.0
SE 2.5 0.70 0.7 0.1 2.4 74 28.1 15.1 1.1

Max 86.1 22.80 35.7 6.3 29.6 2386 683 445 34.2
Min 20.8 5.60 19.8 4.0 0.1 <LOD 83 <LOD 1.3

Median 43.6 13.20 27.2 4.8 16.5 418 374 74 6.6
SE – standard error; LOD – limit of detection 

ZEA and T-2. The concentration of DON in maize silage 
was higher than that in grass one: 2180.0 ± 356.0 and 
438.0 ± 74.0 µg kg-1, respectively. The concentration of 
ZEA in maize silage (623.0 ± 39.5 µg kg-1) was higher 
than that in grass silage (376.4 ± 28.1 µg kg-1). The 
concentration of T-2 in maize silage was 199.9 ± 20.8 µg 
kg-1 and in grass silage – 104.4 ± 15.1 µg kg-1. All in all, 
DON, ZEA and T-2 concentrations were respectively 5, 
1.7 and 2 times higher in maize silage than in grass one. 

Our experimental data agree with those obtained 
in Poland: the concentration of DON in maize silage was 
2 times, of ZEA – 19 times and of T-2 – 3 times higher 
than in grass silage (Panasiuk et al., 2019). 

There is a lack of information about mycotoxins 
in silages made in Lithuania, but there are studies showing 
that moulds are more likely to grow in maize silage than 
in grass one, when no inoculant is used. This might come 
as a result of maize leaves and corncobs being richer 
in protein and polysaccharides than grass, so fungi and 
other pathogens can easily survive and spread on them 
(Zachariasova et al., 2014). While these data in our case 
were statistically significant, on the other hand, AFB1 content did not vary markedly between maize (10.0 ± 
1.2 µg kg-1) and grass (9.0 ± 1.1 µg kg-1) silage. A study in 
Spain (Rodríguez-Blanco et al., 2021) provided different 
results, as only 11 silage samples out of 95 were positive 
for at least one of the aflatoxins; aflatoxins were mostly 
detected in maize silage (n = 9). 

Samples exceeded the EU maximum limits 
set for mycotoxins. Due to the negative impact of 
mycotoxins on animal health, regulations have been set 
for mycotoxins in feed. In the EU, there are maximum 
limits set for AFB1 (European Commission, 2002) 
and the guidance levels for ZEA and DON (European 
Commission, 2006). Only 10% of maize silage samples 
exceeded DON recommendations, and the highest 
concentration was 8047 µg kg-1. 

The rest of the mycotoxins surpassed the 
recommended limits in both types of silage (Figure 2). AFB1 and ZEA are a major concern, because 55 samples (79% 
of grass and 86% of maize silage) and 33 samples (26% of 
grass and 79% of maize silage), respectively, exceeded the 
limits. The highest concentration of ZEA (1235 µg kg-1) was 
found in maize silage, and the highest concentration of AFB1 (34.2 µg kg-1) was determined in grass silage. 

The research on maize silage conducted in other 
European countries revealed that none of 158 samples 
collected during a 5-year period (2014–2018) exceeded 
the EU guidance/maximum levels set for DON and AFB1; however, 8 of these samples were contaminated with 
ZEA, whose concentrations were above the recommended 
level (≥2000 µg kg-1) (Reisinger et al., 2019). Research in 
Spain (Rodríguez-Blanco et al., 2021) showed that none 
of the silage samples exceeded AFB1, DON and ZEA 
EU set guidance values. A possible reason for the high 
mycotoxin levels in locally made silage could be wet and 
cool weather conditions. 

Figure 2. Grass (A) and maize (B) silage relative share of samples for mycotoxins deoxynivalenol (DON), zearalenone 
(ZEA), T-2 toxin (T-2) and aflatoxin B1 (AFB1) concentrations (in %) exceeding the EU set guidance values in 2017–2019 
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(39.8 ± 1.8%), while grass silage DM is typically between 
25–35% and maize silage DM – between 30–40% (Kung, 
Shaver, 2001; Sirvydis, 2004). Higher crude protein (CP) 
content was determined in grass silage (13.3 ± 0.7% DM) 
compared with maize silage (8.1 ± 0.1% DM), while for 
good quality grass silage CP content should be around 
15–18% DM (Sirvydis, 2004). Maize silages are relatively 
low in CP. Maize silage quality research shows variation in 
CP content depending on maize species 7.4–7.9% (Khan 
et al., 2012; 2015). Crude fibre (CF) content was higher in 
grass silage (27.3 ± 0.7% DM) than in maize silage (19.3 
± 0.58% DM). Starch content in maize silage amounted 
to 32.2 ± 1.2% DM, which on average is supposed to be 
around 22–26% DM (Shaver, 2007; Butkutė, Gaurilčikaitė, 
2008). Higher acidity (pH) had grass silage (4.9 ± 0.1) 
than maize silage (4.08 ± 0.06), while good quality grass 
silage a pH has from 4.3 to 4.7 and maize silage – from 
4.0 to 4.5 (Kung, Shaver, 2001). However, maize silage 
was characterized by a higher fermentation degree (FD), 
which was 26.8 ± 1.31 compared with grass silage, where 
FD was 11.7 ± 2.4. FD above 19.45 is considered to show 
great quality of silage stability (Butkutė, Gaurilčikaitė, 
2008). Similar results were obtained by other researchers 
(Köhler et al., 2013; 2019). 

Correlations. The Pearson correlation 
coefficients, used to determine the relationship between 
nutrient composition and mycotoxins in maize or grass 
silages, are presented in Table 3. A negative moderate 
correlation was found between ZEA concentrations and 
pH in maize (r = −0.57, P < 0.01) and grass (r = −0.54, 
P < 0.01) silage. A positive moderate correlation between 
ZEA concentrations and FD was found in silage of maize 
(r = 0.54, P < 0.01) and grass (r = 0.45, P < 0.01). 

Mycotoxin concentration depends on mould 
species and pH of the medium, and the highest mycotoxin 
concentrations can be found even at low pH values 
(Sandoval-Cotreras et al., 2017). Also, different organic 
acids have diverse impact on mould growth (Dagnas 
et al., 2015; Jovaišienė et al., 2017), which might explain 
the results obtained in our study. 

In grass silage, DON and ZEA concentrations 
negatively moderately correlated with dry matter (r = 
−0.50, P < 0.01 and r = −0.48, P < 0.01, respectively). One 
of the highest risks of conserved forages is fungal spoilage 
and mycotoxin contamination. Fungal growth causes loss 
of nutrients and dry matter, which induces the losses in 
animal performance (Alonso et al., 2013). The findings of 
Schmidt et al. (2015) showed a low correlation (r = 0.24) 
between DM and ponderal mycotoxin index (PMI). When 
the DM is ideal, harvesting maize probably contributes to 
lower mycotoxin concentrations. It is possibly because 
of the shorter field time, if compared with high maturity 
plants harvested two weeks (or even more) later. 

A weak negative correlation was found between 
ZEA and CP content in maize silage (r = −0.39, P < 0.05). 
Almost of the same strength negative correlation was 
found in grass silage between T-2 concentrations and 
CP content (r = −0.38, P < 0.05). The same trend was 
noted by other researchers from Lithuania and Poland 
(Jovaišienė et al., 2017), who documented that mycotoxin 
concentrations weakly negatively correlated with CP 
content. A weak negative correlation was found in grass 
silage between ZEA concentrations and CF content 
(r = −0.34, P < 0.05); however, a positive correlation was 
found in the same silage between T-2 concentrations and 
CF content (r = 0.37, P < 0.05). However, no significant 
correlations between the AFB1 concentrations and silage 
nutrient composition parameters were found. 

Diverse correlation results in different silages 
could occur, because moulds are more likely to grow in 
maize silage than in grass one, when no inoculant is used. 
This might come as a result of maize leaves and corncobs 
being richer in protein and polysaccharides than grass, so 
fungi and other pathogens can easily survive and spread 
on them (Zachariasova et al., 2014). 

Note. Error bars show 95% confidence interval; ● – mean. 
Figure 3. T-2 toxin (T-2) concentration in maize silage 
in 2017–2019 

Note. Error bars show 95% confidence interval; ● – mean. 

Figure 4. The impact of silage storage on aflatoxin B1 
(AFB1) concentration in 2017–2019 

Effect of meteorological conditions. The levels 
of mycotoxins were compared depending on the year. 
Concentrations of mycotoxins between years showed 
statistically significant (P < 0.05) differences in T-2 
concentrations in maize silage (Figure 3). In 2018, maize 
silage was less contaminated than in 2017 and 2019, but 
there were no significant differences between those years. 
In general, 2018 was very dry and warm compared to 
2017 and 2019, therefore, there was less contamination 
with T-2. Comparison of the concentrations of other 
mycotoxins in different silages and years showed no 
significant differences. 

Comparison of silo bales and trench silos 
done by other researchers showed that when handling 
is appropriate, mycotoxin and fungal contamination in 
silage bales is significantly lower than in trench silos. 
However, if the plastic baler is damaged or handling 
is improper, the amount of the dominant and toxigenic 
species increases, which can speed up deterioration 
(González Pereyra et al., 2007). Other studies have found 
that aflatoxins are predominant in trench silos, because 
silage in trenches is more exposed to environmental 
conditions (González Pereyra et al., 2011). 

Silage quality. The dry matter (DM) content was 
higher in grass silage (45.8 ± 2.5%) than in maize silage 

Other authors (Adhikari et al., 2017) 
suggest that production of trichothecenes depends on 
temperatures for fungal growth (0–50°C), humidity 
(70%), oxygen and moisture level of the growth 
medium, action of insects, flooding and rainfall during 
harvesting. Mycotoxin T-2 is produced mainly by 
Fusarium sporotrichioides and F. poae, but it can also 
be produced by other Fusarium species (Edwards et al., 
2009). Heavy rainfall, wet climatic conditions and 
cool weather in late summer and early autumn lead to 
strong and widespread infection by Fusarium fungi and 
mycotoxins (Xu et al., 2014; Gupta, 2018). 

The impact of silage storage. Significant 
differences (P < 0.05) in AFB1 concentrations were 
found while analysing the impact of silage storage 
(Figure 4). AFB1 concentrations were 1.9 and 1.8 times 
higher in trench silos than in silage clamps and bales. The 
concentration of AFB1 in trench silos was 10.9 ± 1.1 μg 
kg-1, while in silage clamps it was 5.7 ± 0.4 μg kg-1 and 
in bales – 6.1 ± 0.74 μg kg-1. However, no significant 
changes were observed with other mycotoxins. 
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Table 3. Correlation coefficients (r) between nutrient composition and mycotoxins deoxynivalenol (DON), zearalenone 
(ZEA), T-2 toxin (T-2) and aflatoxin B1 (AFB1) concentrations in maize and grass silage samples in 2017–2019 

Maize silage
Mycotoxin DM % Crude protein 

DM %
Crude fibre 

DM % pH Fermentation 
degree

DON −0.08 −0.07 −0.04 −0.24 0.26
ZEA −0.08 −0.39* 0.04 −0.57** 0.54**
T-2 −0.24 0.04 0.09 0.02 0.01

AFB1 −0.29 0.04 0.08 −0.21 0.20
Grass silage

Mycotoxin DM % Crude protein 
DM %

Crude fibre 
DM % pH Fermentation 

degree
DON −0.50** 0.12 −0.26 −0.13 0.01
ZEA −0.48** −0.04 −0.34* −0.54** 0.45**
T-2 0.12 −0.38* 0.37* −0.05 0.06

AFB1 −0.20 −0.25 0.04 −0.07 0.05
DM – dry matter; * – P ≤ 0.05 and ** – P ≤ 0.01 significance level 

Conclusions 
1. Maize silage was found to be more susceptible 

to mycotoxin contamination than grass silage. This was 
particularly evident in the assessment of contamination 
with deoxynivalenol (DON) and zearalenone (ZEA). 

2. The most prevalent mycotoxins in grass and 
maize silages were aflatoxin B1 (AFB1) and ZEA, whose 
levels exceeded the EU set guidance levels. 

3. In 2018, the growing season was very dry 
and warm compared with the other growing seasons 
observed, which resulted in a lower contamination with 
T-2 toxin (T-2). 

4. Comparison of silage storages revealed 
significantly higher concentrations of AFB1 in trench 
silos than in clamps or bales. 

5. DON negatively correlated with dry matter 
(DM) in grass silage. ZEA negatively correlated with crude 
protein (CP) content and acidity (pH) in maize silage and 
with DM and crude fibre (CF) content and pH in grass 
silage, but positively correlated with fermentation degree 
(FD) in both silages. T-2 negatively correlated with CP 
and positively correlated with CF in grass silage. 

Further research is needed to cover broader 
silage sampling sites and to match silage quality and 
safety requirements. 
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Mikotoksinų paplitimas ir jų ryšys su kukurūzų ir žolių siloso 
kokybės rodikliais 
E. Venslovas, L. Merkevičiūtė-Venslovė, A. Mankevičienė, Y. Kochiieru, A. Šlepetienė, J. Cesevičienė 
Lietuvos agrarinių ir miškų mokslų centras 

Santrauka
Šiam tyrimui 2017–2019 m. iš įvairių Lietuvos ūkių buvo paimti kukurūzų ir žolių siloso mėginiai. Juose buvo 
nustatytos mikotoksinų aflatoksino B1 (AFB1), deoksinivalenolio (DON), T-2 toksino ir zearalenono (ZEA) 
koncentracijos. Taip pat buvo tirta siloso mitybinė vertė: sausųjų medžiagų, žalių baltymų, žalios ląstelienos bei 
krakmolo kiekis, rūgštumas (pH) ir apskaičiuotas fermentacijos laipsnis. 
Visuose mėginiuose buvo nustatytas bent vienas mikotoksinas, 85 % mėginių buvo užkrėsti visais keturiais, 13 
% mėginių – trimis ir 1,5 % – dviem tirtais mikotoksinais. Kukurūzų silose DON koncentracija buvo 5 kartus, 
ZEA – 1,7 karto, T-2 – 2 kartus didesnė nei žolių silose. Kukurūzų silosas pasižymėjo didžiausiomis ZEA ir 
AFB1 koncentracijomis, kurios viršijo Europos Sąjungos nustatytas didžiausias leistinas normas. Žolių silose šias 
normas viršijo mikotoksinas AFB1. Mikotoksinų kiekius vertinant skirtingais tyrimo metais, esminiais skirtumais 
pasižymėjo tik T-2 toksino koncentracijos. Vertinant skirtingus silosavimo būdus nustatyta, kad jie turi esminės 
įtakos mikotoksino AFB1 kiekiui: didžiausia jo koncentracija (10,9 ± 1,1 μg kg-1) nustatyta iš tranšėjos paimtuose 
siloso mėginiuose, o mėginiuose, kurie buvo paimti iš kaupų ir ritinių, AFB1 koncentracija buvo atitinkamai 48 ir 
44 % mažesnė. DON kiekis neigiamai koreliavo su žolės siloso sausųjų medžiagų kiekiu, ZEA kiekis neigiamai 
koreliavo su žalių baltymų kiekiu bei pH rodikliu kukurūzų silose ir su sausųjų medžiagų, žalios ląstelienos kiekiu 
bei pH rodikliu žolės silose. ZEA kiekis teigiamai koreliavo su fermentacijos laipsnio rodikliu ir kukurūzų, ir žolės 
silose. Žolių silose T-2 kiekis neigiamai koreliavo su žalių baltymų ir teigiamai – su žalios ląstelienos kiekiu. 

Reikšminiai žodžiai: aflatoksinas B1, deoksinivalenolis, kokybės rodikliai, silosas, T-2 toksinas, zearalenonas. 
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