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The aim of this work was to investigate contamination levels of maize
grain by fungi propagules and composition of fungi species. The objects
of investigation were maize grain taken in Lithuania, 5 different fields of
private farms in the Vilkaviškis District, in 2016 and 2017. Grain samples
were taken directly from the field before harvesting at the end of October (Phenological growth stage BBCH 97). Moisture of the samples was
measured by a mobile hygrometer Wile 55. Quantitative grain contamination by fungal propagules (fungal propagules = cfu = colony forming
unit) was determined by a dilution method. Serial decimal dilutions up
to 10−3 were made and 0.1 ml aliquots were inoculated in triplicate onto
the Sabouraud glucose agar medium with chloramfenicol (0.5 g l–1). Results of this study showed that the moisture content in the grain varied
from 21.5 to 32.3%. Due to late ripening and unfavourable meteorological conditions the contamination of grain by fungi propagules ranged
from 9.5 to 33.2 cfu g–3. Fungi were identified according to morphological and microscopic characteristics. A total of 8 different fungal genera
(Absidia spp., Aspergillus spp. Alternaria spp., Cladosporium spp.,
Epicoccum spp., Fusarium spp., Mortierella spp., Penicillium spp.) and
14 species were identified in total. Fungi of Alternaria and Fusarium
genera were prevailing.
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INTRODUCTION
Maize (Zea mays L.) is one of the most important sources of food for human and animal nutrition and raw materials for industrial processing. The nutritional value of maize grain could
vary significantly due to the interaction between
the physical, chemical and biological factors (Pechanova, Pechan, 2015). Due to this maize is very
convenient for the growth of various microorganisms, first of all, different fungi. These mold
fungi have undesirable and measurable effects on
grain quality like discolouration, reduced germination, heating, mustiness, sour odours, chemi-

cal changes, loss of weight, reduction in grade
and mycotoxin contamination (Logrieco et al.,
2002; Kedera et al., 1999). The colour and form
changes, detectable visually, are actually preceded by chemical changes in the grain caused by
the fungi. For example, Aspergillus flavus initially
infects the oil-rich germ using grain lipids for its
growth and metabolism, and thus lipid hydrolysis takes place faster than the degradation of protein or starch in stored grain (Wacowicz, 1991;
Pomeranz, 1992). The contamination of maize
with fungi (moulds) and their metabolites mycotoxins represents a major problem for its use
in human and animal nutrition (Krnjaja et al.,
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2013). It has been reported that the found fungi
in maize belong to the genera Talaromyces, Stenocarpella, Penicillium, Phlebiopsis, Cladosporium,
Alternaria, Epicoccum, Trichoderma, Aspergillus, Irpex, Fusarium, Microdochium, Mucor and
Sarocladium (Camila et al., 2015; Bockus et al.,
2010; White 1999). Also Smart et al., 1990 and
Munkvold et al., 1997 found that more common
species of kernel-rotting fungi (e.g. Fusarium verticillioides, Fusarium graminearum, Diplodia maydis, Trichoderma viride, Nigrospora oryzae, Penicillium oxalicum, etc.) may enter the seed proper
based on a different pathology and in earlier stages
of kernel development, producing different symptoms of kernel infection. Furthermore, it has been
reported that the main fungal species associated
with maize grain are Aspergillus flavus, Fusarium verticillioides as well as F. proliferatum and
F. graminearum, which are known to produce mycotoxins, i.e. aflatoxins, fumonisins, trichothecene
and zearalenone (Goswami, Kistler, 2004). Moreover, from some reports (Herteg et al., 2016; Yassin et al., 2011) it was concluded that maize grain
are vulnerable to attack by several genera of fungi
such as Fusarium, Aspergillus, Penicillium and
Helminthosporium from ripening, through harvest and storage. Milevoj and Maček (1985) found
that Fusarium culmorum was the most fungus attacked maize ear under field conditions or during inadequate storage conditions, then F. moniliforme, and F. oxysporiuim. It has been reported
that 81 isolates of Fusarium spp. isolated in different years from naturally contaminated maize ears
in 5 different geographic areas (Logrieco et al.,
2002; Yli-Mattila, T. 2010). Meanwhile, in the genus Fusarium, the species F. verticillioides was
predominant and this genus presented the highest diversity, followed by the genera Aspergillus
(Camila et al., 2015).
However, it was mentioned that the relative
abundance of these fungi differed between years.
There was a greater incidence of the Aspergillus
fungi group in the dry and higher temperature
conditions (Richard, Payne, 2003). Although
A. flavus may occur at pre- and/or post-harvest,
the amount of produced aflatoxins increase during grain drying and storage phases is poorly
managed (Wilson et al., 2004).
These fungi, that play an important role in deterioration of grain, can be divided into field and

storage fungi. Yassin et al. (2011) mentioned that
the most storage moulds of corn were Fusarium,
Penicillium, Aspergillus, and Cladosporium. It has
been reported that the most frequent and virulent fungi in stored maize grain were Fusarium
moniliforme and Aspergillus flavus (Wilson et al.,
2004). Based on their occurrence and moisture
content of grain, field fungi are those that contaminate or invade grain in the field, often during
or after ripening, and during harvesting operations. Fungi of the Alternaria and Fusarium genera are most frequent on various grain in fields.
They perish if the humidity of the nutritious substrate does not exceed 12–13% (water activity,
aw = 0.65) for a longer period of time.
These fungi can reduce the yield, quality, and
nutritional value of the grain, while also contaminating it with mycotoxins because of their
deleterious biological effects in animals and humans (Richard, Payne, 2003). In many European
countries of temperate climate, contamination of
grain with the above-mentioned fungi reaches
100% at the moment of harvesting. Fusarium
species have been reported as the most toxigenic
fungi in northern temperate regions (Salas et al.,
1999). In northern areas a risk will be new toxigenic Fusarium species spreading to the north
due to higher temperatures and the increased
use of alternative hosts, such as maize. Fusarium
species are the most important phytopathogenic and toxigenic fungi in Nordic countries and
globally. Several Fusarium species are involved
in Fusarium head blight (FHB), which reduces
both yield and quality in cereal crops (Bottalico,
Perrone, 2002; Yli-Mattila, 2010). Mycotoxin
contamination of grain can result in substantial
economic losses to maize growers, livestock and
poultry producers, grain handlers, and food and
feed processors. Fungal-damaged kernels are of
low quality and may have undesirable traits besides containing mycotoxins, and the overall corn
quality may be improved further by removing all
fungal-damaged kernels through optical sorting.
But it has been shown that grain cleaning only
will not greatly reduce aflatoxin or fumonisin
levels in commercially harvested corn (Pearson et al., 2004).
Therefore, the lot or grain produced in Lithuania or brought from abroad should be investigated in order to evaluate its mycological condition,
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to determine what species of fungi propagules
the grain is contaminated with and to investigate
if the isolated species of fungi are not potential
producers of toxins (Lugauskas et al., 1999).
The aim of this investigation was to evaluate
contamination levels of maize grain grown in
Lithuania by fungi propagules and composition
of fungi species.
MATERIALS AND METHODS

The objects of investigation were maize grain
taken in 5 different fields of private Lithuanian
farms in 2016 and 2017. Grain samples were taken directly from the fields before harvesting, at
the end of October (Phenological growth stage
BBCH 97). The samples of grain were taken in
each field in 5 randomly selected plots with four
replicates. Moisture of the samples was measured
by a mobile hygrometer Wile 55. Quantitative
grain contamination by fungal propagules (as
total colony-forming units (cfu) per gram) was
determined by a dilution method. Serial decimal
dilutions up to 10−3 were made and 0.1 ml aliquots were inoculated in triplicate onto the Sabouraud glucose agar medium with chloramfenicol (0.5 g l–1) in Petri dishes. The dishes were
kept in a thermostat Incucell LSIS at 26 ± 2°C
temperature. The growing colonies of fungi were
counted on days 3, 5 and 7. Fungi were identified according to morphological and microscopic
characteristics (Leslie, Summerell, 2006; Pitt,
Hocking, 1999; Watanabe, 2002; Nelson, Tous-
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soun, Marasas, 2006). A DM750 optical microscope system with an ICC50 HD camera from
Leica Microsystems for the microscopic pictures
taking was used.
In 2016, the thermal conditions of the growing
season of crops were closer to the multiannual
average, but May and June were warmer (Fig. 1).
The average monthly temperature of May was by
3.4°C higher than the multiannual average and
that of June by 1.6°C. Moreover, in 2016 it was
wetter as usual (Fig. 2). Only May and September were more arid; however, there was an excess
of moisture in the summer. July was particularly
wet, with rainfall amounting to 160 mm, which
was nearly twice as much as the normal rate. September was warm and dry, but October was cool
and rainy.
In 2017 the average temperature of April was
even by 1.4°C below the multiannual. The average monthly rainfall was 43.4 mm and significantly exceeded the multiannual amount of precipitation. The average temperature of May, like
the multiannual, was 12.1°C, but the precipitation
was only 5.8 mm, which is even by 48.2 mm less
compared to the multiannual rainfall. The weather
of June was fairly constant. The average temperature of this month was 14.6°C – only by 0.3°C
below the multiannual. The monthly rainfall was
by 5.2 mm above the multiannual average. The average temperature of July was lower than 1.5°C
compared to the multiannual. Moreover, the average amount of precipitation was even by 103 mm
higher than the multiannual rainfall amount.

Fig. 1. Average monthly air temperature during the maize growth period
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Fig. 2. Average monthly precipitation during the maize growth period

The average temperature of August was only 0.1°C
higher than the multiannual. The monthly rainfall amount was 58.2 mm, which is 17.8 mm less
compared to the multiannual rainfall. In September the most precipitation dropped in the second
decade – 60.3 mm, and in the Monte – 115.0 mm.
The multiannual average exceeded 55 mm.
Statistical analysis of the experimental data was
done using the software STATISTICA 10. Significance of differences was estimated using the Fisher least significant difference (LSD) test (p ≤ 0.05)
criterion.
RESULTS AND DISCUSSION
Maize (Zea mays L.) along with rice and wheat
are the three most important stable food grain
all over the world for human and animal consumption. In recent years some Lithuanian farmers sow fast ripening breeds of maize and their
hybrids trying to grow them under local conditions in order to obtain corn as animal feed rich
in albumins. However, the meteorological conditions for maize growing are not always favourable in Lithuania. Such factors as the geographical area and harvest season, drastic oscillations
in rainfall, and humidity near harvest are very
important in agriculture. In recent years, periods
of high relative humidity near harvest-time and
delayed harvesting have made a serious problem. An early onset of autumn sometimes stops
maturation of maize corn cobs and they may be
covered with snow while still in the fields. When
the frozen corn were brought into storehouses,

an intense development of different fungi was
observed. The year 2017 was especially unfavourable for maize maturation. The annual precipitation in 2017 was higher than the standard climate
rate of 174 mm, and even higher than the average
value of 116 mm in 2016.
The highest moisture content was observed in
the maize grain samples taken in 2017 – 32.3%,
while almost one third less in the 2016 year samples – 21.5% (Table 1). Such moisture levels are
too high and not incompatible with safe storage
even for a short time. The grain needed to be
dried up to the optimum moisture content of under 15% on the average.
Under humid conditions maize grain are
susceptible to molding and rapid deterioration.
Therefore, they must be dried to safe moisture
levels that inhibit the activity of fungi. The grain
drying process suppresses the development of
fungi, and their vegetative parts are usually destroyed. But fungi spores, such as conidia, being
well protected against exterior factors, survive.
However, the drying process is usually quite slow.
Meanwhile Lugauskas et al. (1999) reported that
when various grain samples were collected from
different places of the receptacle (from the top of
the corn heap, the middle and at discharge opening), it turned out that the number of the fungi
did not decrease in the course of drying – moreover, it even slightly increased.
The degree of fungi contamination of grain can
be used as a measure of their quality, i.e. grains
with low mould counts (101–103 cfu/g of samples) are of higher quality and safer than those
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Tabl e. Moisture and contamination levels by fungi of maize grain samples
Year of grain
samples taken

Grain moisture,
%

Number of isolated
fungi species

Contamination,
cfu g–3

Prevailing species of fungi
(IF > 40%)
Cladosporium
herbarum
2016
22.04 ± 0.4a*
11
12.12 ± 1.7a
Fusarium moniliforme
Alternaria alternata
2017
31.17 ± 0.9b
8
30.24 ± 2.2b
Fusarium moniliforme
* Significant differences (p < 0.05) among the years in the column are marked by different letters.

having a higher fungi count (104–106 cfu/g of
samples), as shown in the study by Karunaratne
and Bullerman (1990). The highest counts were
detected in the maize grain of the 2017 samples
and the lowest ones were found in the 2016 grain
samples. The counts of fungi propagules ranged
between 9.5–14.8 cfu g–3 in the 2016 year grain
samples (Table). The number of fungi propagules
was higher in the 2017 year grain samples, possibly because of the late harvest time and heavy
rainfall in the summer and autumn periods.
The total counts of fungi fluctuated between 27.0
to 33.2 cfu g–3 in the samples of this year.
The mycobiota of the tested maize grain presented different fungi, with different frequencies and percentages, some with the ability to
produce mycotoxins. The results of mycological
tests indicated that maize were strongly contaminated with fungi propagules – by 73.0% in
the 2016 samples and 90.5% in the 2017 grain
samples, respectively. The found fungi belong
to 8 genera (Absidia spp., Aspergillus spp., Alternaria spp., Cladosporium spp., Epicoccum spp.,
Fusarium spp., Mortierella spp., Penicillium spp.),
and 14 species were isolated and identified
(Table).
The greatest diversity of fungi species was detected in the grain samples of 2016. The following fungi species were isolated from the maize
grain: Absidia spinosa, Alternaria alternata, Aspergillus flavus, Cladosporium herbarum, Epicoccum nigrum, Fusarium moniliforme, F. poae,
F. culmorum, Mortierella elongata, P. expansum
and Penicillium spp. The most frequent and prevalent fungi were Fusarium moniliforme and Cladosporium herbarum (Fig. 3). Alternaria alternata
was the dominant species together with Fusarium moniliforme in the grain samples of 2017.
Moreover, it was the third most diverse fungus
in the maize grain samples in total. The abovementioned species of fungi were accompanied by

Cladosporium herbarum, Fusarium avenaceum,
F. equiseti, F. poae, F. sporotrichioides and Penicillium spp.
Grain contamination with field fungi is usually
an inevitable consequence of meteorological conditions. According to Richard and Payne (2003),
toxin production by some of them has now become of major importance in human and animal
diseases because of the direct toxicity and longterm carcinogenic effect. Mycotoxins are natural
contaminants of cereals and occur worldwide,
even though there are geographic and climatic
differences in the amounts produced and occurrence. Greater numbers of species which contaminate maize grain and may produce mycotoxins
belong to Aspergillus, Fusarium and Penicillium
species (Herteg et al., 2016). As mentioned previously, the greatest number of species found in
grain was related to the genus Fusarium representing F. avenaceum, F. culmorum, F. equiseti,
F. moniliforme, F. poae and F. sporotrichioides.
The species F. moniliforme was predominant
fusaria both in the 2016 and 2017 grain samples. According to Nelson, Toussoun and Marasas (2006), F. moniliforme is the accepted species, which was also known as F. verticillioides.
As referred earlier (Bottalico, Perrone, 2002; YliMattila, 2010; Salas et al., 1999), Fusarium species have been reported as the most toxigenic
fungi in northern temperate regions. They are
traditionally associated with temperate climatic
conditions, since they require lower temperature
for growth and mycotoxin production than, for
example, the Aspergillus species. The most toxicologically important Fusarium mycotoxins are
trichothecenes (including deoxynivalenol (DON)
and T-2 toxin (T-2)), zearalenone (ZEN) and fumonisin B1 (FB1). The results of this research
illustrate the potential danger that maize corn
contaminated or damaged by fungi in grain may
cause.
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Fig. 3. Field fungi colonies (A) and conidia
(B) on Sabouraud glucose agar:
Fusarium moniliforme (1);
Fusarium poae (2);
Fusarium sprot
richioides (3);
Alternaria alternata (4);
Cladosporium herba
rum (5)
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The task of reducing maize contamination
with fungi in fields and preparing fast drying
technologies for grain is of great importance,
upon which rests the success of a newly invented
technical equipment.

6.
7.

CONCLUSIONS
1. The highest moisture content (32.3%) was observed in the maize grain samples taken in 2017,
while almost one third less in the 2016 year samples – 21.5%. Meteorological conditions for maize
harvesting were not favourable in 2017.
2. The counts of fungi propagules ranged from
9.5 to 14.8 cfu g–3 in the 2016 samples and from
27.0 and 33.2 cfu g–3 in the 2017 grain samples.
The number of fungi propagules was higher in
the 2017 year grain samples, because of the late
harvest time and heavy rainfall in the summer
and autumn periods.
3. A total of 8 different fungal genera (Absidia spp., Aspergillus spp. Alternaria spp., Cladosporium spp., Epicoccum spp., Fusarium spp., Mortierella spp., Penicillium spp.) and 14 species were
isolated from the grain. The fungi of Alternaria and
Fusarium genera were prevailing and can be regarded as potential producers of mycotoxins.
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GRYBAI, IŠSKIRTI IŠ LIETUVOJE UŽAUGINTŲ
KUKURŪZŲ (ZEA MAYS L.) GRŪDŲ
Santrauka
Darbo tikslas buvo ištirti kukurūzų grūdų taršą grybų pradais ir grybų rūšinės sudėties įvairovę Lietuvos klimato sąlygomis. Tyrimo objektas – kukurūzų grūdai, paimti penkiuose skirtinguose Vilkaviškio rajono ūkių laukuose 2016 ir 2017
metais. Grūdų mėginiai iš laukų buvo paimti prieš derliaus
nuėmimą (spalio mėn. pabaigoje). Mėginių drėgmė išmatuota mobiliu termohigrometru „Wile 55“. Kiekybinis grūdų užteršimas grybų pradais nustatytas skiedimo metodu ir skiedinių sėjimu trimis pakartojimais į Saburo gliukozės agaro
terpę su chloramfenikolu (0,5 g l–1). Atlikto tyrimo rezultatai
parodė, kad kukurūzų grūdų drėgnumas skirtingais tyrimų
metais svyravo nuo 21,5 iki 32,3 %. Dėl vėlyvos brandos ir nepalankių meteorologinių sąlygų kukurūzų grūdų tarša grybų pradais siekė nuo 9,5 cfu/g–3 iki 33,2 cfu/g–3. Grybai buvo
identifikuoti pagal morfologines ir mikroskopines savybes.
Išskirtos aštuonios skirtingų grybų gentys (Absidia spp., Aspergillus spp. Alternaria spp., Cladosporium spp., Epicoccum spp., Fusarium spp., Mortierella spp., Penicillium spp.)
ir identifikuota 14 rūšių. Grūduose labiausiai buvo paplitę Alternaria ir Fusarium genčių grybai.
Siekiant sumažinti derliaus nuostolius, gauti geresnės
kokybės grūdus ir išvengti žmonėms bei gyvūnams keliamo
toksinų pavojaus, būtina nustatyti grūdų pažeidėjus grybus,
ištirti jų ekologinius savitumus, naudoti priemones, ribojančias jų plitimą maisto žaliavose.
Raktažodžiai: kukurūzai, grūdai, mikromicetai, tarša,
mikotoksinai

