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ABSTRACT

The trichothecenes are a diverse group of mycotoxins primarily produced by molds from the Fusarium genus, and can occur both
in the field and in storage units. In this study, a total of 576 samples were processed over a 14-year period, from 2010 to 2023.
The number of samples in which some concentration of deoxynivalenol (DON) was detected was 288. The average value during
the observed period (2010-2023) ranged from 0.176 in 2020 to 2.420 mg/kg in 2014. The highest concentration was recorded in
2014 at 9.498 mg/kg, while other maximum values in different years reached up to 3.822 mg/kg. The occurrence of DON varies
from year to year, primarily depending on climatic conditions. The number of positive samples ranged from 5% in 2018 to 100%
in 2014. However, contamination of maize with Fusarium can happen not only in the field but also during storage. Therefore,
continuous monitoring is necessary. Our findings suggest that the presence of DON may affect animal production; this impact may
have been overlooked due to other pressing issues.

Keywords: contamination, fusarium toxins, mycotoxins, regulatory compliance

H3BOJ

TpuxoTeneHy cy pa3HOJIMKA rpyna MUKOTOKCHHA Koje MPBEHCTBEHO MMPOU3BO/e MJIECHU U3 poAa Fusarium, a Mory ce jaBUTH U Ha
M0JbYy U Y CKJIAAMLIHUM YCJI0BUMA. Y 0BOj CTYZAUjH, YKyITHO 576 y3opaka je o6paheHo TokoM nepuoja o 14 roauna, ox 2010. no
2023. ropuHe. Bpoj y3opaka y KojuMa je JeTeKTOBaHa HeKa KOHIleHTpauuja JeokcuHuBasieHosa ([JOH) 6uo je 288. [IpoceyHa
BpeAHOCT TOKOM NocMaTpaHor nepuoza (2010-2023) kperana ce og 0,176 y 2020. go 2,42 mg/kg y 2014. roaunu. Hajseha
KOHIleHTpanHja je 3abesiexxeHa 2014. roguHe u usHocua je 9,498 mg/kg, Aok cy ocTaje MaKCHMasHe BPeJHOCTH Y Pa3TUYUTHM
rojrHaMa goctusaje u go 3,822 mg/kg. [lojaBa DON-a Bapupa 13 rojMHe y roJuHy, IpBeHCTBEHO ¥ 3aBUCHOCTH 0[] KJIMMATCKUX
ycjoBa. bpoj no3uTHBHMX y30paka kpeTao ce o 5% y 2018. go 100% y 2014. rogunu. MehyTuM, KOHTaMHHalHja KyKypy3a
dysapujyMoM Moxe ce OTOJUTH He caMo Ha Mosby Beh M TOKOM cklaAulITea. CTora je HEONMX0JHO KOHTHHYHpaHO npaheme.
Hamm Hanasu ykasyjy Ha To ja mpucyctBo JIOH-a Moxke yTHLATH Ha CTOYapCcKy MPOM3BOAMY; OBaj YTHIA] je MoxJga 6uo
npeBubeH 360r APYrux XUTHUjUX pobieMa.

K/by4He pedn: KOHTaMUHalMja yceBa, pycapujyM TOKCHHH, MUKOTOKCHHH, 3aKOHCKA perysaTHBa

1. Introduction group 3 by the International Agency for Research on
Cancer (IARC, 1993), which means unclassifiable as to
The trichothecenes are a diverse group of carcinogenicity in humans; therefore, there is no
mycotoxins primarily produced by molds from the evidence at present that it causes cancer in humans.
Fusarium genus (Eriksen and Pettersson, 2004). While DON is not carcinogenic, its presence can lead to
Deoxynivalenol (DON) is a mycotoxin that is commonly various issues in humans and animals. The DON
found around the world (Eriksen and Pettersson 2004). impacts animal production by affecting the immune
The contamination of cereals with DON can occur both system, feed intake, and overall production parameters
in the field and in storage units. DON is the least acutely (Eriksen and Pettersson, 2004; Tiemann et al, 2008).
toxic fusarium toxin (IARC, 1993); however, at the Among the animal species used in animal production, it
same time, it is an indicator of the occurrence of the seems that pigs are the most susceptible to the effects
other Fusarium toxins (Holanda and Kim, 2021). Its of DON (Eriksen and Pettersson, 2004).
occurrence can be found in many cereals, but it is The agricultural land in Vojvodina covers an area
particularly significant in maize, as maize is the most of 1,983,154 ha, which is 38.29% of the total
commonly used energy source for animals. DON is in agricultural land in the Republic of Serbia (Novkovi¢ et

al, 2022). Vojvodina has the most intensive crop
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production in Serbia due to its geographic and climatic
conditions, characterized by very flat land and a
branched river network. In recent years, maize has
been harvested on approximately 900,000 hectares in
Vojvodina, with average annual production ranging
from 4.6 to 7.8 million metric tons, depending on
climatic conditions and rainfall (USAD, 2023). The
average need for domestic animal production is about
4.4 million MT, meaning a significant amount of maize
is available for export. The Republic of Serbia is one of
the top ten maize exporters in Europe (USAD, 2023).

Numerous countries have enacted legislation
regarding DON in food and feed due to its economic
impact on animal production and human health. In
Serbia, the maximum levels of undesirable substances
have been recently updated. The legal limit for maize
intended for animal feed is 12 mg/kg, while the allowed
concentration for the complete feed mixture intended
for pig nutrition is 0.9 mg/kg (Sl. Glasnik RS, 4/2010,
113/2012, and 27/2014). As for human consumption,
according to EU and Serbian regulations, the maximum
residue limit (MRL) for DON in maize is 750 pg/kg (SI.
glasnik RS, 73/2024 and 90/2024). Polygastric animals
are generally insensitive, while non-ruminants,
particularly pigs, are very responsive to the presence of
DON in their food. The legislation in Serbia concerning
the permissible concentration of DON for human
consumption is aligned with European Union
regulations.

In 2012, a significant outbreak of aflatoxin Bl
occurred in the Balkans (de Rijk et al,, 2015), greatly
impacting all aspects of agricultural production in the
region (Jaji¢ et al.,, 2019; Kos et al,, 2018). As a result,
the focus on mycotoxin research shifted predominantly
to aflatoxin B1, while DON received relatively less
attention. Maize is one of the primary crops, and pig
breeding is the most common form of livestock
production in Vojvodina. Compared to other livestock
sectors in Serbia, it has successfully avoided a huge
decline and maintains relatively strong numbers. When
climatic conditions are favorable for the growth of
molds from the genus Fusarium, maize is not the only
grain that can contribute to the presence of DON in the
diets of pigs and other animals (Jaksi¢ et al., 2012). The
presence of DON in larger quantities can significantly
impact pig production. Despite a steady decline in
recent years, Serbia still has approximately 3 million
pigs each year (Statistical Yearbook of the Republic of
Serbia, 2021). It is crucial to ensure the quality of grain,
particularly maize, to maintain animal production and
potentially enhance it.

When DON is present in animal production, limited
options remain. Mycotoxin deactivators with varying
effects can be utilized (Weaver et al,, 2014; Gallo et al.
2020). Research on mycotoxin degradation shows
varying degrees of success (Jaji¢ et al., 2016; Krstovic et
al, 2021). However, all of that additionally requires
time, an economic component, and ultimately increases
production costs.

This study aimed to investigate the prevalence of
DON in maize from 2010 to 2023, while keeping in
mind its effects on animal production, most specifically
pig production.
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2. Materials and methods

2.1. Samples

Maize samples were randomly collected from
Serbian producers in accordance with Commission
Regulation (EC) No 401/2006. A total of 576 samples
were obtained from various locations across Serbia
after each harvest over 14 years (2010-2023).
Approximately 300 g of each sample was prepared by
grinding in a laboratory mill using a 0.5 mm sieve,
followed by thorough  homogenization. The
homogenized samples were packed in plastic bags and
stored at -20 °C until analysis. Before analysis, samples
were brought to room temperature.

2.2. Analyses

DON determination was performed using a 1260
series HPLC system (Agilent Technologies, Santa Clara,
CA, USA) equipped with a diode array detector (DAD)
and a Hypersil ODS column (150 x 4.6 mm id., 5 pm
particle size). A total of 12.5 g of homogenized sample
was extracted with 50 ml of acetonitrile:water
(84:16,v/v), and the resulting extracts were cleaned
using Mycosep™ 225 multifunctional cleanup columns
(Romer Labs Inc., Union, MO, USA). A 3 mL aliquot of
the cleaned extract was evaporated to dryness at 60 °C
under a gentle stream of nitrogen, and the residue was
reconstituted in 300 pL of mobile phase.
Chromatographic conditions for DON were applied
according to the method described by Abramovi¢ et al.
(2005). Quality control procedures included the use of
blank samples, spiked samples, and control standards
in each analytical run. The method was validated in-
house using a maize certified reference material (BRM
3024, Romer Labs, Austria), with a certified DON
concentration of 901 * 110 ug/kg. The trueness of the
method for DON was 92.3%. The limit of quantification
(LOQ), established based on the signal-to-noise ratio
and confirmed experimentally through spiking of blank
samples, was 150 pg/kg. Linearity of the method was
demonstrated with a regression coefficient (R?) greater
than 0.999.

3. Results and Discussion

The results of the occurrence of DON in 1167
samples during fourteen years of research are
presented in Table 1. The occurrence of DON in maize
varied significantly from year to year. The highest
incidence of DON was in 2014. During this year, all
samples were positive and contained some amount of
DON. The average value during the observed period
(2010-2023) ranged from 0.176 in 2020 to 2.420 in
2014. The highest concentration was recorded in 2014
at 9.498 mg/kg, while other maximum values in
different years reached up to 3.822 mg/kg. From Table
1, it is clear that the number of positive samples varies
from year to year, likely due to the climatic conditions
during each year. The number of positive samples
ranged from 5% in 2018 to 100% in 2014.

For DON to increase in prevalence within cereals,
conditions must be favorable for the growth of fungi
from the Fusarium genus. Its occurrence is more
common in the temperate regions of Europe. However,
the prevalence of DON can vary depending on climatic
and agronomic conditions (EFSA, 2013). It is not
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uncommon to observe a high incidence of DON
depending on yearly climatic conditions in Serbia (Jaji¢
etal, 2008; Jaji¢ et al,, 2014; Kos et al,, 2017).

Table 1.
The Occurrence of DON in maize from 2010 to 2023 in
the Republic of Serbia
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Our findings are consistent with those reported in
previous studies. In the research conducted by Kos et
al. 2017, the occurrence of DON in maize was highest in
2014, during the three years from 2013 to 2015. The
concentration range in that year varied from 0.260 to
9.050 mg/kg, with an average of 3.063 + 1.264 mg/kg.

Croatia, the neighboring country of Serbia, has
similar climatic conditions and agricultural practices. A
study by Kovac et al, 2022 revealed that Fusarium
toxins are the most prevalent contaminants in cereals
in Croatia. Among the cereals examined— maize,
wheat, barley, rye and oats —deoxynivalenol (DON)
was identified as the most frequently occurring
mycotoxin. Furthermore, the highest level of
contamination was observed in corn. There was a
significant difference in the occurrence of DON in
cereals between 2016 (72.5% of samples) and 2017
(32.6%). Authors of this study concluded that climatic
conditions, humidity, and temperature significantly
influence the colonization of mycotoxigenic fungi and
the production of mycotoxins.

A study (Pleadin et al,, 2017) conducted in Bosnia
and Herzegovina (BiH) analyzed 257 samples of
unprocessed cereals, including maize, wheat, and
barley, over a three-year period from 2013 to 2015.
The most commonly detected mycotoxin in these
samples was DON, with the highest prevalence found in
maize. Notably, 2014 recorded the highest incidence of
DON in maize.

In 2014, it seems that the entire region
experienced significant contamination of cereals with
DON primarily due to climatic conditions. Maize was
the most affected crop and exhibited high levels of
contamination. Our findings support this observation
and suggest that this contamination is likely to have a
substantial impact on animal production.

4. Conclusions

The comparative analysis of wheat samples C, PU |,
PU II and PU Il revealed remarkable differences in
morphological, chemical and techno-functional
properties relevant for applications in the food
industry. PU I had a high starch content, indicating
good milling and flour performance. PU II exhibited
favourable properties, including a balanced starch and
protein content, strong gluten potential and good water
and oil absorption, making it suitable for baked goods
and dough-based products. PU III, with lower starch
and higher lipid content, may be more suitable for
formulations requiring improved mouthfeel and lipid
binding capacity. Sample C, which served as a control,
showed constant but moderate values for all
parameters. The results underline the value of initial
multiplied seeds not only in crop production but also in
supporting specific functional requirements in cereal-
based food systems. These results indicate that selected
wheat varieties, in particular PU II and PU I, have
promising properties for targeted food applications and
could serve as valuable candidates for further breeding
or industrial-scale use.
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