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A b s t r a c t  
 

Accumulation and analysis of data concerning mycotoxins in food grain, their co-occurrence 
and concentration are essential for health risk analysis and management. Mycotoxins were analyzed in 
162 samples of food wheat, barley, maize, oat and rye harvested in seven Federal Districts: Central, 
Volga, Urals, Siberian, Far Eastern, Southern and Northern Caucasus in 2018. High-performance 
liquid chromatography coupled to tandem mass spectrometry was used to detect 28 analytes: regulated 
mycotoxins deoxynivalenol (DON), T-2 toxin (T-2), zearalenone (ZEA), fumonisins B1 and B2 (FB1 
and FB2), aflatoxin B1 (AFL B1), ochratoxin A (OTA), their derivatives 3- and 15-Acetyl-DON, 
nivalenol (NIV), fusarenone X (FUSX), HT-2 toxin (HT-2), T-2 triol, neosolaniol (NEOS), α- and 
β-zearalenol (α- and β-ZEL), aflatoxins B2, G1, G2 (AFL B2, G1, G2), sterigmatocystin STC; Alter-
naria mycotoxins tentoxin (TE), altenuene (ALT), alternariol (AOH), its methyl ether (AME); citrinin 
(CIT), citreoviridin (CTV), mycophenolic acid (MPA) and cyclopiazonic acid (CPA). Most wheat 
samples from Central, Volga, Urals and Siberian Federal Districts were positive for Alternaria toxins, 
while deoxynivalenol (DON) was discovered in the wheat from the Krasnodar region. ZEA, T-2 and 
HT-2, OTA, CIT and MPA were present in wheat samples also. FB1 or FB1 + FB2 and DON (DON 
or DON + 15-AcDON) prevailed in corn from the Southern and the Northern Caucasus regions. 
MPA and NEOS were detected in a third of studied corn samples, while Alternaria toxins were absent. 
Barley from the South of Russia was mostly contaminated with T-2 and HT-2 alongside FB1. Like 
wheat, most barley samples from Central, Volga, Urals and Siberian Federal Districts were positive for 
Alternaria toxins. The occurrence of Alternaria toxins in rye and oat samples was high regardless of 
region of origin. T-2 and HT-2, NEOS and CIT were detected in these samples also. However, 
DON was not found in any sample of barley, rye, or wheat. To the best of our knowledge, we are 
the first to report CTV in food grain of wheat, barley and corn from Russia. Thus, the detected 
mycotoxins pattern of food grain proved to depend on the crop and the grain origin. The results 
correlate well with reported data on fungal contamination of cereals and mycotoxins found in feed. 
High OTA occurrence (7.4 % of all samples) with 45 % positives over maximum level should be noted 
concerning safety assurance. 
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Mycotoxins, the secondary metabolites of microscopic fungi are inevitable 
natural contaminants of agricultural products. Cases of mycotoxycoses in humans 
and animals have been reported in Japan, Brazil, the USA, Europe, China, the 
Soviet Union, and African countries [1]. Several hundreds of mycotoxins have 
been described. They have different toxic effects and differ in incidence and the 
levels in substrates. The most hazardous to human health are fusariotoxins deox-
ynivalenol (DON), T-2 toxin, zearalenone (ZEA), fumonisins B1 and B2 (FB1 
and FB2), as well as metabolites of Aspergillus and Penicillium fungi — aflatoxin 
B1 (AFL B1) and ochratoxin A (OTA). Many countries have established maximum 
allowable levels (MALs) for these mycotoxins in food grains and grain-based prod-
ucts. In the countries of the Customs Union, there are technical regulations for 
food grain [2, 3] which establish the MALs for DON in wheat and barley at 700 
and 1000 µg/kg, respectively, and for T-2 toxin in any grain at 100 µg/kg. The 
content of ZEA in the wheat, barley and corn grain cannot exceed 1000 μg/kg, 
and the total amount of FB1 and FB2 in corn cannot exceed 4000 μg/kg. The 
MAL for AFL B1 and OTA is 5 µg/kg. 

In the last decade, the development of analytical methods have signifi-
cantly expanded the range of detectable mycotoxins. Universal, sensitive and se-
lective method of high performance liquid chromatography-tandem mass spec-
trometry (HPLC-MS/MS) simultaneously recognizes tens [4-6] and even hun-
dreds [7, 8] secondary metabolites of microscopic fungi.  

Depending on the structure, incidence and danger to humans, mycotoxins 
are conventionally assigned to i) legally regulated mycotoxins and their structural 
derivatives, ii) Alternaria toxins, and iii) other mycotoxins the prevalence of which 
in plant-derived food products has not been fully studied. Structural derivatives are 
usually associated with regulated mycotoxins, and since most of them also have toxic 
effects, group MALs or conditional tolerable daily intake (CTDI) are used as the 
food safety parameters. For example, in the EU countries, both AFL B1 and also 
the total AFL (AFL B1 + B2 + G1 + G2) in foodstuffs are under regulation [9]. 
CTDI values have been established for DON and its derivatives (3-AcDON, 15-
AcDON and DON-3-glucoside) [10], T-2 toxin and its derivatives (HT-2 toxin, 
diacetoxyskirpenol, T-2 triol and tetraol, neosolaniol NEOS, their glycosides) 
[11], ZEA and its derivatives (glycosides and ZEA sulfates, α- and β-zearalenols 
— α-ZEL and β-ZEL, etc.) [12], fumonisins (FB1, FB2, FB3 and FB4) [13]. 
Alternariol (AOH) and its methyl ester (AME), tentoxin (TE), altenuene (ALT), 
tenuazonic acid, altertoxins, and their modified forms are the common secondary 
metabolites of Alternaria fungi in grain. The HPLC-MS/MS detects both the 
above-mentioned and little-studied mycotoxins, e.g., moniliformin, enniatins, 
beauvericin, sterigmatocystin (STC), mycophenolic acid (MPA), citreoviridin 
(CIT), cyclopiazonic acid (CPA). etc.  

The incidence and levels of mycotoxins in grain directly depends on the 
prevalence of the mycotoxin producers. In the Russian Federation, Fusarium and 
Alternaria infections of cereals are most common [14]. In Russia, the grain levels 
of DON, T-2 toxin, ZEA, FB1 and FB2 (the secondary metabolites of the 
Fusarium micromycetes) are under regulation. DON derivatives include its acetyl 
derivatives, nivalenol (NIV), fusarenone X (FUSX), as well as glycosides and 
sulfo derivatives. Their main producers are F. graminearum, F. culmorum, and 
F. cerealis, and, depending on the geographic location, strains predominantly 
synthesizing NIV or DON + 3-AcDON or DON + 15-AcDON are dominant, 
a mixed chemotype is also possible [15-17]. A study of grain harvested in 2005-
2010 showed that, on average, in Russia, the contamination for DON is much 
lower than the maximum allowable level (MAL) [18, 19], grain from the Southern 
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Federal District and North Caucasian Federal District is the most contaminated 
[20]. These territories, along with the Far Eastern Federal District, are traditionally 
the areas of grain fusarium in Russia [17, 21]. However, due to climate change 
and the seed exchange, more aggressive pathogens are gradually moving north-
ward. For example, F. graminearum, a producer of DON and ZEA, appears in 
grain from northwestern Russia [22]. Since 2003, in the grain-producing regions 
of Western Europe, F. culmorum has also been replaced by a more thermophilic 
and toxinogenic species F. graminearum [16, 23].  

The T-2 toxin group includes HT-2 toxin, T-2 triol, diacetoxyskirpenol, 
NEOS and their derivatives. Their main producers are F. sporotrichioides, 
F. langsethiae and F. poae. Contamination with these mycotoxins is especially typ-
ical for oats and barley (up to 75-95%), to a lesser extent for wheat, and for corn 
grain the proportion of positive samples is less than 22% [24]. The mycological 
studies indicate the widespread prevalence of T-2 group toxin producers in grain 
from the Krasnodar and Stavropol Territories [25], the Central and North-Western 
Federal Districts [26], in the Trans-Urals (on the example of Kurgan, Sverdlovsk, 
Tyumen, Chelyabinsk regions) [27]. For T-2 and HT-2 toxins in oats, barley and 
wheat grain, the rate averaged 59% [27]. T-2 triol and diacetoxyscirpenol (DAS) 
were also identified. Moreover, contamination with derivatives of T-2 toxin turned 
out to be more typical for oats and barley than for wheat. This is consistent with 
data from Croatia [28] and the results obtained for the domestic food grain har-
vests of 2008-2010 where T-2 toxin and HT-2 toxin contamination rates were 5-
18% for wheat, 0-57% for rye, 21-27% for barley, and 13-50% for oats [18]. 

ZEA and its derivatives are metabolites of F. graminearum, F. culmorum, 
F. cerealis, F. equiseti, F. crookwellense, and F. semitectum [27]. In Russia, ZEA was 
detected in 7% of maize food grain samples in 2000-2016, with toxin levels ranging 
from 5 to 315 µg/kg [29]. In 2005-2010, 2-8% wheat samples, 0-39% barley samples, 
and 12-67% oat samples were contaminated with ZEA [18]. 

F. verticillioides and F. proliferatum, the main FB producers, mainly affect 
maize and sorghum [13]. FB1 and FB2 abundance in corn harvested in 2000-2016 
in Russia exceeded 85% and 50%, respectively, and in 10% of 271 samples the FB 
level exceeded the MAL [30]. There is also information about the detection of FB1 
in the fodder grains of barley and wheat [31].  

Secondary metabolites of Aspergillus and Penicillium, the AFL and OTA 
pose the highest risks to human health. During the monitoring of mycotoxins in 
Russian food grain in 2013-2016, three of 49 studied maize samples (6%) con-
tained AFL B1, with exceeding the MAL in two samples [30]. Survey of wheat, 
rye, barley and oats food grain harvested in 2003 and 2004 showed OTA contam-
ination of 6%, 34%, 16% and 8% of the samples, respectively. In 2.5% of 272 
samples tested, the OTA level exceeded the MAL [32]. In grain of 2012-2014 
harvests, only two samples (1%) contained this toxin [20]. 

Alternaria metabolites are the second most abundant in cereals after fusari-
otoxins [33]. They exhibit an immunomodulatory effect, AOH and AME are gen-
otoxic agents [34]. The ubiquitous abundance of Alternaria micromycetes in cere-
als in Russia was shown using samples from the republics of the North Caucasus 
[35], Stavropol and Krasnodar Territories, regions of the Central Federal District 
[36], and the Urals [37]. In wheat, oats, and barley grain from the regions of the 
Ural Federal District, TE, tenuazonic acid, AOH, and AME were identified.  

Information on the prevalence of other mycotoxins in domestic grain is 
extremely sketchy. In wheat, barley and oats (56 samples in total) from the 
Trans-Urals, moniliformin and beauvericin were detected (12.5% and 34.0% of 
samples, respectively) [27]. In Russian food grains and grain-based product, the 
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contamination rates for STC (a biogenic precursor of AFL B1) reached 8% at 
150 µg/kg [38]. The European Food Safety Authority (EFSA) has estimated that 
no more than 1.5-8.0 μg/kg of STC in cereals and grain products is safe [39]. 
Compared to AFL B1, STC is less toxic but much more common. Wheat from 
China had six times more samples with STC contamination than with AFL B1 
[40]. It is also of interest to determine the little-studied mycotoxins CIT, CPA 
and MPA in food grains. CIT and OTA are often detected together, both my-
cotoxins are nephrotoxic, and their synergistic effect is possible. Previously, a 
high rate of CIT and OTA co-contamination in feed was shown [41]; data on 
the food grain contamination are not available. MPA, a common contaminant 
of plant products, can reach several milligrams per kilogram. MPA has no pro-
nounced toxic properties, but in high concentrations is an immunosuppressant 
[42]. CPA is cytotoxic, capable of suppressing the immune system and often 
found together with AFL [43]. 

Simultaneous measurements of regulated mycotoxins, their derivatives, 
secondary metabolites of Alternaria and poorly studied secondary metabolites of 
micromycetes in grain allows assessing the compliance with current safety stand-
ards, the level of co-contamination, and a range of probable mycotoxin produc-
ers. Such information will, on the one hand, allow a more complete assessment 
of the risks to human health caused by grain co-contamination with regulated 
and non-regulated mycotoxins, and, on the other hand, identify potential threats 
caused by a change in a potential of mycotoxicogenic species.  

This paper is the first to report the abundance of contamination with 28 
mycotoxins for food grain of  five crops (wheat, corn, barley, oats and rye) from 
the Central, Southern, Volga, Ural, Siberian, North Caucasian and Far Eastern 
federal districts (21 subjects in total). The analytes were regulated mycotoxins de-
oxynivalenol (DON), T-2 toxin (T-2), zearalenone (ZEA), fumonisins B1 and B2 
(FB1 and FB2), aflatoxin B1 (AFL B1), ochratoxin A (OTA), their derivatives 3- 
and 15-Acetyl-DON, nivalenol (NIV), fusarenone X (FUSX), HT-2 toxin (HT-
2), T-2 triol, neosolaniol (NEOS), α- and β-zearalenol (α- and β-ZEL), aflatoxins 
B2, G1, G2 (AFL B2, G1, G2), sterigmatocystin STC; Alternaria mycotoxins 
tentoxin (TE), altenuene (ALT), alternariol (AOH), its methyl ether (AME); cit-
rinin (CIT), citreoviridin (CTV), mycophenolic acid (MPA) and cyclopiazonic 
acid (CPA). This is the first systemic assessment of food grain co-contamination 
with 3- and 15-AcDON, NIV, FUSX, T-2 triol, NEOS, α- and β-ZEL, TE, ALT, 
AOH, AME, MPA, CPA, CIT and CTV in Russia. For the first time, CTV was 
revealed in wheat, barley and corn food grains. 

The study aimed at the analysis of contamination of the main types of food 
grains from the regions of Russia with regulated mycotoxins, their structural deriv-
atives, secondary metabolites of Alternaria fungi, and poorly studied mycotoxins.  

Material and methods. Food grain harvested in 2018 (162 samples in total) 
were provided by branches of the regional Centers for Hygiene and Epidemiology 
of the Federal Service for Supervision of Consumer Rights Protection and Human 
Welfare of the Central (Tula, Tambov, Kursk, Voronezh, Lipetsk, Belgorod and 
Orel provinces), Southern (Krasnodar Territory and Rostov Province), Volga 
(Penza, Saratov, Orenburg, Samara provinces and the Republic of Tatarstan), Ural 
(Tyumen and Chelyabinsk provinces), Siberian (Novosibirsk, Omsk provinces and 
Altai Territory), North Caucasus (Stavropol Territory) and the Far Eastern (Amur 
Province) Federal Districts of Russia. Samples were collected according to GOST 
R ISO 24333-2011 (Grain and products of its processing. Sampling. Moscow, 
2013) from homogeneous batches stored at grain receiving and processing enter-
prises. In total, 114 samples of wheat grain, 18 samples of barley, 14 samples of 
corn, 8 samples of oats, and 8 samples of rye were analyzed. 
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Mycotoxins were determined by HPLC-MS/MS using an Agilent 1100 
chromatographic system and an Agilent TQ 6410 triple quadrupole mass spectro-
metric detector (Agilent Technologies, USA; positive electrospray ionization at 
atmospheric pressure with the multiple reaction monitoring MRM mode). The 
voltage on the capillary of the detector ion source was 4000 V, the source tem-
perature was 100 °С, the temperature of the drying gas (nitrogen) was 350 °С; the 
nebulizer pressure 60 psi (4.14 bar). The analytes were chromatographically sepa-
rated (a Zorbax SB-C18 column, 150½4.6 mm, sorbent particle diameter 3.5 µm; 
25 °С; the gradient elution mode). Mobile phase A was water:acetonitrile (95:5), 
phase B was acetonitrile. Both phases are acidified with formic acid (0.1 vol.%). 
Gradient scheme: start at 0% B, linear increase to 95% B over 30 min, 95% B up 
to 36 min, linear decrease to 0% B over 1 min; column equilibration for 6 min. 
The total chromatography time was 43 min, the sample volume was 20 µl. Each 
sample was analyzed twice. The analytes were identified by the coincidence of the 
retention time, the detection of characteristic product ions, and the ratio of the 
intensity of their signals. For quantification, the external calibration method was 
used. For accounting the effect of the matrix on the analytical signal of T-2 triol, 
HT-2 and T-2 toxins, isotopically labeled internal standards were used (the 
[13C22]-НT-2 for НТ-2 toxin and [13C24]-T-2 for Т-2 triol и Т-2 toxin). My-
cotoxins in grains of corn, barley, rye and oats was quantified by the method of 
external calibration “on a pure matrix”. A series of eight multicomponent standard 
solutions was used for calibration. In standards for solvent, 50 µl of extractant, 
100 µl of mobile phase A, and 10 µl of a mixture of internal standards were added 
to 50 µl of the standard solution. In standards for matrix, 50 µl of the “pure” 
matrix extract and 100 µl of mobile phase A were added to 50 µl of the standard 
solution. Detection limit (DL) and quantification limit (QL) were calculated as 
3S/N and 7S/N criteria, respectively, where S/N is the signal-to-noise ratio. 

Samples were prepared as described (MVI 410/4-2020 “Method of multi-
detection of mycotoxins in grain and primary products of its processing”. Ap-
proved by Rospotrebnadzor). A 100 g portion of the sample was crushed in a 
laboratory mill to a homogeneous state, 5.0 g of a homogeneous ground sample 
was placed in a 50 ml centrifuge tube added with 5 ml of acetonitrile:water 
(80:20 vol.%) acidified with formic acid (0.5 vol.%). Extraction was carried out 
for 30 min alternately on a shaker (twice for 10 min) and in an ultrasonic bath 
(10 min). The resulting extract was filtered, a 200 µl aliquot was diluted with 
600 µl of mobile phase A, centrifuged at 4000 rpm the least, degreased with hexane 
if necessary. The diluted extract (200 µl) was placed to a chromatographic vial 
added with 10 µl of a mixture of internal standards ([13C24]-T-2 and [13C22]-НT-
2) (for wheat samples). The analysis was performed in duplicate.  

Results. Table 1 shows the MRM parameters, retention time, recovery rates 
(average values for the studied crops), detection limits (DL) and quantitation limits 
(QL) for mycotoxins. For calculation, the first of mother ion—daughter ion tran-
sition indicated in Table 1 was used.  

Whea t  g r a in  con tamina t ion. In wheat from Russian regions, DON, 
T-2, and HT-2 toxins, Alternaria toxins (AOH, AME, and TE), OTA, CIT, MPA, 
and ZEA were more common compared to other mycotoxins (Table 2). Acetyl 
derivatives of DON (3- and 15-AcDON) were found only in two samples of wheat 
from the Amur Province. In single cases, STC (1.3 μg/kg, a sample from the 
Lipetsk Province), β-ZEL (366 μg/kg, a sample from the Amur Province) and 
CTV (56 μg/kg, a sample from the Krasnodar Territory) were detected. NIV, 
FUSX, NEOS, T-2 triol, AFL, FB, ALT, α-ZEL and CPA were not detected.  

The main contaminants of the wheat grain from the Central, Volga and 
Ural federal districts were Alternaria mycotoxins among which TE dominated. It 
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was detected in 62-88% of samples. This data is well consistent with the results of 
Orina et al. [37, 44] for wheat harvests of 2017 and 2018 from the Ural Federal 
District who reported TE detection (from 2.9 to 79.9 μg/kg) in all 36 tested sam-
ples. No more than 7% and 11% of the samples we tested were contaminated with 
T-2 + NT-2 and DON toxins, respectively. In none sample the content of the 
regulated mycotoxins exceeded the MAL. 

In wheat from the Siberian Federal District, TE also prevailed (91%). In 
20% of the samples, we found T-2 + NT-2 and DON; the content of regulated 
mycotoxins, with the exception of OTA, was significantly below the MAL. OTA 
was detected in 4 out of 11 samples (36%), and in one sample with a more than 
4-fold excess of the MAL. On average, in all regions, the rate of OTA in wheat 
was 6%, or 7 samples. Interestingly, three of these samples (one sample from the 
Krasnodar Territory and two from the Omsk Province) were co-contaminated with 
OTA and CIT. High co-contamination of wheat with OTA and CIT was previously 
noted for feed grains from the central regions of the European Russia (16 out of 
30 OTA-contaminated samples contained CIT) [41]. 

Another feature of mycotoxin contamination in wheats from the Central, 
Volga, Ural and Siberian districts was the MPA rate of 3-13% (at the level ranging 
from 40 to 3700 µg/kg). This is partly consistent with the reports on the MPA rate 
< 6% at 63-1255 µg/kg wheat fodder grain [45]. This mycotoxin was not found in 
wheat from other regions. The cases of high MPA accumulation in food grain 
revealed by us (3500 and 3700 μg/kg in wheat from the Tyumen and Saratov 
regions, respectively) deserve attention. Previously, it was reported that violated 
storage conditions led to self-warming and an increase in the MPA content in 
sunflower seeds from 53 to 2630 µg/kg [46]. MPA does not have pronounced toxic 
properties, but is widely used in transplantology as a strong immunosuppressant. 
The standard daily therapeutic dose of MPA is about 1.5 g [47], which is two 
orders of magnitude lower than its content in a kilogram of the most contaminated 
wheat grain samples. However, given the prevalence of MPA in mass-produced 
foods on the Russian market [48, 49], the possibility of chronic dietary intake of 
this mycotoxin is of concern. 

Wheat from the main grain-producing regions of Russia — the Southern 
Federal District and North Caucasian Federal District was less contaminated with 
Alternaria mycotoxins than samples from the Central, Volga, Urals and Siberian 
regions. The tests did not reveal alternariatoxins in grain from Rostov Province. 
Of them, only TE was detected (in 13% of samples from the Krasnodar Territory 
while in other regions its rate could reach 100%. TE was detected in three of 21 
samples (14%) from the Stavropol Territory, and AME was detected in the other 
three samples (14%). We did not detect AOH in wheat from the Southern Federal 
District and North Caucasian Federal District. According to the special literature, 
the co-infection of Alternaria and Fusarium micromycetes can suppress the syn-
thesis of AOH [50]. Indeed, the main contaminant of wheat from these regions is 
traditionally fusariotoxin DON. In samples from the Krasnodar Territory, the rate 
for DON was 40%, with two samples exceeding the maximum permitted levels. 
In one sample, along with DON, we detected ZEA, OTA, and CIT, with the OTA 
content almost 2 times higher than the MAL. Only 10% of wheat samples from 
the Stavropol Territory were DON-positive, all below the MAL. Acetyl derivatives 
of DON were not detected in the samples from the Southern Federal District and 
North Caucasian Federal District. Wheat grain from the Rostov Province (South-
ern Federal District) turned out to be the least contaminated (only one sample 
contained CIT). 
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1. Mycotoxin detection parameters and their characteristics in the analysis of food grain by high performance liquid chromatography−tandem mass spec-
trometry (an Agilent 1100 chromatographic system, Agilent TQ 6410 mass spectrometric detector, Agilent Technologies, USA) 

Analyt tR, min Mother ion, m/z Daughter ions, m/z F, V СЕ, V Degree of extraction, % DL, µg/kg QL, µg/kg 
NIV 10.1 [M+Na]+  313.3 175.3; 247.2 90 10; 2 85.1 100 200 
DON 12.0 [M+H]+ 297.1 249.2; 203.1; 175.2 90 5; 10; 18 98.7 20 40 
FUSX 13.8 [M+H]+ 355.2 175; 247 100 20; 4 116.3 20 40 
NEOS 14.0 [M+H]+ 383.2 305.1; 185.1 116 2; 14 88.3 0.3 1 
15-AcDON 16.2 [M+H]+ 339.3 261.3; 231.1 90 5;5 107.2 20 40 
3-AcDON 16.6 [M+H]+ 339.3 231.1; 212.8; 261.3 90 5; 8; 5 97.9 10 20 
FВ1 17.6 [M+H]+ 722.4 334.2; 352.5; 316.4 165 40; 40; 40 89.9 5 20 
Т-2 triol  18.1 [M+H]+ 405.2 303.0; 124.8;  100 12; 12 94.4 30 80 
AFL G2 18.5 [M+H]+ 331.1 245.2; 257.2 150 30; 30 90.7 1 2,5 
FВ2 18.6 [M+H]+ 706.5 336.0; 354.0; 318 165 35; 30; 38 94.9 5 10 
ALT 18.8 [M+H]+ 293.1 257.1; 239.1 45 8; 16 114.6 2 5 
AFL G1 19.5 [M+H]+ 329.1 243.2; 200.0; 283.0 135 25; 46; 20 92.9 0.5 1 
AFL В2 19.5 [M+H]+ 315.3 287.0; 259.1; 231.2 135 22; 30; 30 92.4 0.5 1 
AFL В1 20.5 [M+H]+ 313.2 128.0; 241.1; 285.2 135 80; 35; 20 94.3 0.5 1 
НТ-2 20.6 [M+Na]+ 447.3 345.2; 285.2 190 16; 16 90.3 2 5 
[13C22]-НT-2 20.6 [M+Na]+ 469.2 362.0 150 30 – – – 
АОН  21.1 [M+H]+ 259.1 128.0; 185.1 153 40; 30 110.7 2 5 
ТЕ 21.1 [M+H]+ 415.2 132.0; 312.2 107 42; 8 113.6 0.5 1 
α-ZEL 22.4 [M+H]+ 303.2 285.2; 267.0 110 5; 10 109.2 4 10 
MPA 23.6 [M+H]+ 321.1 303.2; 207.1 73 4; 16 101.5 4 10 
β-ZEL 24.0 [M+H]+ 303.2 285.2; 267.0 110 5; 10 118.3 4 10 
CTV 24.1 [M+H]+ 403.2 285.0; 297.0;  45 10; 10 94.7 4 10 
CIT 24.8 [M+H]+ 251.2 233.1; 205.0; 115.2 93 16; 24; 52 91.5 2 3 
Т-2 24.8 [M+Na]+ 489.3 245.1; 387.1; 327.2 165 24; 17; 20 99.2 0.5 2 
[13C24]-T-2 24.8 [M+Na]+ 513.5 344.2 190 20 – – – 
OTA 25.5 [M+H]+ 404.2 239.1; 358.2; 221.0 105 20; 10; 34 96.1 0.5 1 
ZEA 26.8 [M+H]+ 319.2 185.0; 283.2; 301.2 90 22; 5; 5 104.6 2 5 
AME 26.8 [M+H]+ 273.1 258.0; 230.0 156 24; 30 108.6 2 5 
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Continued Table 1 
STC 28.2 [M+H]+ 325.1 281.1; 310.1 120 35; 22 108.5 1 2 
CPA 28.5 [M+H]+ 337.2 196.1; 182.1 45 16; 12 82.8 30 80 
N o t е. DON — deoxynivalenol, ZEA — zearalenone, FВ1, FВ2 — fumonisins В1 and В2, AFL В1 — aflatoxin В1, ОТА — ochratoxin A, 3-AcDON and 15-AcDON — 3- and 15-Acetyl-DON, 
NIV — nivalenol, FUSX — fusarenone Х, NEOS — neosolaniol, α- and β-ZEL — α- и β-zearalenol, AFL В2, G1, G2 —  aflatoxins В2, G1, G2, STC — sterigmatocystin, ТЕ — tentoxin, ALT — 
altenuene, АОН — alternariol, AME — methyl ether of АОН, CIT — citrinin, CTV — citreoviridin, MPA — mycophenolic acid, CPA — cyclopiazonic acid. Positive electrospray ionization at 
atmospheric pressure in multiple reaction monitoring (MRM) mode; tR — retention time, F, V — fragmentator voltage, СЕ, V — collision cell voltage, DL — detection limit, QL — quantification 
limit. For the degree of extraction, the average values for the studied crops are given. Dashes indicate that internal standards were added to the prepared sample before analysis.  

 

2. Rates and levels of mycotoxins in wheat food grain from Russian regions (2018, n = 114; HPLC/MS-MS) 

Region  
Contaminated samples/total 

number of samples (%) 
Level (min-max; averaged), µg/kg (rate, %) 

DON ZEA Т-2 НТ-2 ОТА CIT АОН AME ТЕ MPA 
CFD 19/29  

(66 %) 
100  

(3 %) 
10  

(3 %) 
4 and 17  

(7 %) 
35 and 45  

(7 %) 
0.4  

(3 %) − < QL-13; 11  
(21 %) 

< QL-10; 6 
(21 %) 

2-37; 9  
(62 %) 

40  
(3 %) 

VFD 16/19  
(84 %) 

120 and 370  
(11 %) 

16  
(5 %) 

15  
(5 %) 

5 and 45  
(11 %) − − < QL-10 

(16 %) 
< QL-21  
(21 %) 

1-90; 11  
(74 %) 

3700  
(5 %) 

UFD  7/8  
(88 %) − − − − 2.9  

(13 %) − − − 5-49; 14  
(88 %) 

3500  
(13 %) 

SiFD 10/11  
(91 %) 

180 and 250  
(18 %) − 2 and 3  

(18 %) 
5-70; 34  
(27 %) 

0.8-22; 7.8 
(36 %) 

15 и 97  
(18 %) 

< QL  
(9 %) 

- 
6-83; 27  
(91 %) 

380  
(9 %) 

Amur Province  
(FEFD) 

3/3  
(100 %) 

430 and 530  
(67 %) − 5  

(33 %) 
13 

(33 %) − − 26  
(33 %) 

< QL  
(33 %) 

5-90; 38  
(100 %) − 

Krasnodar Territory 
(SFD) 

8/15  
(53 %) 

120-1270; 500  
(53 %) 

5  
(7 %) − 5 and 8  

(13 %) 
9 

(7 %) 
118 

(7 %) − − 5 and 6  
(13 %) − 

Rostov Province  
(SFD) 

1/8  
(13 %) − − − − − 2.5 

(13 %) − − − − 

Stavropol Territory 
(NCFD) 

6/21  
(29 %) 

100 and 730  
(10 %) − − − − − − < QL-20  

(14 %) 
7-197; 72  
(14 %) − 

N o t е. DON — deoxynivalenol, ZEA — zearalenone, ОТА — ochratoxin A, CIT — citrinin, АОН — alternariol, AME — methyl ether of АОН, ТЕ — tentoxin, MPA — mycophenolic acid. See 
Table 1 for detection protocol. If the number of mycotoxin-contaminated samples was less than 3, the analyte content in the sample is indicated instead of the concentration range and average. 
DL — detection limit, QL — quantification limit; a dash means that mycotoxin was not detected (the content is below DL, < DL). CFD — Central Federal District, VFD — Volga Federal District, 
UFD — Ural Federal District, SiFD — Siberian Federal District, FEFD — Far Eastern Federal District, SFD — Southern Federal District, NCFD — North Caucasus Federal District. 
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In the world, data on mycotoxin abundance in wheat grain vary considera-
bly. It should be noted that in Russia, wheat is less DON-contaminated compared 
to other leading grain exporters [51]. In the EU countries, the rate for DON in 
wheat crops of 2005-2012, according to Alexander et al. [10], ranged from 60 to 
100%, and the maximum content reached 4130 µg/kg. In durum wheat from Italy 
(n = 74), the contamination rate was 16% for DON at 48-2267 µg/kg, 8% for T-2 
and HT-2 toxins at 10-149 µg/kg, 31% for AOH at 8-121 μg/kg, and 26% for AME 
at 9-48 μg/kg [52]. In 2001-2010, in winter wheat from Germany, AOH and AME 
reached 832 µg/kg with the rate ranged from 0-77% and 905 µg/kg at 0-33% [53].  

Corn  g r a in  con tamina t ion. Mycotoxins were studied in 14 samples 
of corn grain (Table 3), 11 samples from the Southern Federal District and North 
Caucasian Federal District, two from the Central Federal District, and one from 
the Volga Federal District. The last three samples were slightly contaminated, FB1 
40 µg/kg + NT-2 7 µg/kg and FB1 220 µg/kg, or ten times lower than the MALs. 
In grain from the Southern Federal District and North Caucasian Federal District, 
the main contaminants were FB1 or FB1 + FB2, DON or DON + 15-AcDON. ; 
approximately a third of the samples contained MPA and NEOS; two out of 11 
samples were co-contaminated with T-2 and HT-2 toxins. The rate of mycotoxins 
in descending order was as follows: FB (with FB1 prevailing) > DON and 15-
AcDON > NEOS, MPA > T-2 and HT-2 toxins > ZEA, OTA, CIT, CTV. 

FBs are the main mycotoxin of corn grain in Russia [30]. According to 
the FB levels, all the studied samples met the requirements of the regulation. In 
one sample from the Krasnodar Territory, OTA (13 µg/kg) exceeded the permis-
sible level. The relatively high incidence of NEOS in corn is consistent with data 
from Spain [54], while no HEOS was detected in samples from Africa, Japan 
[55] and Brazil [56]. The main trichothecenes of group A, T-2 and HT-2 toxins, 
were detected in 18% of the samples. For comparison: in corn grain from Croatia 
(n = 71), the rate for these toxins was 27% (the total content varied from 15 to 
332 µg/kg) [28]. Along with FB and DON, T-2 toxin contaminates domestic feed 
grain of corn [57, 58]. We did not detect Alternaria metabolites in corn, which 
may be due to the low susceptibility of corn kernels to infection because of a 
specific structure of the ear [36]. Several publications are in line with these data. 
For example, less than 7% of corn food grain samples from the southern Brazil 
contained AOH, AME, TE [56], the rate for AOH and TE in the samples from 
Serbia did not exceed 10%, while for AME and tenuazonic acid, it was 40 and 
35%, respectively [59]. In corn fodder grain from the Central Federal District, as 
per Kononenko et al. [57], the rate for AOH was 13.3%.  

Con tamina t ion  o f  ba r l ey, oa t s, and  r ye g ra in . In these samples, 
mycotoxicological analysis also revealed the dependence of the detected grain con-
taminants on the region of crop growth (see Table 3). The number of studied 
samples in these species was less than for wheat and corn, therefore, we considered 
the conclusions about the prevalence of mycotoxins in barley, oats and rye from 
different regions as indicative. Nevertheless, the results obtained are in good agree-
ment with each other. The main contaminants of grain in the Central, Volga, 
Urals and Siberian regions were T-2 and HT-2 toxins (20-50%) and secondary 
metabolites of Alternaria, primarily TE (33-100%). Among Alternaria toxins, ALT 
accumulation in a barley sample from the Altai Territory reached 15 μg/kg (the 
only case of this toxin in the studied grain samples). The predominant contami-
nation of oat grain with T-2 and HT-2 toxins in combination with Alternaria 
mycotoxins corresponds to the incidence of fungal infections caused by the pro-
ducers [60]. 
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3. Rates and levels of mycotoxins in corn, barley, oats, and rye food grain from Russian regions (2018, HPLC/MS-MS)  

Region 
Contaminated sam-
ples/total number of 
samples (%) 

Level (min-max; averaged), µg/kg (rate, %) 

DON 
15-
AcDON 

ZEA Т-2 НТ-2 NEOS ОТА CIT FВ1 FВ2 АОН АМE ТЕ CTV MPA 

C o r n  (n = 14) 
SFD + NCFD 11/11 

(100 %)  
50-950; 407 

(55 %) 
14-36; 25 
(27 %) 

34  
(9 %) 

25 and 67 
(18 %) 

41 and 194 
(18 %) 

1-21; 6 
(27 %) 

13  
(9 %) 

6  
(9 %) 

30-1560; 370  
(91 %) 

40-170; 97 
(27 %) 

− − − 57  
(9 %) 

10-95; 39 
(27 %) 

CFD + VFD 2/3 
(66 %) 

− − − − 7  
(33 %) 

− − − 40 and 220  
(66 %) 

− − − − − − 

B a r l e y  (n = 17) 
CFD 6/6  

(100 %) 
− − − 2-7; 4  

(50 %) 
5-10; 8 
(50 %) 

− − − − − < QL-135; 72 
(67 %) 

− < QL -5; < ПКО  
(67 %) 

− − 

VFD + UFD + 
SiFD 

5/5  
(100 %) 

− − − 6 
(20 %) 

− − − 2 
(20 %) 

− − − − < QL -23; 11 
(60 %) 

− − 

SFD + NCFD 6/6  
(100 %) 

− − − 2 
(17 %) 

5-34; 15 
(50 %) 

− 11 
(17 %) 

− < QL and 20 
(33 %) 

− 24 
(17 %) 

5 
(17 %) 

5 
(17 %) 

10 
(17 %) 

− 

R y e  (n = 8) 
CFD 2/3 

(66 %) 
− − − 2 

(33 %) 
6 

(33 %) 
− − − − − 5 

(33 %) 
< QL 
(33 %) 

8 and 15 
(66 %) 

− − 

VFD + UFD + 
SiFD 

1/3 
(33 %) 

− − − − − − 5 
(33 %) 

− − − − − 20 
(33 %) 

− − 

SFD + NCFD 1/2 
(50 %) 

− − − − − − − 2.5 
(50 %) 

− − − − 15 
(50 %) 

− − 

O a t s  (n = 8) 
CFD + VFD 
+ SiFD 

4/4 
(100 %) 

− − − 2 and 35 
(50 %) 

34 
(25 %) 

8 
(25 %) 

− 3 
(25 %) 

− − < QL 
(25 %) 

< QL 
(25 %) 

9-86; 27 
(100 %) 

− − 

SFD + NCFD 4/4 
(100 %) 

− − − − − − < QL 
(50 %) 

− − − 6 
(25 %) 

− 2-38; 14 
(75 %) 

− − 

N o t е. DON — deoxynivalenol, 15-AcDON — 15-Acetyl-DON, ZEA — zearalenone, NEOS — neosolaniol, ОТА — ochratoxin A, CIT — citrinin, FВ1, FВ2 — fumonisins В1 и В2, АОН — 
alternariol, АМE — methyl ether of АОН, ТЕ — tentoxin, CTV — citreoviridin, MPA — mycophenolic acid. See Table 1 for detection protocol. If the number of mycotoxin-contaminated samples 
was less than 3, the analyte content in the sample is indicated instead of the concentration range and average. DL — detection limit, QL — quantification limit; a dash means that mycotoxin was 
not detected (the content is below DL, < DL). CFD — Central Federal District, VFD — Volga Federal District, UFD — Ural Federal District, SFD — Siberian Federal District, FEFD — Far 
Eastern Federal District, SFD — Southern Federal District, NCFD — North Caucasus Federal District. 
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The samples from the Southern and North Caucasian regions differed in 
the mycotoxin profiles depending on the crop. FB1 in two samples out of 6 studied 
was distinctive for barley. Cases of FB1 in barley food grain were reported in 
Tunisia (46 µg/kg, one of 31 samples) [61] and in Poland (one of 8 samples) [62]. 
Monitoring of mycotoxins in the fodder grain of barley harvested in 2004-2014 
from the Central, Southern and North Caucasian regions revealed the FB1 rate of 
19-79% [31]. Moreover, there are cases of FBs in wheat fodder grains that are 
atypical for food grains, namely 6% of samples harvested in 2017 contained FBs 
(from 75 to 1990 µg/kg) [63]; the rate of positive fodder wheat samples from 2004-
2014 harvests in southern Russia reached 50% [31]. It is noteworthy that the stud-
ied samples of barley, oats, and rye did not contain DON even in trace amounts. 
These data are consistent with the results of long-term monitoring. From 2009 to 
2016, we tested 50 samples of rye, 28 samples of oats from the Volga, Urals, and 
Siberian regions, and 12 samples of barley from the Central Federal District. DON 
was not found, while according to Gavrilova et al. [44], the rate for DON in barley 
from the Ural region was 20%, and we also detected NIV. One of the studied 
samples of barley from the Krasnodar Territory did not meet the safety require-
ments for OTA (11 µg/kg). 

4. Examples of co-contamination with mycotoxins of food grain harvested in the Amur 
Province (Far Eastern Federal District,) 

Crop, year 
Level, µg/kgкг  

DON 3-AcDON 15-AcDON ZEA β-ZEL Т-2 НТ-2 ОТА CIT STC АОН ТЕ 
Wheat, 2018 430 71 36 − − − − − − − 26 17 
Wheat, 2018 530 14 − − 366 5 13 − − − − 90 
Barley, 2018 2830а 65 54 − − − − − − − 40 − 
Oat, 2016 650 5 − 180 - 2 12 9а 30 120 No data 
N o t е. DON — deoxynivalenol, ZEA — zearalenone, β-ZEL — β-zearalenol, ОТА — ochratoxin A, CIT — 
citrinin, STC — sterigmatocystin, АОН — alternariol, ТЕ — tentoxin. See Table 1 for detection protocol. A dash 
means that mycotoxin was not detected (the content is below the detection level DL, < DL). a — exceeding the 
maximum allowable level (MAL).  

 

From the point of view of the diversity and the rate of mycotoxins, grain 
from the Far Eastern Federal District is of particular interest. Table 4 shows the 
profiles of three individual grain samples of food wheat and barley harvested in 
2018, most clearly reflecting the multiple mycotoxin contamination observed in 
the region. In addition, there is one sample of oats harvested in 2016 which at-
tracted attention during our long-term monitoring due to a variety of mycotoxins. 
All these samples were from the Amur Province. These data indicate that the 
regional conditions are favorable for grain infection with micromycetes and toxin 
production. For example, only the samples from this region, along with DON, 
contained both acetyl derivatives of DON (3- and 15-AcDON) and β-ZEL. Co-
contamination with eight mycotoxins was shown for a sample of oats harvested in 
2016, in particular, OTA + CIT and STC were detected. 

Gagkaeva et al. [21] drew attention to the high infection rate of spring 
wheat and barley in the Amur Province in 2019. They found DON (912-
13343 µg/kg), 3-AcDON (0-293 µg/kg), 15-AcDON (19-179 µg/kg, 3-glucoside 
DON (98-3803 µg/kg), ZEA (92-3670 µg/kg), and moniliformin (5-218 µg/kg). 
AOH and AME, T-2 and HT-2 toxins in grain were at the level of tens of mi-
crograms per kilogram. APL, OTA, STC, CPC, MPA, NEOS, DAS, and FUSX 
were not detected. Abundant 3-AcDON in grain is peculiar to the Far Eastern 
Federal District. According to the available data [21], the level of the 3-AcDON-
producing F. graminearum DNA in grain from the Amur Province was on average 
1.1-1.3 times higher than that of the 15-AcDON-producing genotype. 

In our survey, in several cases, STC, β-ZEL and CTV occurred in grain 
samples. It should be noted that we report the contamination of food grains with 
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citreoviridin in the Russian Federation for the first time. This mycotoxin was de-
tected in samples from the Krasnodar Territory (56 µg/kg in wheat and corn and 
10 µg/kg in one barley sample). The rate for CTV in cereals in the Krasnodar 
Territory was 12%. It is known that CTV producers are micromycetes of the genera 
Aspergillus and Penicillium, mainly P. citreonigrum traditionally found in rice. For 
example, the toxin level in rice from Brazil reached 97 μg/kg [64], which is com-
parable to the levels in the samples we studied. CTV accumulated in the body 
have a pathological effect on the central nervous system [65]. STC was found in 
two grain samples — in wheat from the Lipetsk region (1.3 μg/kg) and rye from 
the Saratov region (0.1 μg/kg). According to the reports, the rate of STC in wheat, 
rye and corn grain in countries having temperate climate reached 7%; STC was 
more abundant in barley (up to 44% of samples) and oats (up to 57% of samples) 
[38]. We detected β-ZEL at 366 µg/kg in one wheat sample from the Amur Prov-
ince. Structural analogs of ZEA, the α-ZEL and β-ZEL were rarely detected in 
grain. There are no systematic data on these mycotoxins in special publications. 

Among the studied 28 mycotoxins, we did not find NIV, FUSX, T-2 triol, 
α-ZEL, APL and CPA. According to data from Italy [66], Poland [62] and the 
Czech Republic [67], the incidence of these mycotoxins in wheat does not exceed 
12%. NIV is more likely to contaminate oats and barley [68]. In the present study, 
we did not detect NIV and FUSX in any grain tested. Fusariotoxins T-2 triol and 
α-ZEL are also rarely detected, while APL is more abundant in grain from coun-
tries with subtropical and tropical climates, e.g., Syria [66] and African countries 
[69]. However, it should be borne in mind that the increase in average annual 
temperatures and frequent summer droughts in the countries of Southern Europe 
give grounds for unfavorable forecasts of Aspergillus flavus infection of maize and, 
therefore, APL accumulation [70]. It can be assumed that such a scenario is 
possible in the Southern Federal District and North Caucasian Federal District 
of the Russian Federation. CPA also refers to metabolites of Penicillium and 
Aspergillus, characteristic of the tropical and equatorial zones. The reports de-
scribe cases of co-detection of APL and CPA in food products from hot coun-
tries, for example, in corn [71]. For CPA, a low abundance in fodder corn, barley 
and wheat grain was show in the Russian Federation (3 out of 276 samples, or 
1.1% at 50-80 µg/kg) [72]. 

Thus, in Russia in 2018, the main mycotoxins in food wheat grain were 
fusariotoxins deoxynivalenol (DON), zeralenone (ZEA), T-2 and HT-2 toxins and 
Alternaria metabolites tentoxin (TE), alternariol (AOH) and its methyl ester 
(AME). Ochratoxin A (OTA), citrinin (CIT) and mycophenolic acid (MPA) were 
also identified. In wheat from the Central, Volga, Ural and Siberian federal dis-
tricts, alternariatoxins prevailed, primarily TE the rate of which varied from 62 to 
91%. More than half of the samples from the Krasnodar Territory contained DON 
(in two of the 15 samples, it exceeded the MAL), the rate for TE was 13%. Among 
the regulated mycotoxins, along with DON, 7 out of 115 samples (6%) contained 
OTA, exceeding the MRL in two samples. Most of the wheat samples contami-
nated with OTA were from the Siberian Federal District. Mycotoxins were not 
detected in 61% of wheat samples from the North Caucasian Federal District and 
87% of samples from the Rostov Province. In other regions, more than half of the 
samples were contaminated. DON exceeded the MAL in three samples (2.6%), 
OTA in two samples (1.7%). In corn grain from the Southern Federal District and 
North Caucasian Federal District, the main contaminants were fumonisins B1 and 
B2 (FB1 or FB1 + FB2) and DON (DON or DON + 15-AcDON). A third of the 
samples, were MPA- and NEOS-positive. ZEA, T-2 and HT-2, OTA, CIT, and 
CTV were rarely found, Alternaria toxins were not detected. All the studied sam-
ples met the safety requirements, with the exception of sample from the Krasnodar 
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Territory with OTA exceeding the MAL. Among fusariotoxins, the barley grain 
from the southern regions of Russia contained T-2, HT-2, and FB1. Alternaria 
toxins were more characteristic of the Central, Volga, Urals, and Siberian regions. 
In several cases, CIT, CTV and OTA were found, the latter exceeding the MAL. 
In rye and oat grain, regardless of the region, alternariatoxins, mainly TEs, pre-
vailed compared to other mycotoxins. We also identified T-2 and HT-2 toxins, 
NEOS and CIT. In one rye sample, OTA did not meet the safety requirements. 
The barley, oats and rye grain was not contaminated with DON even in trace 
amounts. Our data on CTV contamination of food corn, barley and wheat in the 
Russian Federation nave been obtained for the first time. The survey traced the 
dependence of the mycotoxin profiles on the crop and the region of cultivation. 
The high rate of OTA-positive samples and OTA excess of the MAL in 45% of 
food grain are of concern. 
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