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SUMMARY

Results of mycotoxicological survey of representative samples of feed and procured wheat, barley, oat and maize grain batches are demonstrated. The samples
were submitted by the Veterinary Service officials, livestock farmers and feed mill operators, agricultural producers, specialized commercial business operators
and farm owners in seven Federal Districts of the Russian Federation in 2009-2019. Similar amounts of wheat and barley grain samples were received from the
Central, Volga, Ural and Siberian Federal Districts. The amount of wheat samples delivered from the Southern Federal District prevailed over the number of barley
samples, and the maize samples were mostly delivered from the regions of the Central Federal District. Fusarium toxins including T-2 toxin, diacetoxyscirpenol,
deoxynivalenol, zearalenone and fumonisins of group B as well as alternariol, ochratoxin A, citrinin, aflatoxin B1, sterigmatocystin, cyclopiazonic acid, mycophenolic
acid, ergot alkaloids and emodin were detected and measured according to the validated competitive ELISA procedure. Generalization of the results demonstrated
domination of Fusarium toxins and active involvement of alternariol in the contamination of all types of feed grains as well as high occurrence of emodin in ear
cereals and increased occurrence of T-2 toxin and ochratoxin A in barley. Shift of medians and 90%-percentile of the basic contaminants to lower values as compared
to mean and maximal ones was reported thus being indicative of their possible accumulation at the levels outside the typical range. The highest levels of T-2 toxin,
deoxynivalenol and ochratoxin A as well as 90%-percentile values exceeded the acceptable levels. The maize grains demonstrated the whole complex of the tested
Fusarium toxins with the prevalence of T-2 toxin, deoxynivalenol, zearalenone and fumonisins; and the maximal amounts of these mycotoxins by several times
exceeded the accepted regulatory levels. Diacetoxyscirpenol, aflatoxin B1, sterigmatocystin, cyclopiazonic acid and ergot alkaloids are classified as rare feed grain
contaminants. High prevalence of alternariol and emodin known as“diarrhea factor” as well as maize grain contamination with mycophenolic acid (mycotoxin having
an immunosuppressive effect) are for the first time reported in this paper. These data support the need of their introduction in the group of requlated substances
significant for public health. Original monitoring data systematized and summarized in the paper are given in electronic format in section Additional materials.
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PE3IOME
MpencraBneHbl pe3ynbTaTbl MUKOTOKCUKONOrMYECKOro 06Cef0BaHNA CPeLHUX 00pa3L0B OT NapTyil GypaxkHOro 1 3aroTOBAAEMOTr0 3epHa MLLEHMLDI, AY-
MeHs, 0BCa U KYKypy3bl, NPpefoCTaBNeHHbIX CNeLUanicTami BeTEpUHaPHbIX CyX0, KUBOTHOBOAUECKUX 11 KOMOUKOPMOBbIX NPEANPUATHIA, KOMNAHWIi-
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CeNbX03npou3BOAMTENelA, CMIELMani3vpoBaHHbIX KOMMEePUECKMX 0praHu3auuii 1 BnadenbLamin KpecTbAHCKMX GepmepckinX X03AiicTB 13 7 defepanbHbIX
okpyros Poccuiickoit Oegepauum B nepuop ¢ 2009 no 2019 r. CpaBHUMbIE N0 06beMY BbIOOPKM 3epHa NLLIEHMLbI 1 AYUMEHS Obinn NofyyeHbl U3 LieHTpanbHoro,
Mpusomxckoro, Ypanbckoro 1 Cbupckoro GesepanbHbix okpyros. 113 K0xHoro desepanbHoro okpyra uncno 06paswos nieruLbl 6bi10 6onblue, Yem AUMeHs,
a 3epHO KyKypy3bl NOCTYNano B 0CHOBHOM 13 cy6bekToB LieHTpanbHoro deaepanbHoro okpyra. [leTekTupoBaHue 1 M3mepeHue CofepxaHua ¢y3apuoTokcu-
HOB, BK/I0UaloLLMX T-2 TOKCUH, AMALETOKCUCLMPNEHON, 1e30KCUHUBANEHON, 3eapaneHoH U GYMOHM3UHBI Tpynnbl B, a Takxke anbTepHapuona, 0XpaToKcvHa A,
UNTPUHUHA, adNaTOKCUHA B, CTepUrMaTounCTUHa, UMKIONMA30HOBO! KMCIOTbI, MKOGEHONO0BOI KMCAOTbI, Proankanonos 1 SMOAUHA NPOBOANY O aT-
TeCTOBaHHOI NpoLeaype € NCnoab3oBaHNEM KOHKYPEHTHOT0 MMMyHOpepMeHTHOro aHanu3a. B xoge 0606LueHna pe3ynbraTos ycTaHoBAEHa AOMUHUPYIOLLAA
ponb ¢y3apuoTOKCMHOB ¥ aKTUBHOE YYacTe anbTepHap1ona B KOHTAMUHALMK BCEX BIUAOB 3ePHOGYPaXxa, a Takxe yacTas BCTPeYaemMocTb IMOANHA B 3epHe
KONMOCOBBIX KyNbTYp 1 NOBbILLEHHAA PAaCNPOCTPAHEHHOCTb T-2 TOKCMHA M OXPaTOKCMHA A B 3epHe AUMeHS. [1NA 0CHOBHbIX KOHTAMUHAHTOB OTMEYeHO CMeLLeHIe
menuaH 1 90%-ro NPOLEHTUNA B CTOPOHY MEHbLUNX 3HaUeHHIA N0 OTHOLLEHMIO K CPEAHMM 1 MaKCUMATbHBIM COAEepKaHNAM, UTO YKa3biBano Ha BOIMOMXHOCTb
WX HAKOMMeHNA 3a Npefenami THNMYHOrO AnanazoHa. Hanbonblume ypoBHM T-2 TOKCMHA, A€30KCMHIBANEHONA 1 0XPATOKCUHA A, a Takxe nokasatenu 90%-ro
NPOLEHTUAA NPeBbILLANYN AONYCTUMbIE HOPMbI COAePKaHuA. B 3epHe KyKypy3bl KOMNNEKC aHaNN31POBaHHbIX ¢y3apuOTOKCUHOB NPEACTaBNEH MOMHOCTbH0 C Hau-
6onbLLeil BCTpeyaemMoCTbio T-2 TOKCMHA, e30KCMHIBANEHOAa, 3eapaneHoHa 1 GYMOHIU3IHOB, 1 MAKCUMaNbHble KONMYECTBA 3TUX MIUKOTOKCUHOB B HECKObKO
Pa3 NPeBbILLANM NPUHATbIE YPOBHI HOPMUPOBAHNA. MALETOKCUCLMPTIEHON, ADNATOKCUH B, CTEPUrMATOLMCTUH, LMKNONUA30HOBAS KUCIOTA 1 SProankanonzpl
OTHeCeHbI K PefiKIIM KOHTaMUHaHTaM KOpMOBOT0 3epHa. DakT 06LLMPHOIT pacnpocTpaHeHHOCTY B 3epHe anbTepHap1ona v SMOAUHA, U3BECTHOTO KaK «AnapeiiHblii
baKTOp», a TaKXKe KOHTaMUHALMI 3ePHa KYKypy3bl MUKODEHONOBOIA KNCNOTON — MUKOTOKCMHOM C IMMYHOZENPECCUBHBIM elicTBUEM, NPUBELEHDI B JaHHOI
pa6ore Bnepable. ITa MHdOPMaLKA NOATBEPXKAAET He06X0AUMOCTb X BBELEHMA B TPYNY HOPMUPYEMbIX CaHUTAPHO-3HAUNMBbIX NoKa3aTenet. cxoaHble JaH-
Hble MOHUTOPWHTA, CUCTEMaTU3UPOBaHHbIe 1 06001LLEHHbIe B AaHHOI paboTe, NpeACTaBAeHbI B INEKTPOHHOM Bue B pasene «[JononHuTeNbHble Matepuanbi.

KnioueBble cnoBa: 3€PHO NMLLEeHNLbI, AYMEHA, 0BCa, KYKYPY3bl, MUKOTOKCUHbI, MOHUTOPUHT, I/IMMyHO(I)(:‘pMGHTHbIVI aHanus.
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INTRODUCTION

Grain contamination with toxic metabolites of micro-
scopic fungi (mycotoxins) has been and remains the focus
of attention of the global agricultural science being the
key issue of the veterinary welfare [1, 2]. In our country
the hygiene of the feed grain is of practical importance
for all livestock sectors not only due to significant scope
of its use in the compound feed but also due to still gro-
wing interest to hydroponic fodder and new technologies
of its preservation under high humidity conditions. The
feed rations of the majority of food-producing animals and
poultry are based on grain ingredients — wheat, barley and
maize grain with oat grain being of traditional interest for
horse breeding sector.

For many years, the wide spread of Fusarium spp. con-
tamination of grain, often growing into long-lasting epi-
phytoties, has been gaining increased attention due to the
risk of toxicoses in animals [3]. In 1995-2005, the targeted
governmental program was implemented in order to as-
sess the consequences of the grain contamination with
toxigenic Fusarium fungi and to forecast the development
of the situation in the cultivation areas [4]. That was when
the data on Fusarium toxins’'spread pattern were obtained
for the first time [5, 6]. Hereafter, regional surveys were
initiated as for other mycotoxins significant for public
health [7]. Enforcement of the Technical Regulation of the
Customs Union on Safety of Grain (TR CU 015/2011) pre-
scribing their admissible levels in feed was an important
outcome of these efforts [8].

According to the global scientific data the list of myco-
toxins capable of inducing chronic intoxication and highly
dangerous remote effects in animals is far from being ex-
hausted, and improvement of the system of grain safety
control remains highly relevant. An increasing number of

countries realize the need for regular monitoring resear-
ches and continuous operation of specialized structures
for coordination of actions and rapid expert evaluation of
the received data. In our country, the long-run objective
of the establishment of the national information resource
aimed at the mitigation of mycotoxicosis risk in farm ani-
mals involves systematization of analytical investigations
and data reporting under the unified approach, which
combines their overall assessment and accessibility for
updating and use by the experts.

The work was aimed at compilation of the results of the
survey of mycotoxin contamination of feed and procured
wheat, barley, oat and maize grain delivered from seven
Federal Districts of the Russian Federation in 2009-2019
with the source data being reported to the electronic da-
tabase.

MATERIALS AND METHODS

The test objects included representative samples of
feed and procured grain batches submitted by the Vet-
erinary Service officials, livestock farmers and feed mill
operators, agricultural producers, specialized commer-
cial business operators and small-scale farm owners in
2009-2019. Harvesting areas were documented and of-
ficially confirmed for 623 wheat, oat, barley and maize
samples, 30 samples were delivered without data on their
origin, and four samples were collected from the imported
consignments (Table 1). Twenty-seven oat grain samples
were submitted for testing mostly from the Tula, Moscow
Oblasts and Krasnodar Krai as well as from the Bryansk,
Kursk, Tyumen Oblasts and Sakha (Yakutia) Republic.

The tested mycotoxins included T-2 toxin (T-2),
diacetoxyscirpenol (DAS), deoxynivalenol (DON),
zearalenone (ZEA) and fumonisins of group B (FUM),
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alternariol (AOH), ochratoxin A (OA), citrinin (CIT),
aflatoxin B, (AB,), sterigmatocystin (STG), cyclopiazonic
acid (CPA), mycophenolic acid (MPA), ergot alkaloids (EA)
and emodin (EMO). The samples were prepared using
standardized procedure based on liquid-liquid extraction
and indirect competitive ELISA [9]. Detection limits de-
termined based on 85% antibody binding were as fol-
lows: 2 ug/kg (AB,), 3 ug/kg (EA), 4 pg/kg (T-2, OA, STG),
20 pg/kg (ZEA, AOH, CIT, MPA, EMO) and 50 pg/kg (DAS,
DON, FUM, CPA). The following coding pattern was used
for filling-in record form in the database: type of grain
(WH, BAR, OA, MAI), region (FD and REGION), reporting
year (1-11), tested mycotoxins. Microsoft Excel 2016 and
Statistica (Version 6) software were used for statistical data
processing including calculation of percentage of occur-
rence based on n*/n ratio and the following three values
for positive samples - the arithmetical mean, the median
and the 90% percentile.

RESULTS AND DISCUSSION

The data in Table 1T demonstrate that the coverage of
the grain sampling areas was the highest in the Central
and Volga Federal Districts (FD). In the Southern, Ural and
Siberian FD this parameter was significantly lower and
as for the Northwestern and Far Eastern FD the samples
were delivered only from two regions of each. The total
numbers of tested samples of wheat, barley and maize
were quite comparable, but their regional distribution
was uneven. Comparable sizes of wheat and barley grain
samples were delivered only from the Central, Volga, Ural
and Siberian FD, but samples delivered from the Southern
FD considerably varied in size. Maize grain was mostly sub-
mitted from the regions of the Central FD.

All tested mycotoxins except from DAS and AB, were
detected in wheat grain (Table 2). T-2 and DON as well as

Table 1

AOH and EMO were the most frequently detected ones.
The occurrence rate of other mycotoxins amounted to

1.0%-4.9%. The quantities of toxins generally varied within

two orders of magnitude; only in case of ZEA the variation

range did not exceed one order of magnitude. Shift of me-
dians to lower values as compared to mean ones was re-
ported for all contaminants being indicative of unified dis-
symmetric distribution of contents where half of the data

was less than other ones. The highest quantities exceeded

the threshold concentrations calculated for 90% of values

(90% percentile) being the most pronounced in case of
T-2, DON, AOH and EMO that suggested their possible ab-
normal accumulation against the typical contamination.
Moreover, in case of DON the 90% percentile value seve-
ral times exceeded its admissible level of 1,000 ug/kg [8].
It should be emphasized that against the relatively rare

occurrence both maximum levels of OA and CIT detected

in grain and their threshold concentrations calculated for
90% of values were significantly higher than the recom-
mended standards [8, 10].

In barley grain the highest occurrence rates were re-
ported for T-2 and EMO, moderate ones — for DON, AOH
and OA, the lowest ones - for ZEA, CIT, STG and MPA. DAS,
FUM, AB, and CPA were absent (Table 3). Two- and even
more-fold median displacement from the average values
to the lower ones was reported for all contaminants ex-
cluding AOH, and the excess of the highest values over the
threshold concentrations calculated for 90% of the values
(90% percentile) was reported for all but EA. With high
prevalence of T-2 contamination the 90% percentile value
was consistent with the admissible levels and the highest
amount exceeded it in over six times. As for less prevalent
DON and OA, the comparison of the both parameters in-
dicated real possibility of the excess contamination of this
type of grain [8]. Higher T-2 occurrence in barley grain as

Areas, from which representative samples of wheat, barley and maize grain were delivered

(according to documented and official data, 2009-2019)
Ta6nuua 1

Tepputopum, C KOTOpbIX HanpaBneHbl cpeHNe 06pasLibl 3epHa NLEHNLbI, AYMEHS, KYKypy3bl
(cornacHo BOKyMeHTaNbHbIM 1 OTBETCTBEHHbIM NOATBEPXAeHUAM, 2009-2019 rr.)

Number of samples
Federal District (Region) of the Russian Federation

Central (Belgorod, Bryansk, Voronezh, Kaluga, Kursk, Lipetsk, Moscow, Oryol, 6 58 19
Ryazan, Tambov, Tula, Yaroslavl Oblasts)
Volga (Kirov, Nizhny Novgorod, Orenburg, Penza, Samara, Saratov, Ulyanovsk Oblasts, M 2 )
Republic of Bashkortostan, Republic of Mordovia, Republic of Tatarstan)
Southern (Volgograd, Rostov Oblasts, Krasnodar Krai, Stavropol Krai) 75 14 9
Urals (Kurgan, Sverdlovsk, Tyumen, Chelyabinsk Oblasts) 17 12 -
Siberian (Irkutsk, Novosibirsk, Omsk Oblasts, Altai Krai, Krasnoyarsk Krai) 44 26 -
Northwestern (Vologda, Pskov Oblasts) 1 1 -
Far Eastern (Amur Oblast, Primorsky Krai) 2 1 2
Origin is not specified 14 6 10
Imported grain - 1 3

Total 259 148 216
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Table 2
Mycotoxins in wheat grain (summary data, 2009-2019)

Tabnuuya 2
MuKkoToKcuHbI B 3epHe nweHuLbl (06061weHHble faHHble 2009-2019 rT.)

Level, ug/kg
n*/n (%)

min max

90% percentile

I R B N S R R
I R R R
T B S R R
Cumer o ww w

n —number of tested samples (uncno uccnefoBaHHbIX 06pasLoB);

n* — number of mycotoxin-containing samples (4ncno 06pasLioB, cofepKaLLMX MUKOTOKCUH).

compared to wheat grain as well as concordance of DON
and ZEA occurrence parameters support the previously
reported data [11]. More pronounced OA concentration
in barley grain (20.4%) as compared to wheat grain (4.9%)
was reported for the first time.

DAS, ZEA, FUM, AB, and CPA were not detected in
27 tested oat grain samples; OA, CIT, STG, MPA and EA
were detected in singular samples; other mycotoxins were
ranged as T-2 > EMO > DON > AOH according to their oc-
currence rate (see the Figure). Maximum concentrations of
T-2 and DON detected in oat grain exceeded the current
standards [8].

In spite of low amount of samples and irregular tes-
ting of this type of grain during the reported years, the
obtained data can be useful for the complex research
project targeted at the examination of oat contamination
with toxicogenic fungi in the regions practicing intensive
cultivation of this grain, especially in the northern part
of the Non-Black-Earth region, Volga FD and other terri-
tories [12, 13]. Moreover, these data are of indisputable
value for the horse breeding sector, where this grain is
widely used due to its high nutrition and content of bio-
logically active substances having a stimulating effect of
the behavioral responses of horses. Previous pilot study of
several samples submitted by the equestrian centers and
horse breeding farms also demonstrated high T-2 conta-
mination, moderate DON and AOH contamination and low
ZEA contamination [12].

In maize grain the group of contaminants was more
diverse and only STG was not included in it. The complex
of the tested Fusarium toxins was represented in full with
high prevalence of T-2, DON and FUM and lower preva-
lence of ZEA and DAS (Table 4). The highest levels of T-2,
DON, FUM and ZEA several times exceeded their regulato-
ry standards. The data on the dominating role of these my-
cotoxins were consistent with the previous conclusion [14]
and supported the relevance of their introduction into the
list of regulated substances in the maize grain supplied for
use in feed [8]. Among other tested metabolites the signi-
ficant contribution of AOH and MPA should be noted with
their occurrence rate 13.3% and 8.6% and maximum levels
295 pg/kg and 397 pg/kg, respectively. OA, CIT and EMO
mycotoxins were rare to detect and their levels amounted
to maximum 50 pg/kg and AB,, CPA and EA were detected
only sporadically.

Results of tests of wheat, barley, oat and maize grain
contaminants relevant for public health carried out in
2009-2019 were for the first time consolidated and ana-
lyzed in detail in this paper. Dominant role of Fusarium to-
xins along with potential high-level accumulation as well
as evidence of co-contamination with all components of
the complex were confirmed for maize grain. Significant
EMO occurrence in ear cereals was reported that is likely to
be the basic route of its introduction into the compound
feeds (see Part 1). The role of this secondary metabolite
for plants is not quite clear for now and has been actively
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Table 3
Mycotoxins in barley grain (summary data, 2009-2019)

Tabnuua 3

MuKoTOKCMHDI B 3epHe AuMeHs (06061eHHble faHHble 2009-2019 rT.)

Occurrence
n*/n (%)

105/148 (70.9)

4 660

Level, ug/kg

90% percentile

T -
I N R N
IR T R R
I B R B R

EA 4/94(43) 5 164

49 14 120

EMO 68/94(72.3) 13

1,400 205 101 495

n —number of tested samples (uncno nccnegoBaHHbIX 06pasLioB);

n* — number of mycotoxin-containing samples (4ncno 06pasiios, cofepKaLLuX MUKOTOKCUH).

discussed in the scientific publications [15]. Genotoxic
AOH was classified as significant for public health and rel-
evant for all types of feed grain as well as highly active
immunosuppressive MPA that is relevant for maize grain.

To see the source data of the monitoring with the re-
gions and sampling date specified please follow the link
http://doi.org/10.29326/2304-196X-2020-2-33-139-145.In
section Additional materials. The option of the database
updating as well as its accessibility allow for any selection
of data processing inter alia by type of grain, occurrence
of contamination with an individual mycotoxin or co-
contamination with mycotoxins as well as by region or ter-
ritory. Over the recent years, DON and ZEA co-contamina-
tion has been frequently occurring in wheat [11], the same
asT-2 and DAS co-contamination — in maize grain [14]. The
data received as for individual territories allow for unique
possibility to forecast risk of contamination in the specific
area with due consideration of the soil-climatic and culti-
vation factors, which are able to influence the mycotoxi-
cological situation due to their effect on the microscopic
fungus growth conditions, competitive interactions and
toxin production [16-18].

CONCLUSION

During the large-scale monitoring involving annual
data collection in 2009-2019 general characteristics and
peculiarities of mycotoxin contamination of wheat, bar-
ley, oat and maize grain were determined. The findings

supported the relevance of the regular assessment of
the grain contamination with Fusarium toxins and ochra-
toxin A. The list of public health-significant substances re-
gulated in grain is recommended to be extended by inclu-
sion of emodin (anthraquinone toxin known as “diarrhea
factor”) as well as alternariol, citrinin and mycophenolic
acid having especially hazardous forms of toxicity and ne-
gative remote effects. The obtained data can be relevant

0.9 2!

or [l
sTG -
wes [l
|

EMO

MY COTOXINS

4-59-450
54-345-1409
23-48-73
40-120-200

250

100
20

20-48-83

Fig. Mycotoxin occurrence (n*/n) and content (ug/kg, min — mean - max)

in oat grain (summarized data)

Puc. Bcmpedyaemocme (n*/n) u co0epxaHue MUKOmMoKCUHO8 (MKe/Ke,

MUH. — cpedHee — MAKc.) 8 3epHe 08ca (0606ujeHHble 0aHHbIe)
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Table 4
Mycotoxins in maize grain (summarized data, 2009-2019)

Tabnuua 4
MuKkoToKcMHbI B 3epHe KyKypy3bl (06061eHHble faHHble 2009-2019 rr.)

Level, ug/kg

Occurrence
2

203/216 (94.0)

I T R R
T A R R
T | w -]
I T S e

n — number of tested samples (uncno nccnegoBaHHbIx 06pasLos);

n* - number of mycotoxin-containing samples (uncno 06pa3LoB, conepraLLMx MIUKOTOKCHH).

for the assessment of the general situation in the agricul-
tural production, verification of the criteria of the myco-
toxin regulation in grain and for the improvement of the
system of grain product control.

Additional materials to the paper (records forms with
database) can be found at: http://doi.org/10.29326/2304-
196X-2020-2-33-139-145.

JononHumeneHble mamepuanel K 3TON CTaTbe
(yueTHble popmbl c 6a30¥ faHHbIX) MOXHO HalTV No agpecy:
http://doi.org/10.29326/2304-196X-2020-2-33-139-145.
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KoHoHeHko lanuHa MNaHTeneeBHa, OKTOP GMONOTMYECKUX HAYK,
npodeccop, 3aBefyoWwnin nabopatopmen MIMKOTOKCMKONOTN
1 caHnTapum kopmos BHUMBCID - dunman ®rEHY OHLL BUSB PAH,
r. MockBa, Poccus.

BypkuH Anekcein AHaToNbeBUY, KaHAMAAT MeAULUHCKMX
HayK, BeAywWwuin HayuHblni coTpyaHuk BHUWUBCID - dunwnan
OrbHY ®HL| BM3B PAH, r. MockBa, Poccus.

3otoBa EneHa BnagumupoBHa, KaHAMAAT BETEpPUHapPHbIX
HayK, CTapluWi HayuHbld coTpyaHuk BHUUBCIS - dunwnan
OrbHY ®HL| BU3B PAH, r. MockBa, Poccus.
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