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SUMMARY

The paper presents the results of mycotoxicological testing of the production batches of sunflower cake and meal, feedstuffs of soybean and wheat bran processing
received from domestic processing establishments and livestock farms from 2009 to 2019. Detection and measurement of the content of fusariotoxins, including
T-2 toxin, diacetoxyscirpenol, deoxynivalenol, zearalenone and fumonisins of B group, as well as alternariol, ochratoxin A, citrinin, aflatoxin B,, sterigmatocystin,
cyclopiazonic acid, mycophenolic acid, ergot alkaloids and emodin was carried out by a competitive ELISA in accordance with certified procedure. The summarized
results demonstrate the predominant role of alternariol in the contamination of sunflower cake and meal, as well as the frequent occurrence of T-2 toxin, ochratoxin A,
ctrinin, cyclopiazonic acid, sterigmatocystin, mycophenolic acid and emodin. For the main contaminants, a shift in the medians and 90% percentile towards the
lower values of the average and maximum contents was observed, which indicates the possibility of their accumulation beyond the typical range. The summary and
results of mycotoxicological study of wheat bran and feedstuffs of soybean processing for a complete list of 14 parameters are presented in this paper for the first
time. It was found that the range of mycotoxins that can contaminate soybean meal, cake and full-fat soybean is quite wide, which is consistent with the results
of the study of soybean seed mycobiota composition. It was demonstrated that soybean meal can accumulate high concentrations of mycophenolic acid — up to
1,255 pg/kg. As for the wheat bran batches, cases of contamination with diacetoxyscirpenol and the frequent occurrence of T-2 toxin, emodin and ergot alkaloids
were detected. The initial monitoring data, systematized and summarized in this paper, are presented in electronic form in the section “Additional materials”.
The prospects of testing of feedstuffs from processing other oilseeds, as well as from wheat and corn grain processing are discussed.
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PE3IOME

lpencTaBneHbl pe3ynbTaTbl MIUKOTOKCUKONOTMYECKoro 06¢n1e,0BaHNA NPO3BOACTBEHHDIX NapTUii MOACONHEUHOTO XMbIXa U LUPOTA, KOPMOBOIA NPOAYKLMN OT
nepepaboTKM COM 1 MLLEHUYHbIX OTPYOelt, NonyyeHHbIX 13 NepepabaTbiBatoLLX NPeANPUATIIL U KUBOTHOBOAYECKIX X03AICTB CTpaHbl 3a nepuog ¢ 2009 no 2019r.
[leTekTnpoBaHMe 1 U3MepeHIe COAepXaHNA Py3aproTOKCUHOB, BKAOYAIOLLNX T-2 TOKCUH, ANALETOKCMCLMPNIEHON, Ae30KCMHBANEHON, 3eapaneHoH 1 GyMOHN3NHDI
rpynnbl B, a Takie anbTepHapuona, 0XpaToKcuHa A, LUTPUHIHA, adaTOKCUHA B, CTepUrMaTouMcTiHa, UMKNOMNA30HOBOH KICIIOTbI, MUKOGEHONOBOI KUCAOTbI,
3proankanouzos v 3MOANHA NPOBEAEHO N0 aTTeCTOBAHHOIA NPOLieype C UCNONb30BaHUEM KOHKYPEHTHOTO MMMYHOGepMeHTHOro aHanu3a. B xoge o6obiwiexna
pe3yNbTaToB yCTaHOBNEHa AOMUHMPYIOLLAA POib aNbTepHapUoNa B KOHTaMUHALMI NOACONHEYHOT0 XMbXa v LLPOTA, a TaKXKe YacTas BCTpeyaemMocTb T-2 TOKCUHA,
0XPATOKCUHA A, IUTPUHIHA, LiNKNONUA30HOBON KINCNIOTbI, CTEPUTMATOLMCTIHA, MUKODEHONOBOI KMCIOTbI 11 3MOAMHA. 1A 0CHOBHBIX KOHTAMUHAHTOB OTMEUEHO
CMeLLeHe MefvaH 1 90%-ro NPOLEHTUAA B CTOPOHY MEHbLUMX 3HAYEHUI N0 OTHOLLIEHII0 K CPEAHUM U MaKCUMANbHBIM COfePKaHMAM, UTO YKa3blBano Ha BO3-
MOXHOCTb ClyyaeB MX HAKOMNeHNA 3a npedenami TUNMYHOro AuanasoHa. 0606LieHIe 1 pe3ynbTaTbl MUKOTOKCMKONOrMYECKOro UCCIef0BaHIA MLLIEHNYHbIX
oTpy6eli 1 KOpMOBOII NpoAyKLIK OT NepepaboTky coeBblx 60608 Mo NOAHOMY NepeyHio u3 14 nokasateneii NPUBOAATCA B 3T0il paboTe BnepBble. YCTaHOBAEHO,
4T0 CNEKTP MUKOTOKCMHOB, CMOCOBHBIX y4aCcTBOBATb B KOHTAMMUHALIMM COBBOTO LUPOTA, XMbIXa 1 COM MONHOXUPHOI, AOCTATOUHO LUIMPOK, YTO COTIACYeTCA C pe3ynb-
TaTaMy U3y4eHna CoCTaBa MUKOBUOTbI CeMAH 3Toif KynbTypbl. B coeBOM LpoTe N0Ka3aHa BO3MOXHOCTb HaKoMNeHIA BLICOKUX KOHLIEHTPaLWil MUKOGeHON0BOi
KNCnoTbl — 0 YpoBHA 1255 MKr/KT. B napTuax niueHnyHbIx oTpybeil BbIABNEHbI Cyyan 3arpA3HEHHOCTIN AUALETOKCUCLUPNIEHONOM 1 YacTas BCTpeyaemocTb T-2
TOKCWHA, SMOAYHA 1 3proankanounzos. McxoaHble aHHble MOHUTOPUHTA, CUCTEMATI3MPOBAHHDIE 1 00006LLEeHHble B JaHHON paboTe, NpeacTaBaeHbl B S1EKTPOHHOM
BUAe B pasgene «[lononHuTenbHble MaTepuanbl». 06cyxaaloTca nepcnekTBbI 06CNe0BaHMA KOPMOBOI NPOAYKLIM OT NepepaboTkil ceMAH APYIruX MAaCTUYHbIX
KynbTyp, a TaKkXe 3epHa MLLeHNLbI 1 KyKypy3bl.

KnioueBble cn10Ba: MOACONHEUHDIA LUPOT/KMbIX, COEBbIi LUPOT/KMbIX, COS MOMHOXMPHAsA, MIUEHUUHble OTPYOM, MUKOTOKCUHBI, MOHUTOPHHT,
UMMYyHOGEPMEHTHbIN aHaNM3.

[Nina yutuposanusa: KoHonenko I. M., Bypkun A. A., 3oToBa E. B. Mukotokcukonoruyeckuit morutopuhr. Coobierue 3. KopmoBas npopykLma ot nepepabotki
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INTRODUCTION

Feed base improvement is one of the most important
tasks in animal farming in the Russian Federation. Animal
health, productivity, immunobiological status, the quali-
ty and safety of animal products depend heavily on the
sanitary state of feedstuffs and the balance of nutrients in
them. In domestic compound feeds, macro-components
supplementing the grain part are mainly represented by
sunflower and soybean cake and meal, to a somewhat
lesser extent - by-products of grain and starch processing.
A wide network of fat-and-oil establishments and deve-
loped grain and starch processing industries completely
cover the demand of domestic feed producers for sun-
flower cake and meal, grain bran, as well as for all types
of by-products from complex corn grain processing. Sup-
plies of soybean meal, cake and full-fat extruded soybean
traditionally come from the regions specialized mainly
in growing this crop (Southern and Far Eastern Federal
Districts) and are supported by imported raw materials in
order to meet the current market demands.

The first stage of testing of these types of feedstock for
mycotoxin contamination was performed at the Labora-
tory for Mycotoxicology and Feed Hygiene, ARRIVSHE, in
2002-2009 [1, 2]. During this period frequent occurrence of
ochratoxin A and citrinin at the level of 190 and 1,020 pg/kg
was established in sunflower cake and meal; T-2 toxin, de-
oxynivalenol, sterigmatocystin, cyclopiazonic acid were
less frequent; no zearalenone and diacetoxyscirpenol was
detected. In addition, a weak contamination of soybean
meal with T-2 toxin was reported. Deoxynivalenol and zea-
ralenone were detected rarely and in small quantities, ochra-
toxin A and citrinin - in single samples, and fumonisins of

B group, aflatoxin B,, diacetoxiscirpenol, sterigmatocystin
and cyclopiazonic acid could not be detected. However, in
some imported product batches, the levels of deoxyniva-
lenol exceeded 2,000 pg/kg, and zearalenone — 200 pg/kg.
The situation with waste from flour mills received only a
limited assessment. Recently, the peculiarities of contami-
nation of sunflower seeds and feedstuffs from their proces-
sing have become the subject of special consideration [3-5].

The aim of this work is to sum up the results of testing
of production batches of sunflower meal, cake, feedstuffs
from soybean processing (meal, oil cake, full-fat soybean)
and wheat bran for mycotoxins from 2009 to 2019 and to
provide input data to the electronic registration database.

MATERIALS AND METHODS

Pooled samples from the production batches of sun-
flower meal and cake, soybean meal and cake, full-fat ex-
truded soybean and wheat bran, provided by specialists
of the veterinary services, livestock and feed producing
establishments, agricultural companies, specialized com-
mercial organizations and owners of backyard farms in
2009-2019 were used for the purpose of the study. As for
sunflower cake and meal (121 samples), 107 samples were
received from the processing establishments and holdings
with documentarily confirmed addresses, located in Bel-
gorod, Volgograd, Voronezh, Kursk, Oryol, Rostov, Saratov,
Tambov oblasts, the Krasnodar Krai, the Primorsky Krai, the
Republic of Tatarstan; 2 samples were received from the
Ukraine, and 12 samples were provided with no data or its
reliability was doubtful. Of the 80 samples of soybean meal,
cake and processed soybean, 8 were imported, 6 were
received from the Far Eastern Federal District (the Amur
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oblast, Primorsky Krai). Information about the origin of the
rest of the feedstuffs from soybean processing, as well as
of 20 samples of feed bran was not available.

The group of mycotoxins to be detected included
T-2 toxin (T-2), diacetoxyscirpenol (DAS), deoxynivale-
nol (DON), zearalenone (ZEA), fumonisins of B group (FUM),
alternariol (AOH), ochratoxin A (OA), citrinin (CIT), afla-
toxin B, (AB,), sterigmatocystin (STG), cyclopiazonic
acid (CPA), mycophenolic acid (MPA), ergot alkaloids (EA),
and emodin (EMO). Sample preparation was performed
in accordance with the official harmonized methodology
based on liquid extraction and indirect competitive en-
zymeimmunoassay [6]. Detection limits determined based
on 85% antibody binding were as follows: 2 ug/kg (AB,),
3 pg/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 the record
formin the database: tested mycotoxins, type of raw mate-
rial, test year, and the location of the establishment or farm.

Microsoft Excel 2016 and Statistica (Version 6) pro-
grammes were used for statistical processing including
calculation of percentage of occurrence based on n*/n ra-
tio and following three values for positive samples - the
arithmetical mean, the median and the 90 percentile.

RESULTS AND DISCUSSION

The predominant role in contamination of sunflower
meal and cake belonged to AOH produced by fungi of

Table 1
Mycotoxins in sunflower meal (summary data for 2009-2019)

Ta6nuua 1

the genus Alternaria, with the average values of 306 and
193 pg/kg with the possibility of accumulation up to 1,990
and 953 pg/kg. As for the group of fusariotoxins, only the
T-2 detection rate was significant - 21.4 and 37.3% at low
concentrations with the ranges of 4-16 and 5-25 ug/kg,
only in specific cases it was possible to determine DON and
ZEA; DAS and FUM were not detected (Tables 1, 2).

Toxins produced by fungi of other taxa, mainly the ge-
nera Aspergillus and Penicillium, except for AB,, were detec-
ted in both types of products. EA were equally rare in small
concentrations; OA, MPA and EMO were found with ap-
proximately equal frequency exceeding 50%, while the fre-
guency of contamination with OA was higher than with CIT.
For other toxins, these parameters varied by 1.5-2 times in
meal and cake. The rows arranged according to the average
content values coincided and were as following: CIT, CPA,
MPA (75-97 pg/kg) > OA (14 and 16 mg/kg) > STG (7 pg/kg).
Medians and threshold concentrations for 90% of the
values (90 percentile) for all the contaminants were lower
than the average and maximum values, which was indica-
tive of a skewed distribution of the numbers of accumula-
tion cases, i.e. the possibility of their accumulation beyond
the typical range for each specific product sample.

Thus, according to the data obtained, sunflower meal
and cake are characterized as the ones containing mul-
tiple similar contaminants, including AOH, T-2, OA, CIT, CPA,
STG, MPA and EMO, and their occurrence frequency varies
from 10.4 to 83.8%. This gives every reason to consider

MuKOTOKCMHDI B NoACONHEYHOM LipoTe (0606LieHHbIe AaHHble 2009-2019 fr.)

Occurrence
n*/n (%)

15/70(21.4)

__ - “

Content, pg/kg

90 percentile

o |- - - -
s - - | - -

I R R R R
I N S A B
T T S I R

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

n* —number of mycotoxin-containing samples (uncno 06paswoB, conepaLiix MUKOTOKCUH).
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Table 2
Mycotoxins in sunflower meal (summary data for 2009-2019)

Tabnuua 2
MUKOTOKCHHDBI B NOJCONHEYHOM MbiXe (06061eHHble AaHHble 2009-2019 rT.)

Content, pug/kg

average median

Occurrence

n*/n (%) 90 percentile

19/51(37.3)

o> | - | - - -
o | - | - - ] -

S B R R R
Cer | s w |

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

n* — number of mycotoxin-containing samples (uncno 06pasLoB, conepaLLmx MIUKOTOKCHH).

both types of the above-mentioned products to be high-
risk raw materials. It should be noted that the results of
the tests carried out in 2008-2010 for a shorter list of para-
meters thatincluded T-2, DON, ZEA, FUM, OA and AB, in re-
gards to the relevant samples of sunflower meal and cake
received from holdings and establishments of the Euro-
pean part of the country, revealed that mycotoxins, except
for the missing FUM, were extremely rare (detection fre-
quency of 1.9 to 2.7%) and the meal was much more conta-
minated with AB, in comparison to the cake (28.6%) [7]. It
should be admitted that such discrepancies in assessment
are very unexpected and difficult to explain.

Soybean meal in the domestic feed production belongs
to the main type of raw materials from soybean proces-
sing; cake and extruded full-fat soybean are used far less
frequently. The summary and results of mycotoxicological
testing of these products for a complete list of 14 parame-
ters are presented in this paper for the first time (Fig. 1) for
soybean meal (49 samples), the previously established fact
that it is less contaminated with mycotoxins compared to
the products from sunflower seed processing was fully
confirmed [1, 2]. Only T-2, EA and EMO had 10% or higher
occurrence frequency, and DAS, OA and CIT were not
found, while other toxins were detected less frequently
and with average concentrations of tens of pg/kg. Only for
MPA in individual samples, concentrations exceeded this
threshold and were 337 and 1,255 pg/kg (Fig. 1A). For soy-
bean cake and full-fat soybean (31 samples), the situation

was quite similar: the absence of DAS, the presence of T-2
and EMO with the occurrence frequency of more than 10%,
and a lower incidence of ZEA and AOH; however, some
clear differences were also observed (Fig. 1B). These in-
clude not only the increased frequency of contamination
with T-2, DON, FUM, EMO and the intensity of accumula-
tion of DON, FUM, but also detection of OA and CIT, al-
though in small quantities close to the method detection
limit, and the absence of a number of toxins - AB,, STG,
CPA, MPA and EA.

It can be assumed that the observed shifts in the nature
of contamination of cake and full-fat soybean in compa-
rison to meal are associated with different origins of the
raw materials, and can also depend on transportation and
storage conditions. Similarly noticeable fluctuations in the
results are likely to occur for the meal, which also comes
from geographically remote areas. Indeed, according to
the work of N. Strashilina et al., for 166 samples of meal
with non-specified origin, contamination with AB, was
100%, all the tested fusariotoxins (T-2, ZEA, DON, and FUM)
occurred with a frequency of 20.9 to 28.6%, and OA was
detected in 2.2% of the cases [7].

In general, the range of mycotoxins that can contami-
nate by-products of soybean processing is quite wide and
is quite consistent with the results of studies of mycobio-
ta associated with soybean seeds. According to the Slo-
vak University of Agriculture in Nitra, fungi of the genus
Aspergillus and Penicillium were widely present in the
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(m) n'/n n'/n (n)
10 09 08 07 06 05 04 03 02 01 0 0 01 02 03 04 05 06 07 08 09 10
(49) 2-14-40 010- T-2 _029 4-3-21 (1)
(49) 53-85-141 0,06 [Jj§ OON [ 0.19 55-260-775 (31)
(19) - 0 DAS 0 - (15)
(49) 16-20-24 0,08 I ZEA 007 20,71 (31)
(18) 50 006  FUM 0,18 315,330 (11)
(49) 20-23-26 0,08 JJjj ACH [jo.07 20,34 (31)
(49) - 0| oA N0.16 4-6-10 (31)
(49) - 0| ciT Jo.03 20 (30)
(27) 38 0,07 ] AB: |0 - (18)
(36) 6 0,03 STG |0 - @)
(40) 50,50 0,05 cPa |0 - )
(42) 19-537-1255 0,07 % mPA |0 - @n
(31) 6-29-40 0,13l EA [0 - (20)
(36) 34-59-134 0,19 | evo I © 25 24-45-76 (20)

Fig. 1. Mycotoxin occurrence (n*/n) and content (ug/kg, min — average — max)

in soybean meal (A), soybean cake and full-fat soybean (B)

Puc. 1. Bcmpeuyaemocme (n*/n) u cooepxaHue MUKOmoKCUHO8 (MK2/Ke, MUH. — cpeOHee — MAKc.)

8 coesom wipome (A), coesom xmbixe U coe NOSIHOXUpHoU (B)

mycobiota of feed soybean sampled at agricultural estab-
lishments of the country and were accompanied by rep-
resentatives of the genera Cladosporium, Alternaria v Fu-
sarium [8]. The possibility of asymptomatic colonization of
soybean with the fungus Fusarium verticillioides, capable of
FUM biosynthesis, has been recently shown by American
researchers [9]. The predominance of the AOH-producing
species Alternaria alternata and the presence of this toxin
is shown in soybeans from Argentina [10, 11]. In soya bran,

which is one of the most important components of feed
in Brazil, the fungi Aspergillus (A. flavus, A. fumigatus, A. ni-
ger), Penicillium (14.93%), as well as Fusarium (3.25%) were
frequently detected [12]. Several potentially toxigenic spe-
cies of the genus Aspergillus were identified in soybean
seeds and soybean flour imported to Armenia from the
USA, Canada, Spain and Greece, with rare occurrence of
Penicillium cyclopium, P.lanosum and Fusarium moniliforme,
with AB, being found in 6 out of 17 samples (7-50 ug/kg),

(n) n/n n'/n (n)
10 09 08 0.7 06 05 04 03 02 01 0 0 01 02 03 04 05 06 0.7 08 09 10
(49) 2-14-40 010- T-2 _029 4-3-21 (31)
(49) 53-85-141 0,06 [l OON [ 0.19 55-260-775 (31)
(19) - 0 DAS 0 - (15)
(49) 16-20-24 0,08 [ ZEA [ 0,07 20,71 (31)
(18) 50 006 FUM 0,18 315,330 (1)
(49) 20-23-26 0,08 [JJjjj ACH [ 0.07 20,34 (31)
(49) - 0| oA 016 4-6-10 (31)
(49) - 0 cit [Jo.03 20 (30)
(27) 38 0,07 ] AB: |0 - (18)
(36) 6 003 sTG |0 - @n
(40) 50,50 0,05 fj cPA [0 - ()
(42) 19-537-1255 0,07 I MPA |0 - @
(31) 6-29-40 013l EA [0 - (20)
(36) 34-59-134 0.19 | =vo I 0 25 24-45-76 (20)

Fig. 2. Mycotoxin occurrence (n*/n) and content (ug/kg, min — average — max)

in wheat bran (A) and wheat grain (B) (cit. for Part 2)

Puc. 2. Bcmpeyaemocme (n*/n) u co0epaHue MUKOMOKCUHO8 (MKe/Ke, MUH. — CpeOHee — MAKC.)
8 NWeHUYHbIX ompyb6sx (A) u 8 3epHe nwieHuywbl (B) (Wum. no coobwjeHuro 2)
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and STG (150 pg/kg) and ZEA (2,000 pg/kg) in some sin-
gle samples [13]. The nature and intensity of mycotoxin
contamination of soybean products is undoubtedly con-
ditioned by a combination of factors such as soil, climate
and ecology.

Recent decades have been marked by the expansion of
the area of soybean cultivation in moderate latitudes, and
the relevance of its contamination control remains very
high. However, the number of works tackling this issue
is small. Recently, the species Alternaria alternata, as well
as individual representatives of the genera Cladosporium
and Fusarium, have been identified in collection and se-
lection planting soybean seeds in Belarus [14]. Therefore,
there is need for mycotoxicological testing of soybean not
only in the regions of its traditional cultivation, but also in
the territories where lands are actively being exploited -
the Belgorod, Rostov oblasts, Altai and Stavropol krais,
the Republic of Adygea, and the Republic of Tatarstan. Of
undoubted importance is gathering of information regar-
ding other promising types of feedstuffs from oilseed pro-
cessing, in particular cotton [15] and rapeseed. In 2018, a
comprehensive analysis of rapeseed cake sample received
from the Krasnodar Krai, revealed only CPA and EMO in
small quantities - 50 and 32 pg/kg.

Analysis of 20 samples of wheat bran showed that
the frequency of occurrence of T-2, EMO > DON, AOH,
OA (Fig. 2A) corresponds to the one typical for wheat
grain (Fig. 2B). DAS, ZEA, FUM, AB, and CPA were not de-
tected, while OA, CIT, STG, MPA, and EA were identified in
single samples. A significantly higher number of T-2, EA
and DAS detection can be noticed.

Despite the small number of samples, the data ob-
tained can serve a basis for future research projects aimed
at studying the distribution of mycotoxins in fractions se-
parated during the production of wheat flour and cere-
als. Initial monitoring data with the type of raw material,
its origin and the year of sample receipt are provided in
electronic form in the section “Additional materials” at:
http://doi.org/10.29326/2304-196X-2020-3-34-213-219.

Unfortunately, the situation regarding mycotoxin con-
tamination of distiller’s dried grain, obtained by drying
and granulating of distillery waste, which is widely used
in feed production, is still unclear in our country. How-
ever, data from American researchers indicate multiple
and intense contamination of the distiller’s dried grains
with solubles (DDGS) - DON, ZEA and FUM were detected
in 70-90% of samples, with their concentrations reaching
values of 13,920, 8,107 and 9,042 ug/kg; AB, and T-2 at
levels up to 89 and 226 pg/kg, respectively, were also
often detected [16]. During this period, we did not have
an opportunity to continue mycotoxicological testing
of gluten feeds, the by-products which are very popular
among starch-processing plants. In 2015 and 2016, the
laboratory received two samples of corn gluten from
the People's Republic of China for testing, one of which
demonstrated the presence of fusariotoxins T-2, DON, ZEA,
FUM and STG in the amounts of 145, 1,860, 1,080, 1,260
and 11 pg/kg, respectively; the other contained DON and
ZEA in the amount of 2,320 and 2,230 pg/kg. The obtained
data and preliminary results [2, 7], indicative of the in-
tensive multiple contamination of this product, as well as
combined contamination of corn grain (see Part 2) testify
to the necessity for mandatory testing of corn gluten for
a complete list of parameters. Insufficient attention is paid
to other types of products from the complex processing

of corn grain, which are widely used in feed production,
such as dry corn germ, as well as cake and corn germ
meal. However, 16 samples of corn germ cake received
in 2009-2010 from holdings in the European part of the
country showed that contamination with T-2, DON, ZEA,
FUM, OA and AB, was quite significant with a frequency
of 43.8 to 75% [7].

CONCLUSION

During extensive monitoring, conducted as an annual
data collection for the period from 2009 to 2019, multiple
contamination of sunflower meal and sunflower oil cake
with alternariol, T-2 toxin, ochratoxin A, citrinin, cyclopi-
azonic acid, sterigmatocystin, mycophenolic acid and
emodin was confirmed with the frequency of occurrence
from 10.4 to 83.8%, which entitles these products to be
regarded as high-risk. For the safe use of raw materials
based on soybean, appropriate regional monitoring pro-
jects should be considered in the territories of its intensive
cultivation and industrial processing. Imported batches of
cake and meal should be inspected on a regular basis due
to their possible contamination with a wide range of my-
cotoxins. Cases of diacetoxyscirpenol detection and the
frequent occurrence of T-2 toxin, emodin and ergot alka-
loids described for wheat bran for the first time show the
need for a mandatory incoming control of these products
at feed producing establishments.

Additional materials to the paper (records forms with
database) can be found at http://doi.org/10.29326/2304-
196X-2020-3-34-213-219.

JononHumeneHble Mamepuanel K 3TON CTaTbe
(yueTHble bopMbl ¢ 6a3011 JaHHbIX) MOXHO HaWTV MO agpecy
http://doi.org/10.29326/2304-196X-2020-3-34-213-219.
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KoHoHeHKo lanuHa MNaHTeneeBHa, JOKTOP 61ONOrMYECKNX HayK,
npodeccop, 3aBeaywWnii NabopaTopuren MMKOTOKCUKONOTN
1 caHuTapum kopmos BHUVBCTS - dunvan ®reHY OHLL BU3B PAH,
r. MockBa, Poccus.

BypkunH Anekceil AHaToNbeBMNY, KaHANAAT MEOVNLNHCKMX HayK,
BeAYLMIA HayuYHbI coTpyaHK BHUUBCIS - dunuan OrEHY OHL
BW3B PAH, r. Mocksa, Poccus.
3otosa Enena BnagnmunpoBHa, KaHAMAAT BETEPUHAPHBIX HaYK,
CTapLnii HayuHbl coTpyaHuK, BHUNBCTS — dunnan OTBHY OHL|
BW3B PAH, r. MockBa, Poccus.
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