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SUMMARY

Results of the ten-year annual mycotoxicological testing of complete mixed feeds for pigs and poultry submitted by holdings and processing establishments located
in the Northwestern, Central, Southern, Volga and Ural Federal Districts are presented. Competitive ELISA tests showed that the occurrence of T-2 toxin, deoxyniva-
lenol, zearalenone, fumonisins of group B, alternariol, ochratoxin A, citrinin, mycophenolic acid, ergot alkaloids and emodin was about 5% and quantities thereof
varied within one or three orders; quantities of T-2 toxin, deoxynivalenol, zearalenone, fumonisins, and ochratoxin A might exceed maximum admissible levels for
feed grains. Diacetoxyscirpenol, aflatoxin B,, sterigmatocystin and cyclopiazonic acid belonged to group of rare contaminants. Level of feed contamination with
T-2 toxin and emodin was found to be consistently high during the said period; in some of the years occurrence of deoxynivalenol, fumonisins as well as ochra-
toxin A, citrinin, mycophenolic acid and ergot alkaloids increased. In 2016—2018, mixed feed contamination with alternariol increased whereas contamination with
fumonisins steadily decreased and level of zearalenone occurrence remained consistently low. Evidence for a wide occurrence of emodin known as“diarrheic factor”
as well as for sporadic increase in mixed feed contamination with alternariol, citrinin, mycophenolic acid, mycotoxins having the highly dangerous toxic impact
and long-term adverse effects, was detected for the first time. These data confirmed the need for their inclusion into the regulated group of substances significant
for public health. General features of pig and poultry feed contamination as well as usefulness of regional surveys for intoxication risk prediction are described.
Special attention is paid to the importance of the projects for creation of common information resources that could become a unique scientific basis for innovations
in feed poisoning prevention. Original monitoring data systematized and summarized in the paper are given in electronic format in section Additional materials.
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PE3IOME

MpeacTaBneHbl pe3ynbratbl 10-NeTHEro0 eXeroHoro MUKOTOKCUKONOTMYeCKoro 00¢1ef0BaHIA NOAHOPALIMOHHbIX KOMOUKOPMOB ANA CBUHEIA U cenbckoxo3aii-
CTBEHHOIT NTULbI, NPeAOCTaBNEHHbIX X03AlCTBaMI 1 NepepabaTbiBatoumm npeanpuatuami Ceepo-3anaaHoro, LientpanbHoro, K0xHoro, MpuBomxkcKoro
1 Ypanbckoro denepanbHbiX oKpyro. MeToZoM KOHKYPEHTHOTO UMMYHO(EPMEHTHOTO aHaNu3a NokasaHo, uTo T-2 TOKCUH, e30KCUHUBANEHOS, 36apasneHoH,
GYMOHM3MHbI Tpynnbl B, anbTepHapuon, oXpaTokcu A, LUTPUHIH, MIUKOGEHONI0BAA KCNOTa, IProankasnolfibl  IMOANH BCTPEYAKTCA € yacToToii bonee 5%, ux
KONMuecTBa BapbUpyIoT B NPe/ieNax 0HOT0-TPpeX MOPALKOB, U KONNuecTBa T-2 TOKCMHA, Ie30KCMHUBANEHOMA, 3eapaneHoHa, GyMOHU3IHOB 1 0XPaTOKCHA A MOTyT
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NPeBbILLIATb PeramMeHTbl AOMyCTUMOTO CORePKaHIA B 3epHe, NPe/IHa3HAUYEHHOM Ha KOPMOBbie Lienu. [IaLieToKCUCLMpNIeHon, apnaToKuH B, cTepurMaTouucTiny
W LIMKIIONIA30HOBAA KNCNOTA OTHOCATCA K FPyNNe PeAKMX KOHTaMUHAHTOB. YCTaHOBMIEHO, UTO BbICOKas 3arpA3HEHHOCTb KOMOMKOPMOB T-2 TOKCUHOM U SMOAMHOM
COXPAHSAET N0 roAiaM YCTOMUNBbIi XapaKTep, B OTAENbHbIE r0/bl BO3PACTAET BCTPEUAEMOCTb IE30KCUHIBANIEHONA, GYMOHIM3UHOB, a TaKXKe OXPaToKCUHa A, Lu-
TPUHIHA, MUKOGDEHOMOBOI KMCNOTbI M 3proankanoingos. B 2016—2018 rr. oTMeueHo 060CTpeHIe CUTyaLm Mo 3arpA3HEHHOCTI KOMOUKOPMOB aNbTEPHapUONOM
MU NONOXUTENbHOI TEHAEHLNI CHIXKEHUA KOHTaMIHALMI GYMOHM3MHAMIN U COXPaHEHUA CTabMNbHO HU3KOIA BCTPEUaeMoCT 3eapaneHoHa. MakT o6LwnpHoii
PacnpoCTPaHEHHOCTU IMOAMHA, U3BECTHOTO KaK «AUapeliHblii GakTopy, a TakKe CNopasuueckoro, B OTAENbHble Nepuozbl HabMioAeHMii, BO3pacTaHuA KOHTaMu-
HaLu KOMOMKOPMOB aNlbTePHAPUONOM, LIMTPUHUHOM U MUKODEHONOBOI KCIOTON — MUKOTOKCUHAMI € 0C060 onacHbIMI GOpMamu TOKCYECKOro AeiiCTBIA
11 HeraTVBHbIMY OTAANEHHbBIMU NOCNEACTBUAMU — BbIABIIEH BNepBbIe. 3Ta MHOOPMALIMA NOATBEPXKIALT HEOOXOAMMOCTb MX BBEAEHUA B IPynMy HOPMUPYEMbIX
CaHUTaPHO-3HauUMBbIX MoKa3aTeneit. 06cyatoTca 06Luye YepTbl KOHTaMIHALMK KOMOUKOPMOB ISl CBIHENH U ITULbI,  TaKXKe Lienecoo6pasHOCTb PeroHanbHbIX
00cneZ1oBaHuii ANA NPOrHO3MPOBAHIA PUCKOB Pa3BUTUA UHTOKCUKaLMiA. 0co60e BHUMAHNE YAENAETCA aKTYaNbHOCTI BbINOMHEHNSA NPOEKTOB, HAMPABIEHHBIX
Ha GOpMUPOBaHME eANHbIX MHGOPMALMOHHBIX PECYPCOB, KOTOPbIE MOTYT CTaTb YHUKaNbHOIA HayuHoli 6a30il ANA NHHOBALWIA B Chepe NPOdUNaKTIKI KOPMO-
BbIX 0TPaBNeHMUii. MicxopHble JaHHble MOHUTOPUHTA, CUCTEMATU3MPOBaHHble 1 0606LLEeHHbIe B JaHHOI paboTe, Npe/icTaBAeHbl B IMEKTPOHHOM BUZe B paserne

«[lononHuTenbHble marepuanbi».

KnioueBble cnoBa: NOJIHOPALNOHHbIE KOM6I/IKOpMa, MUKOTOKCWHbI, MOHUTOPWHT, I/IMMyHOd)epMEHTHbIVI aHanus.

[insa untnposanua: Kononeko I. 1., Bypkut A. A., 3otoBa E. B. Mukotokcukonornyeckuii monutoputr. Coobuyeque 1. MonHopaunoHHble kombukopma ansa
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INTRODUCTION

Feed safety plays a crucial role in successful animal
farming and processing industry development. Various
responses of livestock sex/age groups and species to na-
tural and anthropogenic factors as well as various diet
compositions make feed material control extremely diffi-
cult. Completeness of the data on expected toxicants for
each type of feed (their occurrence and levels) is a prere-
quisite for solving the said problem.

In our country, there is a long overdue need for the pro-
jects aimed at creation of common information resources
that could become a unique scientific basis for innovations
in feed poisoning prevention as well as top-requested re-
ference manual for specialists engaged in feed production
and animal feeding. Implementation of such projects re-
quires establishment of principles that will be mandatory
for the project participants as well as selection of optimal
data entry system convenient for data storage, replenish-
ment and multi-purpose use.

Complete mixed feed is a basis for modern pig and
poultry industries. Summarizing and updating data on
feed contamination with mycotoxins is one of the key
problems remained unsolved. Creation of common in-
formation resource containing data on mycotoxicologi-
cal tests of feed was firstly discussed at the 3 Congress
of Russian Toxicologists in 2008'. Feed and agricultural
product monitoring is arranged and carried out by the
Rosselkhoznadzor but access to the monitoring results is
limited and data published in scientific-practical and sci-
entific-production periodicals, Congress and Conference
Proceedings are associated with small samplings often
without any indications of tested sample number and

' Burkin A. A., Kononenko G. P. Monitoring test methods for risk assess-
ment of acute and chronic mycotoxicoses occurrence. 3 Congress of Rus-
sian Toxicologists: Abstracts (December 2-5, 2008). Ed. By G. G. Onishenko,
B. A. Kurlyandsky. M.; 2008; 71-73. (in Russian)

origin or presented after being processed in accordance
with conditional criteria [1, 2]. This impedes or makes data
summarizing and free use impossible.

Recently, scientific periodicals have actively applied the
experience gained in creation of replenishable electronic
databases, for example, microorganism genotype collec-
tions [3]. A series of publications summarizing data of the
analytical studies performed based on common approach
that allows users to process the said data in accordance
with their objectives could be an initial stage of the project
for creation of mycotoxicological monitoring information
resource in our country.

The goal of the paper is to summarize results of tests of
complete mixed feed for pigs and poultry for mycotoxin
contamination for 2009-2018 and provide original data
contained in the electronic database.

MATERIALS AND METHODS

Average samples (1,338 samples) from complete
mixed feed batches intended for various sex/age animal
groups including SK-type feed for pigs (1,075 samples)
and PK-type feed for poultry (263 samples), submitted
to the laboratory by specialists of feed mills and veteri-
narians of pig and poultry establishments located in the
Northwestern, Central, Southern, Volga and Ural Federal
Districts, predominantly from the areas where such indus-
tries were intensively developed for the purpose of routine
control, incoming control and diagnosis of mycotoxicoses
in 2009-2018.

Group of target mycotoxins included T-2 toxin (T-2),
diacetoxyscirpenol (DAS), deoxynivalenol (DON), zearale-
none (ZEN), fumonisins of B group (FUM), alternariol (AOL),
ochratoxin A (OA), citrinin (CIT), aflatoxin B, (AB,), cyclo-
piazonic acid (CPA), mycophenolic acid (MPA), ergot alka-
loids (EA) and emodin (EMO).

Samples preparation was carried out using uni-
fied method based on liquid extraction and indirect
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Table 1
Mycotoxins in complete mixed feed for pigs (summarized data for 2009-2018)

Tabnuua 1
MuKoToKCUHbI B NONHOpaLMOHHBIX KOM6UKOpPMAX AnA cBUHeli (06061eHHble faHHble 2009-2018 rT.)

Level, ug/kg

Occurrence

n*/n (%) 90% percentile

949/1,075 (88.3)

TN R S B
BT N R B R
Coows | w  w | w o

62

n — number of tested samples;
n* —number of mycotoxin-containing samples.

competitive ELISA, validated in 1995-2008 and then
included in official control methods?. Detection limits
determined based on 85% antibody binding were as fol-
lows: 2 ug/kg (AB,), 3 ug/kg (EA), 4 pg/kg (T-2, OA, STE),
20 pg/kg (ZEN, AOL, 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: mixed feed type
(PK, SK), recorded year (1-10), detected mycotoxins.
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

Thirteen out of fourteen target mycotoxins (except for
AB,) were detected in feed for pigs (Table 1). T-2 and EMO
were detected more often than others, DAS, STE and CPA
were detected in less than 5% of samples; detection rate
for other mycotoxins varied from 8.5 to 38.2%. The quan-
tity of toxins generally varied within one-two orders and
in case of EA — within three orders. Median displacement
to the smaller values as compared to the mean value was
demonstrated for all contaminants that was indicative of
unified dissymmetric distribution of contents where a half
of accumulation levels was less than other ones. Moreover,

2 GOST 31653-2012 Feed. Immunoenzyme method for mycotoxin de-
tection. M.: Standardinform; 2012. 11 p. (in Russian)

the largest quantities were always higher than threshold
concentrations for 90% of values (90% percentile), and the
most strongly pronounced for MPA and EA. All this was
indicative of possible abnormally high toxin accumulation
levels in typical situations. The highest T-2, DON, ZEN, FUM
and OA levels detected in mixed feed were higher than
admissible levels for feed grains [4].

In poultry feed, AB, was detected in 1.1% of samples,
DAS was not detected and therewith there was a clear
similarity with pig feed in the T-2 and EMO prevalence,
rare detection of STE and CPA, similar occurrence for
other 10 mycotoxins — 9.5-47.9%, degree of variation in
their levels and character of the median displacement
to the mean values and 90% percentile to the highest
levels (Table 2). Such similarity can be accounted for the
common raw feed materials used for the feed formulas
(wheat, barley, corn grains, sunflower meal and cake, soy-
bean meal) as well as similar their proportions in the for-
mulas despite of variations related to the animal category.
The rate of fusariotoxins (T-2, DON, ZEN, FUM), AOL as
well as OA, CIT, MPA, EA and EMO occurrence was more
than 5% in complete mixed feed intended both for pigs
and poultry.

Selective tests of mixed feed initiated by the ARRIVSHE
in 1997 were described in the earlier publications as far as
the data were gained. In 1997-2004 mycotoxin contami-
nation level in 766 feed consignments used in commercial
poultry industry was 34.6-79.5%, T-2 was the most preva-
lent in feed (38.5% of samples) at the level of 30-59 pg/kg,
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Table 2

Mycotoxins in complete mixed feed for poultry (summarized data for 2009-2018)

Tabnuuya 2

MMKOTOKCMHDBI B NONHOPALMOHHBIX KOMGUKOPMAX ANA CeNnbCKOX03AiCTBEHHOM NTHLbI (06061 eHHble AaHHbIe 2009-2018 rr.)

Occurrence

208/263 (79.1)

Level, ugrkg

mean value

90% percentile

Commemy |+ w5
I R T S B R R

n — number of tested samples;
n* —number of mycotoxin-containing samples.

in some samples — 550 pg/kg, DON (13.7%), ZEN (10.3%)
and FUM (9.9%) were detected less frequently, rate of OA
detection at the level of 10-33 pg/kg varied from 15.2 to
42.2%, AB1 was detected rarely (1.6%) and no CTE was
detected?. Results for 2005-2009 supported conclusions
made at the previous stage and provided new informa-
tion that DAS occurence was far lower as compared to
other fusariotoxins, CIT took an active part in contamina-
tion and CPA was absent*®, and allowed the first specific
proposals on mycotoxicological control improvement to
be formulated [5]. Later, the following brief reports were
published: on frequent occurrence of EMO, antrachinonic
toxin known as “diarrheic factor’, within the range of do-
zens to thousands pg/kg in the set of 29 samples®; EA oc-
currence in 2008-2013 [6]; AOL occurrence in 2009-2014
and MPA occurrence in 2007-20147 including reporting
of abnormal accumulation of this toxin (5,400 pg/kg) in
dense caked fraction of mixed feed for piglets due to
heavy infestation by highly toxicogenic Penicillium spp.
fungi®. Detailed analysis of the whole data body allowing
assessment of feed contamination with mycotoxins is pre-
sented for the first time.

Dynamics of annual variation in occurrence of 10 ma-
jor contaminants is given in Figure. Level of T-2 and EMO
contamination remained high that was indicative of wide
occurrence of their producers. Significant variations in
DON, FUM and AOL occurrence with multi-fold increase
in particular years appeared to be associated with speci-
fic contamination of the grain supplied to regional feed

mills since level of Fusarium spp. and Alternaria spp. in-
festation was different in various territories and years.
In 2016-2018 situation on AOL contamination became
aggravated. In general, decrease in feed contamination
with FUM and consistently low feed contamination with
ZEN can be noted as a positive trend for the last four
years (Fig.).

Drastic increase in OA, CIT, MPA and EA detection in
particular years could be accounted for known occurrence
in endemic areas as well as combination of adverse factors

3 Kononenko G. P. System of mycotoxicological control of products
subjected to veterinary/sanitary and ecological surveillance: Author’s Ab-
stract, Thesis for Doctor Degree (Biology). M.; 2005. 49 p. (in Russian)

4 Kononenko G. P, Burkin A. A. Mycotoxicological control of raw feed
materials and mixed feed. Current aspects of veterinary pharmacology,
toxicology and pharmacy: Proceedings of the Congress of Russian
Pharmacologists and Toxicologists. St-P.; 2011; 242-244. (in Russian)

5 Kononenko G. P, Burkin A. A. Achievements and challenges of
creation of data base of human health-significant mycotoxins in feed.
Modern Mycology in Russia. M.: National Academy of Mycology; 2012;
428-429. (in Russian)

¢ Kononenko G. P, Burkin A. A. Emodin: contamination of grain feed.
Advances in Medical Mycology. 2007; 9: 88-89. (in Russian)

7 Burkin A. A., Kononenko G. P. Alternariol occurrence in biological
objects. Modern Mycology in Russia: Proceeding of the Il International
Mycological Forum (April 14-15, 2015). Ed. by Yu.T. Dyakov, Yu. V. Sergeyev.
M.: National Academy of Mycology; 2015; 5: 223-225. (in Russian)

8 Kononenko G. P, Burkin A. A. Mycophenolic acid: occurrence in bio-
logical objects. Modern Mycology in Russia: Proceeding of the lll Internatio-
nal Mycological Forum (April 14-15, 2015). Ed. By Yu.T. Dyakov, Yu. V. Serge-
yev. M.: National Academy of Mycology; 2015; 4: 201-203.
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Fig. Dynamics of annual occurrence of T-2 toxin (T-2) deoxynivalenol (DON), zearalenone (ZEN), fumonisins (FUM),
alternariol (AOL), ochratoxin A (OA), citrinin (CIT), mycophenolic acid (MPA), ergot alkaloids (EA) and emodin (EMO)

in mixed feed for pigs and poultry (summarized data)

Puc. JuHamuka exxe200HoU scmpedaemocmu T-2 mokcuHa (T-2), 0e3okcuHusaneHona (JOH), 3eapaneHoHa (3EH),
¢pymoHu3uHos (DYM), anemeprapuona (AOJI), oxpamokcuHa A (OA), yumpuHuHa (LNT), mukogeHonosol
kucnomel (MOK), spzoankanoudos (3A) u smoouHa (IMO) 8 kombukopmax 071 cauHel U nmuybl (0606wjeHHble OaHHbIe)

during agricultural product harvesting, transportation and
pre- and post-processing storage.

Original data of the 10-year monitoring of complete
mixed feed for pigs and poultry systematized and sum-
marized in the paper are given in electronic format in
section Additional materials are given at: http://doi.
0rg/10.29326/2304-196X-2020-1-32-60-65. Access to
the entire database allows any other variants of the data
processing, for example data on single and concomitant
contamination, joint OA and CIT occurrence that is ra-
ther frequent [7, 8] and can enhance their nephrotoxic
effect [9], correlation between T-2 and DAS amounts that
are similar in toxicity level as well as calculation of exces-
sive contamination cases when regulations on maximum
admissible levels for mycotoxins are put into effect at the
country level. It should be noted, that wide geographic
area where samples used for the said study have been
collected does not allow regional aspects to be taken
into account. Nevertheless, data obtained for particular
territories are very valuable since they provide an unique
opportunity to gain understanding of feed grain contami-
nation. Feed grain testing for risk prediction is very difficult
due to large-scale harvesting and various soil and climate
factors that can influence the mycotoxicological situation.
Under these circumstances, feed mixes with large propor-
tion of grain ingredients can be used as ecological markers.
In some European countries tracing of mycotoxin conta-
mination in food grains based on results of tests of bakery
products sold through retail chains was tested, recognized
to be cost-effective and has been put in international
practice [10, 11, 12]. Unfortunately, there have been yet
no specific regional projects on mixed feed assessment
in our country and sample testing results are presented
in aggregated form sometimes without indication of type
of tested mixed feed in theses covering a wide range of
related aspects [13, 14].

CONCLUSION

General features and peculiarities of mycotoxin con-
tamination of complete mixed feed intended for pigs and
poultry have been established during extensive monitoring
carried out for the last 10 years with annual data collection.
Obtained results confirmed importance of regular testing
of such feed for their contamination with fusariotoxins,
ochratoxin A, regulated in feed grains as well as ergot al-
kaloids. For mixed feed, it is recommended to include emo-
din, antrachinonic toxin known as diarrheic factor as well
as alternariol, citrin and mycophenolic acid having highly
dangerous toxic impacts and long-tern adverse effects into
thelist of substances significant for public health. Obtained
data could be useful for assessment of the situation in feed
producing industry and providing rationale for mycotoxin
regulation in mixed feed and product control system im-
provement at processing establishments.

Additional materials to the paper (records forms with
database) can be found at: http://doi.org/10.29326/2304-
196X-2020-1-32-60-65.
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KoHoHeHKko lanuHa [lMaHTeneeBHa, AOKTOp O6UOMOrMYECKMX
Hayk, npodeccop, 3aBeaylwuii  nabopatopuien  MUKO-
TOKCUKONIOTMN U caHuTapum kopmoB BHWWBCID - ¢wnman
OrBHY ®HL| BM3B PAH, r. MockBa, Poccus.

BypknH Anekceil AHaToONbeBINY, KaHANAAT MEAULIMHCKNX HaYK,
CTapLuuii HayuHbin coTpyaHuk BHAWBCTS — pununan OFBHY OHL|
BWM3B PAH, r. MockBa, Poccus.

3otoBa EneHa BnagumunpoBHa, KaHAMAT BETepPUHAPHBIX HayK,
CTapWwnii HayuHbli coTpyaHuk, BHUWBCIS - dunnan OrBHY
OHL BU3B PAH, r. MockBa, Poccus.
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