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TOKCUKOJOT'O-T'NTUEHNYECKASA XAPAKTEPUCTUKA MUKOTOKCHUHA
CTEPUTI'MATOLNUCTUHA U METOAbI EI'O OITPEJAEJIEHUSA B IMIHIEBBIX ITPOAYKTAX
®OI'BYH «DUL nutanus u ounorexHonorum», 109240, Mocksa

B o630pe, ocnosannom na ananuse aumepamypol U OAHHBIX COOCMEEHHBIX UCCLEO068AHUL, OAHA MOKCUKOIO20-2USUEHU-
ueckas xapaxmepucmuka cmepuemamoyucmuna (CTL]). Dmom muxomoxcun npooyyupyom MukpoCcKonudeckue spuovl
6u00e Aspergillus, Bipolaris, Chaetomium, Emiricella, u sensemcs npupoOHbiM 3aepsisHumenem npooo8oibCmeeHHO20
3€pHa, NUUesbIx NPooykmos (xaeba, ceipos, cneyuil, koge, BAJ k nuwe) u kopmos. CTL] senssncy duoceHHbiM npeduie-
cmeennukom agnamoxcuna Bl, umeem nooooHylo XumMuueckyio Cmpykmypy, HO €20 MOKCUYHOCMb 8 OeCAMKU Pa3 Hudice.
Oo0nako cosmecmuoe HaKONIEHUe IMUX MOKCUHO8 AGTsAemcs peOKuM asnenuem. A. versicolor u A. nidulans ne cnocoomul
CuHmesuposams hepmenmol, Heooxooumvle 0 mparncgopmayuu CTL] 6 aghnamorcunvl, 6 mo epems kax A. flavus u A.
parasiticus obrnadaiom maxot cnocoonocmuto. CTL omnecen Mexcoynapoonvim acenmemeom no uzyuenuio paxa (MAHP)
K Kaaccy 2B (8o3mooicHbill kanyepozen ons yenosexa). Opeanom muwienvio 0a CTL] u aghnamorcurog aeisemcs neuets.
CTL] obradaem mymazenHbiMU, MOKCUYECKUMU U mepamozeHHbiMu ceoticmeamu. Ooobujenvl nocieonue coocmeeHHble
U MedncoyHapoonvle dannvie no pacnpocmpanennocmu CTL u anarumuueckux memooax e2o onpedenenus. [ana cucue-
Huueckas oyenka suavyumocmu CTL kax npuopumemnozo 3azpaznumens. Taxoice npedocmaenena ungopmayus 06 oyenke
nocmynnenust CTL] ¢ paznuunvivu 6udamu nULegblx nPOOYKmos 6 HeKOMOPbIX CHPAHAX MUPA, 0OCYIHCOAIOMCs UMeIouU-
ecsi 0aHHble 06 YCMAHOGIEHHbIX 2USUCHUYECKUX PelaMEeHMAax €20 cOOepIICanus 6 nuyeblix npooykmax u kopmax. Tem
He MmeHee, 00beM HAKONJIEHHbIX 0aHHbIX 0 yacmome u yposusx 3aepssuenus CTL nuwesou npodykyuu ne 0ocmamoyen
U 0111 YCMAHOBNEHUS SUSUCHUYCCKUX Pe2laMeHmO8 8 NPUOPUTNENHBIX 8UOAX NPOOYKYUU MPeOdYIOMcs OONOIHUMETbHYIE
cucmemamuueckue ucciedosanus. Ilouck npoeedén no basam oannvix Web of Science, PubMed, E-library, CyberLeninka.
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TOXICOLOGICAL AND HYGIENIC CHARACTERISTICS OF MYCOTOXIN
STERIGMATOCYSTIN AND METHODS FOR ITS DETERMINATION IN FOOD PRODUCTS
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The present issue reviews literature and own research data and gives toxicological and hygienic characteristic of
sterigmatocystin. This mycotoxin is produced by fungi of Aspergillus, Bipolaris, Chaetomium, Emiricella species, and is
found in cereals, food products (bread, cheese, spices, coffee, dietary supplements) and feed. Sterigmatocystin being a
biogenic precursor of aflatoxin Bl, has similar chemical structure and exhibits the same toxicological properties, but its
toxicity is ten times lower. However, these toxins are rarely detected together. A. versicolor and A. nidulans do not have
enzymes necessary for the conversion of sterigmatocystin into aflatoxins, on the contrary, A. flavus and A. parasiticus
transform almost all STC into aflatoxins. Sterigmatocystin has been recognized by International Agency for Research on
Cancer (IARC) as a 2B carcinogen (possibly carcinogenic to humans). The primary target organ for both mycotoxins is
liver. Sterigmatocystin shows mutagenic, toxic and teratogenic effects in animals. Up to date national and international
data on sterigmatocystin occurrence in different products is summarized, analytical methods of the determination are
reviewed, hygienic assessment of the STC as a priority pollutant is given in the present paper. Also information on STC
exposure assessment with regard to different kinds of foodstuff in different countries is being reported, available data
on maximum levels of STC in food and feed is discussed. However, data on toxin's occurrence in food is insufficient for
elaboration of hygienic regulations on allowable mycotoxins concentration in priority products. Databases Web of
Science, PubMed, E-library, CyberLeninka were used when searching the literature.
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BBenenne

Crepurmarorictn  (CTLL, (3aR,12c¢S)-3a,12c-nurunpo-8-
runpokcu-6-merokcu-7H-dypo[3°,2°:4,5]pypo[2,3-c|kcanTeH-7-0H,
CH,,0,, CAS No 10048-13-2, Mr 324,288) 0OTHOCHTCS K NOJHKETH]I-
HBIM MUKOTOKCHHAM; BIIEpBBIe OB BBIIENICH B 1954 romgy U3 MULIEIHs
A. versicolor. Kpuctamm3syercs: B BUJE 0JI€IHO-KENTIX UL U JIETKO
pacTBOPSETCSI B METAHOIE, ITAHOJIE, AllETOHUTpPUIIE, OEH30I1e, XJI0pOo-
dopme (~7r/100mi), AuMeTHICYTbGOKCHE, TUPUIANHE, MaJIOPACTBO-
pyM B Boze (1,44 mr/n ipu 25°C), pacTBOpax rHAPOKCHIA U KapOOHATa
Hatpws, pocharHoM Oydepe, pH pasITHIHBIX 3HaYeHMSIX pH [1].

CrieKkTp NMomIONIeHNs STaHOIBFHOTO pacTBopa B Y®-ob6iactu co-
cTaBisIeT MakcuMyM 235 HM (koaddurmeHT sIKCTHHKIMY, € = 24500),
249 um (e =27500), 329 am (¢ = 13100) [2]. TokcuH XapaKTepHu3yeT-
cs cnaboli yopecLeHnunei B KpacHoi obmactu [3].

CriocoOHOCTB MPOAYNUPOBATH TOKCHH OTMEUEHa y Oornee yeM 50
BHJI0B MHKPOCKOITUUECKHUX 'prOOB. [IpoyrienTaMu SBIIsIOTCS TpHOBI
pona Aspergillus (A. versicolor, A. nidulans, A. flavus u A. parasiticus —
OCHOBHbIE, a Takke A. chevalieri, A. ruber, A. amstelodami,
A. aureolatus, A. quadrilineatus u A. sydowi [1, 4], A. amoenus,
A. creber, A. cvjetkovicii, A. fructus, A. jensenii, A. puulaauensis,
A. subversicolor, A. tennesseensis, A. venenatus [5], A. asperescens
[6]), a Taxoxe Penicillium, Chaetomium, Emiricella [7-9]. OcnoBHOIt
rpud-nponyuent CTLI, A. versicolor — xcepodriIbHbIN, pacTéT npu
MaKCUMaJIbHOM 3Hau€HUHM aKTHUBHOCTH BOAbI @y = 0,75 (onTumalb-
Hoe 0,95), B TemneparypHom unrepsaie ot 4 10 40 °C (onTumaabHO
30 °C). bnaronpustaeiMu ycroBusiMu s cuHTe3a CTL rpubamu
A. versicolor n Bipolaris sorokiniana sBnsioTcs: Temmeparypa ot 23
110 29 °C, HavyanpHasi akKTUBHOCTH BOJIbI — 0,76 W BIAXXHOCTH OoJiee
15% [10, 11]. CTL] siBysieTCSI OMOTEHHBIM MPENIIECTBCHHUKOM adiia-
TokcuHOB B 1 G;. OCHOBHBIC IPOAYIICHTBI TOKCHHA — A. versicolor
u A. nidulans — He cnocoOHbI CHHTE3UPOBaTh (HEPMEHTHI, HEOOXOTH-
Mmele 1t Tpancopmarn CTL B agmarokcunst [12], B To Bpems Kak
A. flavus u A. parasiticus 061aJal0T TaKOH CIIOCOOHOCTBIO, TOATOMY
COBMECTHOE HAKOIUIEHHE ATUX TOKCHHOB SIBISIETCS PEAKHUM SIBJICHU-
eM [13]. KonTamMuHanus OUIEBBIX NPOLYKTOB PACTUTEILHOIO IPO-
ucxoxenus: CTL npenMy1ecTBEeHHO POUCXOIUT BCICICTBUE HE-
COOMIONIEHNST YCIOBUI XpaHEHNSI.

Mertonn! onpenenenus CTIL

B Tabn. 1 npencraBieHa peTpOCHEKTHBA Pa3BUTHs aHAIUTHYC-
ckux MetonoB onpeznenenns CTL] B numeBbix npoxykrax. Kiaccu-
YECKMM METO/IOM aHaJIn3a SBIIETCS TOHKOCIIOHHAs XpoMarorpadus
(TCX) — mpocToii 1 JOCTYNHBIH, He TPEOYIOMHNIT CIIOKHOTO 000py-
JIOBaHUSI METOJI, IIMPOKO IPHMEHSIBIIUICS Ha MPOTSHKEHHN Oolee
20 sieT Juid onpezesaeHnusT MUKOTOKCUHOB. IlockonbKy celeKTuBHOE
JCTCKTUPOBAHUE aHAJIMTa B paMKax 3TOro ME€To/ia BO3MOXHO l'lyTéM
u3MepeHus (IyopecleHIMN HiIH BUIUMOTO OKpPAlIUBAaHUS MITHA, U
tak kak CTL[ He okpamieH u ¢myopecuupyer cnabo, To HEOOXOIH-
MBIM 3TAIIOM aHaJu3a SIBJISETCS KIIPOSIBICHHEY, HAITPUMED, PacTBO-
POM XJIOpH/Ia AJIFOMHHUS B 9TAHOJE C MOCIIEAYIOMINM HarpeBaHHEM.
ITpu 5TOM 00pa3yroTCsl KOMIUICKCHI aJTIOMHHUS C KETO- M THJIPOK-

Cxemarmdeckast CTpyKTypHas (popmyrna
MOJIEKYJIbl CTePUIMATOLUCTHHA

Introduction

Sterigmatocystin (STC, (3aR,12¢S)-3a,12c-dihydro-8-hydroxy-
6-methoxy-7H-furo[3°,2°:4,5]furo[2,3-c]xanthen-7-one; C H O,
CAS No 10048-13-2, Mr 324,288 g/mol) is a polyketide mycotox-
ins. It was first isolated from A.versicolor mycelium in 1954. STC
crystallizes as pale-yellow needles, it is readily soluble in methanol,
ethanol, acetonitrile, benzene, chloroform (~7g/100ml), dimethyl-
sulfoxide, pyridine, poorly soluble in water (1,44 mg/l, 25°C), aque-
ous solutions (sodium hydroxide, carbonate, phosphate buffer at dif-
ferent pH values)[1].

Ultraviolet spectrum (in EtOH): max 235 nm (extinction coef-
ficient, € = 24500), 249 nm (¢ = 27500), 329 nm (¢ = 13100) [2]. STC
fluorescence is weak [3].

The ability to produce toxin was founded out for more than 50
fungal species belonging to the Aspergillus genus: mainly 4. versi-
cilor, A. nidulans A. flavus and A. parasiticus, also A. chevalieri, A.
ruber, A. amstelodami, A. aureolatus, A. quadrilineatus, A. sydowi
[1, 4], A. amoenus, A. creber, A. cvjetkovicii, A. fructus, A. jenseni,
A. puulaauensis, A. subversicolor, A. tennesseensis, A. venenatus [5],
A. asperescens [6], as well as by other species of the Penicillium,
Bipolaris, Chaetomium and Emiricella genera [7,8,9]. A. versicol-
or is xerophilic, maximum water activity a =0,75 (optimum 0,95),
growth temperature interval 4 - 40°C (optimum 30°C). Optimal con-
ditions for STC production by 4. versicolor and B. sorokiniana are
23 - 29°C, low water activity (>0.76) and moisture content above
15% [10,11]. STC is a biogenic precursor of aflatoxins B, and G.
A. versicolor and A. nidulans do not have enzymes necessary for the
conversion of STC into aflatoxins [12], on the contrary, A. flavus and
A. parasiticus transform almost all STC into aflatoxins. Thus only a
few examples of STC co-occurrence with aflatoxins have been re-
ported [13]. Major of food commodities contamination takes place
during inadequate storage.

Methods of STC determination

Table 1 presents a retrospective of the development of ana-
lytical methods to monitor STC in foodstuffs. Thin-layer chroma-
tography (TLC) is a classical method of analysis - a simple and
accessible - which does not require sophisticated equipment and is
widely used for mycotoxins determination for more than 20 years.
TLC provides selective detection of the analyte in case of its good
fluorescence under UV light or visible staining of the spot. As not-
ed above, STC is not colored and fluoresces poorly, so derivatiza-
tion step becomes a necessary stage of the analysis, for example,
with a solution of aluminum chloride in ethanol followed by heat-
ing. Aluminum ions form complexes with STC keto- and hydroxyl

Sterigmatocystin
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Tabnuna 1
MeTonb! onpeiesieHHs CTEPUTMATOLHCTHHA
Kparkoe oncanue YyBcTBH-
Meton OOBeKT Ton TenbHOCTE  MynbTH- 7 r—
OIPEACIICHU aHaJlh3za mpoOOMOArOTOBKA YCIIOBHSI OTIPEICICHUS Mefgia, MCTOA
II
TCX 3epHO 1981  Dxcrpakuus ITnacTvHKY: cUAMKareab 10-20 - [14]
ACN* —0,1M oprodocdopHas JletekTupoBaHue: (GIyoOpUMETPUY. MO0-  MKI/KT
kucnora (90:10 % 06.) cie o6paborku pactBopom AICI3
W HarpeBaHusI,
AB030.=360 HM
TCX CrIpbl 1998 Dxkcrpakuns JlerexTupoBanue: (GryopuMeTpHd. 1Mo- 20
ACN - rekcan (80:20 % 006.) ciie obpaboTku pactBopom AICI3 MKI/KT
U HarpeBaHus,
AB030./5M.=360/400 M
H® u O® BOXX-YD KosnoHka: cuMkaresb WM OKTa eI 3 - [15]
cumkareins (OJIC) MYD)=325 um MKI/KT
BDO-TCX 3epHo 2004 DOxcrpakuus IInactunku: cunukareab-NH2 2 - [16]
ACN - 4% KC1(95:5 % 06.) Jletexktn poBaHue: (IryopuMeTpHUd. MKI/KT
TDD: denun-cunukaress MPOSIBIICHUE HArPEBaHUEM,
AB030./9M.=366/400 HM
BOXX-Yd ITuso 2008 TdD: KOMMEPYECKH JOCTYITHAS Komnonka: OJIC 0,26 - [17]
nonuMepHas pasza MYD)=325 um MKI/J1
BOXX-Y® u MC/MC 3epHo, kopma, 2015 Dxerpakuus Kononka: O/1C ~1,5 - [18]
MIUBO, CHIPBI ACN - Bopa, (80:20 % 06.) MYD)=325 um MKI/JT
MAK: koMMepuecKy A0CTyTHast MC/MC <0,6
cneruduanas xk CTL] m/z 325-281, m/z 325-310 (xomud) MKI/JT
BOXX-MC 3epHo 2014 DOxcrpakuus Kononka: OJIC 1 MKT/KT  BO3MOXKHO [19]
ACN — Bopa, (84:16 % 06.) MC, xumuueckast HOHU3ALHS aatok-
NAK: KoMMepyecKH JIOCTyIHast nipu armocdepHom nasnenun (APCI), CHHBI
cneuuduyuHas K apaaToKCHHAM m/z 325
BOXX-MC/MC 3epHoO 2016 Dxcrpakuus Kononka: OJIC 0,52 agaTokcu- [20]
ACN - 0,1% mypas. k-Ta MC/MC MKr/kr  Hbl B1, B2,
(50:50 % 06.) m/z 325-281, m/z 325-310 (xomud.) G1,G2
TDD: KOMMEPYECKH JOCTYIHBIH CTaH/apThl IPUTOTOBJICHBI HA OCHOBE
MOJIMMEPHBIH MaTepua 9KCTPAKTA «YUCTOI» MaTPHIIBI
B2XX-MC/MC 3epHO 2013 Dxcrpaknus Komnonka: OJIC - eme 29 MT [21]
ACN - Boza — yKcyc. K-Ta MC/MC
(79:20:1 % 06.) pasbasnenue B 2 pasa (dilute and shoot)
ACN —Boza — ykeyc. k-1a (20:79:1 % 00.)
BOXX-MC/MC Crietinn 2013 QuEChERS Kononka: OJIC 8 Mxr/kr  eme 16 MT [22]
MC/MC
CTaH/aPThl IPUTOTOBJICHBI HA OCHOBE
9KCTPAKTA «UUCTOI» MaTPHUIIBI
BOXX-MC 3epHo, opexn 2014  DxcTpakuus Kononka: O/1C 0,06-0,1 mer [23]
ACN - Bopa (84:16 % 006.) MC/MC MKI/KT
MAK: xononka, pazpaboranHas
aBTOpAMH
YBOXX-MC/MC 3epHO 2016 QuEChERS Kosnonka: OJIC 0,1 mMxr/kr eme 24 MT [24]
MC/MC
BOXX n YBOXX- 3epHo, mpoaykTel 2016 OkcTpakuns Kononka: OIC 0,05-0,15 - [25]
MC/MC €ro nepepadoTKH, ACN — Boga (80:20 % 06.) MC/MC MKI/KT
MUBO, OPEXH TdD, cietmdpuynas MAK BHYTPEHHUII CTaHIapT:
u3oTonHo-meueHHbin CTL]
BOXX-MC/MC 3epHO 2017 MopudurmpoBaHHas npoueaypa Kononka: OJIC 0,02 apnatokcun  [26]
QuEChERS MC/MC Mkr/kr - Bl
CTAQHAAPTHI IPUTOTOBJICHBI HA OCHOBE
9KCTPAKTA «IUCTOI» MaTPUILBI
VBOXX-MC/MC Kopma 2016 DxcTpakuus Kononka: OJIC 0,1 adarok- [27]
ACN - Bozia — yKCyc. K-Ta MC/MC MKI/KI'  CHHBI,
(80:18:2 % 00.) CTaH/apPThI IIPUTOTOBJIICHBI HA OCHOBE 3eapaJieHoH,
MAK: MynbTH KOJIOHKa, SKCTPAKTA «YUCTOWY MAaTPUIIBI OXPATOKCHH,
pa3paboTaHHast aBTOpaMH T-2
I'X-MC 2015 DOxcrpakuus Kanunnapras kononka 2,4 - [28]
ACN —Boza (80:20 % 00.) bes nepusarmsanum MKI/JT
WAK: MynbTH KOJIOHKa,
paspaboTaHHast aBTOpaMH
DA Kopma 2012 DxcTpaknus doromerpuueckoe MOK** = ner [29]
ACN — Bopa (84:16 % 00.) 4 MKr/KT
JAPT 3epHO 2010 MopudurmpoBanHas nporeaypa MC m/z 325,07 MOK = Eme 10 [30]
Tpsimoii ananus, QuEChERS 80 MKI/KI MHKOTOKCH-
HOHU3ALMS B PEXKUME HOB
peaabHOro BpeMEeHH
Awmmnepomerpuye- 2006 DOxcrpaknus AmrnepomeTpuyueckoe 0,04 Mkr/n - [31]
cKuit hepMeHTHBII 2010 ~3 MKI/1 [32]
EKTPOJ
Cencop 3epHo 2016 DxcTpakuus * CEHCOp HAa OCHOBE MOJIEKY/IAPHO 19 MKr/n - [33]
HMMIPHHTHPOBAHHOTO HOJIMMEpa
(molecularly imprinted polymer)
* (IyopHMeTpHUIECKOE IETEKTHPOBAHNE
HmmyHOXpOMaTo- 3epHo 2017 DOxcrpakuus BusyansHoe onpenenenue ~3 MKI/KT - [34]

rpadudeckuii anaan3
C UCIOJIb30BAHUEM
TECT-NOJOCOK

Mertanon — Boza (60:40 % 06.)

IIpumeuanue. ACN — aneronurpui, MT — mukorokcun, MAK — umynoadduunas kononka; *I10 — npenen odHapyxenus merona, **MOK — mu-
HHUMaJbHAasl ONpe/ieseMas KOHICHT AU
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Table 1
Methods of determination of STC
- Short description Sensitivity, Mulii Refe.
Method Matrix Year . L. (LOD) .
sample preparation determination ugkg detection | rences
TLC Grain 1981 Extraction silica gel plate 10-20 - [14]
ACN - 0,IM H3PO4 detection: fluorometric, after AICI3
(90:10, v/v) treatment and heating, AEm=360 nm
TLC Cheese 1998 extraction silica gel plate 20
ACN — hexane detection: fluorometric, after AICI3
(80:20, v/v) treatment and heating,
AEX/Em=360/400 nm
Normal- or reversed- silica or ODS HPLC column 3 - [15]
phase HPLC-UV A (UV)=325 nm
HPTLC Grain 2004 extraction silica gel-NH2 HP-plate 2 - [16]
ACN —4% KCl (95:5, v/v) Detection: fluorometric after heating,
SPE: phenyl-silica gel AEX/Em=366/400 nm
HPLC-UV Beer 2008 SPE: commercially available RP column 0,26 - [17]
polymeric phase MUV)=325 nm ng/l
HPLC-UV and Grain, feed, beer, 2015 extraction RP column ~1,5 - [18]
MS/MS cheese ACN — water A (UV)=325 nm ng/l
(80:20, v/v)
IAC: commercially available for STC MS/MS <0,6 ng/l
m/z 325-281
m/z 325-310 (quantitative)
HPLC-MS Grain 2014 extraction RP column 1 + aflatoxins ~ [19]
ACN — water (84:16, v/v) MS, APCI, m/z 325 (potentially)
TAC: commercially available for
aflatoxins
HPLC-MS/MS Grain 2016 extraction RP column 0,52 + aflatoxins ~ [20]
ACN - 0,1% formic acid MC/MC B1, B2, GI,
(50:50, v/v) m/z 325-281 G2
SPE: commercial available polymeric m/z 325-310 (quantitative)
material standards prepared in the «blank»
matrix
HPLC-MS/MS Grain 2013  extraction RP column - +29 MT* [21]
ACN — water — acetic acid MS/MS
(79:20:1, v/v) 2 times dilution (dilute and shoot) with
ACN — water — acetic acid (20:79:1, v/v)
HPLC-MS/MS Spices 2013 QuEChERS RP column 8 +16 MT [22]
MS/MS
standards prepared in the «blank»
matrix
HPLC-MS Grain, nuts 2014 extraction capillary column 0,06-0,1 - [23]
ACN — water (84:16, v/v) without derivatization
TAC: column done by the authors
UHPLC-MS/MS Grain 2016 extraction RP column 0,1 +24 MT [24]
QuEChERS MS/MS
HPLC and UHPLC-  Grain, grain 2016 extraction RP column 0,05-0,15 - [25]
MS/MS products, beer, nuts ACN — water (80:20, v/v) MS/MS
SPE: specific columns internal standard: isotope labeled STC
HPLC-MS/MS Grain 2017 extraction RP column 0,02 + aflatoxin [26]
modified QUuEChERS MS/MS Bl
standards prepared in the «blank»
matrix
UHPLC-MS/MS Feed 2016 extraction RP column, UHPLC 0,1 + aflatoxins,  [27]
ACN — water — acetic acid MS/MS zearalenone,
(80:18:2, v/v) standards prepared in the «blank» ochratoxin
TAC: multi columns, developed by matrix A, T-2 toxin
the authors
GC-MC 2015  extraction capillary column 2,4 - [28]
ACN — water (80:20, v/v) without derivatization ng/l
TAC: multi columns, developed by
authors
ELIZA Feed 2012 extraction photometric LOQ - [29]
ACN — water (84:16, v/v) 4 ng/kg
DART Grain 2010 extraction MS LOQ +10 MT [30]
modified QUEChERS m/z 325,07 80 pg/kg
Amperometric enzyme 2006 —  extraction aMIIePOMETPHIECKOE 0,04 pg/l - [31]
electrode 2010 ~3 pg/l [32]
Sensor Grain 2016 extraction « sensor on the base of molecularly 19 pg/l - [33]
imprinted polymer
* fluorometric detectione
Immunochromato- Grain 2017 extraction visual test ~3 - [34]
graphic analysis using methanol — water
test strips (60:40, v/v)

Note. MT — mycotoxins.
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cunbpHbIME Tpynmamu CTLI, criekTp sMuccuu CABUTAETCS B KENTYIO
0011acTb, a €€ HHTEHCHBHOCTD YBEIHYNBACTCS Ha 2 MOPS/IKA.

HeBpicokue uyBCTBUTENBHOCTh U celekTUBHOCTH TCX — cy-
IIECTBEHHBIC HEIOCTATKH, IPEOIOJIETh KOTOpPBIC IMO3BOJMI Iepe-
xo1 K BeicokoapdextuBHON TCX (BOTCX) n Bricok03(hGeKTUBHOMI
KUIKOCTHOH xpoMarorpadun (BDXKX). Tem ne menee, TCX moxer
CIIy’KUTbH TIPOCTBIM U HaJEXKHBIM METOAOM CKPUHUHTA U TTOIYKOJH-
yectBeHHOTO onpeneneHus: CTL] B pa3nmuaHbIX 00beKTax.

BDOXX — Ge3ycinoBHbIi uaep B 00JaCTH ONMPEACICHUS MHUKO-
TOKCHHOB B IUIIEBBIX IPOAYKTaX. Pa3ﬂoo6pasne HEIOABMXKHBIX
(a3, SIMI0EHTOB U CIOCOOOB ICTEKTUPOBAHUS, 4 TAKIKE BO3MOKHOCTD
TPaJMEHTHOTO SMIOUpOBaHus nenaer meron BDOXXX yruBepcamb-
HBIM JJISL OTIPE/ICNICHUS] QHAINTOB PA3IMIHON MPUPOABI B CIOXKHBIX
Marpukcax. B ycnoBusx HopmansHO-(asosoit (H®D) u obpamen-
Ho-(a3oBoit (OD) BOXKX doromeTpuueckoe NETCKTUPOBAHKUE MPU
325 uMm (oxuH U3 MakcuMyMoB crekrpa nonmoumenus CTL B Y-
obnactn) no3BonseT cenektuBHo onpenensats CTL Ha pone marpu-
161 [Ipy 5TOM MEUHUMAaNbHAS OIpesiensieMast KOHIIEHTPALUst METOUK
npubmkaercss kK pekomennosanHoit EFSA (1,5 mkr/kr). Pa3zsutne
MacC-CHEKTPOMETPUIECKIX METOJIOB JIETEKTHPOBAHUS 00YCIOBIIIO
nosiBiieHne Gombiroro xkoiandectsa BOXX-MC/MC (BOXKX c tan-
JEMHBIM MacCC-CIIEKTPOMETPHUUCCKUM )leTeKTI/IpOBaHl/IeM) MCTOJJHK
OZIHOBPEMEHHOTO ONpeAeTeH s AeCATKOB MUKOTOKCHHOB C BHICOKOM
YyBCTBUTENILHOCTBIO U CEJIEKTHBHOCTBIO. [IprMeHenme xpomarorpa-
(ruecKrX KOJIOHOK, 3aMOTHEHHBIX COPOSHTAMU C pa3MepOM JacTHIL
nopsaka 2 MM (YaerpaBOXX (VBDXX, UHPLC)) nozsomser
3HAQYUTEIBHO YBEIMYHUTH S(PPEKTHBHOCTH XPOMATOTpadHISCKOro
pasereHus, COKPaTUTh BpeMsi aHajIu3a U OOBEMBI HCHOJIB3YEMBIX
pactBopureneit [35].

OnHako CyIIecTBYyeT HEOHpEeAeNEHHOCTh B HHTEPIPETAlluH pe-
3yasraroB BOXKX-MC-onpenenenust, cBi3aHHAs C BIUSHAEM Ma-
TpHUIBI 00pasia, KOTOpOe MOXKET IIPHBOANUTH K 3HAUHTEILHOMY yCH-
JICHUIO WM OCNaOJIeHHIo curHana anamura [23, 36]. MexaHU3MEI 1
CrocoOb! yuéTa BIUSHUS MaTpHLbl oapoOHo omucaHsl B [37, 38].
VckmounTb 3QGEKT MaTpuLibl MOXKHO IyTEM IPEABAPUTENIBLHOTO Ce-
JIEKTHBHOTO BBIJICNICHUS aHAINTA HA NMMYHOA(()UHHBIX KOJOHKAX
(MAK) [18, 19], uro memaeT HEBO3MOXKHBIM OJHOBPEMEHHOE OIIpe-
JIeJIeHHe HECKOJIIBKMX MHKOTOKCHHOB. JIpyrHM MOIXOIOM K YU€Ty
BIIMSTHHSL MATPHIBI SBISICTCS] HCIOIB30BaHUE ISl HOCTPOCHHUS Ipa-
JYUPOBOYHBIX T'PAaQUKOB IKCTPAKTOB «UHCTOW» (HE copepikaliei
HCKOMOTO aHaJNTa) MaTPHIbl C J00aBKaMM HW3BECTHBIX KOJNMUYECTB
cTaHgapTHoro odpasua [20, 22, 26]. DTo MO3BOISAET ONTUMHU3HPO-
BaTh ONpEeIeHHe TOKCHHOB B 00pasIax co CXOXKUMH MaTpHI[aMH,
Harpumep, NpH MOHUTOPHHTE 3arps3HEHUs] 3epHA H T. II., OJHAKO
CHJIBHO YCJIOXHSET aHajiu3 pa3HOOOpasHBIX HPORYKTOB. Jlpyroit
CHOCOG Y4YE€CTh BJIUSAHUEC MaTPULIbI SBJISIETCS HUCIIOJIB30BaHUE BHY-
TPEHHHX CTaHIApPTOB, U B NepBYyI0 ouepens, C13-MedeHbIX MUKOTOK-
cuHOB [39]. BrICOKas CTOMMOCTb M30TOMHO-MEYEHBIX CTaHIApPTOB
CHJIBHO YJJOpOXKaeT aHaIIU3.

B nacrosiee Bpemst Hanbosee MOMYISIPHBIM CIIOCOOOM yMEHB-
nIeHus (HO He MCKIIFOYEHHMs) BIIMSHUS MATPHIBI SBISETCS IIPOCTOE
pasbasiienue skcTpakta B 2—4 pasa (dilute and shoot).

IlepcrieKTUBHBIM HamMpaBI€HUEM PA3BUTUS METOIOJIOTUH OIpe-
JeTICHHs MIKOTOKCHHOB B THINEBBIX MPOAYKTaX SBISETCS CO3JaHHUE
9KCIIPECCHBIX U MPOCTHIX B UCIIOIHEHUH METOAMK, HAIPHMeEp, C HUC-
TIOJTE30BaHAEM CEHCOPOB IIH TECT-MOJIOCOK.

OTaeNnbHO CTOMT OCTAaHOBHTHCS Ha IIOATOTOBKE OOpAasIoB K
aHaJIN3Y, YTO 0COOCHHO aKTyaJbHO JUIS TAKUX CIOKHBIX MPo0, Kak
MHIIEBBIE MPOAYKTHL. B OONBIIMHCTBE CiydaeB Uil SKCTPAKIMN
CTL ucronp3yoT CMECH alleTOHUTPHI — BOJA C COACPIKaHHEM Op-
ranmdeckoi ¢as3sl He MeHee 80%; I yBENIUUCHUS CEJICKTHBHOCTH
W YyBCTBUTEIIBHOCTH OIPENENCHUS] — JKHIKOCTh-KHUAKOCTHYIO H
TBeprodasnyro skcrpakimio (Ha MAK, UMIPHHTHPOBAHHEIX COp-
OeHTax). IIpuMeHeHHEe BOCOKOUYBCTBUTEIBHOIO U CEJIEKTUBHOIO
MC/MC netekTHpOBaHHs MO3BOJAET UCKIIOUUTH JAOMOIHUTEIbHbIC
9Tamnbl MPOOOMIOATOTOBKH, a CIEAOBATENbHO, U YMEHBIINTH MTOTEPH
aHAINTA W YIPOCTUTH aHaIH3. B HacTosmiee Bpemst OoibIas 4acTh
BOXX-MC/MC meTomuk ompeseneHus MHPOKOTO CIIEKTpa MUKO-
TOKCHHOB Oasupyercst Ha mnpobomoaroroBke MerogoM QuUEChERS
(Quick, Easy, Cheap, Effective, Rugged and Safe — Boictpsrit, [Ipo-
croit, Jlemésnpiit, DbdexruBubiit, Tounsnii 1 HagexHplit), KOTOpbIi
OBLI HICXOHO pa3paboTaH, AT ONPEETEeHHs OCTaTOYHBIX KOIMIECTB
nectunuaos [40] 1 B HacTosIIee BpeMs IIMPOKO MPUMEHSETCS Kak
METOJI 3KCTPAKIUH HIXPOKOIO CIEKTPa MUKOTOKCHHOB [41].

Review article

groups, the fluorescence emission spectrum shifts to the yellow
region, its intensity increases by two orders of magnitude. High-
performance TLC (HPTLC) and high-performance liquid chroma-
tography (HPLC) allowed overcoming insufficient sensitivity and
selectivity of TLC . However, TLC can be used as a simple and
reliable method of screening and semiquantitative determination
of STC.

HPLC is a method of choice for the detection of mycotoxins
in foodstuff. The variety of stationary phases, eluents and detec-
tion methods, as well as the possibility of gradient elution, makes
HPLC method applicable for the determination of different ana-
lytes in complex matrices. Photometric detection at 325 nm (one
of the maxima of the absorption spectrum of the STC in the UV
region) under normal-phase (NP) and reversed-phase (RP) HPLC
conditions, makes possible selective STC determination. Limit of
quantification approaches one recommended by EFSA for surveil-
lance (1.5 pg/kg). The development of mass spectrometric methods
of detection caused the appearance of an abundance of HPLC-MS/
MS (HPLC with tandem mass spectrometric detection) techniques
for the simultaneous detection of dozens of mycotoxins with high
sensitivity and selectivity. Utilization of chromatographic columns
filled with ~2 pum particle size sorbents (Ultra HPLC (UHPLC)) can
significantly increase the efficiency of chromatographic separation;
reduce the analysis time and the volumes of used solvents [35].

However, there is uncertainty in the interpretation of the HPLC-
MS data associated with the influence of the sample matrix, which
can lead to a signal suppression or enhancement effect (SSEE) [23,
36]. SSEE mechanisms and possible ways of its compensation are
described in details in [37, 38]. Separation of the analyte on im-
munoaffinity columns (IAK) before HPLC-MS allows to escape
SSEE [18, 19], but it makes a simultaneous determination of sev-
eral mycotoxins impossible. Another approach to take matrix ef-
fect into account is the use of “pure” matrix for matrix-assisted
calibration [20, 22, 26]. It helps to optimize the detection of toxins
in samples with similar matrices, for example, while grain contami-
nation monitoring, etc., but greatly complicates the analysis of a
variety of products. Another way to take into account the influence
of the matrix is the use of internal standards, primarily C13-labeled
mycotoxins [39]. The high cost of isotope-labeled standards greatly
raises the cost of analysis.

Currently, the most popular way to reduce (but not eliminate)
the effect of the matrix is a simple dilution of the extract in 2-4 times
(dilute and shoot approach).

A promising trend in the methodology of mycotoxins determi-
nation in foodstuffs is creation and utilization of rapid and easy-to-
implement techniques, for example, sensors or test strips.

Sample preparation is a cornerstone of foodstuff analysis. In
most cases, acetonitrile-water mixtures are used to extract STC from
the matrix. Further separation from co-extracted matrix components
is carried out by liquid-liquid or solid-phase extraction (using IAK,
imprinted sorbents). Application of sensitive and selective MS/MS
detection makes it possible to avoid additional stages of sample prep-
aration, and hence to reduce losses of the analyte and simplify the
analysis. At present, most of HPLC-MS/MS methods of mycotoxins
determination are based on QUEChERS (Quick, Easy, Cheap, Effec-
tive, Rugged and Safe) technique [40], which was initially developed
for the determination of residual amounts of pesticides [41].

STC occurrence

STC in food grain and feed: STC was first detected in one of 29
samples of self-heated grain in 1972 [42]. However, real occurrence
data accumulation started in the 1990s [43]. The reason is that until
then analytical techniques couldn’t provide a real picture of contami-
nation level due to low method sensitivity (~ 20 pg/kg) [44]. Table
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O63opHasi cTaTbst

Tabnuuma 2 Table 2
Yacrora o0HapyKeHUsI 1 YPOBHH 3arpsi3HeHUsI 3epHa STC contamination in grain of different origin
CTEPUIrMATOMUCTHHOM B Pa3JIMYHBbIX PErHOHAX MUpa
Harvesty . Content, | Refe-
Product | Country Incidence
Ton Yacrora Coneprkanue, ear neg/kg rences
Iponykr | Crpana 5 y Ccpuika
ypoxad| OOHApYyKCHHA MKT/KT Grain  Latvia 2006  13,7% <0,7 1083 [45]
3epHO JlarBust 2006  13,7% (u3 95 npo6) < 0,7 mo 83  [45] (of 95 samples)
2007 35% (13 120 ipo6) < 1 10 47 2007 35% (of 120) <147
Tmennna Espona 2014 5% (u3 221 mpo6er)  0,5-1,5 [25] Wheat  Europe 2014 5% (of 221) 0,5-1,5 [25]
Hopserust 2011 7% (u3 28 npo6) ~1 [21] Norway 2011 7% (of 28) ~1 [21]
Poccus 2016 5% (u3 60 npo6) 4-5 [46] Russian 2016 5% (of 60) 4-5 [46]
. Federation
Kurait 2004  98% cpenHee 69 [47]
Kuraii 2017  53% (u3 32 ipo6)  cpennee 0,07 [48] China 2004 98% mean 69 [47]
Poxs  Espoma 2014 6% (u3 35 mpob) 051,55  [25] China 2017 53% (of 32) mean 0,07  [48]
Sumens  Espoma 2014 2% (u3 59 1pob) 05-1,5  [25] Rye Europe 2014 6% (of 35) 05-15  [25]
Tlarsms 2006 2% (3 10 1po6) 0,5-25 Barley  Europe 2014 2% (of 59) 0,5-1,5 [25]
2007 44% (u3 25 mpob) 25200 Latvia 2006 2% (of 10) 0,5-25
Hopserns 2011 15% (i3 20 1ipoG) <12 [49] 2007 44% (of25) 25-200
Osec  Espoma 2014  22% (u3 51 mpo6) 0,5-5 [25] Norway 2011 15% (of 20) <12 49
Hopeerust 2011 57% (u3 28 mpo6)  cpenw. 2,1 [21] Oat Europe 2014 22% (of 51) 0,5-5 (25]
makc. 20,1 Norway 2011 57% (of 28) mean 2,1 [21]
Poccus 2016 1 mpoba u3 5 120 [46] max 20,1
Crensta Espona 2014 wlo 125] FRugsmrtl_ 2016 1 sample of 5 120 [46]
(HOHGa) ederation
Kykypysa Espona 2014 6% (u3 33 mpob) 0,5-1,5 [25] Spelt Europe 2014 nd. [25]
Kuraii 2011 89% cpemmee 32 [47] Maize Europe 2014 6% (of 33) 0,5-1,5 [25]
Snomns 2010/15 14% (w3 246 po6) cpenmee 1,2 [50] China 2011 89% mean 32 [47]
maxc 6,4 Japan 2010/15  14% (of 246) mean 1,2 [50]
IOkmas 2015 w/o (42 npoGer) - [51] max 6,4
Adpuxa South 2015 n.d. (of 42) - [51]
Puc Espoma 2014  96% (i3 28 11poG) 0,5-5 [25] Africa
Wramms 2014/15 ciper 100 % 03-159  [52] Rice  Europe 2014 96% (of 28) 055 [25]
(49 11pob) Ttaly 2014/15  paddy 100 % 03-159  [52]
kopuus. 100 % 0,1-1,1 (49 samples)
(24 mpo6sI) brown 100 % 0,1-1,1
nponapes. 86% <0,05-1,1 (of 24)
(22 mpo6s1) parboiled 86% <0,05-1,1
Germrit 76% <0,05-1,0 (0f22)
(37 npobd) white 76% (of 37) < 0,05-1,0
Kurait 2014 72% cpennee 14 [47] China 2014 2% mean 14 [47]
Copro Kopest 2016 10% (u3 20 m1po6) 0,1-1,0 [53] Sorghum Korea 2016 10% (of 20) 0,1-1,0 [53]
Tynuc 2013 33% (u3 60 mpob6) cpennee 20,5 [54] Tunis 2013 33% (of 60) mean 20,5  [54]
Adpuxa 2012-14 16% 2,5-57 [55] Africa 2012-14  16% (of 1533) 2,5-57 [55]
(13 1533 mpob) Maxkc. 1189 max 1189
PacnpocTpanéHHocTb 2 provides summarized information on STC occurrence in grains.

CTL] 6 npooosonvcmeennom u kopmogom 3epue. OJHO U3 1ep-
BbIX ynomuHauuii 06 oonapysxeaun CTL] B 3epHe otHOCHTCS K 1972
TOIy: TOKCHH ObUT OOHApYKEH B OMHOM M3 29 00pa3noB 3epHa, MO~
BEPIIIErocs CaMOCOTPEBAHHIO B PE3yiIbTaTe HApYIICHUS YCIOBHH
xpaHeHus [42]. Cucremaruyeckue JaHHbIE O 3arpsA3HEHHOCTU Hada-
1 nosBIAThCA ¢ 1990-x ronos [43], Tak Kak UCClIeOBaHUS 3arps3-
HEHHOCTH 3epHa M pasnuyHbIx npoaykroB mutanus CTLI, mpose-
JIEHHBIE C UCTIOIb30BAHMEM KIIACCHYECKUX AHAIUTUUECKHX METO/IOB
(Hampumep, ToHKOCHOHHOM Xpomarorpadpus (TCX)), He oTpaxaroT
peanbHyl0 KapTHHY YPOBHEH KOHTaMHHAIIMH BCIICCTBHE HU3KOIl
qyBCTBHTEIIBHOCTH MeTOAUK (mopsaxa 20 Mkr/kr) [44]. O600men-
HBIE CBEJICHHS TIPECTaBICHbI B Ta0M. 2.

B crpanax ¢ ymMepeHHbIM KIMMaroM, Ha CeBepe, CeBepo-3amaje,
CEBEPO-BOCTOKE M Ha CpeziHel TeppuTopuu EBporsl 3arps3HeHue 3ep-
HOBBIX TpuOaMu pona Aspergillus TpONCXOANT, TIIABHEIM 00pa3oM, B
MOCIIeyOOPOYHBIHA MEPHOA, Ha dTAIe XpaHEeHHs, IPUIEM, 110 TaHHBIM
EFSA, game Bcero u Ha 6onee Beicokux ypoBHsx CTL] BeisBIsm B
puce U OBce, pexke — B IILIEHUIIE, KyKypy3e, suMmeHe, pamce [1]. B Ku-
Tae BHICOKHE YPOBHU KOHTaMHUHAIIMU XapaKTEPHBI TAKXKE JUIS pHCa.

Aspergillus fungi invade grain harvested in temperate countries (in
the North, North-west, North-east and the middle of Europe) mainly
in the postharvest period and during the storage. According to EFSA
preferable substrates are rice and oat; wheat, maize, barley, and rape
are less contaminated [1]. High contamination levels of STC are typi-
cal for rice in China also.

Our study of food grain harvested in the Russian Federation in
2013-2016 reviled STC in 4% of samples in the range of 0,5 - 150,0
ng/kg (Table 3).

High incidence of contamination was noted for wheat: 5% of 173
samples were contaminated at the level from 0,5 to 6,0 pg/kg. The
highest STC levels were found in oat and barley samples: 120 and
150 pg/kg respectively.

Feed grain is usually more contaminated than one intended for
human consumption. Monitoring of feed grain harvested in the south
of the Russian Federation in 2004-2014 indicated STC in 6-60%
samples, depending on kind of grain and crop year. The heaviest STC
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Tabunuma 3

3arpsasuennocts CTL npoaoBo/ibCTBEHHOI0 3epHA Ypo:KaeB
2013-2016 rr. u nueBbIX NPOAYKTOB B Poccuiickoii @enepanun
(codcTBeHHbIE IaHHbIE)

Review article

Table 3

STC contamination in food grain of 2013-2016 years harvests
and food products in Russian Federation (our data)

Content in contaminated

- ConeprkaHue B KOHTAMUHHUPO- Product Incid samples, pg/kg
acrora 6 / roduc ncidence -
Hpoxykr oBHapyseHust BaHHH"( Tpobax, T‘KF Kr concentration| | fian
IMAIasoH | CpeHee | MequaHa range
O00611eHHbIE Integrated data:
TTaHHBIC: o
All grain kinds 4% (of 282 samples) 0,5-150,0 24,5 25
Bce Buabl 3epHa 4% (u3 282 mpo6) 0,5-150,0 24,5 2,5 Grai duct 8% (of 67 08—70 40 50
3epHONpOAyKThl 8% (U3 67 mpo6)  0,8-7,0 4,0 5,0 e procucts b (of 67) R ’ ’
. Wheat:
ITmenwnna:
3epHO 5% (13 173 mpo6)  0,5-6,0 2,6 1,0 Grain 5% (of 173) 05-60 26 10
MyKa 14% (3 28 mpo6)  2,0-7,0 5,0 5,0 Flour, flakes 14% (of 28) 2,0-7,0 50 5,0
otpy0wu, Kpyma H/0 (4 1poOBI) <04 - - Bran, grits n.d.* (4 samples) <04 - -
Slumensb: Barley:
3epHO 6% (u3 33 mpo6) 0,8, 150 75 5 Grain 6% (of 33 samples)  0,8; 150 75 5
oTpybm, Kpyma 1/0 (2 ipoGer) <04 - - Bran, grits n.d. (2 samples) <04
Kykypy3a: Maize:
3CpHO 1/o (3811po6) <04 Grain n.d. (38 samples) <04
89 12 po6 0,8 0,8 0,8
AOTRA 70 (113 12 pod) ’ ’ ’ Cornflakes lof 12 0,8
Osgec:
Oat:
3epHO 8% (12 mpob) 120 120 120
1 0,
MyKa, XJIOIbSI H/0 (2 IpoOBI) <0,4 - - Grain 8% (of 12) 120 120120
Posb: Flour, flakes n.d. (2 samples) <04 - -
3epHO H/0 (26 Ipo0) <04 - - Rye:
MyKa, OTpyOH u/0 (7 po6) <0,4 - - Grain n.d. (26 samples) <0,4 - -
IMponyxTs Flour, bran n.d. (7 samples) <04
nepepaGorku: Other grain products:
XJICOLBI H/0 (9 pob) <04 - - .
Crisp bread n.d. (9 samples) <04 -
TIPOIYKTHI H/0 (5 mpo0d) <0,4 - -
JIETCKOTO [IUTAHMUS Baby foods n.d. (5§ samples) <04 -

IIpumeuanue. 3nech u B Tabmn. 4: H/0 —He oOHapyxkeH (< 10 merona).

B nammx uccnenoBanusx CTL[ B mpoioBONBCTBEHHOM 3epHE
ypokaeB 2013-2016 r. 6611 0OHapy)eH B 4% cityyaeB B Anana3oHe
sarpsisHeHns oT 0,5 no 150,0 Mkr/kr (tabm. 3). Yamie TOKCHH BBI-
SIBISIM B 3€pHE MIIeHUNs Ha ypoBHe oT 0,5 1o 6 Mkr/kr. Cremyer
OTMETHTb, 4TO camble Bricokre ypoBHH CTL] Opumm B pobax oBca n
stamerst — 120 1 150 MKI/KT COOTBETCTBEHHO.

BricoknM copiep)kaHneM MHUKOTOKCHHOB OTJIHYAeTCsi QypakHOe
3epHO. VccnenoBanue KOHTaMMHAIMK (ypa)xHOTO 3epHa fora Poc-
cun ypoxaes 2004-2014 r. moxazano nanmaue CTL] B 6-60 % mpo6
B 3aBHCHUMOCTH OT BHja 3epHA W roaa. [Iukm xonramunanuu CTL]
ormeueHsl B 2004 1. st kykypy3sl (40% 1po6 ¢ copeprxannem CTL]
Boime 100 mxr/ kr) u B 2007 . st stumenst (20,7% mpo6 ¢ conmepxa-
auem CTII Boimie 100 mMkr/kr). KoauuecTBo mpo6 MIEHUIIbI, COAEp-
wamux 0omnee 100 mxr/kr CTLL, e npessiano 12,5% npoo 3a Bech
Mepruoa MOHUTOpHUHTA [56].

B 2015 r B kopMoBBIX 6000BBIX TpaBax (812 mpo0) 3arpsa3HEH-
HocTb CTII cocraBisana ot 32 1o 92%, ypoBeHb 3arpsa3HeHUs — OT
6 no 1320 mkr/kr [57]. B 29 u3 34 00pa3ioB ceHa U3 XO35UCTB
eBporeiickoil yacti Poccun Obu1 obnapyxken CTLl B xonuuecTse
ot 7 1o 790 mxr/kr [58], B ceHaxe U cHIOCe — BO BCEX IpoOaHa-
TU3UPOBaHHBIX Mpobax B kommyecTBe oT 20 1o 1000 mkr/kr [59].
Io manHBIM HCCIEIOBAHUS 3aTPSI3HEHHOCTH KOPMOB, IPOBEAEHHOTO
I'HY CK3HMBU, CTL] 6611 oOHapykeH B OOoybIIMHCTBE U3 866
U3YYEHHBIX P00, YacTO B KOJINYECTBAX, npeBbimaomux 100 MKr/kr
xopma [60]. CxoznHble pe3ysbTaThl IOJYUYEHBI A1 TPaB B APreHTH-
He [61]: anamu3 106 npo6 Tpassl B 2011 1. mokaszan Hammuue CTL]
B 90% mpo0, cpeanee coxepkaHue — 4 MKI/KI, MaKCUMalbHOE —
733 mxkr/kr, a B 2014 r. 3arps3HéHHBEIME oka3zamuck 60% mpo6
(13 69), cpeHU YPOBEHB COCTABUII TIOPSIIKA 7 MKI/KT, MAKCUMAJTb-
HbII — 147 MKI/KT.

Note. Here and in table 4: n.d.- not detectable (below LOD).

contamination was reviled for maize harvested in 2004 (40% of sam-
ples contained over 100 pg/kg STC) and for barley in 2007 (20,7%
of samples contained over 100 pg/kg STC). Meanwhile, amount of
wheat samples with STC concentration over 100 pg/kg of STC didn’t
exceed 12,5% [56].

812 samples of different grass feed were tested for mycotoxins
in 2015, and STC was detected in 32-92% in the range from 6 to
1320 pg/kg [57]. Hey analysis reviled contamination of 29 of 34
samples from the European part of the Russian Federation at the level
from 7 to 790 pg/kg [58], all haylage and silage samples contained
STC from 20 to 1000 pg/kg [59]. The majority of 866 feed samples
studied by the North Caucasus Zonal Scientific Research Veterinary
Institute contained over 100 pg/kg STC [60]. Similar results were
obtained in Argentina [61]: 90% of 106 samples of the 2011 year
harvest grasses were contaminated (mean STC level - 4 ng/kg, maxi-
mum — 733 pg/kg), in 2014 contamination level decreased: 60% of
69 samples (mean level ~7 pg/kg, maximum — 147 pg/kg).

STC in food: Occurrence of STC in foodstuffs is summarized
in Table 4, the most contaminated are species, coffee, whole grain
bread, and herbs. Nuts are seldom contaminated by STC.

Our survey revealed STC in 8% of 67 of grain-based products
in the range from 0,8 to 7,0 pg/kg (Table 3). Contamination is
more common for wheat-based products: so 16% of 25 samples
contained STC at the level from 4 to 7 pg/kg. Also, 1 of 12 stud-
ied cornflakes samples was contaminated with STC at the level of
0.8 png/kg.
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Tabnumna 4
Yacrtora o0HapyKeHUsI M YPOBHM 3arpsi3HeHusi numeBbIx npoaykToB CTL B pa3inyHbIX peruoHax mupa
IIponykr Crpana Ton ypoxas ‘ Yacrora 0OHApYKEHHS ‘ Cozeprxanue, MKI/KT ‘ Ccbuika
TIponykTsl mepepaboTku 3epHa EBporma 2014 10% (u3 713 npo0) 0,5-1,5 [24]
Poccust 2016 10% (u3 31 pob) 2-7 [46]
IMpomykTsl HepepaboTKH Kurait 2017 kpekep 59%, cpenn. 0,79 [48]
TIICHUIIBI Oenbrit x1e6 21%, cpenn. 0,12
LebHO3epH. X51eb 16% cpenn. 0,12
(Bcero mpo0 146)
Xned (1eabHO3epHOBOM) JlarBust 2012 17% (13 29 npo0) 2-7 [62]
CoeBast MyKa Snonus 2010-2015 14% (u3 126 npo0) cpean. 0,63 [50]
Mmakc. 1,1
CaroBblif Kpaxma Hogas I'Bunes 2002-2003 #/0 (51 npoba) [63]
Koge OUIUITIHHBI 2014 29% (42 npob) 1o 194 [64]
Apaxuc Eruner 2008 15% (20 mpo0) 12,2-16,8 [65]
Kurait 2014 H/0 (28 1pob) H/0O [25]
DyHIyK Typrus 2014 H/0 (36 1pob) [25]
ITuso JlarBust 2008 8% (13 26 npo0d) 4-7,8 MKr/n [66]
EBporma H/0 (53 poObI) [25]
Kuraii 2016 H/0 (101 npoba) [67]
Colp Hupnepnanst 1980 23 % (u3 39 npob) 5-600* [68]
YexocmoBakus 1982 4 % (u3 66 mpo0d) 7,5-17,5 [69]
Eruner (crip Pac) 1996 35% (u3 100 mpo0) 10-63 [70]
JlarBus, benbrust 2008 38% (u3 21 mpoOb1) 0,04-1,23 [71]
Mornoko Ucnanus 2016 #/0 (10 mpob) - [72]
Yepnslii nepert Ipu-Jlanka 2013 50% (u3 10 npod) <8 [22]
Bensrit nepen 80% (u3 10 npob) <16—-~24
Uunn 40% (13 10 1po0) <11
Kpacusiit neperr CaynoBckast ApaBust 2007 - 11-25 [73]
Kymun 15-20
JlekapcTBEHHBIE TPABBI Kurait 2014 15% (u3 244 11pob) 0,1-28,4 [74]

I[IpumedaHue. ¥ — coaepKaHue B MOBEPXHOCTHOM CIIOE ChIPa.

CTI ¢ nuwesvix npodykmax. CTL] O BBIBICH B IPOIYKTaX Te-
pepaboTKH 3epHa, ChIpe, IHBE, Ko(e, IEKapCTBEHHBIX TPABAX U CHELUIX
(tabmn. 4). CommacHO NpEACTABICHHBIM JaHHBIM, HanOOJIee KOHTaMU-
HHUPOBAHHBIMH TPOJTYKTaMH SIBJSUIHCH CIIEIUH, Ko(e, JTeKapCTBEHHEIE
TpaBbl U [ETbHO3epHOBOI X11e0. B opexax CTL] oOHapyKHUBaIH PEIKO.

CornacHo pe3ynbTraTaM HallUX HccienoBaHuil, B 8% u3 67 us-
Y4eHHBIX 00pa3loB MpoayKToB mepepadoTku 3epHa CTL{ ObuT BBI-
siBIIeH B Konmu4aecTBax oT 0,8 mo 7,0 mkr/kr (cm. tadm. 3). [Ipu stom
nan6onee vacto CTL] Obum 3arpsi3HEHBI MPOIYKTHI NepepabOTKH
MIIeHNNB: 4 U3 25 npob MIIeHWYHON MYKH COJepKajld TOKCHH B
nuanaszone ot 2 1o 7 Mxr/kr. Hapsiny ¢ atum CTL] 6bu1 oOHapyxeH
B OIHOM M3 12 mcciaenoBaHHBIX 00pa3lioB KyKypy3HBIX XJIONIBEB Ha
ypoae 0,8 MKI/KT.

OTIETBHO CTOMT OCTAHOBHUTHCSA Ha MpoOIeMe KOHTAMHHAIUK
CTL coipoB. Hakoruenne B Hux CTL[ MoxkeT npoucxoauTs 3a cuér
MIPOAYIMPOBAHNS TOKCHHA TPHOAMH CTapTOBOI KyNBTYphl WIH B
pe3yJbTaTe IUISCHEBEHHs BO BPEMs CO3PEBAHUSI /WM XPaHCHUS.
Cpenn MHUKPOMHIIETOB, OOBIYHO HACENAIOMIUX CHIPBI, OCHOBHBIMU
MIPOAYLEHTaMH MHKOTOKCHHOB SBISIIOTCA Penicillium commune,
P. verrucosum, P. crustosum n Aspergillus versicolor (mpomyueHT
CTL) [75]. B EBpomne nepBoie nanubie o BoisiBneHnu CTL] B cbipe
6buTH orydens! Bo @panin B 1979 roxy. TokcuH ObuT 00HApYKEH
B HapY)KHOM 2-CaHTHMETPOBOM cjioe B TpEX u3 235 npob TBepmoro
ceipa B Konudectse 45, 125 u 330 Mkr/kr, pu 9ToM B Gosiee riy0o-
KHX CIIOSIX ChIpa TOKCHH BBIsBIIEH He Obu1 [76]. [lokazaHo, 4To mpu
XpaHEHUH CBHIPOB B MOPO3HIBHEIX (-18°C), xonoamnbHbIxX (+4°C) Ka-
Mepax u Ha cknazne (+16°C) comepxanne CTL He ymMeHBIIAIOCh B
TEUEHUE TPEeX—IIECTH MECSIEB IPH Pa3IMYHBIX TeMieparypax [9].
B nacrosiiee Bpemst CTL taroke 00HapYKUBAIOT B ChIpax, HO 3HAYH-
TEJIbHO PEXe U B MEHBIIINX KOINYECTBAX.
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STC contamination of cheese is noteworthy. Toxin accumulation
can occur owing to fungi of starting culture or as a result of molding
during the ripening and/or the storage. Main mycotoxin producers
usually inhabiting cheeses are Penicillium commune, P. verrucosum,
P. crustosum and Aspergillus versicolor [75]. STC was detected in
cheese for the first time in France in 1979. It was found in 2 cm
outer layer in 3 of 235 solid cheese samples; its content was 45, 125
and 330 pg/kg, deeper layers were not contaminated [76]. Storage of
cheese in a freezer (-18 °C) or refrigerator (+ 4 °C) or in a storage
room (+ 16 °C) doesn’t affect STC content for at least three months
[9]. At present, STC is discovered in cheeses also, though not as often
and in smaller quantities.

One report is devoted to the study of mycotoxins in dietary sup-
plements [77]. According to the data presented, none of 62 samples
containing poppy (Lepidium meyenii), soy isoflavones (Glycine
max), St. John’s wort (Hypericum perforatum), garlic (Allium sa-
tivum), ginkgo biloba (Ginkgo biloba) and black radish (Raphanus
niger) was found positive for STC.

Product processing (grinding, baking, roasting, fermentation,
etc.) decreases STC contamination [4]. Nevertheless, whole-grain
bread still contains high toxin concentration [62].

Toxicological and hygienic characteristics of STC

STC biotransformation takes places in liver and lung by phases
I and II xenobiotic’s metabolism enzymes. Phase I enzymes trans-
form STC into epoxide (exo-STC-1,2-oxid) that forms DNA adduct
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Table 4
Yacrora o0HapY:KeHHsI M YPOBHM 3arpsi3HeHusi nuieBbIX NpoaykToB CTL B pa3imyHbIX pernoHax Mupa
Product Country Year ‘ Incidence ‘ Content, pg/kg ‘ References
Grain products Europe 2014 10% (u3 713 npoO) 0,5-1,5 [24]
Russian Federation 2016 10% (u3 31 pob) 2-7 [46]
Wheat products China 2017 cracker 59%, mean 0,79 [48]
white bread 21%, mean 0,12
whole grain bread 16% mean 0,12
(all samples - 146)
Bread (whole grain) Latvia 2012 17% (u3 29 samples) 2-7 [62]
Soybean meal Japan 2010-2015 14% (of 126) mean 0,63 [50]
max. 1,1
Sago starch Papua New Guinea 2002-2003 n.d. (of 51) [63]
Coffee Phillippines 2014 29% (of 42) 1o 194 [64]
Peanut Egypt 2008 15% (of 20) 12,2-16,8 [65]
China 2014 n.d. (of 28) H/0 [25]
Hazelnut Turkey 2014 n.d. (of 36) [25]
Beer Latvia 2008 8% (of 26) 4-7.8 MKr/n [66]
Europe n.d. (of 53) [25]
China 2016 n.d. (of 101) [67]
Cheese The Netherlands 1980 23 % (of 39) 5-600%* [68]
Czech Republic and Slovakia 1982 4 % (of 66) 7,5-17,5 [69]
Egipt (Ras Cheese) 1996 35% (of 100) 10-63 [70]
Latvia, Belgium 2008 38% (of 21) 0,04-1,23 [71]
Milk Spain 2016 n.d. (of 10) - [72]
Black pepper Sri-Lanka 2013 50% (of 10) <8 [22]
White pepper Sri-Lanka 80% (of 10) <16—~24
Chili Sri-Lanka 40% (of 10) <11
Red pepper Saudi Arabia 2007 - 11-25 [73]
Cumin Saudi Arabia 15-20
Medicinal plants China 2014 15% (of 244) 0,1-28,4 [74]

IIpumeuanue. ¥ —content in the outer layer of cheese.

Tonbpko B OJHOM COOOIIECHHH OBLIO MCCIENOBAHO 3arpsi3HEHHE
MHKOTOKcHHamH, B ToM uucie CTL], 6rmonornuecku-akTHBHBIX T0-
6aBok k mme [77]. CormtacHO MpeCTaBICHHBIM JTaHHBIM, HU B O1I-
HOM 13 62 00pa31oB Ha 0CHOBe Maka (Lepidium meyenii), nzohnaso-
HOB cou (Glycine max), 38epobos (Hypericum perforatum), 4ecHOKa
(Allium sativum), Tunkro 6unoba (Ginkgo biloba) n 4epHOI peabKH
(Raphanus niger) CTL He ObLT OOHAPYKEH.

O0paboTka IpoayKTa (IIOMOJ, BBITIEUKa, 00KapKa, (pepMEHTALUS
W Jp.) IpuBOIMIa K yMeHbIeHuto coxepxxannst CTL] [4], onnako B
LIeJTBHO3EPHOBOM XJIeOe TOKCHH BCE PaBHO OOHApYKUBAJIM Ha JOCTa-
TOYHO BBICOKHX YPOBHSX [62].

Tokcukosioro-rurneHnyeckasi xapakrepucruxa CTILI

Brorpancdopmanys TOKCHHA OCYIIECTBISIETCS B IEYSHHU U JIET-
kux mpu ydactuu dpepmentos I u I pa3 merabonmn3ma KCeHOOHOTH-
xoB. Tak, B xozxe I ¢a3sr merabomusma CTL] ¢ yuacTuem nutoxpoma
P450 mpespamaerca B amokcup (9k30-CTLI-1,2-0kcu), KOTOpBIH
obpasyer amnykt (1,2-guruapo-2-(N'-ryanmn)-1-ruapokcu-CTL) ¢
mosekystoit JIHK, o0ycnoBnuBas KaHIEpOreHHbIC CBOWCTBA TOKCHHA.
C momorisio pepmenToB Il haszpr MmeTabomusma kceHoorotnkoB CTL]
KOHBIOTHPYET ¢ IIIOKYPOHOBOH (¢ 00pazoBanueM ritoKypoHuI-CTL]
u mmokyponua MoHomeTokcu-CTL[) m cepHoit (¢ oOpa3oBaHHEM
cynbdarHoro konbtorara MoHoruapokcu-CTLl) kucnoramu. I[Ipn nn-
ky6anun CTL] ¢ KyIbTypaabHBIMH KI€TKaMH SIHUTEIHS TPaxe! CBHU-
Heit ooHapyxuBanu CTL-8-O-rrokypoHu/.

B OKCIIEPUMEHTAX Ha )XUBOTHBIX YCTAHOBJICHO, YTO 6I/IOJIOCTy1'l-
Hocth CTI] mpu mepopanbHOM BBeleHUH cocTaBiseT a0 100% y
Kkpeic 1 85% y 00e3bstH. Y KpbIC HamOoJee BBICOKOE COAEpKaHHUE
CTL] obnapy>xuBanu gepe3 3—12 4acoB 1mocie mepopaabHOTO BBE/e-
Hust. [Ipn 9TOM mepros MoTyBEIBEACHNS U3 IUIA3Mbl KPOBH COCTaB-

(1,2-dihydro-2-(N7-guanyl)-1-hydroxy-STC) responsible for geno-
toxic properties of the toxin. Il phase enzymes conjugate STC with
glucuronic and sulfuric acids yielding glucuronide-STC, glucuronide
monomethoxy-STC and a sulfuric conjugate of monomethoxy-STC.
STC-8-O-glucuronide was the only conjugated metabolite detected
after STC incubation with cultured primary epithelial cells from the
trachea of pigs.

Animal studies showed, that STC bioavailability, when admin-
istered orally is up to 100% in rats and 85% in monkeys. In rats, the
highest STC content was detected 3 to 12 hours after oral administra-
tion, the half-life in blood plasma is 61-130 hours. About 10% of the
administered dose of STC is excreted with urine, 64-92% - with feces
[78, 1]. Concerning STC transfer into milk, it doesn’t exceed 0.4%
via 5-10 mg of toxin consumption at per day for two weeks [1]. There
is no data on STC or its metabolites transfer into animal tissues.

STC as a biogenic precursor of aflatoxin B, exhibits the same
toxicological properties, but its toxicity is ten times lower. The pri-
mary target organ for both mycotoxins is liver [1]. I[ARC classifies
STC as a possible human carcinogen (2B group) [79]. According to
the European Food Safety Authority (EFSA), the toxicity of STC
in oral administration is not very high: LD, for different animals
varies from 120 to 160 mg/kg body weight. Oral, intraperitoneal,
subcutaneous administration of STC results in hepatocellular carci-
noma, hemangiosarcoma in the liver and lung adenoma in mice, rats,
monkeys experiments. Dose-dependent induction of hepatic cancer
in rats’ male revealed BMD  equal 0.36 and BMDL - 0.16 mg/kg
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1511 61-130 gacos. Oxoso 10% BBenenHo# 10361 CTL] BRIACISAIOCH €
MouoH, 64-92% — ¢ pexammsamu [78, 1].

ITokazano, uto nepernoc CTI[ B Monoko cocraBisieT He Oojee
0,4% npu ero noctyruieHUH ot 5 10 10 Mr B CyTKU B TEUCHHUE ABYX
Henenb [1], ceenennit 06 odHapyxkennn CTL n/umu ero merabosu-
TOB B PYTUX MPOAYKTaX KUBOTHOTO MPOUCXOKICHHUS HET.

CTII xaxk OMOTEHHBI NpeaIIeCTBEHHUK adnartokcuHa B, xa-
paKTepHu3yeTcs CXO)KUM TOKCHIECKUM JIEHCTBHEM, HO IPH 3TOM €ro
BBIP2)KEHHOCTh KaKk MHHUMYM B 10 pa3 Hinke. OCHOBHBIM OpraHOM-
MHIICHBIO JUIsi 000MX TOKCHHOB siBjisieTcs medens [1]. MAUP ot-
Hocut CTLI x rpynmne 2B: coenuHenue, BO3MOKHO, KaHIIEPOT€HHOE
s yenoseka [79]. Ilo manabiM EBpomnelickoro areHTcTBa Mo 0€3-
omacHocTH npoxykroB mutanus (European Food Safety Authority,
EFSA), Tokcnunocts CTL] npu opabHOM ITOCTYIUICHUH HEBBICOKA!
LD50 JUTSL pa3IMYHBIX BHUJIOB JKUBOTHBIX cocrasisier ot 120 mo 166
MI/KT Macchl Tesa. B akcrepuMeHTax Ha MbIIIax, Kpbicax U 00e3bs-
Hax T0Ka3aHo, YTO MepopalbHOe, MOJKOKHOE, BHYTPUOPIOMINHHOE
Beegenne CTLl mpuBoanT K 00pa30BaHHMIO T'€MATONEILTIONAPHBIX
KapIIMHOM, TeMaHTMOCAPKOM II€UeHN M afeHOMEI JIETkuX. Ha ocHo-
BaHMH AKCIEPUMEHTAJBHBIX JIAHHBIX O T0303aBHCHUMOW WHJTYKIINH
paka TIeueHH y caMIoB Kpbic Obumn paccuntansl BMD  (benchmark
dose — cTanjapTHasl KOHILEHTPALKs, BBI3BIBAIOIIAST PUCK Pa3BUTHS
paka B 10% ciyyaes) u BMDL | (benchmark dose confidence limit —
95% noBepHTENBbHBIN MHTEpBaN MposBiIeHus naeiicteus BMD), co-
CTaBHBIIHE, COOTBETCTBEHHO, 0,36 1 0,16 MI/KT Macchl TeIa B CyTKH.
Cpasuenne BMD | CTIl u adnaroxcuna B, mokasaso, uto KaHIle-
porennsiii noreniuan CTL npumepHo Ha Tpu mopsiuka Huxe [1].
Tem He MeHee, KIMHUYECKUE HCClieoBanusl, poBeaéHuble B Kurae,
MOKa3alu Hajau4due Koppemsuuu Mexay noctymienueMm CTL n ua-
CTOTOH paka xenmynka u medeHu. CTL Obu1 BoLsIBIICH B KpoBH 4 U3 13
OobHBIX (B quana3oHe oT 65 1o 113 Mxr/kr) n'y 1 u3 14 3m0poBEIX
moneit (68 Mkr/kr), conepxanne CTL B Mode ObIIIO HIKE Tpeena
obnapyxenuss metona. JJHK-agnykrsr CTL Obutn oOHapyXeHBI B
50% oToOpaHHBIX TKaHeH omyxoneii [1, 4].

C yuérom koddouumenta 3zamaca skcnozunuu (margin of
exposure, MOE), paBroro 10 000 (HM3KH pUCK Ui 310POBbS Ha-
CeNIeHUSI I KAHIEPOTCHHBIX M TCHOTOKCHYHBIX COCAMHEHHH),
6e3omnacHast xonnenTpanust CTLL B 3epHE U 36pHONPOAYKTAX COCTa-
BWJIa OT 1,5 710 8 MKI/KT B 3aBUCHMOCTH OT BEJTMYHMHBI IOTPEOICHUSL.
Ha ocnoBanuu sroro EFSA pekoMeHa0Bano NpUMEHSTH i aHa-
mu3a CTLl B MUIIEBBIX MPOTYKTaX METOJBI, MO3BONSIONINE KOJTHYe-
ctBeHHo onpenenste CTL Ha ypoBHE MeHee 1,5 MKT/KTL.

Kax 6b110 1OKa3aHo BbIIIe, HanOosIee BEICOKUE YPOBHH 3arpsi3-
nenust CTL] xapakTepHBI a1 (ypaskHOTO 3€pHA W JIPYTHX BHUJIOB
KOPMOB. YIIOTpeOIeHHne TaKHX KOPMOB IPUBOJIHUT K )KUPOBOMY Iepe-
POKACHHIO MeYeHH, LUPppo3y U paky nedenu. B CLIA 6bur 3aperu-
CTPHPOBAH CITy4ail OTPABIEHUSI MOJIOYHOTO CKOTA KOPMOM, 3apaxeH-
HOM A. versicolor u A. candidus. Konuentpauus CTL] storo kopma
cocraBmiia 7,75 Mr/kr. Y >KUBOTHBIX HAOJIIOaIach KpOBaBasi Auapes,
IoTeps. MOJIOKa U, B psine ciydaes, cMepTh [80]. B cybmerampHbIx
KOHIIEHTPAIUSAX JTOT TOKCHH OKAa3bIBAaeT TEPAaTOTeHHOE JEHCTBHE,
nposiBisiioneecst B [eGopMaliiu KOHEUHOCTEH U 3aMeIICHHH pocTa
sMOpronoB ntun [81]. CormacHO TaHHBIM, Mody4eHHBIM B CeBe-
po-KaBka3ckoM 30HaIBHOM HayYHO-HCCIIEA0BATEILCKOM BETEpHU-
HapHoMm mHCcTUTyTe (THY CK3HUBMU), conepxanue CTLL B kopme
Ha ypoBHe 30 MKI/KT IPHBOANT K TSDKEIBIM MOPAXKEHUSIM IICUEHH,
COIPOBOXKIAIOMINUMCS  JIeTeHEePATHBHO-TUCTPOPHISCKUMH H3MEHe-
HUSIMH, U Pa3BUTHIO O0IIEi TOKCHUECKOH peakuuu y mopocst [60].

TaxuMm 06pa3oM, MOXKHO cuuTaTh JoKazaHHbIM Hamuuue y CTL]
reNaToKaHIIePOTeHHOTO, He()POTOKCHIHOTO, TEPATOTEHHOTO M MyTa-
TEHHOTO JeHCTBUSL.

Ouenka nocrymjienusi CTL ¢ numeii

B HUcnanun pacuérnoe nocrymienune CTL ¢ kode B cpeanem
coctaBmiao i B3pocibix 0,049 HI/Kr maccel Telna B CyTKH, a IS
noapocTikoB — 0,011 Hr/kr maccel Tena B cyTku [82], B Cupuiickoit
Apabckoii PecrryOnrke Harpy3ka TOKCHHOM C PalliOHOM Ha OCHOBE
IIIeHUIB! Bapbrposaiia ot 0,7 1o 10 Hr/kr Maccel Tena B cyTkH [83], B
[pu-Jlanke cazaHHOe ¢ moTpedneHueM crenuii nocrymienue CTL]
B cpenneM cocraisuio 0,04-0,15 Hr/kr Maccsl Tena B AeHb [84].

B 2017 romy Ha OCHOBaHMH COOpPAHHBIX JAaHHBIX MO PaCHpo-
crpanerHoctn CTL (6a3a mamabix GEMS/Food contaminants) u
nH(pOpPMAINK O CTPYKTYpe IUTAHUS HAcEIEHHs B PAa3HBIX CTpaHaX
(6a3a nanueix GEMS/Food cluster diets) O0beJUHEHHBIN KOMHTET

body weight per day. A comparison of BMDL  of STC and aflatoxin
B, showed the carcinogenic potency of STC is approximately three
orders of magnitude lower than that of aflatoxin B, [1]. Also, Chinese
clinical studies demonstrated a correlation between STC exposure
and cancer rates of stomach and liver. STC was detected in 4 (of 13
patients) blood samples in the range from 65 to 113 pg/kg and in 1 (of
14 healthy persons) blood sample at the level of 68 pg/kg, the STC
content in urine was below detection limit. STC adducts with DNA
were found in 50% of studied tumor tissues [1, 4].

Considering the margin of exposure (MOE) of 10000 or more
(as for genotoxic and carcinogenic substances is of low concern
for the public health), the STC concentration in grains and grain-
based products leading to an exposure of low health concern would
range from 1.5 to 8 pg/kg depending on the consumption level.
Thus EFSA recommends to apply for STC determination in food-
stuff analytical methods with the limit of quantification (LOQ) 1.5
pg/kg or less.

As stated above, feed grain and other kinds feed frequently
contain much STC. Consumption of such feed leads to fatty liver,
hepatic cirrhosis, and liver cancer. A case of dairy cattle poisoning
related to feed contamination by A. versicolor and A. candidus has
been reported in the USA. STC concentration in feed was 7.75 mg/
kg. Animals suffered bloody diarrhea, low milk production and death
in some cases [80]. In sublethal doses, STC shows teratogenic ef-
fects, such as limbs deformation and low growth rate of bird embryos
[81]. According to the data from North-Caucasian Zonal Scientific
Research Veterinary Institute, STC content at the level of 30 pg/kg
leads to serious injuries of the liver, accompanied by degenerative-
dystrophic changes and the development of a general toxic reaction
in piglets [60].

Dietary exposure

Only scant information on STC exposure assessment with re-
gard to different kinds of foodstuff in different countries is being
reported. For example, coffee associated dietary exposure was es-
timated in Spain: average STC intake for adults and adolescents
were 0,049 and 0,011 ng/kg body weight per day respectively [82];
wheat associated dietary exposure ranges between 0.7 and 10 ng/
kg body weight per day in the Syrian Arab Republic [83]; spices
contribute 0.04-0.15 ng/kg body weight per day STC for adults in
Sri Lanka [84].

In 2017, the Joint FAO/WHO Committee of Experts on Food
Additives (JECFA) conducted an exposure assessment of STC for
five regions of the world using available data on its occurrence
in food (from the GEMS/Food contaminants database) and infor-
mation on national dietary habits (from the GEMS/Food cluster
diets). Also, JECFA took into account a high degree of “not de-
tected” analytical results (about 78% for Africa and near 100%
for Europe and the Western Pacific). The LB-UB approach (low
boundary - upper boundary) was used by the Committee to calcu-
late estimates. LB-UB mean/high exposure estimates for adults
were: 16—-17/32-34 ng/kg-body weight per day for Africa due to
sorghum; 0.3-6.3/0.6—13 ng/kg-body weight per day for America
due to cereals, infant food, legumes, pulses, nuts, oilseeds and
starchy roots; 0.3-3.5/0.6-7 ng/kg-body weight per day for the
Eastern Mediterranean due to sorghum; 0-22/0-44 ng/kg-body
weight per day for Europe due to cereals, snacks and desserts;
0-0.5/0-1 ng/kg body weight per dayfor the Western Pacific due
to cereals, snacks and desserts [4].

STC regulation in food and feed

Customs Union Technical regulations (CUTR) Ne 029/2012
doesn’t allow STC in fungal origin enzyme preparations [85]. CUTR
draft “Feed and feed additives safety” proposes maximum levels of
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skcnieproB PAO/BO3 mo mumessiM nobaBkam (JECFA) mposen
OLICHKY IIOCTYIUICHHSI TOKCHHA ISl IISITH PETHMOHOB MHpa C yde-
TOM BBICOKOH J10JIM IIP0O, B KOTOPBIX TOKCHH He OBLI OOHapyKeH
(ot 78,5% nmast Abpuku 1o 100% mns Espornbi). B pacuérax ObL1
¢ ucnons3oBad noaxox LB-UB (low boundary — upper boundary,
HIDKHSS M BEPXHSA TPaHUIbl). I B3pOCIBIX CpeaHss/HanbombIas
Harpyska coctaBmia: it AQpuku (3a c4€T MOTPeOICHUS COpPro) —
16-17/32-34 Hr/kr macchl Tena B aeHb, st CeBepHoit u HOxHOI
AMmepukH (3a cuéT noTpedIeHns 3epHOBBIX, AETCKOTO MMUTAHUs, 00-
0OBBIX U 36pHOOOOOBBIX, OPEXOB M MACINYHBIX CEMSIH M KOpHEH —
MCTOYHHUKOB Kpaxmana) — 0,3—6,3/0,6—13 Hr/kr Macchl Tea B CyTKH,
st Boctounoro CpeanzeMHOMOPBs (32 CUET OTPEOICHUS COPro) —
0,3-3,5/0,6—7 Hr/kr Macchl Tena B CyTKH, Aius EBpomsl (3a cuér
moTpeOIIeHNs 3ePHOBBIX, 3aKyCOK U necepToB) — 0-22/0—44 Hr/kr
Macchl Tella B CYTKH, JUIS 3amagHoi yacth Tuxoro okeaHa (3a cuér
notpebienns 3epHoBbIx) — 0-0,5/0—1 Hr/kr Maccsl Tena B CyTKH [4].

PernnamentupoBannoe conep:xkanue CTL B numeBbIx
NMPOAYKTAX U KOpMax

TexunueckuM pertamenToM TamoxkeHHOTO coro3za 029/2012 e
nomyckaercst conepkanne CTL B pepMeHTHBIX mpemaparax rpuo-
Horo mpoucxoxaenus [85]. B mpoekre TP TC «O Ge3omacHocTn
KOPMOB U KOPMOBBIX JOOABOK» 3aJI0KEHBI HOPMATHBBI COAEPIKAHHS
CTI] B kopMOBEIX nobaBkax Ha ypoBHE 0,1 MI/KT 111 IPOXYKTHBHON
MITHIIBI, CBUHEH, KPYITHOTO pOraTtoro ckota, oBell u ko3; 0,05 Mr/kr
— JUTsl MOJIOIHSIKA, TOMHBIX KOPOB U Jjomaei; 0,05 mr/kr B conone,
JKOMe, Me3Te U IpyruX BUAaX KOPMOBOH NPOAYKILH MUBOBAPEHHOM,
caxapHOM, KpaxMaJoNaTOYHON MTPOMBIIIIEHHOCTH.

B Yemckoit pecrryonuke 1 CroBakuu ObLTH yCTaHOBICHBI HOP-
MartuBhel Ha cozepxkanne CTL] B puce, oBomax, kaproderne, Myke,
NITHIE, MACE U MOJIOKE Ha YPOBHE 5 MKI/KT, JUISl IPYTHX HMHIIEBBIX
npoayKkToB — Ha ypoBHe 20 MKI/Kr [25]. OmHAaKo NpH BCTYIUICHHN
B EBponeiickuii Coto3 3111 HOpMmaTuBbl Obutn oTMeHeHbl. B CIIIA
(mrrar Kanudopuus) ycranosinen yposenb CTLI, «He mpencrasis-
IOMUI 3HAYUTETBHOTO PHCKA» AT 3J0POBbsS UeIOBEKa — 8 MKI/KT
MacChl Tea B CyTKH JUIs B3pocisix [9]. B Kurae makcumansHO mo-
nyctuMblil yposeHb CTI[ B muineBbIX NMPOMYKTaX PacTUTEIBHOIO
MPOUCXOXKICHUS COCTABIsIeT 25 MKI/KT [23].

TakuM 06pa3zoM, MOXHO CZIeIaTh BBIBOJ O IOKa3aHHOM HAJIMYUH Y
CTL BBIpa’KeHHBIX TOKCHYECKUX CBOMCTB U BO3MOKHOTO KaHIIEPOTeH-
HOTO AeHicTBHS. B TO e BpeMst He0CTaTOYHOCTh HAKOTUICHHBIX JaH-
HBIX O YaCTOTE U YPOBHSIX 3arPA3HEHMSI 3THM MUKOTOKCUHOM THIIEBOH
MIPOIYKIMHN TpeOyeT pacIIMpeHns] NCCIEOBAaHNI 110 €ro pacipocTpa-
HEHHOCTH B IHILE M HA OCHOBAHHH IIOJTY4YCHHBIX (haKTOB pa3paboTKu
TUT'MEHNYECKUX PEINIAaMEHTOB B IIPUOPUTETHBIX BUAAX MTPOAYKIHH.
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Review article

STC to be set for feed additives for productive birds, pigs, cattle,
sheep and goats at the level of 0,1 mg/kg; for young animals, milking
cows and horses - 0,05 mg/kg; in malt, pulp, pulp and other types of
forage products of brewing, sugar, starch industry - 0,05 mg/kg.

The Czech Republic and Slovakia have set regulations on STC at
a level of 5 mg/kg for rice, vegetables, potatoes, flour, poultry, meat,
milk, and 20 mg/kg for other foods [25]. However, after they became
the member of the EU, this regulatory level was canceled. California
(the USA) set STC intake as ‘no significant risk’ for humans at the
level of 8 pg/kg of body weight per day for adults [9]. The regulatory
STC level in foodstuff below 25 pg/kg acts in China [23].

So, STC possesses evident toxic properties and is a possible
carcinogen to humans. On the other hand, available data on toxin’s
occurrence in food is insufficient. Expansion of research on the fre-
quency and contamination levels of STC in food is a basis for elabo-
ration of hygienic regulations on allowable mycotoxin’s concentra-
tion in priority products.
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