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BETEPUHAPHO-CAHUTAPHbIN KOHTPOJ1b MMKOTOKCWHOB B
KOPMAX

ABTOpr.' Cenbix EneHa CepreeBHa (Mockosckuii [ocy AapcTBeHHbIN YHnBepcuTeT Mniyesbix [1pon3BoacTs)
KecBaTtepa aninHa AnekcaHapoBHAa (MockoBckuii [0CY AapCTBEHHBIN YHUBEPCUTET [LLEeBbIX
Mpon3sBoacTa)

AHHOTauusa: Bo3pacTatolme TpeboBaHNS K Ka4eCTBY NPOAYKLUMN CEIbCKOro X03A/iCTBa
obycnasnvBaT He0bX0ANMMOCTb Pa3BUTUS U MPUMEHEHUS COBPEMEHHbIX METO0B
KOHTPOJ18 6€30rMacHOCTU NPOAYKLNMN Ce/IbCKOro X035WCTBa U KOpMoB. [ToaTomy
BbIsIBJIEHVE U aHa/In3 METOLOB U CPEACTB KOHTPOJ1s be3onacHoCT
Ce/IbCKOXO03AUCTBEHHOM MPOAYKLMN N KOPMOB B NpoLecce rnpon3BoacTBa,
rnepepaboTKu u XxpaHeHUs ABNAETCS aKkTyaslbHOV 3afayvyen. KtodyeBble C/10Ba

KntoyeBble  MUKOTOKCUHbI, UMMYHO(EPMEHTHbIV aHan3, BbICOKOI(GHEKTUBHAS XNAKOCTHas
CJI0Ba: XpomaTorpagus, TecT-Habop, KOHTPO/Ib

MWKOTOKCUHbI — 3TO BTOPUYHbIE METabONTbI MUKPOCKOMMYECKUNX
rpubos (nneceHen), obnanamowme TOKCUYHBIMU CBOMCTBAMN. B npupoae oHu
obecne4ymBaloT BbIXKNBAHNE U KOHKYPEHTOCNOCOOHOCTY NaecHeBbIX rpUbKoB B
Pa3INYHbIX IKONOrMYECKUX HULWaX. MMKOTOKCUHBLI 0bpa3yoTca 13
HebOoNbLIOro YNCa NPOCTbIX MeTaboINTOB pacTeHUN (aueTaT, MaJsioHaT,
MeBaJIoHaT U aMUHOKMUCOTbI) MYyTEM HECKOJIbKUX BUOOB XUMUYECKNX PeaKLIni
(KoHOeHcaunn, OKUCEeHNSA-BOCCTAHOBNEHNS, alIKUIMPOBAHNSA, 4TO
obecrneymBaeT Ux pa3HOOOpPasHYIO XMMNYECKYIO CTPYKTYPY.

CnnCOK OCHOBHbIX MMKOTOKCUHOB, NOAJIexXallnX KOHTPOJI0 B KOPMaxX Ha
TeppuTopun EBpocCoto3a, BKAOYaET B cebs adpnaTtokcmH Bl (AD/B1),
ankonomnabl 3proTta, 3eapasieHoH (3EA), oxpaTokcuH (OT), dymMoHU3UH (D),
MUKO(EHOI0Baa 1 LMKJIONNA30HOBAA KUC0Ta, NaTy/InH, H1MBaneHon (HNB),
TpuxoTeuunHsl (TXT): neokcuHusaneHon (AOH), T-2 n HT-2 TOKCuHbI [4].

Matepuanbl n MeToAbI

B paboTe pykosoacTeoBanncb «OPC.1.7.2.0033.15 MeTop
NMMYHO(EPMEHTHOr0 aHanm3a»; «TeXHN4YeCKUM pernaMeHToOM TaMoXKeHHOro
coto3a 015/2011 TexHMYecKnin pernameHT TamoXeHHoro cot3sa "0
b6e3onacHOCTK 3epHa». A Takxxe «OCTom 34140-2017 MpoayKTbl NMULLIEBLIE,
KOpMa, NpoOoBOJIbCTBEHHOE Chipbe. MeToa onpefeneHns MUMKOTOKCUHOB C
MOMOLLIbIO BbICOKOI(h(DEKTMBHOM XXNOKOCTHOM XpoMaTorpadum ¢ Mmacc-
crneKkTpomeTpunyeckmm getektnposaHneM. «FOCTom 31653-2012 Kopma.
MeTo4 MMMYHO(hEPMEHTHOr0 onpeaeieHnss MUKOTOKCUHOB»,

Pe3ynbTathl uccnepmoBaHun n obcyxpgeHme

B ntobom pacTuTesbHOM KOPMOBOM Chipbe B TOM WUJIN MHOM KOJIMYeCTBE
NPUCYTCTBYIOT CNOPbI MNAECHEBLIX FPUOKOB. [pn HAaCTynaeHUN
6naronpuATHbLIX YCNOBUA OHK NpopacTatoT. A npun nobbix HebnaronpuaTHbIX
hakTOpax (TemnepaTypa, XMMU4eCckKne BeecTsa) rpubkosblie
MWUKPOOPraHn3Mbl HA4YMHAOT BbipabaTbiBaTb A40BUTbIE METADONUTSI.

BMOXUMUKM BbIAENAIOT NATb OCHOBHbIX NyTen buocmHTE3a
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MWKOTOKCWUHOB:

- NoJINKeTnAHbIN (ahNATOKCUHBI, CTEPUTMATOLUCTUH, OXPATOKCUH,
naTyauH 1 gp.);

- TePNeHoNAHbIN(TPUXOTELLEHOBLIEMUKOTOKCUHDbI);

- yepe3s Unka TpukapboHoBbiX KucaoT (pybpaToKCUHbI);

- aMUHOKUCJIOTHbLIV(3proankanonabl, CopnaecMmH, LMKI0NMasoHOBAS
KUCNoTa u ap.);

- CMellaHHbIV (coveTaHue AByx 1 6onee OCHOBHbIX NyTen) - ANS
NPOU3BOAHbIX LMKIONNA30HOBOW KNC/OTHI.

OCHOBHbIMU rpubamu-npoayLeHTamMmn adaaTOKCUHOB ABASIOTCS
TOKCUIeHHble WTamMbl rpubos Aspergillusflavus v Aspergillusparasiticus. B
CBOIO 0Yepelib, TOKCUYecKoe BellecTBo T-2 BbipabaTbiBaeT rpunbd
Fusariumsporotrichioides, a MUKOTOKCUHbI [JOH v 3eapasieHOH -
Fusariumgraminearum. lpoAyueHTamMmm oXpaTokCHa A B OCHOBHOM
ABNAOTCA rpubkn poaa Aspergillus. NMpoayueHTaMn naTyIMHaA ABAAIOTCS
pa3/finyHble BUAbl rpubkos poga Penicillium, a Takxe Aspergillus n
Byssochlamys [4].

MWKOTOKCUHBI, MOCTyNas B OpraHn3M ¢ KOPMOM, MOTYT BbI3BaTb
M3MEeHeHMue cocTaBa MUKPOdIopbl B KULLEYHUKE, 3, BCACbIBAsACh B
Xenyoo4yHO-KULWEYHOM TpaKTe, OKa3aTb HeraTUBHOE AEeNCTBUE Ha KNETKMN,
OpraHbl, TKaHu, U3N0N0rnyeckoe COCTOAHNE XNBOTHbIX.

MexaHu3M 0eNncTBUA MUKOTOKCMHOB BKJTOYAET:

1) nuruobupoBanme cuntesa AHK, PHK n obpa3soBaHue apayKToB
OHK.

Hanpumep, OXpaTOKCUH A, T-2 TOKCUH NOSABAAIOT B KJIeTKaxX CUHTE3
npoTtenHa, AHK n PHK;

2) N3MeHeHne MeMOpaHHbIX CTPYKTYP.

MWKOTOKCUHbI MOFYT CTUMYINPOBAaTb JINNUOHOE NepeoKncsieHne B
TKaHSX. 9TO MOXXeT ObITb pe3yNbTaTOM AENCTBUA OXPaTOKCUHA A, T-2
TOKCMHA, ahnaToKCMHA, PYMOHU3MNHA, Ae30KCMHKMBasieHona (OOHa),
3eapaneHoHa. [JaHHbIN 3hHEKT MUKOTOKCMHOB BO MHOIMX CJly4asX Bbl3BaH
yXyOLWeHNEeM aHTUOKCUAAHTHOW 3aWMTbl OPraHn3Ma;

3) 3anycK NporpaMMMpPoOBaHHON KNETOYHON rubenu.

Hanpumep, T-2 TOKCUH SIBNISETCA CaMbiM MOLLHbLIM (DAaKTOPOM anornTo3a.

Knaccuumkaums MMKOTOKCMHOB A0 CUX NOP A0 KOHLUa He pa3paboTaHa.

Ha cerogHsAWHWA feHb Y4E€HbIE BbIAENAT 6 KaTeropmini MUKOTOKCUHOB:
aIaTOKCUHbI, TPUXOLETUHbI, PYMOHN3MHbI, 3eapaneHOH, OXPAaTOKCUHbI U
ankanomabl CropbiHbK (3proankanonibl). MHorne n3 HMUX onacHol 44
MJIEKOMUTALWMX U NTULbI fa)Ke B 04eHb MasiblX KOHLLEHTpaunsx.

B ocHoBe MMyHO)epMeHTHOro metoga aHanusa (MOA) nexut
B3aMMOOENCTBME aHTUIFeHOB (onpeaenseMblx aHTUbakTepunanbHbIX
npenapaToB) C aHTUTesIaMU B JIYHKAX MUKPOTUTPOBAJIbHOrONOJINCTUPOI0BOIO
nnaHLweTa.

TecT-Habopbl AgraQuant® - 370 Habopbl 419 TOYHOr0 U Ha4EXXHOIO
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NMMYHO(hepMeHTHOro aHanmsa (MPA) B koinyectseHHOM popmaTe. B
coYeTaHumM C naaHweTHbIM puaepom StatFax® mnnm BioTek® ELISA MOXHO
HenocpeLCTBEHHO MHTEPNPEeTMPOBaTh pe3yabTaThl U NOCe[0BaTEsIbHO
pPerncTpmpoBaThb UX.

3Tn TecT-Habopbl ans NOA aHanusa - ngeasnbHoe pelleHne ans
NapasiefbHblX 3aMepoB MHOXeCTBa 06pa3L0B, NPU KOTOPbLIX BpeEMS
NHKYbaLMn CoCTaBNAET BCEro 0K00 15 MUHYT Ansd Kkonanyectsa o 42
obpa3LoB.

YT06bl NPenoTBpaTUTL OWNOKM NCNOSIb30BaHNS, TeCT-Habopbl
NpefoCTaB/IATCSA B KOMMJIEKTE, FOTOBOM K MCMNOJIb30BaHMIO, U
yKOMMAeKToBaHbl HAbopoM 13 5 cTaHAapTOB, MIAHLWETOM, MOKPbLITHIM
aHTUTEeNaMu, NNaHWeTOM A9 pa3baBieHns, KOHbOraTHbIM PAaCcTBOPOM,
cybCcTpaTHLIM PacTBOPOM M pacTBOPOM, OCTaHaBAMBaOLWMM peakumto [1].

Ka)abl1 TeCT COLEPXKUT CBA3aHHOE B MJaHWeTax (NyHKax) aHTuTeno,
KOTOpOe ABAseTCa cneundunyeckmm s onpenensemMoro selecTsa.
Nccnepyembln 1 KOHTPOJIbHbIE 00pa3ubl 406aBNAOT- CS B COOTBETCTBYOLLNE
NnyHKKN. lanee nobasnseTcsa hepMeHTHbIN KOHbIOraT (nccnepgyemoe
BELLeCTBO, XMMUNYeCKM CBA3aHHOe C (hepMmeHTOM). Niccnenyemoli
KOHTPOJIbHble 00pa3ubl BMECTe C KOHBbIO- FaTOM NepeMEeLINBatOTCS U
NepeHOCATCS B JIYHKK, A€ OHN KOHKYPUPYIOT MexXay cobon 3a y4aCTKu
CBSA3bIBAHMA aHTUTeN. YeM bonbLue onpenenseMoro BewecTsa B obpasue,
TEM MeHblle KOHblOraTa CBSA3bIBAETCA B SIyHKax. [locne nHkybaunm ans
yOaneHns HeCBsi3aHHbIX BELLECTB NIYHKN npoMbiBatoTca. CybcTpar,
nobaBnsembl B IYHKKW, U3MEHSAET LBET B NPUCYTCTBMU KOHblOraTa. Bo Bpems
NHKYOaLUKN OKpalLMBaHNE CUHUM LLBETOM MNPOUCXOAMNT B COOTBETCTBUMN C
KOJIN4YeCTBOM KOHbOraTa NpoTMB onpenensemMoro seLecTsa B JyHKax. Yem
bonblue KOHDBbOraTa CBXKeTCA, TeM bosiee CMHEN CTAaHOBUTCS OKpackKa,
yKa3blBaloLLlasa Ha MeHbllee KOIM4eCTBO UcciegyemMoro BeLecTsa.
BbisiBNieHMe pe3ybTaToB NPOBOAMTCS BM3yasibHO: YEM MEHbLUE CUHEro LBeTa
n 6onblue KpacHoro, Tem 6osble B obpasLe nccnenyemoro sellecTsa. TecT
ABNSAETCA NPAMbIM UMMyHOodepMeHTHbIM (ELISA) meTogoMm, obecne-
Y/MBaKOLWMM TOYHOE onpenesieHne nNpu cogepxaHnm MMKOTOKCUHOB Ha YPOBHE
HECKOJIbKMX MKI/KI (ppb). 1N KONMYEeCTBEHHOr O onpeaesieHns pesysbTaThl,
noJlyyaroLmecs n3MepeHnem onTnYeckom NaoTHOCTM pacTBopa Ha
crnekTpooTOoMEeTpe (CpaBHMBAKOT CO CTAHAAPTHOWN Ka/IMbPOBOYHON KPUBOW 1
onpenensT TOYHYIO KOHLEHTPALMI0O TOKCUHA B UCNbITyeMoM obpasue.

BbicokoahhekTMBHAA XNAKOCTHasA xpoMaTorpagusa (BIXKX) - metoga,
obnagaowmin TakKUMM NPENMYLLLECTBAMU, KaK BbICOKAsS CENEKTUBHOCTD,
BOCMPOM3BOANMOCTb N HMU3KKME npenenbl 0bHapyXeHus. bonbWNHCTBO
CYLWECTBYOLWMNX HOPMATUBHO-TEXHNYECKMX OOKYMEHTOB MO ONpenesieHnio
COLEepXaHNst MMKOTOKCMHOB OCHOBAHO MMEHHO Ha 3TOM MeToJe.

HecmoTps Ha TO, 4TO MeToAbl BIXKX onsa onpenesieHns MUMKOTOKCUHOB
y>XXe LWMPOKO pacrnpoCTpaHeHbl 1 BaJIMANPOBAHbI NPY aHaNM3e passinyHbIX
00bEeKTOB, 40 CUX MOP aKTyasibHbl UCCIef0BaHMA NO pa3paboTKe HOBbIX

—3_



Hay4HbIN 3N1eKTPOHHbLIN XypHan "Mepugunar"

MeToOMK. [IpeaAMeTOM Hay4YHOro MHTepeca ABNAETCS yBenmyeHne
NPON3BOANTENLHOCTN aHaIM3a 3a CHYET YMEHbLUEHUSA BPEMEHN e 4UHNYHOr O
onpeneneHns n ypeanyeHme 4yBCTBUTENbHOCTW aHanmsa [3].

OnpepeneHne MMKOTOKCMHOB MeTOAOM B2)XKX, Kak npaBuio, BKIKOYaeT B
cebs ctaguio gepusaTm3aLunm onpenensemMolx KOMNOHEHTOB. [lepmBaTmn3auma
MOXET BblTb KaK NOCTKOJIOHOYHOM, TaK U NPEeAKOSIOHOYHONM, a B Ka4yecTBe
LEepVBaTU3MPYIOLLMX areHTOB UCMNOJb3YI0T O-(pTaneBbin Ankapbokcanbaerng,
O-(dnyopeHunmeTmn)xaoppopmmaT, pacTBopkIl rasoreHos. OQHaKo
HEeKOTOpPbIE TOKCUHbI UMEIOT NPUPOAHYI0 (hJlyopecueHUmMo, B TOM YUCE U
a(h1aTOKCUHbI, MO3TOMY MMEETCS BO3MOXHOCTb UX MPAMOro onpeneneHuns 6es
npouenypbl AepusaTtmaumn. TO 3HAYUTENbHO YnpoLLaeT npouenypy
aHasn3a, CoKpalwlaeT BpeMsa N CTOMMOCTb eANHNYHOr O onpeaeneHuns.

CpasHusas metog NPA ¢ BIXKX\MC MOXXHO CKasaTb, 4TO
BbICOKO3(h(heKTNBHASA XNLKOCTHasA XpoMaTorpadua oT/IM4aeTCs BbICOKOM
CneymgpUYHOCTbIO, TOYHOCTBIO N BO3MOXXHOCTbLIO ONpeaesieHns BelecTs B
MUHUMaJbHbIX KOHUEHTpaunsax. O4HaAKOo 3TOT MeTO 04eHb AOPOroCTOALNM U
BeAyLllee 3HaYyeHme 3aHnmaeT npobonoaroToBka, Ha KOTOPY OTBOAMTCA
HanbosbLlee KONMYECTBO BPEMEHMU, B OT/INYME OT TeCT-cuctem NOA,

3aKno4yeHume

B ocHOBe KOHTPO0J11 6e30NacHOCTM NPOAYKUMN PaCTUTENbHOIO
NPOUCXOXXAEHMNS SieXXaT HOPMATUBbl COOEPXKAHUSA PA3/INYHBIX KOMMOHEHTOB,
npefyCMOTPEHHbIE HOPMATUBHBLIMM NPABOBLIMU aKTaMU (TEXHUYECKne
pernameHTbl, FOCThI, TY, MY 1 ap.), obecneymsatoime HeobXoANMbIN
KOHTPOJIb N NPUMEHEHNEe COOTBETCTBYIOWMX METOAUK BbINONHEHUA. [Ina
onpenenieHns CoaepXXaHns MMKOTOKCMHOB Hanbonee 4aCTo UCMOJb3YIOTCH
XpomaTorpagunyeckmne Metoabl C pa3iMyHbIMU BapuaHTamm
npobonoaroToBkK, a Takxxe 6osiee 3KOHOMUYHbIE CKPUHUHIOBbIE METOAbI,
cpean KoTopbix Hanbonbluee pacnpocTpaHeHne noayynn metoa NOA,
OTHOCALWMNCA K rpynne UMMYHO- XMMUYeCKUX MeTOL0B aHan3a.
MpenMyLLecTBo 3TOro MeToa: OrnepaTUBHOCTb, BbICOKAS
NpPoOn3BOANTENBHOCTb, MPOCTOTa NPobonoAroToBKN U NpoBEAEHNS
N3MEPEHNI, HU3KAsA CTOMMOCTb aHamM3a 1 Manbih 06beM TeCTUPYEMOro
obpa3sua.
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