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Mpobnema 6e30MacHOCTM MULLEBOM NPOAYKUMM U KOPMOB AJ1S1 XXMBOTHbLIX — O4HA U3 W3-
HEHHO BaXKHbIX. Cpeayn Hanboee TOKCUYHbIX BELLLECTB, HAaKamn/MBaeMbliX B MpOAYKTaX U3 HeKka-
4YeCTBEHHOIO CbIpbs UM 1N3-3a HEMPABMIbHOTO XPaHEH S, 0CO60e MeCTo 3aHUMAKOT MUKOTOK-
CUHbI. COBPEMEHHbIE aHAIUTUYeCKMe MeToAbl 1 060pyaAOBaHME NO3BOASKOT KOHTPO/IMPOBATb
MX coaep KaHme Ha O4eHb HU3KMX YPOBHSX MO CPaBHEHUIO C NpeAesibHO A0NYCTUMbIMU KOHLLEH-
Tpauusamu. B cTatbe npefcTaB/ieHbl pe3ynbTathl MCCIe40oBaHNS cogepXKaHns MUKOTOKCMHOB
B 10 obpasuax Kaw Aas 4eTCKOro nMTaHus, a Takoke B 12 06pasiax KopMoB 418 KOLeK 1 cobak
pasHbIxX NpousBoanTenen. ng KOAMYeCTBEHHOro onpeaeneHns Ncnoab3oBany MeToq XXua-
KOCTHOW TaHAEMHOW XpoMaTo-Macc-cnekTpoMeTpun. OnmcaHbl npoueaypbl Npobonoaro-
TOBKM, NoA60pa yC0BUM AN XpOMaTOrpadmMyeckoro aHaam3a n Macc-CnekTpoMeTpU4eckoro

0eTekKTnpoBaHNA LesieBbIX COQ,D,I/IHGHI/II;I.

MUKOTOKCMHBLI — NPOAYKTbl MeTabonm3ma onpeaeneHHbIX
BWAOB MNeCHeBbIX FPMOOB, KOTOPbIE BCTPEYAKTCS NOBCEMeCT-
HO, HO OBbIYHO B YPE3BbIYANHO MasbIX KOMHYECTBAaX U MO3TO-
My He MpeAcTaBASOT onacHoCcTU. OgHako, npu 6naronpusT-
HbIX yC10BUAX (ONTUMabHas TeMmnepaTypa, BAaXXHOCTb, M-
TaTenbHas Cpeaa) OHW HAYMHAIOT UHTEHCUMBHO Pa3MHOXKATb-
cs. HecobniofeHne ycnoBUM XpPaHEHUS NMULLEBON MPOAYKLMN
1 CbIpbsi CNOCOBCTBYET PA3BUTUIO FPUBKOBON MUKPOGDIOPLI. ITO
NPONCXOANT B MPOAYKTAX KaK paCTUTENbHOMO, TaK 1 XXMBOTHOMO
NPONCXOXAEHNS. BMeCTe C MSICOM, MOZIOKOM, SINLLAMW, Kpynamu,
opexamu, GpyKTaMu TOKCUHbI MONAAAI0T B OPraHu3M Hes0Beka,
rae HakanJvBaloTCs B TKAHAX WMAM MoABepratTcs Metabonms-
My C 06pa3oBaHMEM ApPYruX TOKCUYHbIX CoeamHeHnit [1-3]. 2Tn
COefMHeHMs 0Ka3blBalOT KAHLEPOreHHoe M MyTareHHoe BO3-
[enCTBME B YPEe3BbIHANHO HU3KMX KOHLEHTpauusx. NMocTosHHOe
BO3JENCTBME MUKOTOKCMHOB MOXET MPUBECTU K TSXKEIOMY Mo-
PaXKEHWIO MOYEK, MEYEHN U CEPAEYHO-COCYANCTON CUCTEMDI, KaK
YenoBeKa, Tak W XXMBOTHbIX [4]. OHW He pasznaratoTcs npu Tep-
MUYeckor 06paboTke NpoayKumuW. BblgensoT natb rpynn Hauv-
601ee pacnpoCTpaHeHHbIX MUKOTOKCUHOB: e30KCMHUBANEHON,
3eapasieHoH, OXPaTOKCUHbI, GYMOHU3UHbI U adNaTOKCUHBLI. BO
MHOMMX CTPaHax, B TOM 4ucsie n B Poccun, BBeEHbI HOpMa-
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TMBbI HA COAepXXaHMe CaMbIX OMACHbIX MMKOTOKCUMHOB B MULLE,
KOpMax A/l XXMBOTHbIX U Cbipbe Ans HUX. Ocoboe BHUMaHWe
YOENSEeTCS KOHTPOIKO AeTCKOro NUTaHus. [1na 3TON KaTeropum
NPOAYKLMM YCTAHOB/IEHbI O4EHb HU3KME HOPMbI COAEPXKAHUS
MWUKOTOKCMHOB (Tabs.1) [5]. OnpeseneHne Takoro ypoBHA KOH-
LeHTpaunin npeacTaBnseT CO60M HEMPOCTYIO AHAIUTUYECKYIO
3agayy [6].

Te ke coefMHEHNS HOPMUPYHOTCS B KOPMax AN1sl CeNbCKOXO0-
3IMCTBEHHbIX XMBOTHbIX WM NTULUbL. OAHAKO, A5 HEMPOAYKTUB-
HbIX XXMBOTHbIX PErNIaMeHTUPYETCS TONIbKO cofepXKaHue adna-
TokcuHa B1 (< 0,01 mr/kr) [7, 8], KOHTPO/1b 32 APYrMMW OMACHbIMU
COeIMHEHNSAMM 3TOW TPynMbl He MPOBOAUTCS. MO3TOMY OAHa
M3 33434 Hawero MUcCnefoBaHMa COCTOSIA B OLEHKE Copepyka-
HWMs Hanbonee BpeAHbLIX TOKCUMHOB B CYXMX KOPMAXx A8 3TUX XN~
BOTHbIX.

HopMaTuBHble [OKYMEHTbI MPeAnuCbIBAOT onpeneneHne
MWUKOTOKCMHOB METOAAMMU BbICOKOIDPEKTUBHOM XMAKOCTHOWN,
TOHKOC/IOMHOM M ra3oBOW xpomartorpadun. AHanusy npegule-
CTBYET AAnTebHass NpobonoAroToBKa, BK/IKOYAKOLWAN IKCTPAK-
LMIO, OYMCTKY NOJTYYEHHbIX 3KCTPAKTOB Ha COPBLMOHHBIX KOJTOH-
Kax (B TOM yncne nMMyHoaddUHHbLIX), ynapusaHue 1 T.4. [9-13].
CNOXHOCTb BbISIBNIEHNSE MMKOTOKCMHOB XpOMaTorpaduyeckmmm
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Tabauua 1. [TpedenbHo donycmumble ypoB8HU MUKOMOKCUHO8
8 demckom numanuu, cozaacHo CanlMuH 2.3.2.1078-01

HanmeHoBaHMe MUKOTOKCUHA naKk

AdnaTokcmH Bl <0,00015
APNaTokCcnH Ml <0,00002
3eapaneHoH <0,005
[e30KCnMHMBaNeHon <0,05
T-2 TOKCUH <0,05
OxpaToKkcuH A <0,005

MEeTOAaMM CBSI3aHa C LUMPOKMM Pa3HO06pasmnemM Nx XMmMm4eckom
NpUPOAbLI U CBOMCTB, a TaKXKe C NPUCYTCTBMEM BOMLLLIOMO KONU-
4yecTBa HenpeackasyeMbix MpPUMecer B NpoAyKTax pacTUTesNb-
HOrO W XMBOTHOIO MPOUCXOXAEHUS. VIMEHHO MO3TOMy 0bLue-
NPUHSTLIE METOAMKM UX OMNpeaeneHns 06bIYHO KacakoTCs TONIbKO
O[HOr0 COeAIVHEHUSI.

MeToa TaHAEMHOM XPOMATO-MacC-CNeKTpOMEeTpUM AaeT
BO3MOXHOCTb CENEKTMBHOIO BbICOKOYYBCTBUTENLHOIO Omnpe-
[eneHns OfHOBPEMEHHO 60JbLIOro KOMYecTBa COeaUMHEHUN
[14, 15]. Takxxe nHTEpecHo 6b110 NOA06PaTL eAMHYH NpoLeaypy
npobonoAroTOBKN A1 06EKTOB pasIMHHOM NPUPOALI, YTObbI
32 OAWH aHaNM3 NPOBOAUTL ONpefeneHne LMPOKOro MepeyHs
MWUKOTOKCMHOB. VIMEHHO MO3TOMY LeNbio Hallero mcciefoBa-
HWs cTana pa3paboTka efMHOro MoAaxofa K BbISIBEHUIO CO-
[lepXKaHNS OCHOBHbLIX HOPMUPYEMbIX MUKOTOKCMHOB B 06pasLiax
Kaw AN AeTCKOro NMUTAHWS U CYXMX KOPMOB AJ151 KOLLEK M cobak
C WCMNOJIb30BaHMEM TaHAEMHOW >XMAKOCTHOM XpOMATO-MacC
cnekTpometpuum [16, 17].

MpoaHanmn3npoBaHo AecaTb 06pa3LoB AeTCKMX Kall, WecTb
KOPMOB A/191 KOLLUEK WM CTO/IbKO Xe — Ans cobak. OgHa 13 3aga4
Hallero MCcnefoBaHMs KOPMOB COCTOSiIA B OMpeaesneHnun Ko-
JINYECTBA TOKCUKAHTOB B MPOAYKLUMN pa3HbIX LLEHOBbLIX KATEro-
pUIA — 3KOHOM-K/1acca 1 NpodeccMoHanbHbIX. M3mepsan coaep-
XKaHWe OeBATU MUKOTOKCMHOB: adaTokcnHos B, B2, G1, G2, MT;
T-2 TOKCMH3; 3eapasieHoHa; fe30KCMHMBANEHO/1A; OXPAaTOKCMHA A.
Bce ToBapbl 6b1nm NprobpeTeHbl CyvarHbiM 06pa3oM B Marasu-
Hax CaHkT-MeTepbypra. B Tabn.2 npuBeaeHs CBeaeHNs 06 nccne-
[0BaHHbIX 06pasuax, Ha puc.l, 2 — nx ¢otorpapun.

SKCNEPUMEHTAJIbHAS YACTb

MoaroTtoBka 06pasLoB

Mpo60onoAroToBka — BaXkHbIM 3Tarn, KOTOPbIA BK/OYAeT CTaaAnM
0T60pa, IKCTPAKLMUM U OUUCTKM IKCTPAKTOB. HEOBXOAMMO y4uu-
TbIBaTb, YTO METAGONTDLI MIECHEBLIX FPUBOB KOHLEHTPUPYHOTCA

Puc.1. Kawu 0ag 0emcko20 numausl

B MecTax 06pa3oBaHus nieceHun, HepaBHOMEpPHO pacnpenenssich
B nccnenyeMom obbekTe. Mo3ToMY BaXKHO yAeanTb 0C060e BHU-
MaHue roMoreH13aumm npoobbl.

Cyxol, Cbiny4min o6bEeKT UccneaoBaHus (Kala, KopM) us-
Me/Ibyanm C MOMOLLbIO HneHaepa, TLaTe/bHO nepeMeLlmBany,
no6asnsnm 100 mn cmecnt ACN:H,O (84:16 no o6bemy) 1 Npoeo-
LVAN 3KCTPAKLMIO U325 T M3MeNbYeHHOro obpasLa, HenpepbIBHO
BCTPAXMBASA B TEYEHME Yaca. IKCTPAKTbI BbIAEPXKNBAM HECKO/b-
KO MMHYT A0 OCaXAEHNS HEPAaCTBOPUMOr0 0CTaTKa, 3aTeM 0Tou-
panu 4=5 MmN BEpXHEro c/10si pacTBopa, GU/ILTPOBAIM Yepes Hen-
JIOHOBLIN GUALTP C AMameTpoM nop 0,45 MKM C MOMOLLLIO LLINPU-
ua n oTbmpann 2 ma. PacTBOp ounMWwann Ha TPI-kapTpuaxax
Supel Tox AflaZea SPE npou3sBoacTBa komnanum Supelco. Cop-
6eHT KapTpuaXa He TpebyeT npefBapuTeNbHON MOATOTOBKM,
YTO MO3BOJIAET IKOHOMUTL BpeMS. MeXaHm3M 04nCTKM — aacop6-

Puc.2. Cyxue Kopma 0A51 Kowiek u cobak
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Tabauua 2. CeedeHus 06 06pasu,ax demckux Kaw U Kopmos 0Asl

Kowek u cobak

MapkupoBska

obpasua

HasBaHue

Kaww ansg oeTckoro nMtaHus

Ne 1 Nestle

Ne 2 Nestle

Ne 3 Bebi

N2 4 Heinz

Ne 5 Heinz

Ne 6 "YMHMua"
N2 7"®pyTO HAHA"

Ne 8 "Camu c ycamm"
Ne 9 "MantoTka"
Nutricia

N2 10 "MantoTka"
Nutricia

PvicoBas Kalua rmnoannepreH-
Has 6e3MonoYHas

MynbTU31aKoBas Kalla naTb
3/1aKkoB 6e3moio4Has

JeTckaa MmosioyHasa Kalla puco-
Bas C Kyparowm

HuskoannepreHHas KyKypys3-
Has Kallka

Hwu3koannepreHHasa MHorosep-
HOBas Kallka 13 53n1aKkoB 6e3
MOJ10Ka

Kawa Mmono4Has nsaATb 3/1aK0B +
13 BUTaMMHOB

OBcsAHaga Kawa 6aHaH, 1610Ko

JeTtckasa MmosioyHas Kawa
M3 NATU 31aKOB

Kalua 6e3mMosiovHas KyKypys-
Has

Kawa 6e3amono4vHas rpe4yHeBas

Kopma ans kowek

Ne 11 Kitekat
Ne 12 Felix

N2 13 Whiskas

N2 14 Royal canin

N2 15 Monge
N2 16 Purina

MsicHoM nup
[lBOVHAs BKYCHATUHA C MSCOM

AMNMNeTUTHOE acCOPTU C rOBAAN-
HOW M KPOSIMKOM

[N CTepUAN30BaHHbIX B3pOC-
NbIX KOLLEeK

Rich in chicken. Sterilised

Cat show. Sterilised

Kopma gns cobak

Ne 17 Pedigree Vital

Ne 18 Perfect fit

N2 19 Hills Science
plan

N2 20 Purina pro
plan

N2 21 Royal canin

N2 22 Chappi

[.ns B3poC/bIX CObaK BCEX MO-
poa

Total 5

[n4a B3pocnoro nMtomua
Duo Delice. Rich in beef with
rice

Ona cobak Becom o 10 kr

MscHoe n306mane C 0BOLLAMM
1 TpaBamu

LMOHHOE yAaneHne npumecein U3 aKCTpakTa: MUKOTOKCUHbI NPO-
XO[ST Yepe3 CopbeHT, He yaep>KnBasch. PacTBOp Nponyckanu co
CKOPOCTbIO MPUMEPHO KarJis B CEKyHAY.

Mpoueaypy NPOBOAMAM C MOMOLLbIO BAKYYMHOW YCTAHOBKM
ANs TBepA0PA3HON IKCTPAKLMM — 12-NO3ULMOHHOIO MaHU$On-
[a npoussoAcTBa kKoMnaHwuu LabTech. Ans aHanusa getckoro
nuTaHus cobupann 1 Ma 3at0ata 1 ynapmeanu npm 50°C nop sa-
KYYMOM [0CyXa B CMCTEME YNapuBaHUS WU KOHLEHTPUPOBaHWUS
Smart Evaporator C1 komnanHum BioChromato (inonus) (puc.3).

bnarofaps TexHOMOrMn BUXPEBOr0 KOHLIEHTPUPOBAHWUS Npu
BaKyyMWPOBAHUM BO3pacTaeT M/oLaAb NoBepXHOCTU KOHTaKTa
MeX Ay XUAKOCTbO U BO34yXOM (MK a30TOM), yCKOpSeTCs ncna-
peHvie pacTBOPUTENS M NPONCXOANT KOHLEHTpUpOBaHue obpas-
LoB 6e3 Harpesa A0 BbICOKMX TemMnepatyp.

Kpome TOro, BUXpeBOM MOTOK CAYBAET OCTATKM pacTBOpa
CO CTEHOK BMasbl HA AHO, cObMpas BeCb aHannT BHMU3Y. Cyxon
0CTaToK nepepacTBopsan B 500 Mk cmecn ACN:H,O (10:90
no o6bemy), PUNLTpoBaNM Yepes MemMbpaHHbI GUALTP C Ana-
mMeTpoM nop 0,2 MKM W noaseprann xpomartorpadumyeckomy
aHannsy.

MOCKO/IbKY HOPMAaTWMB Ha cofepXkaHue adnatokcuHa Bl
B KOpPMax A5 HENPOAYKTUBHbIX XXMBOTHbIX CYLLECTBEHHO BbILUe,
YyeM B AETCKOM MUTAHUW, ANS STUX MPOLAYKTOB UCKIHOYNAN CTa-
[AVIO KOHLEHTPUPOBaHWUS C ynapuvBaHWem 3KCTpakTa v nocne-
[yloLwmM nepepacTsopeHnem. K200 MK/ 3KCTpaKTa, NosyYeHHO-
ro noc/sie o4McTKM Ha kKapTpuaxe Supel Tox AflaZea SPE, nobaens-
711 800 MK/ BOAbI, CMeCb OTOUILTPOBBLIBAIM Yepe3 MeMOPaHHbIN
dunbTp € anameTpom nop 0,2 MKM 1 MoABeprasn xpomarorpa-
drYecKomy aHanmsy.

Ycnosusi BOXKX-MC/MCaHanmnsa

AHanM3 nNpoBOAMAM HA >KUAKOCTHOM XpOMaTo-Macc
CneKkTpoMeTpe C TpOMHbLIM KBagpynonem LCMS-8040
(Shimadzu, inoHus) B pexume ESI (electrospray ionization,
MOHM3aLMA C pacnblieHWeM B 3/1eKTPUYECcKOM Mone). B kaye-
CTBE HacTpoek umHTepdenca bbinn BbIbpaHbl: MOTOK pacmbl-
nsolero rasa (asora) — 2 1/MyH, TemnepaTypa OCyLWaloLEero
rasa (asota) — 15 n/MuUH, TemnepaTtypa aeconbeaTauum — 400 °C.
[na paspeneHnss MUKOTOKCMHOB MCMOb30BaIM XpOMaTorpa-
dunyeckyro konoHky Titan C18, 5 cm x 3,0 Mm; 1,9 MKM. B Kaye-
CTBE NOABMXXHON Pasbl MpUMeHsan 5 MM dopmumat aMMOHMS
B BOZE U CMeCh aueToHUTpuA: MeTaHon 1:1 (06. %), ncnonb3ys
FPAAMEHTHBIN PeXMM 31IoMpoBaHMs. CKOpOCTb MOTOKA NOA-
BMXHOM dasbl — 0,4 MA/MUH; TemnepaTypa KONOHKN — 35°C;
06bem MHXeKLMM — 2 MKA. Takxe 6biamn nofobpaHbl ycaoBmS
MGCLeTeKkTMpOBaHMS U ONTUMU3MPOBAHbLI MOHbLI-NPeKypCopbI
M MOHbI-NpoayKTbl (MRM-nepexofbl) ANs KaXAOro coefmHe-
HUSA B (+) 1 (-) pexurmax nepexyeHns NoAsSpHOCTA. BpemeHa
yaepxuvBaHMa n MRM-nepexofbl BCEX aHASIMTOB MpUBEAEHDI
B Tab1.3. [lManasoH rpalyMpoBOYHON 3aBUCUMOCTI COCTaBU
1-50 Hr/MAN AN BCEX MUKOTOKCMHOB.
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t 1 OTKa4mBaHue
BaKyyma

2 [MpuTok Bo3ayxa/rasa
yepes cnnpaneBnUaHyLo

4 YBenuyeHue naowaan Lens anantepa

NOBEPXHOCTWN KOHTAKTa
MeXAY KNAKOCTbIO
nrasom

3 TleHepupoBaHue
cnupaneBnaHoro
BO3/YLUHOrO
noToka

5 AKTUBaLMS
ncnapexns
pactsopuTens

1 312905285050
2500000 7 -312,90>241,10(+)
22500003 -~~~ e -
£ 2000000~ b b
2 17500004 ------- Fomeeee- Bl SEEEEED
g 1500000 § -~~~ e -
£ 12500004 ------- bemmnee
= 10000004 - fffffff
7500004 - -~~~ - LR EEEE -
500000 -~~~ b
2500004 - ----- ——————— ———————————————————————
o ‘ ‘

Bpems, MUH

Puc.3. MpuHuun pabomsl Smart Evaporator C1 komnaHuu Bio-
Chromato (dnoHus)

[lng nocTpoeHus rpalyMpoOBOYHOM 3aBUCMMOCTW MCMOMb30-
Ba/IN FOTOBbIE CTAHAAPTHbIE 06pasLibl — PACTBOPbLI MUKOTOKCK-
HOB B aLeTOHUTpUe, 6EH30/1E NN CMECU ALETOHUTPU-6eH30
npoussoacTea PO. ANMKBOTbI CTaHAAPTOB ynapmeanu B TOKe
a30Ta M NepepacTBOPS/IM B NOABWXKHOM dase, Noayvas UCXon-
HbI/ PacTBOP. 3aTeM FOTOBWU/IN CEPUIO FPaAYMPOBOYHbIX PACTBO-
POB B MOABWMKHOM dase. NMoCcTpoeHne 3aBUCUMOCTEN MPOBOAN/IN
Nno MeToAy BHelLHero ctaHgaprta. Ha puc.4—6 npencras/ieHbl
XpomaTtorpaMmma CTaHAApTHOro pacTBopa, rpajgympoBoYHas 3a-
BMCUMOCTb M Macc-cnekTp abnaTokcnHa Bl.

Ha puc.7, 8 npuBefeHbl MAacc-CnekTpbl 3eapaneHoHa u T2
TOKCUHA, @ Ha pu1c.9, 10 — xpomMaTorpaMmMbl 06pasLLoB 3KCTPAKTOB
Kaw N2 10 "MantoTka" Nutricia 1 N2 8 "Camu ¢ ycamun'” no BbIGpaH-
HbIM MOHaM.

XpomaTtorpammbl obpasua kopma ansa kowek N2 15 Monge
no BbIGpaHHbIM MOHaM NpefCcTaBeHbl Ha puc.ll, 12.

PE3Y/1bTATbI U BbIBO,bl

Mony4veHHble pesynibTaTbl onpefesieHns MUKOTOKCMHOB B JeT-
CKOM MUTAHUM M KOPMaX A5t HEMPOAYKTUBHbIX XKMBOTHbIX 0606~
LeHbl 1 NpoaHann3npoBaHbl. Mockonoky MAK eaMHCTBEHHOrO
HOPMMpPYeMOro B KopMax adnaTokcmMHa Bl CyLLeCTBEHHO BblLe,
yeM B getckoM nutanum (10 1 0,15 MKI/Kr COOTBETCTBEHHO), Mbl
He CTasn pacCYUTbIBATL TOYHbIE KOHUEHTpauMm MUKOTOKCU-
HOB B KOpMaXx, eC/in UX COAEPXKAHME He NpeBbIwano 0,02 MKr/KT.
B obpasuax AeTCkoro MMTaHMS TOYHbIE KOHLEHTpALMn He onpe-
OeNsanucb, ecnn cogep)kaHme KOMMOHeHTa COOTBeTCTBOBAJIO
KOHLeHTpaumm meHee 0,0002 MmKr/kr, 4TO Ha ABa nopsaka
MeHblwe MAK adnatokcnmHa M1, MMelowero cpean nepedync
JIEHHbIX MUKOTOKCMHOB CaMOe HM3KOoe 3HayeHme 3TOro nokasa-
Tens — 0,02 MKr/KT.

Puc.4. Xpomamozpamma cmaHoapmHoz20 pacmeopa
apaamokcuHa B1

MpeBbieHns cogepXXaHnsi MUKOTOKCUMHOB OTHOCUTESIbHO
CYLLEeCTBYIOLLMX HOPMATUBOB He BbISIBJIEHO HW B OAHOM 0bpasLie.
OpHako, 6narofapsa BbICOKOM YyBCTBUTENbHOCTM MeToAda TaH-
AeMHoM BIXKX-MC/MC, B 12 13 22 nccneaoBaHHbIX 06pa3uoB Mu-
KOTOKCUHbI BbISI 0BHAPYXKEHDI.

Tak, B cnegywowmx obpasuyax kKaw Ans AeTCKOro nmTta-
HMS 6blinM 0bHapy>eHbl: N2 2 Nestle "MynbTv3nakosas kalua
NsTb 371aKoB 6e3MO0M04YHag" — 3eapafieHOH B KOHLEHTpaumm
0,0006 mKr/kr, N2 6 "YMHMUA" "Kawa MosiovHasa NsaTb 371aKoB +
13 BUTAaMUHOB" — T-2 B KOHLleHTpaumm 0,005 MKI/Kr, 3eapa/ieHoH
B KOHLeHTpaumm 0,0002 mkr/kr, N2 8 "Camu ¢ ycamu'" "[eTckas

MOJI04Has Kallia M3 NATM 31aKoB" — T-2 B KOHLeHTpaLmm 0,5 MKr/KT,

1000000 1 -~ i - RREEEEEE EEEEEEES e
900000 -~~~ demeenoes boenoe- T be ol
800000 f------- mmmmnne- Fooneoe- e oo
700000 A -4 R
& 600000 1~ e e SRREEEEE Foseee- T
! 4o s FTEE
& 500000 4 i R/ GERREREEEEEEE
= 4o Ao o (R - . ER—
C 1 ) 1 1 1
400000 - tmmeee- £onne $mmmme- booonee- -
300000 -1 R
200000 -+~~~ ESEEREE e s e
100000 -~ "~ IRRREEEEE Foneeees IRRREEEEE Foseeee-
T T 17T ; L ; L ; L ; T 1T ; T
0 10 20 30 40 50
KoHueHTpauums, Hr/Mmn

Puc.5. lpadyuposoyHas 3asucumocmp 0451 apaamokcuHa B1
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Ta6nuua 3. BpemeHa ydep)kugaHus U ycAogusi demekmupo8aHust MUKomoKkcuHo8

HassaHue

Bpems yaepxu-

aHus, MUH

Je3okcnHusaneHon (JOH) 1,60
OxpaTokcuH A (Oxp.A) 3,17
AdNaTokcmH Mi 3,50
AdnatokcmH G2 3,74
AdnatokcuH Gl 4,03
AdnaTtokcuH B2 4,29
AdpnaToKkcuH Bl 4,74
T-2 TOKCUH 6,86
3eapaneHoH (3EA) 7,01

MonapHocTb

MRM

KOJINYEeCTBEHHbIV

MRM

KayeCTBEHHbIN

294,9>138,0 -
401,8 > 3581 401,8>167,0
328,9>273,0 -
330,5>313,5 330,5>245,0
328,9>243,0 328,9>200,1
314,9 > 259,0 314,9 > 2871
312,9>285,0 312,9>241,1
484,0 > 305,2 484,0 >185,2
316,0 > 131,2 316,0 > 175,1

N2 10 "MantoTtka" Nutricia "Kawa 6e3monoyHas rpeyHeBas” — 3ea-
paneHoH B KOHLEeHTpaumu 0,07 MKI/Kr.

Ewe pa3 obpaiiaem BHUMAHME HA TO, YTO BbISIBJIEHHbIE KOH-
LeHTpaLMm TOKCMHOB T-2 M 3eapaneHOoHa 3Ha4uTesIbHO HuXxe
YCTaHOB/IEHHbIX B HacTosLwee Bpems MAK.

Hawe nccnepgosaHve nokasano, YTo B KOPMax Ans KOLlek
MUWKOTOKCUHbI BbISIB/IAIOTCS Yallle, YeM B KOPMax Ans cobak. Tak,
B MATW U3 LWECTU 3aKyM/IeHHbIX KOPMOB A/15 KOLeK 6binn 06Hapy-
KeHbl abnaToKCKH B, 3eapaneHoH 1 T2 TOKCUH. NckaoyeHnem
cTan obpasey Purina Cat show Sterilised, B KOTOpoM cofepxaHune
onpeaensieMblXx TOKCMHOB 6bI10 Ha YPOBHE WyMa. KonamyecTso
HOpMUpYyeMOro apiaTokcuHa Bl coctaBuio 3 n 4 Mkr/kr B obpas-

uax Felix"1BonHas BKycHATMHA c MacoM" 1 Monge Richin chicken
Sterilised COOTBETCTBEHHO, YTO HE MPOTMBOPEYUT pernamMeHTu-
pyemon KoHLeHTpaummn <0,01 Mr/kr (<10 MKI/Kr). 3HaYnUTeNbHOM
pasHULbI B COAEPXKAHMU MUKOTOKCMHOB B KOPMAax 3KOHOM-K1ac
ca 1 NnpodeccMoHanbHbLIX He BbiSIBIEHO. HanpoTwuBe, B Npodeccmo-
Ha/IbHOM KOpMe s Kowek Monge npucyTCTBOBAAN TpU U3 fe-
BATW OnpeenisieMbix aHanuToB: Bl (4,00 mKr/kr), T2 (5,00 MKr/Kr),
3eapaneHoH (8,00 MKr/Kr).

Kopma gns cobak nokasanm 6onee 6naronpusaTHyKO Kap-
TUHY: MUKOTOKCUHbI OBHApy>XeHbl TOMbKO B TpeX M3 LWecTW.
B obpasue Pedigree Vital 6611 HangeHbl Ae30KCMHMBANEHON
(2,00 mKr/kr) n T2 TokeuH (6,00 MKr/kr), a B kopmax Purina
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Bpems, MUH

Puc.8. Macc-cnekmp T-2 mokcuHa

Pro plan n Chappi — To/1bko 3eapaneHOoH B KOHLeHTpauusix 7,00
1 6,00 MKI/KI COOTBETCTBEHHO.

Bce HOpMUpyeMble MUKOTOKCUMHbI HaMAeHbl B KOHLEH-
Tpaumax, He npesblWawWmMx npefenbHO LOMNYCTUMbIE
HOPMbI, KaK B AeTCKOM MUTaHUK, Tak U B KOpMax. B Kawax
AN Manblllen HeHOpMUpYeMblX ToKcMkaHToB (B2, G, G2)
He BbISIB/IEHO.

TakmMm 06pas3om, MCNob30BaHME TaHAEMHOW XUAKOCTHOM
XpOMaTO-MacCc-CNeKTpOMeTpuu AN onpepeneHns MukKoToK-
CMHOB MIMeeT psif, HEOCNOPUMbIX NPEVMYLLECTB MO CPaBHEHWUIO
¢ MeTogamu B3XKX co cnekTpodoToMeTpmyecknm nam dnyopu-
MEeTpUYEeCKMM OeTeKTUPOBaHMEM, UMMYHODEPMEHTHbLIM aHa-
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Puc.9. Xpomamozpamma sxcmpakma obpasua Kawu Ne 10,
3eapaneHoH

Puc.10. Xpomamozpamma 3kcmpakma obpasua kawu Ne8, T-2
MOKCUH

nm3om 1 TCX. JoCcTaToO4YHO OOHOr0 aHanu3a aas noaydeHus nH-
dopmaunm 0 KONMYeCTBEHHOM COEPXKaHUK LWMPOKOro Habopa
MWKOTOKCMHOB, 6n1arofiaps UCKMOYUTENbHON CeNeKTUBHOCTU
[leTeKTOpPOB TWMa "TPOMHON KBaApynonk' B pexxume MRM. 3Ha-
YUTENIbHO YNPOLLAeTCs NPOBONOArOTOBKA, MOBLILLAETCS HALEX-
HOCTb pe3ynbTaToB, CYLLECTBEHHO CHUXKAKTCA npeaenbl AeTek-
TpoBaHua. MNocnegHee 06CTOATENLCTBO MO3BONSIET O6HAPYXKM-
BaTb LiesieBble KOMMOHEHTbI B 06beKTax, A5 KOTOpbIX NpefLue-
CTByIOLLME AHAIUTUYECKME METObl AABANIN HY/JIEBOM pe3ybTaT.
TemM caMbiM, BHeApeHWe BbICOKOYYBCTBUTE/bHbLIX UHCTPYMEH-
TafbHbIX METOAOB aHA/NM3a MEHsieT Halle npeactassieHuve 06
okpykatoLem mupe [17].
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The problem of food and animal feed safetyisone of the mostessential tolife. Mycotoxins
are something special among the most toxic substances accumulated in the foodstuffs
made of poor-quality raw materials or due to improper storage. Contemporary
analytical methods and equipment allow controlling their content at very low levels
in comparison with the maximum permissible concentrations. The article presents
the findings of a research into the content of mycotoxins in 10 samples of porridge
for baby food as well as 12 feeds for cats and dogs from different manufacturers. For
quantitative determination, a tandem liquid chromatography-mass spectrometry
(LG-MS/MS) method was used. Procedures for sample preparation as well as selection
of conditions for chromatographic analysis and mass spectrometric detection of target

compounds are described.

Mycotoxins are the metabolism products of certain kinds
of mould fungi which can be found everywhere but usually
in extremely small amounts and therefore not posing any
danger. However, under favourable conditions (optimal
temperature, humidity, nutrient medium), they begin to
reproduce themselves intensively. Failure to comply with
the food and raw material storage conditions promotes

fungal microflora. As a rule, this occurs in plant products.

In eating such foods, mycotoxins enter the body, where
they are accumulated in tissues or are metabolised with the
formation of other toxic compounds [1, 2].

Together with meat, milk, eggs, cereals, nuts and
fruits, toxins enter the human body [3]. These compounds
have carcinogenic and mutagenic effects in extremely
low concentrations. Continuous exposure to mycotoxins
can lead to severe damage to the kidneys, liver and

cardiovascular system of both humans and animals [4].

They do not decompose during the heat treatment of
products. There are five groups of the most common

mycotoxins, i.e. deoxynivalenol, zearalenone, ochratoxins,

fumonisins and aflatoxins. In many countries including
Russia maintenance standards have been introduced for

DOI: 10.22184/2227-572X.2018.39.2.102.108

the most dangerous mycotoxins in food, animal feed and
respective raw materials. Particular attention is paid to
the control of baby food. For this product category, very
low mycotoxin content standards are established (Table 1)
[5]. The determination of such a concentration level is a
difficult analytical problem [6].

The same compounds are standardised in feeds for farm
animals and poultry. However, for unproductive animals,
only the content of aflatoxin B1 (<0.01 mg/kg) is requlated
[7, 8]; other dangerous compounds of this group are not
monitored. Therefore, one of the tasks of our research was
to assess the content of the most harmful toxins in dry feed
for those animals.

Regulatory documents prescribe the determination of
mycotoxins by high-performance liquid, thin-layer and gas
chromatography methods. The analysis is preceded by a
long sample preparation including extraction, purification
of the extracts obtained on sorption columns (including
immunoaffinity), evaporation etc. [9-13]. The difficulty
in detecting mycotoxins by chromatographic methods is
associated with a wide variety of their chemical nature
and properties as well as the presence of a large humber
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Table 1. Maximum permissible levels of mycotoxins in infant
food according to the sanitary regulations and standards SanPin
2.3.2.1078-01

. Threshold allowable
Mycotoxin .
concentration, mg/kg

Aflatoxin B1 <0.00015
Aflatoxin M1 <0.00002
Zearalenone <0.05
Deoxynivalenol <0.05
T-2 toxin <0.05
Ochratoxin A <0.005

of unpredictable impurities in plant and animal products.
That is why the generally accepted methods for their
determination usually concern only one compound.

The tandem liquid chromatography-mass spectrometry
(LGMS/MS) method makes it possible to selectively
conduct highly sensitive determination of a large number of
compounds at the same time [14, 15]. It was also interesting
to choose a single procedure for sample preparation for
objects of various nature, in order to determine a wide range
of mycotoxins in one analysis. That is why our research was
focused on developing a unified approach to identifying the
content of the main normalised mycotoxins in samples of the
porridge for baby food and dry feed for cats and dogs by using
tandem liquid chromatography-mass spectrometry [16, 17].

Ten samples of children’s porridge, six cat feeds and the
same amount fordogs were analysed. One of the purposes of
our feed research was to determine the amount of toxicants
in products of different price categories, both economy
class and professional. The content of nine mycotoxins
was measured, aflatoxins Bl1, B2, G1, G2, M1; T-2 toxin;
zearalenone; deoxynivalenol; ochratoxin A. All products
were purchased randomly in stores in St. Petersburg. Table 2
gives information on the samples studied, Fig.l, 2 provide
their photos.

EXPERIMENTAL

Sample preparation

Sample preparation is an important step in the analysis
of mycotoxins, which includes the stages of selection,
extraction and purification of extracts. Itis necessary to take
intoaccount that the metabolites of moulds are concentrated
in mould formation places unevenly distributed in the object
under research. Therefore, it is important to pay special
attention to the homogenisation of a sample.

Fig.1. Porridge for baby food

The dry and loose target of research (porridge, feed) was
ground with a blender, thoroughly mixed, 100 ml of ACN:H,O
(84:16 by volume) mixture was added and it was extracted
from 25 g of the crushed sample by continuously shaking for
an hour. The extracts were held for several minutes before
precipitation of the insoluble residue; then 4-5 ml of the
top layer of the solution was taken, filtered through a nylon
filter with a pore diameter of 0.45 um by using a syringe and
2 ml was withdrawn. The solution was purified on Supel
Tox AflaZea SPE TFE cartridges manufactured by Supelco.
The cartridge sorbent does not require any preliminary
preparation, which saves time. The purification mechanism
is the adsorption removal of impurities from the extract, the
mycotoxins pass through the sorbent without being retained.
The solution was passed at a rate of about a drop per second.

Fig.2. Dry feeds for cats and dogs
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Table 2. Information on samples of baby porridges and fodder for
cats and dogs

Porridge for baby food

No1Nestle

No 2 Nestle

No 3 Bebi

No 4 Heinz

No 5 Heinz

No 6 Umnitsa

No 7 Fruto Nyanya

No 8 Sami s Usami

No 9 Malyutka
Nutricia

No 10 Malyutka
Nutricia

No 11 Kitekat

No 12 Felix

No 13 Whiskas

No 14 Royal Canin

No 15 Monge

No 16 Purina

No 17 Pedigree
Vital

No 18 Perfect fit

No 19 Hills Science
plan

N220 Purina pro
plan

No 21 Royal canin

No 22 Chappi

Hypoallergenic dairy-free rice
porridge

Multi-grain porridge five cereals

without milk

Kids' milk porridge rice with
dried apricots

Low-allergy corn porridge

Low-allergy multi-grain
porridge from 5 cereals without
milk

Milk porridge five cereals + 13
vitamins

Oatmeal porridge banana,
apple

Children’s milk porridge of five
cereals

Cornmeal porridge without
milk

Buckwheat porridge without
milk

Feed for cats
Meat Feast

Felix Adult Double Yummy with
Meat

Appetizing assortment beef
and rabbit

For sterilised adult cats

Richin chicken. Sterilised

Cat show. Sterilised

Feed for dogs

For adult dogs of all breeds
Total 5
For adult pets

Duo Delice. Rich in beef with
rice

For dogs weighing up to 10 kg

Abundance of meat with
vegetables and herbs

The procedure was carried out by using a vacuum unit
for solid-phase extraction, a 12-position manifold produced
by LabTech. For the baby food analysis, 1 ml of eluate was
collected and evaporated at 50 °C. under vacuum to dryness
in the Smart Evaporator C1 concentration by evaporation
system of BioChromato, Japan (Fig.3).

Due to the vortex concentration technology, during
vacuum evacuation, the surface area of the contact
between the liquid and air (or nitrogen) increases, the
solvent evaporation is accelerated, and the samples are
concentrated without heating to high temperatures. In
addition, the vortex flow blows the solution residue off
the vial walls to the bottom by collecting all the analytes
atthe bottom. The dry residue was redissolved in 500 pl of
the ACN: H,0 mixture (10: 90 by volume), filtered through
a membrane filter with a pore diameter of 0.2 um, and
subjected to chromatographic analysis.

Since the aflatoxin B1 content standard in feeds
for unproductive animals is significantly higher than
in children’s food, the stage of concentration with
evaporation of the extract and subsequent redissolution
have beenexcludedfortheseproducts. 800 ulof waterwas
added to 200 pl of the extract obtained after purification
on a Supel Tox AflaZea SPE cartridge, the mixture was
filtered through a membrane filter with a pore diameter
of 0.2 um and subjected to chromatographic analysis.

LG-MS/MS analysis conditions
The analysis was performed on an LCMS-8040 triple
quadrupole liquid chromatography mass spectrometer
(Shimadzu, Japan) in the ESI mode (electrospray
jonisation, ionisation with sputtering in an electric field).
As the interface settings, the following was chosen: the
atomising gas (nitrogen) flow — 2 I/min, the temperature
of the drying gas (nitrogen) —15 I/min and the desolvation
temperature —400°C. To separate mycotoxins, a Titan C18
column chromatography column was used, 5cm x 3.0 mm;
1.9 pm. As the mobile phase, 5 mM ammonium formate in
water and acetonitrile, methanol 1:1 (vol. %) were used
by using a gradient elution mode. The flow rate of the
mobile phase is 0.4 ml/min; column temperature 35 °C;
injection volume — 2 pl. MS-detection conditions were
also selected, and precursor ions and product ions (MRM
transitions) for each compound in (+) and (-) polarity
switching modes were optimised. The retention times
and MRM transitions of all analytes are given in Table
3. The calibration curve range was 1-50 ng/ml for all
mycotoxins.

build the calibration curve, ready-made standard
samples were used, the solutions of mycotoxins in
acetonitrile, benzene or acetonitrile-benzene mixture
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Air extraction

Air/gas inflow
through the spiral
slot of the adapter

4 Increaseinthearea
of the contact surface
between liquid and gas
Generation
of the spiral
air flow

Activation
of solvent
evaporation

Fig.3. Principle of operation of Smart Evaporator C1 by BioChro-
mato (Japan)

Russian made. Aliquots of the standards were evaporated
in a nitrogen stream and redissolved in the mobile
phase to obtain the original solution. Then a series
of calibration solutions were prepared in the mobile
phase. The dependencies were constructed by using the
external standard method. In Fig.4—6 presented are the
chromatogram of the standard solution, the calibration
curve and the mass spectrum of aflatoxin B.

In Fig.7, 8 shows the mass spectra of zearalenone and
T-2 toxin, and Fig.9, 10 shows chromatograms of samples
of the extracts of porridge No 10 Malyutka (Little Baby)
Nutricia and No 8 Sami s Usami for selected ions.

Chromatograms of the sample feed for cats No 15
Monge for selected ions are shown in Fig.11, 12.

FINDINGS
The obtained results of the determination of mycotoxins
in infant food and feed for unproductive animals are
summarised and analysed. Since the threshold allowable
concentration of aflatoxin B1, the only one standardised in
the diet, is significantly higher than in infant nutrition (10
and 0.15 pug/kg, respectively), we did not calculate the exact
concentrations of mycotoxins in feeds if their content did
not exceed 0.02 pg/kg. In the infant food samples, precise
concentrations were not determined if the content of the
component was less than 0.0002 pg/kg, which is by two
orders of magnitude lower than the threshold allowable
concentration of M1 aflatoxin which has the lowest value
of 0.02 pg/kg among the mycotoxins listed.

Excess of mycotoxin content relative to existing
standards was detected in not a single sample. However,

312,90>285,05(+)
2500000 § -312,905241,10(+)

2250000 A
2000000 A
1750000 A
1500000 A
1250000 A
1000000 A
750000 4
500000 4
250000 4
0

Bl

Intensity

4,0 45 5,0 55

Time, min

Fig.4. Chromatogram of a standard solution

due to the high sensitivity of the tandem LC-MS/MS
method, mycotoxins were found in twelve of the twenty-
two samples examined.

Thus, in the following samples of infant food cereals,
Nestle Infant Cereal 5 Cereals was found6 zearalenone
at a concentration of 0.0006 pg/kg, No 6 Umnitsa Milk
Porridge Five Cereals +13 Vitamins, T-2 in a concentration
of 0.005 pg/kg, zearalenone at a concentration of
0.0002 pg/kg, No 8 Sami s Usami Children’s Milk Porridge
Five Cereals, T-2 at a concentration of 0.5 pg/kg, No
10 Baby Nutricia Porridge without Dairy Buckwheat,
zearalenone at a concentration of 0.07 pg/kg.

1000000 -
900000 ]
800000 ]
700000 ;

600000 A

Area

500000 -
400000 ]
300000 ]
200000 ]
100000 ]

0 10 20 30 40 50
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Fig.5. Calibration curve
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Table 3. The retention times and mycotoxin detection conditions

Znrc LIFESCIENCES

Retentlon time, Polarlt

Desoxynivalenol (DON) 1.60

Ochratoxin A (Ochr A) 317 -
Aflatoxin M1 3.50 +
Aflatoxin G2 3.74 +
Aflatoxin G1 4.03 +
Aflatoxin B2 4.29 +
Aflatoxin B1 4.74 +
T2 toxin 6.86 +
Zearalenon (ZEA) 7.01 -

Once again, we draw your attention to the fact that the
detected concentrations of toxins T-2 and zearalenone are
significantly lower than the current threshold allowable
concentration.

Our research showed that in the feeds for cats

mycotoxins are detected more often than in dog feeds.

Thus, in five out of six purchased cat feeds, aflatoxin
B1, zearalenone and T-2 toxin were found. An exception
was Purina Cat Show Sterilised, in which the content of
detectable toxins was at the level of noise. The quantity
of standardised aflatoxin B1 was 3 and 4 ug/kg in the Felix
samples Felix As Good as it Looks Senior Doubly Delicious

Meat and Monge Rich in chicken Sterilised, respectively,
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Fig.6. Mass spectrum of aflatoxin B1

294.9>138.0
401.8 > 358.1 401.8 > 167.0
328.9>273.0 -
330.5>313.5 330.5>245.0
328.9>243.0 328.9>200.1
314.9 > 259.0 314.9 > 2871
312.9>285.0 312.9> 2411
484.0>305.2 484.0>185.2
316.0 >131.2 316.0 > 175.1

which does not contradict the regulated concentration
<0.01 mg/kg (<10 pug/kg).

There was no significant difference in the content of
mycotoxins in feeds of the economy class and professional
class. On the contrary, three of the nine detectable
analytes were present in the professional Monge fodder,
B1(4.00 pg/kg), T-2 (5.00 pg/kg), zearalenone (8.00 pg/kg).

The dog food showed a more favourable picture,
mycotoxins were found only in three of six. In the Pedigree
Vital sample, deoxynivalenol (2.00 pg/kg) and T-2 toxin
(6.00 pg/kg) were found, and in the Purina Pro plan
and Chappi feed, only zearalenone in concentrations of
7.00 mkg/kg and 6.00 mkg/kg respectively.
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Fig.7. Mass spectrum of zearalenone
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Fig.8. T-2 toxin mass spectrum

All standardised mycotoxins are found in concentrations
that do not exceed the maximum allowable limits, both
in infant food and feed. In porridges for babies of the non-
standardised toxicants (B2, G1, G2) it is not revealed.

Thus, the use of tandem liquid chromatography-mass
spectrometry for the determination of mycotoxins has a
number of undeniable advantages over HPLC methods with
spectrophotometric or fluorimetric detection, enzyme-
linked immunosorbent assays and TLC. One analysis is
sufficient to obtain information on the quantitative content
of a wide variety of mycotoxins due to the exceptional
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Fig.9. Chromatogram of the extract of porridge sample No 10,
zearalenone

1 484.00>305.15(+)
1 484.00>185.15(+)
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Fig.10. Chromatogram of extract of porridge sample No 8, T-2 toxin

selectivity of ‘triple quadrupole’ detectors in the MRM
regime. Sample preparation is greatly simplified, the
reliability of results is enhanced, and detection limits are
significantly reduced. The latter circumstance makes it
possible to detect the target components in objects for
which the preceding analytical methodsyielded a zero result.
Thus, the introduction of highly sensitive instrumental
methods of analysis changes our perception of the world
around [17].
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