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BISCBIssSMddz HdWWEdzHdJlzjIls & LHBKST §J YO

121rfssted™ ©lsCtr lsdw §Olkdddd d dstdr j
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9" Oy j dgdz" &3 € Odzyj tetsG j dzdz” d&3d 1 @ ls BB3tzés e ) tizez!
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ZOdeBdzj § ~OOSIS] tedzr 3 Jds tsdy dAf] t€ ©wl3e ¢ 1y ro o
GHJ MtsH j oy Odzdijj Istf @ lstindrdf dz@/Is€z¢s Hidsdz 1t¥B dBO taliny C
® CGtkh OR, BOAdOAdOr, IktBkBOIOR, ttBdifd-j.,
CdzBjdzgd SesdzB dC i, B ©OEgdzd Gz dzj € ©tkd BE OB I 0 X
MsCOR ot ote] BOSHEBOEESYL I OFfYFR CIPLts 2
tcOMmiseo sted sMmis! © oBHj, MlsOBddz desfmls!  toc

RMMdzj Hise Odzad j lIsses BIJEBIsEMddzO BT d
OdzlsdB dtsisd ud M¢ d din dijo SRl Algfdv. i § dzd y d dzdzd
Brdzd LOddzlsjtej MsoOder o ssdméyj Htzedm O
If jtcor j tdz B dPenigillium jgdegadplvutha 194 3,06 tHzEZH
fd2Mstedfezec §Mmdi Jjet dH]j dbdiqld@ya ds t
B4 Hdyddem& sd3 dMmmdzj Hise Olsj dz' ME A3 YJ delste
Odzlsd &3 C tets B dzts @ 15 OG¢ J dzls © ftoslsd o dzj ¢ ts
CtcOlsIsted yoOlsj dz' dzr = Myedhdeterimrdiuberculsi§Z].d R1946G-0 €
GSHOR  Olskzdzd dzOde’ Wz @ls)fndizj dletts H dzv  ff BSIsj dzyd
COyj mMiso j Ols O YO ®. 9" Hjdzjd COC f{tofs
hdJesSCtsets M jSCIste® Hj2Mlsadw, f§LYyj BT dzZfs
tcOL dzd ydz' - BOGCIsjted Odz! dz' ~ odHBO, o ¢
acOBtsIsted yOlsj dz' dz | BOCI]jtedd, sOC Y Jd Ists ¢
Bdtsdaztsecdyd MSdr MdMmlsj d&3, o Cdzt yOoYdiEtcr dn, 1 T 5
oMmMfrhCO BGltcOodzj dzdvw Ctokzf dzsets ttSGE OISBE TS
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Ylsts f Oskzdzddz v o dzeRirlIssN® i3 § s Is o ffiidfteipEzE fiidsodO «
OdzZsdBdtslsdC O BFr dzts ftej CtcON jdzs [ 18] .

stesdzy IsBG s, HSC OL Odzts, Yylsts § Olskzdzd dz |
Hietsy Y42 [12].

10szdzddz ontsHdIls o MPdMsE KBICsHBY &
ftosHEZGFOR dzd o AssEHdswin deNtg O j Is ¢ OW dzOIsts€ md dzr
WedsdzdL ddzr , Istedatslsj yjdzr d L Jj OteOdzj dzts dz.

10yd tsdzOdz! dzr d3qd d Bj Y HEZdOtetsH dz" o5 G e
dmMfsdz Lejd3" =~ o YdksOddd yj dzse jC O WwWBdzsy
Csdzd yd Mlse T Ol dzdEAOC iz B szt otcj dBBW € OF
tcj GzZOd3d dzlsdtelzé Is kZtetse j dz¥ Q ISzedzd[ dACB ,0 4P 6. J

(otesf j2MEd2 ijedzOd3j dzls M 2003 G BaHOdzl
MeH Jj oy Odzd v ff Gz daddez© WhtdOz Coftsar'd & o figta TAs &, 254 to
BECEE HEZHN" dsofYBdZtyd « fotHd&zCistdy Hfsilwe d3
ftoj HdZOL dzgOyj dzdzr = HdzW dBBdzOH j dzyj o | § M d3tg ldstg 2
Odzd udd +{bdn { tefote opaz] HLO Isfiptsizd jdze yfdsis mv o
ofj & Bdtej [45].

sesd3] IO Gde 2 f Olskdzddz0 o wBdtsydz » {f to
5 t©OL dedyJ ftodj d3dzj BBsects ERZtotsodzwW HdAdzW oL
otsLOMIsy HEts 12 dzjls dzOn tSH WiSldfr dpd3tIlO fifidzts
slsdzd ydzz® ls W dL dtsdzse ddf~ o todsjnjlz' YW [ dedses] J
dmMmdzj His9 Odad W B dzd MmMtsmtcj HiBIssyYJ dzr IsOC ¥ J
LOGteW L dedlsjdzj 2 dzgO Bjtej d3j dade’ = Y j dz" d dzOF
BOIsj e v, dBseclkls dzj d3d H dfjded=da@X o d3d B B 6 O dz@ d3tc C
YJdeh ddgr wodzwes sfypw jhj BHds?2 ctwbkzffs?2 todf

]l Msslse jlsmMlsaedd M tj Csd3j dzgH Qojd jd?2 dgo tot
ZMmis Odzts 9 dz] dzdMOEUS( nizotc seo fddw e ¢ t l evel ) f Olskdz
ftcj HOo Otcd Isj dz dzOWH ts f BACsifdFRO® dz!  didA{IsGdszdd@fvdzO H
 ls O dzts dz@rj dizQc s 9 dzj 0, 4 (BBSCs/slsc zdg®&mrdz’ Is p


https://ezproxy.ha.tpu.ru:2056/topics/earth-and-planetary-sciences/fetus
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/tolerable-daily-intake
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Btsdz! h ddzMmlsesdz OdzOdzdL s tyj dzS d ted m< OECH dz
2006.

s G d&zOMmdzts Istcj BB OdzdVW d3 sy mdzd yd MESG s
021/2011¢ B j L S OfmMdetsmisd §dh jots?2 fJtesHlzSCydde,
fdlsOdzdw HJjIs]j 2, BJtej d3j dzdzr » d Ctstedi3vh dn
sBdzj f dnd d S Odzdds ffiagd RMislfZzins @ s@ls f &zq da

1221 jBzOetsfftedWlisde § fmdzj HMlsoadw HAW L HEST

Il d&zOMmlsswh jj otcjdw Okzdzdd ¢ zOMMdW dyd
Gtezdf §fr d3d Y HEZdOWGESHM i3 OG J dzls ARG, tsdf 9485 ) d fif
sL dzZ0y0oj s, Yybsts dzj HsMsOlssydzs dMmmdzy H 59 Odz
dMmmdzi Hse Oded 2 H dg¥ ORI dejttBR el GO

ssC Mduyd ME sJ oLHj2MIsad ] f Olskzdzd d&z0 d3ts
otcjHdZ = OHHECItse M Mizdz WedHtcd dz et tHyg M ise
f Olskzdz§] dsfz dz' W 6 d H ted dz' dz'hdg tc tEGctiz §f A dg f) O dzts ,
qacdsdtlze h jj Hig&Eispdd® ¢St jsagsdld @ LV (
zd L sMtsdzOdz! dz", {j| &f PledEizgEe L. O H. ), JjeB dzj )4
oflze YyoOr Is tOLlkzh jdadd ¢ dzOL d@z3OIsdyd MEts?2 BB &3
stcOdzmf stols© OB detsC d Mdzsls, dzOdez\) ¢ Wdzd j d dzdedde
fddasd L © r1s, ddzlsj el [-Acjsdi Jf teds'HAzcySfddgzdsB @l -1

[ 150 fOkzdzddzO Mshtg@b z8 j & SBo dHdlssSBS5 e
otsLHj2Msadw [ 44] .

101Is iz dzd dz wo dzw j Isfpw o MsCtstcj OC Isd o dats
O9LOddBBH | 2MIsatse Ols n B J dz€ Od3d g] sB 6 C
Bd Y Bsdzj S zdzWteds” » Y jte)yd »~ O3y dzfp Q d ffigles
LOMIsQoadzvw dm o jMmisd Miew C0O¢C ddededlstt

[Mter | MBI Istsd3r bkftslstej Bdzj dedWw § Olskz dzd d
sHMhClz, LOMIsts?2 o -CAfjhq Sudie ,i njddatf HstistgRiziz olst
tbo s izeklafh j Ydtstgo tsd L flfdstai@y oizgf d20H yOIsd § j tgils


https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib26
https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib26
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/carcinogenesis
https://ezproxy.ha.tpu.ru:2056/science/article/pii/S0278691519302352#bib37
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/thiol-group
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/thiol-group
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/lysosome-enzyme
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/rna-polymerase
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/nausea
https://ezproxy.ha.tpu.ru:2056/topics/pharmacology-toxicology-and-pharmaceutical-science/intestine-injury
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ntesded Ud M dd3 MBI SBOB k2§ sistej Bdzj dzds  ff ¢
ded 2 OOy d M d2 d COdzyd tesgjdader 2 L WWJSIsr .

10skzdzddz ditsy jIs tsB t6O4 isdew to s  fozy W i3k dzf
Csd Moes2Mlsa® dekzls eI vijdafids'] MsBO deyy
LWWJClgrs. MtssBh jdd?2 B oL d@syds?2 IssCihdy
sSCMddz0 o9 otsh CsBOL dzs?2 W istedsy .

stesdzy bEOMMBZOIstcdo Ojls § Okzdazdd ¢O0¢
Mt d v d dyH2AP2P05)(

l &zOMmistswh jj otej BB otsfttsi B tcOL OB
or Msykzomlsadlsjdzt dz@ » BIIssHE HAZY dL d3j to]
9 tOLdzdyde » Bl jCIsOr, 9 Itsd3 ydmdzy f§dh J

123stsdzlstesdz? B S slstsC Md dats o
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o N J dz2Hdshydasdzts i3 1O YlizPC Isd ud MCdj &Bj e,
f sHOo dzj dzd j sBtoOL ts9 Odad W B CtslstsC Md dats o
weodwe lsipw dOdeBdzj j 1 WWjCIlsdeodz &5 f SHRSH TS
fslste] Rglsizokiets ] EZftcOQodzjdedy W Jjtodgs?2, d&j st
Fdzzyh jddw Yy dLdzg M sMtsedetsMmisd, dMf sdz' L 59 C
Bdtsdzsedyj Med2 Ctdstotsdz |, qtetcde Oydw d t
BHEIs d3jdzi i YtsHo jtey j did Ist€tc @zl B ald®OGHS i iy oy dscf

[HAZQ8zs COYHB] rtOddddhj diidjls Hhiskz{
ftetsB dzj 3" M ytej LsBjOelE jd dRfigfdsidr'j iy & dziz W Jz diz
COyYyJmMso®© WkCIlstse, f sHdzj y Oh d=a sBtcOB IS
Mstels d towofifjds ¢ sy dz fsdzj Ldzr § MtejHMIsekBd H
ftesyj Mmr dselkzls Brls! 1 Cdatsdidyj MSd daj yjc
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fsMEsdzt €k dadiiz! IAEC Mzjo jLaadOpgdplR)t Is~ tsB L s ) O d3ftf '
ftcJ] HMsOodzw ¥ Is f tetsB dzj 3z L @ &tcw dedzgz@dzy v d §f kst
d Bklsd dzdd®dqddz J d3d IsStsHT ftcj HO Otcd s dz! dzts 2
dzj 5B - SH d d3ts HOdz! dzj 2h J § 2 d3j dz' v dgd jdzj € tfgls
HSCOLOjd Mlso® dzjkzBjHdlsjdz dz lsdatsfdlsj
BjssHse dizjf sislstedlz B r Asdz’  dHf"s de Q ds®dzls dialts dBjj
sts¢ets, fMeh jmMsekzjls tBjMYftssts dadatsls: f s
MsjHddzj dzgd 2, G©BELOLES M oMY O f tdaf ¢ thelOE te?tsdgd
M shcisE® h dazhlsets dL 1 Isdn § totsHCsdswd tejshe j
dzj SsIstster j dL dedm, GCOC BT dzts kfMilsOdzetso dzj dzt

106teW L dzgj dedV ftsMdz) MBBtcO Etotsy OV ditsy da
5j B jtcOlktez, O 1OCYy] &dStsBdtdsedyj MS
rd ss¢mdsoydv di3d Cdsusdr Cdf| dzted L dowiL i€ d o3d
Bdtsdzsedud ME dd3d o&d stsH OB d3d dzaj § +L WO jYCtds=oB:
BjLY Ofmdzsfisd, oL Bsydr n fskjte! o dbBOI
d fofdzjHMlse d2 HG? lishas iRl d. dzod B sdzj j
o BjNs j dz' Mlse, dLEyYyjdede" » HEB deOMlssWh jats
BgCtetststcd Odzed L dBs o Hdzw fdzedy j dzdw OB MtsteB Y
ftesHEZSIstse of i jjdriaasshl @O isd) d3j dzls O dz! dzs Mz
HSC OL Oljdz Mo © MY sMmtse dzsdhls d M dzdes@Ilg1sis §
BdSHGMiskEY detsfyls! tejH]dzj dzdz" 7 B S slstsC fidd
dmmdzy Hse Odzdw [ 44] .

13ndLdRgBdud MCdd @IbbsH By HJddY &I

utsls WOCIs, ybkts Bodz hddhsets &JElstsS M«
dzdL Cdr Ctdzyj dzelsteOydwn, HJd&ZOjIs dzj sBRtSHJC
B ssHEsS9 d- BB WROGEY Jddw. ©WWwH t©OL ddydz -
¢ OdOdzdL 2 3 Lt0s s &) Jadeda. diflsjtc z ¢ IsAftds j H | dzd
BECBIstsC Md dzts o ts ) dzts 0 O dzts dzO dL o dzj yd dzd c
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tcOMmlso sted s j dzw &3 , o Is. Y. Oyd stsdzd Is te d dzts
1 IsddzOyjlsOlssdz, d f§fMmdzjHEksh j2 tydmksscj |
gdzd seo jRHBE@Isdzt®SC ydj 2.

[ dz¥ Sf o) H A HAHBC M dzs o d Y tsdzd o3 *uls
RO OW dud MEdy, Sfbdud MSdd d3j sgH"
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Fusariumo L dzOC Or, O OS¢y j HAY atcOlsts$ Md dzO
[44]. RBEBz dzs dzs e d yj MSC d2 Htwoddeydf sMhdese Odz dzO
(fteiHMlsOoadzws h dds ddzlsj tej i OdzO dzdols =tatg) B tsds O €
ftoslsdoe Odddsdsjjd®. ftcj HMIsOo dzv ¥ Is &g tzFY. d d
tOMmY sL dzO 9 Odzd 4 Bsdzj € &z dzr s fhdzts o Odzts dzO
BftejHdddd » ~dBdudmMcdn ctlzf§ (1§ drsayy)
ftesdLotHMso O Odzlsdlsj &z BJSE BIsE Mdder v o dzw
YlstsB ' 9" L90OIs! d B33z dzts dztisdsdizlg) € dzd Bts dzj s
fsdzdf jfsdHOBd ddzd Bj dZ¢ O3 HdzW. BB OL 59 C

v O6] ftddd dvelshw fidzjHEzehdj d3jIstHT

sOf d dzdzw todz" 2 1 gz 6 I8 tistfstlzigls oz d3f dzls O dz' dz" 2«
sBjMf jydeaOjls t©WOLH,  dzj dzd j CEdi3f sdzdeqels 590
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Wz stej My J ulanyfdifec dftzdifpisfyd. s Odzedd f tsB dzOtclz ) § d
sCftsLotsdzV jIs BdOtelzy jdedj iBJC st Ctipd detg azj ¢
dzj L OteW ¥ j dedz" = yYOMmilsdy BsyJls B dsy] dads fipls ddgic
dLoeo jMmMsdes?2 C0OC BBy  dzdzw tcdzOW 1 dzj S Istets € d dz,
(MECC) [16].
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Wdazkztstej Myj deydw, CoOteyjor 2 BdCtotse OdzOdzMm (
o] L sdzOdzfy dij 2B 6 tc dzOGz] 5 EB®HT 9 O Is or MsC k2
otcj v COC Hkzed] &BjlstsHr dqdijsls Motsd 1 to]

[ dzw ftsHIse jtcy HOB N jEts Odz0Odzd L O dmf
o' MsC sy ifds g  IsSjicts BZOIs s 6 tc O[3 UJ S p sdg b&H
OdzOdzd L dtelz j d3r 2 B S slssYfipfElen Sls CHifdzy Mj »
ftcdmizlsmilse so Ols' f sf8z41, BydMmlsCd + CMistcOC IsC

13IMtcsBOSBEOWdyujMSd) ojlssH' ©ftejHj dj da

ssdzd yj Mlse j dedetsj] HtcjHjdzjdedj f Olslkdzd dzO
o' ff sdzdzj dats dz i3 GisazOUE@E]d d3d ¢ OC  Is t5 dz€ ts fi) dzk:
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U BdgC tsdzts 2 dzO W nlctsBBOIsSSEtcOW W (vdem) E
dmMisd tejlkmw HdY dHjdsd¥dsoydd d € td
wWBdzoydzssdz MtsC. [ jlstsH OdzOdzdL O 1 O IsADHT dz®
shmdztse j  dodbyffivdzj HfS®t j H j dedzts ] w S tslslstsdg (19 7 4
L CMiste®OC ydw 1IsddkzOyjlsOktsd M fsfmdjHksh
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AntesBOIsscteOW dyuj M2 CtdzsdSd i MdddS ocj
(vCtslsls, 1974).

It lssd3 B3j stsHj B dzOtlzy | fzd] tc® fn flzts gz zds
BjdzoL SlIsdOL sdzddetsdz GdHtOLsdzO M ftoj HJ dzisds
[HEZOCt, Jjet dLeodzjyjdedw BT dzd dedL € d d&3q,
tcOLHjdzjdzedw fp BOtdyj 2 yYOmB® st Istsalad o dons B a
Brdsulsd LOBttsh jdz 98 tklsddzdesdz O0dzOdzdL j f O

Il yJj dztsdz,l st Mlzj Histetsets?2, BF Mister 2 OdzOdz
COyj Mmlse j dedz’ R qazd (sdkS sddyj Miss j dzdzr A
Ctsdzd yj mlse j dadz" § tojLzdz sOIst IsOC Y J§ Bts @
HJ defdedaiagy MS dn dL B tej ded 2 .

1] Oskzdzddz ftoj HiMlsOadzv jIs MtsBBs?2 dzdL € sA3tsC
dzdL COW dL di3j dzydotsfls! cecteOdzed ydo O s @ cfiso
setcOded yj dedw dzjlskzyddsd d IsjtedismisOB d dz' dz
fSHAatHWYN dBdi] EslBREern ) M da yj dzj 2.

[ dzv Isséts, yYbstser §sdzzydls! a3 dai 4 ¢ sz
Btsdzd § MYJydwdudmédn dsdtse, foddvlsr
SBtcOLtso Odzedj btedd3j Isd dzifd dzd dzso séts 1 W JtcO.
ntstetsh d dizd D% iz H€ o 3d Mo 2 Mise Odizd H dzW
f Olskzdzd dz0. 1 tMdzj Hjtedo OlsdL Oydd f Olsk dzd dz
HilsjCltstetsds M) L ORo Olstsd | dzing s € ts dztsaikj Is fo e dic
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sBd M Jyudls! HBYtsdddlsj d dzt Mjdj Slsdo dsml
o dzgz Iste j dzdzd 2 IS Odzis@tsls j dddzets JdMf sdz L 59 Odzd
Csligf j demMdezjls §slsjted yjdzjor n OdzOdzd Is s ©
s dzj Hts9 Ols j dz' dzts, ldadzy @V [ Jum Stfdifjwd jfrpisiodgd v f Ols
2O HjtedoOldLOydd d ItejBlzsls d3 i€ tstfsdstice 3
Codgdizd eud MSd HEMikzyfjd HEB djHOodzj G 96
sftcjHjdzj dzdW H OkzdzddzO o wBdzsE Os A, W dast
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HilbmMCtsds §dlsOdAg soW &z CHsjodsO R . [sdzsmd Is,
5B dzZOtclzy j dzgdw 5,8 d&@c/ Sc¢ [ 4] .

1 Crm dzOh dzO h JetsC s f tod d34 dzj dzd § 9
1 sdzv tedzOW ftodtecsHO BIJSBlsSMmMddss d drn o
tcOMmiso stcPl§ J&kvw £,0CI i3 sOdesdz d Oyj lssdzdstcd
f SHHOE sMW t©6OLHJjd]dds @O Stksds O~ 1 0rm
tcOL dzstsBteOL dzf d3 3§ IstsH Od3. glsg tfjdz |, o Csl
B IstsC Md dats o, By jls Brils! rdLHQdedprddd w20
EHjteyxdoOdzdWw, §COLOIjdzvr EHJty da®ded s, tc,
ftc] SsBEZOH O h drn dBsdsdL sktsfd" = dtsdOr H AV
BB IssH W OHsibdiddizO o HMIsOo dzv jIs MtsB 2 o
AnlesBOsBscEd®Ydm) f kEd scOWdsdzjlstsor d3 (L A)
O MMsydOydj?2 sWdyd Odz dzts 2 OdzOdzd Isd yj <
5B dzZOtelz ) j dzd | o thdtseo detsdz Hsls ¥ @& tsgY My
Hi gty j " des] §ted dsd dzj dedJ 34 IstSH s HD diaf |
ftecdo jdzs ¢ t©cOL OB KM, vHSA) B jdis SH o Sryy dz
5B &zOtlz Y j dzd Wzj [H3eY dA[Q ]r I g sjcdz®@ dzts o 5L disy dz'
Bzdzt sdlssSMddeder = d3j stsH s, fsHAatsHWh A |
s s ¢ fmd dats o 9 ts HiesWR] Y - ieSEil s swd ¢ dzj . l tsls
Bzdz' sdlssSCMddetseo " 7 BB ssHOR L OC dz¥ yO,  Ismw
tcOL dzd ydz 4 Ists ¢ fd dgr d vyl tHdd Mmj dz MC ¢t
LOGtewW L dzgj dz2 tcOL dzd ydzr &8 o dH OB ctedBtse dr ylk
CGWHO t©OLdkJyd » bCihddkss [16, 41, 42].

dOiRr 2 twOmMftosmistcOdzj dedz" 2 d3J IstsH, dmt s
Ctsdzdyj Mlso j dedetsets tsftcj Hj dzj dedWw -QlSrded dip
HiliSCldiosaOdedj d3 [ 6, 16] . CASAC Irsetndtgmpl@3€3) dz'
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1.2 Physicechemical and toxicological properties of patulin

Patulin {4-hydroxy-4H-furo [3,2-c] pyran2 (6H) -OH} (Fig. 1) is an unsaturated
heterocyclic lactone [11], mycotoxin produced by various fungi, at least 60 differe
species, in particular Aspergillus, Byssochlamys and PenicillArmong Aspergillus,
patuin-producing species include: A. clavatus, A. giganteus, and A. longivesica. In t
genus Penicillium, there are 13 species producing patulin, including P. carneum,
clavigerum, P. concentric, P. coprobium, P. dipodomyicola, P. expansum, P. glandict
P. gladioli, P. griseofulvum, P. marinum , P. paneum, P. sclerotigenum, and P. vulpini
[12].

Q)

O S

OH

Figure 1- The structural formula of patulin

Patulinhas the empirical formulaA&¢0,, absorbs ultraviolet with one peak at 276
nm (which decreases after reaction with the SH grolipis is a white powder with a
molecular weight of 154.12 g / mol and a melting point of 111 °C [414.soluble in
water and polar organic solvents: methlathanol, acetone and ethyl acetate. It is nof
destroyed by high temperature and it is quite stable in an acidic environment, but unst
in an alkaline environment and to fermentation. Due to its electrophilic nature, patu
reacts with nucleophilegspecially with sulfhydryl groups and amino groups, such a
cysteine, glutathione, proteins, etc. It gradually breaks down when stored in the prese

of sulfites, sulfhydryl groups and ascorbic acid.
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The ultraviolet spectrum has an absorption band at2 (U 166 00) ,
presence of a keto group conjugated to unsaturated bonds.

According to many biochemical studies, the pathogen biosynthesis of patulin cons
of 10 stages (Fig. 2) [2].

6-methvlsalicvlic acid

Acetyl-CoA Synthase (6MSAS) i
- >
» 2O
3 malonyl-CoA PatK ||
6-methylsalicylic acid
6NSA
decarbony lase
O /OL OM
e [,,"in\,-“, “H S CYP619C3 cH
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Figure 2- Pathogen biosynthesis of patulin.

P.expansum is the main food contaminant producing patulin [2A$Hifferent
microorganisms have different nutrient needs, certain types of fungi contaminate cer
foods and even fruits. P.expansum prefers pome fruits and stone fruits, such as,pea

cherries and fruits, i n which they <cal
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Figure 3- Blue rot on apples

Patulird production depends on various factors, such as temperature, pH and ot
physiological parametersTemperature range for growth p. expansamd patulin
production is D24 ° c. It is still not clear whefungussecrete patulin. for example, the
level of patulin secreted by P. expansum upon infection of apples can vary from 2 to :
eg / g; however, the exact level is not associated with thextiolus characteristics of
fungal species, nor with their pathogenicity [2].

In studies of chemical stabilityas reported that patulin did not break down in apple
juice at a temperature of 80 ° C for 20 minutes. There was also a slight patulin decre
could be observeih juice stored for up to 3 weeks at 22 s. Patulin is resistant to therm
degradation, the pH range is 8556 when heated to 125 ° C.

The content of patulin in food can be reduced throughout the food processing chi
Proper handling, stage and transportation of products can limit fungal growth ant
patulin production. General processing methods, including pasteurization, filtration a
fermentation, affect the content of patulin in food products, but are not sufficient safe
[46].

The amount of patulin in juices can be reduced after the removal of rotten or dama
fruits, but cannot be completely removed, since mycotoxin diffuses into healthy parts
the fetus [44].
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1.2.1 History of the discovery of patulin and the norms ofts containing in
products

Patulin is one of the common mycotoxins that has pronounced carcinogenic &
mutagenic properties. Patulin is found in many rotten vegetables, fruits and grains,
the most typical sources are apples and their processed modhetre the content of
patulin can reach up to 17.5 mg / kg; it is also found in pears, bananas, tomatoes,
buckthorn, apricots, peaches, cherries, grapes, strawberries, blueberries, lingonbel
viburnum. Patulin is easily found in fruit juices dugi processing due to its physical
properties. Such as good solubility in water, stability when heated and in an aci
environment.

The study of this mycotoxin was originally associated with its antibiotic propertie
after the discovery of penicillin in9R9, scientists were interested in finding other
antibiotics produced by fungi. It was first isolated from Penicillium griseofulvum in 194
by Harold Reystrike. Soon after its identification, patulin was studied at a British medic
research centercalléddt er ci ni no as an ant i mi-pasitive i
and gramnegative bacteria, such as Mycobacterium tuberculosis [2]. In the 1940s, patt
was thoroughly studied for potential use as an antibiotic. Initially isolated as a bro
spectrum atifungal drug. action, it was later found to inhibit more than 75 differen
bacterial species, including grgpositive and granmegative bacteria, is also toxic to a
wide range of other biological systems, including rats, cats, rabbits and mice. Only
1954 did an outbreak of cattle poisoning demonstrate to veterinarians that patulir
mycotoxin. Due to its toxicity, use as an antibiotic has been discontinued [18].

In addition, it has been proven that patulin is toxic to both plants and yeast [12].

Patuln is included in the list of mycotoxins, the level of which in foods is regulatec
This list includes aflatoxins, ochratoxin A, fumonisins, trichothecenes, and zearalenot

National and international groups have recommended that the residual amount:
paulin not exceed 50 mg / kg for apple products used in human nutrition, while mc
countries regulate the level of patulin in juice from 20 to 50 mg / kg [18, 42].

Since 2003, the European regulation establishes a maximum level of patulin cont
of 50 kg for fruit juices and derivat.
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and 10 &g [/ kg for juices and product
Despite these rules, patulin is still found in foods around the world [45].

In addition the level of patulin in apple products for children is 5 times lower thal
the acceptable level for adults, which indicates that children under the age of 12 ar
risk (WHO, 2005). Children have a physiology different from that of adults, which make
them more vulnerable [3]. Many studies have also focused on exposure levels of vari
pollutants in pregnant women, as toxicants consumed by the mother can immedia
affect fetal development. Thus, pregnant women are in another risk group.

In accordance ith the recommendation of the European Commission and based
the established | evel of NOEL (no ef f
preliminary maxi mum all owabl e daily doa
This level has ben accepted by most of the health risk assessment analyzes perforr
on patulin (EC, 2006).

According to the requirements of the technical regulation of the customs union N
021/ 2011 Aon food safetyo, the mvegetablen c
products for children, pregnant and lactating women based on apples, tomatoes,

buckthorn and viburnum [2].

1.2.2 Patulinrelated adverse health effects

Currently, patulin is classified as a human carcinogen of group 3 by the Internatio
Agency for Research on Cancer (IARC, 1986) [14], which means that animal studies
epidemiological studies are insufficient to confirm its carcinogenesis (IARC, 2018).

The toxic effects of patulin can be associated with the formation of harmful adduc
with sulfhydryl groups of important biomolecules. The affinity of patulin for sulfhydryl
groups is widely described, explaining its inhibitory effect on many enzymes (ATPas
lysosomal enzymes, RNA polymerase, etc.), its undesirable effects include d@stiict
the plasma membrane, inhibition of protein synthesis, amino acid transport, &
transcription disorder and translation, inhibition of DNA synthesis, interfproducing

T-helper cells of the 1st type.
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Patulin LD50 is from 15 to 25 mg / kg and degds on the type of animals and the
route of exposure [44].

Patulin is a highly reactive molecule capable of interacting with proteins to for
intramolecular and intermolecular crdsiks with specific amino acids, forcing them to
behave as an enzyme initdo [45].

Acute symptoms of consuming patulin include agitation, cramps, shortness of bre:
pulmonary congestion, gastrointestinal symptoms including nausea, vomiting, ulc
intestinal hemorrhage, and damage to the duodenum. The chronic symptomss# the
of patulin include genotoxic, neurotoxic and carcinogenic effects.

Patulin can form intermolecular bonds with DNA molecules. These properties m,
explain the reported teratogenic and carcinogenic effects. There are no reports of pos
toxicity of patulin by inhalation of the toxin in powder form.

In addition, WHO views patulin as a possible genotoxic compound (WHO, 2005).

Currently, the question of developing rapid, economical and highly sensitive methc
for measuring mass concentrations of patirivarious objects, including food, remains

open.

1.2.3 Mycotoxin control

Three main strategies for reducing the elimination of the presence of mycotoxins
food: prevention of mycotoxin contamination before and after harvest, detoxification
mycotxins present in food, and inhibition of the absorption of mycotoxins in the
gastrointestinal tract. Preventive measures aimed at suppressing the formatior
mycotoxins in agricultural products are the most effective approach to prevent expos
to consumes. Proper farm management, plant growing methods to improve viability, tt
use of insecticides, fungicides, as well as biological control, irrigation and selection
varieties ensure that plants are less susceptible to adverse factors [44].

However, nokevery storage facility has access to all these technologies, and there
some problems with the excessive use of chemical fungicides. improving the quality
fruits to be processed by washing, pruning and sortatighese are very useful tools for
controlling patulin. These processes may not be economically feasible for
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manufacturers, since they also significantly increase the waste of raw materials. -
waste itself is a pollution problem and requires special attention when handling &
disposing Typical pretreatment methods are insufficient, and further reduction in tr
amount of patulin is necessary. However, the evidence is inconclusive regarding
actual effectiveness of these methods and therefore cannot be used to guarantee saf
addtion, there is concern about the potential toxicity of compounds resulting from tt
decomposition of patulin by some of these methods. most of these products have yze
be identified, and some of them have been found to be toxic [45].

Postharvest pollution can be avoided by controlling humidity, temperature, an
microbiological pests, insects, and animals. Detoxification of mycotoxins by variot
physical, chemical and biological methods is less effective and sometimes limited du
sdety problems, possible nutritional losses of processed products and cost implicatic
Some of the most promising interventions studied to date include the use
microorganisms to reduce the absorption of mycotoxins from consumed foods in |
gastrointesnal tract. Clear evidence exists of the ability of probiotic bacteria to reduc
the potential bioavailability of certain mycotoxins in humans, but further studies a
needed [44].

1.3. Physicechemical methods for the determination of mycotoxins

The fa¢ that most mycotoxins are toxic at very low concentrations makes it necess:
to have sensitive and reliable methods for their detection. A number of different analyti
methods have been applied to the analysis of mycotoxins due to their differetrstruc
[44]. The determination of mycotoxins is based on the extraction of these substances
organic solvents, including acetonitrile, chloroform, toluene, methanol, ethyl acetate, ¢
subsequent purification of the extract on immunoaffinity columnsyosddid phase
extraction.

For the determination of mycotoxins, immunochemical, chromatographic, optical a
electrochemical methods are used. Immunochemical methods are used to select
determine one or a small number of mycotoxins. It is based onighéy lspecific
interaction of antigen and antibody. Direct and indirect ELISA methods were develop
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for the detection of aflatoxins and Fusarium toxins in cereals, as well as for ochrato
and patulin in wines and food samples [44]. The immunologicatiple is based on the
interaction between an antigen (an analyte of interest) and an isolated antibody genet
against an antigen. antibodies are immunoglobulins IgG or IgY. Molecular recognition
based on the spatial complement of certain chemicalpgr (epitopes) on the antigen,
and not on the entire antigen. For the production of antibodies, mycotoxins are hapt
(too small to cause an immunological response); therefore, they are conjugatec
polypeptides or proteins to form an immunogen [16, 40]

The following methodsrealso appkd:

Capillary electrophoresis (CE) is an instrumental method that provides the separa
of components based on the charge in the solution, rather than the chromatogra
interaction between the dissolved and sty phases. Separation is achieved by
migration of charged particles in a working buffer. Cations migrate to the cathode, a
anions migrate to the anode under the influence of electroosmotic flow. The analytes
then detected using fluorescence or Bg@ption. In combination with the detection of
fluorescence, CE allows the detection of mycotoxins at trace levels [46]. Separatior
uncharged particles can be achieved by introducing micelles in a technique knowr
micellar electrokinetic capillary cbmatography (MECC) [16].

In this regard, the researchers studied the possibility of using infrared (IR) analyz
and analysis of the main components for screening mycotoxins directly from a gr:
sample. The advantages of these methods are ease afiokeegult and indestructibility
of the sample. Rotting of the core and fumonisin contamination in maize were detec
using neainfrared reflection spectroscopy, which made it possible to distinguis
between contaminated and clean batches [16].

Recently various optical sensors based on antigetbody interactions have shown
excellent performance for fast detection and with high sensitivity, including fluorescenc
guartz microbalance (microbalance), surface plasma resonance, and so on. Ser
methodsshow high selectivity, while other methods have their advantages.

For the confirmatory analysis, more accurate and highly sensitive chromatograp
methods are used [13], which allow one to separate the analyzed mycotoxin fr
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impurities and interferendbat may still be present after purification of the extract [3, 41
42].

1.3.1 Chromatographic methods for the determination of mycotoxins

Quantitative determination of patulin in food products can be performed by seve
methods, such as thin layer chrtography (TLC), gas chromatography with mass
selective detection (G®™S), high performance liquid chromatography with various
types of detection (UV, MS, DMD).

Thin layer chromatography (TLC) was the first method used to identify and quanti
patulin in gople juice. TLC analysis of patulin was approved by AOAC based on a stu
by Scott (1974). This method involves extraction with ethyl acetate followed b
purification using a silica gel chromatography column. The detection limit was 20 mg
L (Scott, 1974)

In this method, detection was achieved by sprayimegyl2-benzothiazolinone
hydrazone with a detection limit of approximately 20 mg / L. However, its extracts we
low, sensitivity was insufficient, and matrix separation was often problematic. Becau
of this, TLC has almost been abandoned in routine analysis of patulin [41, 42].

In general, TLC is an inexpensive, fast analytical method for obtainingcfuiglity
or semiquantitative visual assessments; reliable quantitative results can also bedbta
using densitometric measurements.

Patulin is a low molecular weight polar molecule. its low variability limits its direct
analysis by GC. Due to its limitation on volatile and thermostable compounds, the GC
not suitable method for commercial purpases

In order to obtain a less polar, more volatile analyte and the yield of more speci
ions, strategies such as acylation and the formation of trimethylsilyl ether have be
adopted. The resulting derivatives are stable, with good chromatographic poparti
reliable detection of patulin. After derivatization, the patulin can be detected using a (
detector with electron capture. However, GC without mass spectrometry lacks spe
capabilities for identification. MS was coupled to GC to provide additiselectivity and
increase the sensitivity of the method. the internal standard (IS), especially the us
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patulin isotopes, compensates for the loss of target analytes and matrix suppres
effects. Therefore, accurate quantitative GUIS determinatia of patulin is based on
derivatization and requires isotopic labeled patulin as IS, which was not commercie
available until recently. The method has been successfully applied to determine pat
in apples and apple products, as well as in juices:; aittkbaby food, and fruit and quince
jams. A relatively low detection limit of 5.8 mg / kg [4].

HPLC is widely used in the analysis of mycotoxins. The polar nature of mycotoxir
and their solubility in water and organic solvents such as methanol andiaitetonply
that they are readily separated by reverse phase HPLC columns, and this has led
variety of methods. The extent to which HPLC is suitable for the separation of mycotox
can be measured based on a database of retention times, rettesotJ¥V absorption
maxima and prevailing monoisotopic ions for 474 fungal metabolites. The official meth
for determining patulin is high performance liquid chromatography (HPLC) witl
ultraviolet (UV) detection, as described by the Association of OFigiaalytical
Chemistry. Chromatographic detection is mainly achieved using UV and fluorescer
detectors, the successful application of ionization methods at atmospheric pressure
led to the development of a number of-MS methods capable of very lovetéction
limits [38.40]. The introduction of LS instruments has made it possible to develop
multitoxin methods suitable for a number of structurally diverse toxins in a sing
chromatographic cycle. The need for such multitoxin methods lies in théh&abne
type of mushroom produces various toxins and that one agricultural product may
contaminated with different types of mushrooms, which leads to the simultanec
appearance of a number of different toxins [16, 41, 42].

So, the most common methodreently used to quantify patulin in fruit products is
HPLC with UV detection [6.16]. This is the official method adopted by AOAC
International (1995) for apple juice with a detection limit of 5 mg / L. However
interfering peaks of ydroxymethylfurfuralmay occur on the chromatogram, which
often makes it difficult to determine the exact content of patulin. Therefore, to confir
its presence, more specific detection methods, such as mass spectrometry (MS)
separation by LC or gas chromatography (G3,usually used [7, 40, 41].
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The HPLGCDMD method has the availability of equipment and higher sensitivity
compared to TLC, and therefore is the most suitable for the analysis of fruit and vegetz:
products for the content of this mycotoxin [15].

A numbe of mycotoxins are not absorbed in the UV range, and suitable derivatizati
methods have been developed for them to detect UV or fluorescence. Examples of
are T2 toxin and fumonisins [16, 41].

The combination of HPLC and MS using atmospheric presgnization (API)
methods such as electrospray ionization (ESI) and atmospheric pressure chen
ionization (APCI), and the development of commercial benchtop instruments, ha
opened up new methodologies for the routine analysis of mycotoxins. Whileahd
HPLC often require derivatization for sensitive detection;NI§ provides a detection
method that is independent of the formation of chemical derivatives or of UV absorpti
or fluorescence properties of the molecule [16].

To date, in the Russian Fadtion, the content of mycotoxins in grain, fruits and
vegetables, dried fruits is determined using the following GOSTs and guidelines [13]:
1) GOST 34142 01 7 AnFood product s, feed,
determining mycotoxins using high perfommea liquid chromatography with mass

spectrometric detection o0[22];
2)GOST32832 014 AJuice products. Determirt
performance liquid chromatographyass spectrometry (HPERIS) o[ 23] ;

3) GOST 317482 0 1 2 preédoctsdDetermination of aflatoxin B1 and the total
content of aflatoxins B1, B2, G1 and G2 in cereals, nuts and their processed prodt
The method of high performance liquid chromatography "[24];

4) MU 408286 "Methodology for the determination of afbxins in food products
using high performance liquid chromatography" [25];

5G0OST 30712001 AFood products. Met hods
content of aflatoxins B1 and M1 o[ 26] ;

6) GOST280382 013 AProducts of pr e Meahodsfontge |

determination of mycotoxin patulin 0] z
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7) GOST R 5143®9 Method for determining the content of mycotoxin patulin in
apple juice, concentrated apple juice and drinks containing apple juice using HPLC "[2

8) 8) GOST 31692 0 1 2 niaBd products of its processing, animal feed.
determination of zearalenone content L

9GOSTISO173722016 NnAni mal feed. det er mi ne
by immunoaffinity column chromatography dn high performance liquid
chromatography "[29];

10) GOSTEN 15852 013 AFood product s. Det ern
based baby foods, barley, corn and wheat flour, polenta and-bessad foods for infants
and young children. HPLC method using immmoaffinity column purification of the
extract and fluorimetric detection 0O G

11) MU 517790 "Guidelines for the detection, identification and determination o
the content of deoxynivalenol (vomitoxin) and zearalenone in grain and grain produc
[31];

12) GOSTEN15892 013 AFood products. determ
grain, its processed products and gfia&sed products for feeding infants and young
children. HPLC method using immunoaffinity column purification of the extract an
spectrophbomet ri ¢ detection in the ultravi

13) GOSTR5111®8 7 ACompound feed, grain, pr
for determining the content of deoxyni

14) GOSTEN15832 013 A Food mmmaichwfochmtoxinB & teeeal
based products for feeding infants and young children. HPLC method usi
i mmunoaffinity column purification of

15)GOSTISO15142-2 013 fAFood pr oduc taoxin Axenteetr I
in grain and cereal products. Part 2. High performance liquid chromatography mett
with bicarbonate purification o[ 35];

16) GOST R EN 158292011 Food Products. Determination of ochratoxin A in
cinnamon, raisins, raisins, dried fruit mixesd dried figs. The method of high
performance liquid chromatography using immunoaffinity column purification of th
extract and detection by fluorescence [36].
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1.4 Voltammetric methods for the analysis of food products on the content of
mycotoxins

The plysicochemical methods used for food analysis have their own disadvantag
and advantages. For example, optical analysis methods require a long time, they
laborious, expensive reagents are used, and chromatographic analysis requires expe
equipmentAs already noted, an EMA may be an alternative to these methods.

EMAs are based on processes that occur in the analyzed solution on the surface c
electrode or in the electrode space under the influence of an electric current. An analy
signal carbe any electrical parameter that depends on the concentration of the analy
solution and can be accurately measured. The measured parameter determine:
analysis method and its name.

As the results of the literature review showed, EMA is undergojid teevelopment,
among them VA methods occupy a leading position (Figure 4).

Voltammetry (70 %)
7 Potentiometry (16 %)

# Amperometry (8 %)
s Conductometry (6 %)

6%

70%

Figure 4- Distribution of publications on electrochemical methods of analysis

Today, the bulk of publications are devoted to-W&thods for the determination of
inorganic substances, in particular metals (Figure 5). However, over the past 5 years, t
has been a tendency to increase publications cwl&Aarmination of organic substances,
namely the determination of a number of vitamins and antibiotics in moldébss, bie
objects, pharmaceuticals, less often in food products and, unfortunately, there
practically no work on VAcontrol of organic substances in food products.
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31% ‘ ‘ H HH Metals (56 %)

|

#13%

¢ Non-metals (13 %)

| Organic substances (31 %)
56%

Figure 5- Distribution of publications by defined components

VA methods are higly sensitive (comparable to AAS), fast, universal, economical
and have a wide diagnostic spectrum for determining components in various objects.
implement the VA methods, chemical reagents and sample preparation techniques
used. The methods aretamnated, which determines the cheapness of the research. T
diagnostic capabilities of VA methods in food research facilities for aflatoxins are ve
promising.

So, for examplehere is i8] attachmena method for determining aflatoxin B1 was
described by differential polarography. The authors for the joint determination
aflatoxin B1 and G1 as a background electrolyte proposed a solution containing a mixt
of 0.1 mol / dm (CHs) 4NBr, 0.1 mol / dm LiCl and 40% CHOH. The peak potentials
of the halfwave of aflatoxin B1 and G1 were recorded at E1 / 2 (afl BI1=3B8 + 0.02)
Vand E1/2 (afl G1) =i(L.25 + 0.02) V relative to AgClanode.

There is in[9] attachmentdescribed the determination aeflatoxin B1 by the
electrochemical method on a glassy carbon electrode modified with sikaangeliquid
to form a biofilm in bee pollen. The authors increased the sensitivity of the sensor us
1-amyl2,3-dimethylimidazolium hexafluorophosphate iorliquid as a modifier. The
sensor gave a linear response in the range ef@rig / ml aflatoxin B1, the detection
limit of 0.01 ng / ml. Compared to the classic silica gel sensor, the new sensor is 2 tir
more sensitive, 190 times more stable, aflatex2, G1, G2, M1 do not interfere with
the determination. The measure of correctness is-HR2(b%. In this method, the
determination of aflatoxin B1 is complicated by the use of a modifying agent, whic

increases the total analysis time.
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There is if10] attachmenthe methods of differential pulsed voltammetry describec
the determination of aflatoxin B1 on graphite printed electrodes on the surface of wh
immunoreagents were immobilized. The authors used enzymes as a label that prov
the appearancef the analytical signal. The substrate wasaphthylphosphate, the
oxidation of which to dnaphthol catalyzed alkaline phosphatase. The emerging curre
was recorded by differential pulse voltammetry methods. In this work, a graphite printi
electroderequires updating and applying the enzyme, making the work more tin
consuming, and toxic reagents are also used. In the literature, voltammetric methods
the determination of mycotoxins are used on various catbotaining electrodes with

various modiers and background electrolytes with different pH.
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