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Mycotoxin

Aflatoxins

Ochratoxin A

Fumonisins

Zearalenone

Trichotecenes

Main fungi

Aspergillus spp

Aspergillus spp,
Penicillum spp

Fusarium spp

Fusarium spp

Fusarium spp

Impact on animal health

All livestock susceptible to different
degrees.

Acute toxicity, hepatotoxic and
nephrotoxic. Carcinogenic and mutagenic.
Growth impairment. Immunosuppression.

Nephrotoxic
Immunosuppression
Possibly carcinogenic

Toxic to liver and central nervous system
Possibly carcinogenic

Swine highly sensitive, cattle less sensitive.

Endocrine disruption. Estrogenic effects,
reduced reproduction, feminisation,
malformations.

Gastrointestinal disturbance. Reduced feed

intake. llI-thrift. Immunosuppression.
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Fur over 60 years, residents of rural farming villages in
Bosnia-Herzegovina, Bulgaria, Croatia, Romania, and
Serbia have encountered a high prevalence of renal disease,
known as the Balkan endemic nephropathy (BEN), a unique
chronic kidney disease with slow and progressive loss of kidney
functions. Over 25000 individuals are suffering, or are
suspected of suftering, from BEN today, while the total
population at risk is estimated to exceed 100 000 Despite
decades of intensive research into the etiology of BEN, which
had explored genetic factor and various environmental
contaminants including heavy metals, polycyclic aromatic
hydrocarbons, or fungal toxins (especially Ochratoxin A) as
pntenh'al causative algents,1 2 general COnsensus was not

4 ACS Publications 2018 American chemical ocey

reached until more recently, when another class of phytotoxins,
arstolochic acids (AAs), was shown to be the true culprit
Since ancient times, Aristolochia plants and their extracts
containing Ads have been adopted worldwide as herbal
medicine for a wide range of symptoms and diseases such as

arthritis, gout, and inflammation. With sufficient evidence
substantiating AAs and their associated herbs’ high nephrotox.
icity and carcinogenicity to both laboratory rodents and human
beings, they have been classified as Group 1 carcinogens

(being carcinogenic to human) by the International Agency for
Research on Cancer in 2002, which has led to herbal

Published: October 22, 2018

OO 10,102 1/8cs. chermradton BO020]
Cherm, Re, Towieal, 2018, 31, 1109-1110

1100, OOO+

< \/"L

| PR

,\r*'\

(A1)

——.

-

® e FADARA

—

o




ﬂnhm

a l
(LPE] 9'--‘":,
g.
2.5
R B R S CA L s
st g e el s e

092992 oSl by o)l o ik u!,» s . Cadls 69 A S gl S|
J° 6)9)L’ “‘l’ f’)"“"“ J&L“ ‘-%’5 9 ;‘SA &ﬁi’-’ L 9 (e g‘)ﬁ"’)ﬁ"b) 03)“‘“’9““"
O}wc\.»a.u Uo)..wu.CLaw 90&.».» L,LQ‘

O (sl s 05 p el ¢ o] LSLQ:J}L“’KO S 4-*-'2’ ; f‘;ﬁb LA S 531,51 o

LSLQ ﬁ‘d..: o)‘du‘ L)“&Lf g.,&—l.: o.b‘}: LSA rg.w w‘ od‘d ’ SS9y ul.b&.?u dg.w LSA

wl.:dd.:;?u.nw u.i.o«ocod.x.o.”)}' LSLQ Jﬁlw 69) u)?u) u‘).:‘ u.M»‘ L:g&..ﬁo.) U’“&L{ ‘) LS"Q"‘
O
o‘)ycu s Bk 5l e ool 0ol L5 o Q.wfy\;huoog\ 2l olge d),aa O ygo 4O

T d ‘J.C d.§ ).a..w.u lesd Olows 9 Ju)‘d 456).@5 L))9 a0 c\.‘>5.a l.a l5$95 Os.w s J..O.‘...o
dsu.w.o Q‘)S‘ ‘ub‘)ﬁ"ﬁ u‘)dLo)J 09)LC Jgj.‘fg;o)‘)ﬁA U"'“’S}"JS‘T"E} uo).:.o )“5)"“"‘"" WIS
“WMUMPI’GL@% r@.@d.’) )JWLSWJ‘W

Shak.iate.ir S5y9laS ijgel aSd
ol @3B g S 22






prEEET

il e
C A
A
Sk
Siaglat i

L
¢ 7.8
¢ é R B R S CA L s
st g e el s e
L X 2

Ql?u‘ 9 U"*", &_«Mw —>90 g od; BY w ‘ w‘ )OL‘BA u~*59-")5"
W w.:‘ o J.Jg.a..o Lgl.e‘.u.o L)"‘ )O Os.w U‘"’9“° )Q W LQLQ‘A)L?@L:
Cewl 00l coaliw L_s‘“""

g Pl DAL Sboyes Glee pladl 2 pdb Gl pae SIST (o fage ®
bl Sz g o0l 0k (g, 55

Sl jop b (oras Sldohe pucdsilio (g5l louigal alwy A S glsle
ol a8l LS| yginS L g el ole alie  oac

g b als b ol o w JA S sl b (godS s @
u;jli"ﬁ") O3 3 megllsSn 5 lslSs SeamTln @3 s dS ol
55, %ea o 4lS )5 5055 Syl 5 (55215

24



\’,"fyhlm"\'/
oabueay
o g
sl
Saaglatl s
ol
7Lk
2.5

R B R S CA L s
st g e el s e

D9 (oo bles adS jo Lo Mﬁ‘)ﬂ s Oy i
O dslhie ey SLog,al ;0 (56-dS slo 5048 sl LA S 931,51 LLS |

Cew) 00U 00l uLu.u

Coadla g OIS dia Y gda il Ay (pinaS 50 S0 (a pma a0 8 ) )8
S o Al Gl

Sciilem (SS3 5 sowes o do)la 4 lSA

solie 36 Jgs 25



alo STgs e a3l Gin (Sogdl 8,50 10 slopdss sl bg,l ol ;5 ”lfi““
S loomnciS )lg 500 4 ‘.;%J‘ o g e A,y da S PeSole 4 e g
S8 )18 15 Lo
o2 035 Glyse A umsy‘;\ L&Mwsgms\ s dgrenS 535oke o o
O&Qﬁu 5[.@‘)).4.“»5[.%09.&,0 ‘u‘.> 4)5&‘ 6LQ J&‘ ‘)3.‘..‘@9'0‘& &5‘)9} ‘LSOL"B
w‘ 0l dus-Lldy oaLo‘ s’b‘c LSLQ

Ml ol 5o 95 (lime lopdss sleole (Jilaw (S Sy Legglas @

Gges A Sl ,S1 (65 ol LSLQ:%)_ 2 kgl g olde sleens,
Sgls (o0 00l Cymrd Sooll Gul (0 £45 Cgo ¢ Jun ) sl

Shak.iate.ir S5y9laS ijgel aSd
ol @3B g S 26



Qié"-“e,
sl alts o lsie ds ald gla 08,513 OA Sl ST as  Sooll sgdgte

“39'“"'4‘"" u;j,a.’ e @L’“"‘ 4ML‘> S LS‘)'.’

A S gilST 4 009l STyg5 a5 j5lo g plo Slews 91,8 Bran b la e s o
ey byl asles] 10 0,8 a5 (60)lge o0 ¥ 5l S ) b &l 00,5 8 pan
ol 008 3,90 13 (0 e S BA 1S 51 ST

Sos5 ledyl B)ail 5 s> gl (ol 005158 A s 3lse yo g
e Gl S5 ol G5 pred i

5 95 Sis o Dglate Sledy, o 4 L) “-?.{[75‘ et sloysas ploe
sk g plo adas o Sglae Gledy; 5 (20 g ol Slessla (DM ()l L
ol Tl sA SIS @ pls STy s oogll sl Jlazs
3,10 3925 (olo sleas 51,8

Shak.iate.ir S5y9laS ijgel aSd
ol @3B g S 27



\’,"fyhlm"\'/
oabueay
o g
sl
Saaglatl s
ol
7Lk
2.5

R B R S CA L s
st g e el s e

sladyglp g pd Fogll 8550 j0 1, 1,580 Lyl 4ol joim eyl L
Y oQ)S.S é.@jA u""*‘SB"‘)S‘ 4 GMJ
S B8 a0 (Sl el 52t Oliee a0 s e Sl a0 80 055 3 90 50
adgl Slge A S G ST 4 gyrin Sogll S x> sl atsls 1A
31y Epo o35 )0 WlguA S5l STL aal ails 0929 Wb €0 sl (SThe>
CSLA eSSl ST a4 Sodl e St JI3Ke5s €0 9 Jbog Ll pd

S

Shak.iate.ir S5y9laS ijgel aSd
ol @3B g S 28



2
2.5

Bl mgyd 5 (igel sl Gleii

oogﬂA ny‘;‘ oA.uSJ.Jy b.‘>)l3 Lgh’b A gw £o )‘ u_wo 9 éol} uls)LLf‘“‘”"“‘“

s el asb cols 18 bl oee ]y jelS IS asl>

ALz jeub g pls Slg> g (2lde Slge 5,50 10 (63,90 Sloam, 2 529 I L
3,18 9925 LS Sloj sla o3l 5 Gblie o

611&'& Slgo b aslis 4o @‘9;’ LQLQS!)%} )oA CnnS o3]S 4l ss (S job a®
odjg‘).é 9 ul.ag.»& 9 uy& )‘ ch.o.c UL’)"‘ 9 )y.b cfo‘d J‘)? w‘ ).a..w.u QS’LW"‘
(o OMAJ&: L5>)L9 LQLQ c\.sg.w Ja.wy 6\5 w‘ Oy J.«S.o.u.’ LQ‘.J LS“’L> LQLQ
M g 5 8550 W) Sl S o515

Shak.iate.ir S5y9laS ijgel aSd
ol @3B g S 29



oyl a0 ()
oMF il a0 F 5 \Y w55 4 P. viridicatum o A. ochraceus la.g pw aJds clp py¥ Ol a0 Jolas -
Codlad olpee Jal S ol j0) 21,5 Sila as 0 YT Jolee P. viridicatum Saugi po 3dss sl canlie &l > a0 -
(ol o N Jola agy il
(ay) o cudld (Y
SIAY -+ JAY Jolee A. ochraceus 'y oliw Jilas -
4510 slod g Cwab, (Y
Ao, YAMD — FofF Cogbo, L (clo ails g (4,0 F — YV odgaze ) o F Silo a0 F LB oo Joo (clos (0 OTA -
D35 (oo A5
(els uzee ) | 2w (F
sl pge e 2dgi g g1 AD, (69) 2 SES daisme 10 d5ge (olAE Slge g5 -
asle abeens b oS 0 <5 slo e ) P viridicatim alag @ o S 51 5T 005 olp ool Last 5 o -
Deh oo edlind jo S e - jetie olas SiS baiee o Sole 428l i S8 daoes
Do 3 M F il daz 0 YO (sled ;0 (Gg,5 90 VD g satte o,lac KUY (gol> ) 33,50 — jaths o lae GBS laore jloolall -
A. niger niger al.s 4 oo 2l &l 59, ¥

b, oo g ol b a3l 3l a3 (83, » P. viridicatum 3 A. ochraceus al g4 OTA oy -
"'\"L£<5‘ Je‘}é‘w_u ..\.:J}'i C)l)'i"‘" J::.:.‘)t.o‘}:.b"gﬁ )L\.{.bo ‘:’.'._.QJYL_' l.3 -.)JL) .E:LSJ‘




(S5 ) 2588
48 b gcdgan 5 g S o e lafe 4 g le aldS o ] e cp st Ll cagd o 00D a0 ole Sl alad 0 OTA -

_.!-3_..;.; — n_?.:_‘::l-i'l -.:::':J..él.l:

3 rpe Sl ST baus g ol el pdgoee c OTA SH580e0 55 ods

et VT uzd — I

Sod oo dude Za% Jafe 4y azdlas a3l o % A eSS S g - F o Shs codplie -

a e o 3le plile oy gl ¥ mE FKE 300 0 €A S0l oS e - F R se e dydangy Lo
ApS A am g gz ol e gy Sa e

&2

5 e ab Fodio Lol ian 1 gagan B Aty 2. diad oo w35 Lol e Baes o] ole codglze g OTA .« il 5 -
A e mds sl alzes 3l Za 0 |, OTA AR, a5 o, o oy —

el aad 5,0 0l IA8as gle cpes ol Lo 0 pdd ooy e, JOTA ady -




L oosle 5L

3 Jgena soley OTA saila 8l e o ¥ Lod— 1 J1 3 O G515 2 OTA Jg5la 5g00m Jds 4y -
) L qulilﬂ_d;ﬂ[d_jmgﬂdl.lﬁhnai SR L - T Jrrt: | P N L [ LY T S | PR L SUE L LN P34

- -._.-|....Jl1

ot oo Sl e g S o, @Y el ClBa® c adS 0 g o e 4 alg Glade )l OTA o (Fas aiN s -

kB e a5 L oS s e 5l g polie - azhie A S (gl A S SLSTY PPM ssle o s b 2585 gle ange adii Lo -

_.l'-_.}:.j- .;S_ILL.:IJ L]._.E Elﬁ-,;j'.ﬂ- n.Z..SL-'Ll el s e ;u—--l_}l l_:;1-nd__||..,n ‘;L_I i L1 Sy '.ELL...JIL-._:J

L opem b ool 43067 S 50¥ (gle azge e d Sdlac g weds colae 0 OTA 1 SLL i 4 500 Slalllae 5 25 o -

il an S -n_,l....;.ﬂ -n;'l_gJ1
s gmg ot 4y T JUES] g £ e om0 OTA pasd 156l ¢ ool clalic b JiSass ol o apdas 3 0 —

o RS L,f:_,bf i .i;:,Lw_ﬂ e OTA wchblas —
cadeg OTA 4 cagll s 0 8FF . Slasl cas | gule;] fied pa 3,50 YV F alowy 1. Sladl o sy S0 o —




'T-2 and HT-2
' toxin

Citrinin

Fumonisins Deoxynivalenol




Secondary of fungi
Contaminating food and feeds
Environmental contamination
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GOUT DUE TO OCHRATOXIN TOXICOSIS

ARTICULAR
12/26/2021 (Phillips ef al., 2007, U.S5A))
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Natural Occurrence of OTA in Animal Feed

ssFactors Influencing OTA production include environmental

conditions, such as temperature and water activity, but also the type
and integrity of the seeds.

** While A. ochraceus grows better In oilseeds (peanuts and
soybeans) than iIn grain crops, such as wheat and corn, P.
verrucosum may grow better in wheat and corn.

“*OTA has been found In cereal grains (maize, barley, wheat, oats,
rye), hay and mixed feed .

“*OTA amount In animal feed varies from country to country. The

highest amounts have been reported in Northern Europe and North
America
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Analysis of Ochratoxin A ] [ Molecular identification of fungi ] [ In vitro biocontrol of toxigenic fungi ]




« OA

OA producing mold

Penicillium Temperate & cool region Aspergillus Topical




Table 1

Eurcpean Union Maximum level of ochratoxin permitted in foodstuff.

Commodities Maximum level (pg/kg)

Raw cereals 5.0
Cereal products 3.0
Infant based food 0.5
Dried vine fruit 10.0
Rpoasted coffee beans 5.0

coluble coffee 10.0

Wine and grape juice 2.0




Table 2

The Commission of the Eurspean Communities Recommendation (2006/576) guidance values for OTA in feedstufls,

Feed Commodities Maximum level (pg/kg)

Cereals and cereal products 230
Completary and complete feedstufls for pigs a0
Completary and complete feedstuffs for poultry
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Table 1

Ochratoxin-producing fungi, optimal growth conditions, and commodities affected.

OTA- Optimal Water Commodities affected

producing temperature activity

species range [Min-

Max) °C
A. ochraceus | 24-31 (8-37) | 0.95- Smoked and salted dried fish, dried beans, hiltong, soya beans,
0.99 chickpeas, rapeseed, pepper, dried fruit, and sesame seeds, nuts,

cereals rice, barley, maize, wheat, flour, and bran, coffee beans

A. 32-25 (N/A- 0.82 Grapes and grape products, including table grapes, wines, and dried

carbonarius | 40) vine fruits

A. niger 35-37 (6-47) | 0.77 Nuts, apples, pears, peaches, citrus, grapes, figs, strawberries,
mangoes, tomatoes, melons, onions, garlic, and vams

B verrucasum | 20 (0-30) 0.80 Cereal crops; cheese, meat products

Open in a separate window

Source: JECFA (Joint FAQO/WHO Committee On Food Additivies (JECEA), 2001).




Table 2

Summary of calculated tolerable human intakes of ochratoxin A (OTA) by international organization.

Organization

Tolerable
intake
metric’

Limit

Reference

European Food Safety Authority (EFS5A)

PTWI

120 ng/kg
b fweek

EF54A, 2006

Health Canada

3 ng/kg bw/day

iper-Goodman et al.,

010

Health Canada

4 ng/kg bw/day

iper-Goodman et al.,
10

Joint FAQ fSWHO Expert Committee on Food Additives

(JECEA) 2007

100 ng/kg
bw fweek

JECEA, 2007

Mordic Expert Group on Food Safety

5 ng/kg bw day

Qlson etal,, 1991

Scientific Commiittee of Food (5CF) of the European

Union

5 ng/kg bw day

EF54A, 2006

Open in a separate window

“TDI - tolerable daily intake; PTDI - provisional tolerable daily intake; PTWI - provisional tolerable weekly intake;

MNCRI - negligible cancer risk intake
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Ochratoxins in Feed, a Risk for Animal and Human Health: Control Strategies

Muzaffer Denli' and Jose F. Perez®

+ Author information = Article notes - Copyright and License information  Disclaimer

This article hazs been cited by other articles in PMC.

Abstract Goto: +

Ochratoxin A (OTA) has been shown to be a potent nephrotoxic, hepatotoxic, and teratogenic compound.
[n farm animals, the intake of feed contaminated with OTA affects animal health and productivity, and
may result in the presence of OTA in the animal products. Strategies for the control of OTA in food
products require early identification and elimination of contaminated commodities from the food
chain. However, current analytical protocols may fail to identify contaminated products, especially in
animal feed. The present paper discusses the impact of OTA on human and animal health, with special
emphasis on the potential risks of OTA residue in animal products, and control strategies applied in the
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