90 dlio

LS 3780l b bl 210 Congoumo 9 6515 J50 (o p
| FOPCHRNV AP L - SR VE SOV DA LERPR VPSS UUNE 3T Y PP P Ve

Ol Rl s 5l sl ¢ Kb pasls 0aSiiils « 2lKle s pole 09,5 (b pl slacs low 9 cablagy ise
Olpl eolemte olame LYl 313 s olKisls ¢ aands ol 00SCiils «DLE 09,57
Ol iz s iz o oBiils g Jame g (ornds polie 0uSiils s Jase  cwdige 0g,5T

.Q|ﬁ| ‘QLQ‘.:.Q‘). ‘QLQ‘.:.Q‘). Lol r°-‘1-> S S oKadls “_,’_q...._b @L;.,o oaSlzsls oComs NEYE9% 03;\‘
Ol pl 0,8 s 0,8 s ol&zils ¢ S juls 00SLiils « l3E Slge (A5 LS 5 Clilogs 09,57
amingholamhosseini@shirazu.ac.ir Jsiwe oo *

VECIVIYY oy g, VE- IO el g

onS

3L Rl ST e (B9 50 el 0o i bl (5l0¢ 0 Cario drwg )y pu SldAns 10 (6,9 p o] Cato dxwgs g o,
oalazw! lm‘sbl.o QAT O o ssle SG Q‘}LCA.Q ‘SQLQ 3992 Sl (6,900 (G330 Slgo plw g AM.J ML ceaS b ‘_,’4199 eiep A
onlpls el oo by (bl 0p3d 2alS o solo JLid iol58l 0g ablgss e iws 4o BT Jlake 4y eais] jo 45 04l e
solaul Q.a“‘).gb.g D9l P LGOS 9 pO ‘_g].a‘ o..\.:J 30 Caiwo oy (_g)L\.lLa\' drwgi jglaiods 6.11.1)\) &L:.a 4 6)5){.6}%—‘ sz’:“‘“.‘ﬁ oS
Wlgi o (2L 238 Slge Lol a2l e Ban cnl Gaod 0 Wlgi e Gl SThs> o Slse 5 M wiile (BLS gy wls |
4,050 S e o by ctlon ey e Cenl (S (o)) Y game S mal i lag B ol sl | el 5 (b i
ccmlio 43505 pas g duoy £l s Caghy g 015 il 4z 0 YV (VL sles po ¢ aume aelusls Loyl i o aigs 00g)] Loz 8
2 LS 5550k mazs cnly odle i3l o) blrs 4 1) (bl Cuodls wiilgi oGS 55Sole 9dgi b 5 00,5 0y S puty lag )8
S0 5 S 59l s glgl cliss gy cpl 51ail SUyhs 50 (BauS 8 pas codls ¢lp Wlg oo lole STy <l
Lo S M ol o o el (559,50 Sladl GEOLS Gpan 4 Coled 10 9 (Shysp oLl @ lde dlge 51 T sl S
Ol Gl 5o ead wiBlid SlaiS Fsole (e 3l manisosd 5 3l daimnisS (S 1,5l (i gileS i
e soliidl sl ( cwliig slaasli 1o o i) o Slee alS alox 5l 50l So3alel (slacomw] wlgs so a5 sl
e B oo (o alie ol 5o cpl b ules o)1y bl 4 (s slacams] g glonnsT ol o olaniinn slo el )l )8 s
g ools lid |y bl cudls il &l 36 (bS5 ol 5l plaS jo 8 yme

(7B Sighe (bl 4AE (S 50l o5 )9 s T HgaalS (ESlg

Lol Jal33l ol (Supartini et al., 2018) Aouke

g dro slocallad il cel gbnl & yae oy
b 0 30,0 BN syynspl arwg g solo
Charo-Karisa ) cesl eals Y+ V#-Y+ o+ sla Jlo
(and Gichuri, 2010
Slp Lol (bl o9 0 50 @ by b lojen
Cosl @Bl il s jsbay 30 LT S1es
1,45 (Anater et al., 2016; Pietsch, 2020)
Sl Gl )9 0 S j0 i o 5 olel 2L
Iy, 2le BaSady slbanye woo Ve LA

3 by slie Bras alw gly g0 Ll
Voo a7 Jlo o p56ls 251 Gl el
EUTPVRCDIEIR JV Y IR XT
Cuol oad 3l ams ez b 6ysne!
o a yras aoliél ol (Tveterds et al., 2012)
Shtr o aels g 5 Comer gpw A,
G )0 e izpen 5 arwy Jl> o slajsiS
Slge i35l 5 Codls 51 BT ol Jo 4 olde
ol adiy oy o by plae



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

Barrows ef ) siua o yiws 5o slos pnS jsbas
S olger obp! laaiss 5l s b yo (al., 2008
U“'i"ﬂ)" 0).:.;L¢.M.:.5 l) ‘) GQLA )O% Qo0 Voo Y
sSlae 7 it Sl 4] g 5 (5ol e
Dersjant-) ail asls ol calites sladaiss o,
.(Li, 2002

=y DYgame ;5 Gladss ws LS S dezs
2 Slgies bosnle (o 5 sloosiS los ol
Obpl cdls 5 jlogigus (izran 5wt o Slos
Chakraborty et al., 2019, Puri et ) 5,135 ,.506
e =)y Neame cpl wdleas (al., 2019
Sy )b owdy Gl ) ek e
S P9l g ycnl jlled oo wolp S 9350 Lo
Cals o 5 obnl 4 Slhes b 5l el (Ses o
b Jisl pEasS B8 ras 4y I3 oy Gk
30 b S 5565l 39> 4 .(Marijani et al., 2017)
o (sl g (2LS Wl olge jloadans ST e
ool 5l (Lith et al., 2005) ol oo )55
(s Sed5enS 550 Le slag,B L Lale (ool
Cudl Sronn] ey Glp gar gl
ool o allie pl ,o (Fallah et al., 2014)
3 oxd olulid (S 5isSole glol (Byre (resd
53156 2lse @ ll (23 @3, 5 (258 D
S5 5 LS ggSole calides el b Congons
O She dlge 5l S 959Gl Jlosx!  Jla!
oyl alsyy (Ssn Obi
b (S 9 90 Lo
i wies b b sSse oS sl
slas) slag B by 450 clcdsle olyea
Wgdige 039l pgem il
.(Vasconcelos, 2020
sorl 4 b S eisSile
.Berthiller et 2007)

Oliveira and)
g YTeoVeo g0
oLl

al.,

AR

Uiy 4 (Zhao et al., 2010) wws o oS5
Vb CeaSh Gl nBgn a5l obiyl o5k
Tacon ef ) sl 5,950 Gdae dlgo plo 5 o]
15 s oole S lsicas alo g (al., 2011
Jlade 4y oan] yo as Sgs oo oolainl o cole aydss
Sly plS 0g Gsle eytws o (BB
ol el g jsliieds ol bl 4 )96
5 Pb yos doye el W el 69,0 Cais
Lol susfilr 5 Jlipl @lié onz 5o (ole (029,
ol gloans 5l (ol
sl cwlice g 48 p0dy 9,00
slp @S @t oS5 a0t

e opz 0l 89, 5 Bl o Rl
Cool a8 S5 olesl oy5e (B ol
= l3¢ slge (Oliveira and Vasconcelos, 2020)
ssbar (Geejelil (J slages; wiile alS
b 29y 5 Bl on Rl lr sleasli
Tacon et al., 2011; ) «laxs 3 18 solatal 5,90
Jdg oo oy LI (Anater et al., 2016
sl 55 G5y oy leaul 5 ansl slaul
S odd o 69l 5 (LS o 5 (eBsn
el slp 2l mle )l sas,s ws eolatul
Wil ealp el e ohsn sl mle
ol wlge el o .(Naylor et al., 2009)
W8S Oygo Syt anie halS jsliiea ol
(Enyidi et al., 2017) <!
Ern PSSy OYsame pl ol b
Tob ) 2l sladiss 5l (B slp (SeSgn sl
oo lp (g n ol @te megs 9 (2138 b
olidl 4 azg5 b (Tacon et al., 2011) wigd o
9 bgw oldS Shg M Slgm gy Caed

|ﬁ)‘..x.;.';w.a>6a>u oﬂ Sl o oS gl b gus



Voo VP o)Lo...';': A 0,99

Sransrl pole 4 i

oMS B ras 4 (e 0 pxi) Gyb 5l Sl (S
(Anater et al., 2016) xgi Jite o Sl
S Bras LU Glaingane b 5SS 5ol
(Krogh, 1969) eusilS,l ;o S 555l iz b
Bennett, ) 555 5 10 b (5 o 4 oo wilgs 0 o8
(2003

oo j8eS FoSole (oiilx (B)lse (n et ]
by STl y Gozen sl Lo 4 (5 o
aS Jl> 0 00,5 o)lil 0,8 5 cies] o, Sles DL
AL Sl (Sen e 9 S ye g ksl alS
Wik ol 5SS gsile 4 Ml Sl @
£ 4 S sisshe oD (Bennett, 2003)
g5 oS HsSle lidlen s (amS sl
(s 33 (58,5 )18 B 5 Gliee (28 o2,
ozl 692 sl Ty 5 0 o 9 Cdle
Roberts et al.,) s)ls S K55 slo S5
2014
S 9650 Loy 90l 50 Fgo Jolge
(S Jolge alos) ilie Jolge a4y oo 0y
@5k 28 s 0l (K (Siglen 5 (ol
Ol e adgi Ll pla g ol 6l slofag Ll
Taniwaki et al., 2009; Garcia et al., 2012; )
(Cheong et al., 2016

Joli loasss Jole ¢ o5 Julse 1 opdle
5 s 3lge (35 s ;> PH (lerd Laoee
e LI5S0 oz B o, 5 0nd ) lagSS olge
S 4 o pl pegdle .(Montille and Shih, 1991)
B L St gy i () Jelge dwyse
oaisSadss slag B ol » Wlsiee Glojee jsba
2l fse oSl wly 5 paS sl
Paterson and Lima, 2011, Battilani et al., )
oS 5555 Le Lasgs ole STyg5 Sogl1 (2016
5 on okabe 4 pgen nl Jlaml Jlal
sl B pas sl ool 5l o (5,518 Y gz
@l Slge (aal 390 50 Guz SIS G Gligres
1994) el

(Chavez-Sanchez et al.,

\Y

Jsillgs (DON) Jsdlsss; onSsis BIAFBI)
AOTA) oS 51,55 (ZEN) V1,5 (NIV)
looslil Bl FBI) psigesd (T-2) s
;rwly, e 51 BEA) w99 9 (ENN)
[Py FERR T SN X N
Bryden, ) 553 o0 28l (S1yo> 5 1,5 Y gae
(2012

Sy 50 e A eS8l a4z S
JOC{ I PRY I TRt CSUN IR SUR DU IR RCRPOIOE
Glaiallad plo g o) cans ) Sl Jsko 5 bl
.(Bakos et al., 2013) sins o 2ol 1) o sole
aiiS s bele S g b S gl
oz, wloasasslid ooz puslys yo liE Copial
QS Ay (LS s 2 65y p Sl wSlg o
o S 35Sl 5345 ke 255 3o § 5
sMe .Monbaliu ef al., 2010) oS sl! slae
9 LS igSile ol gois (185 J o becnl 2
Jlie olsl e dop] o,Slee  panilSe
McKean ) o) oo b5 @ oduzn s b pnS'ss
5 gyl o, 5 iS5 S az 31 (et al., 2006
S S F9Sle @ oly; SV game la Sl
eslin slooged ST Ll ) 0 5 40 St
ol 23 slge (Sogll i 5l Wil e e
.Bryden, 2012) wale s pyom

Shez 33 oS Fsoble 5 (o sbag B 0525
olBl Joa p3l Glale po Shyen lebe
95 1 ®le @i o lsrear (alS olge ) ool
oyl (Anater et al., 2016) cool ol38l &
G2l g Jlgs 4 oo Wl oo oS 95550k Lo
15 ¥ garme CoiS il 5 adyl olge LlE ;)
S35l 25 421 555 53,105 7] Conio
Slge el Lol oy (w0 Jalse
iz bl (Sae bl Shes eaims JSis
S 3ele o AStn 5 235 a5l yen 5isSels
Hgh oo odal (plo bawg Sis> )3 9250 lo
4L 2538 556 Glga> Ceadlas Al ge Lo



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

2 & alS olie slge I gloo s b

(s yplol oS el Wigd co colaiul pls STje5
S M 4 el See ailoasy AlbuS g )3
(Joint et 2002) S]]
(S M 03lo iyl 4y G g3laSy 2]
g el slie jo oolaiuwl 050 WM jo Conl (Koo 38
Chain, 2013; ) o5& oo soliiwl 54 cdl b 5!

al., Ngds

slz,B a4  Sodl (Viegas et al., 2020
O eole oo b oS 91 0 g5 o Aspergillus
o bg by gl o by p gl i Canl Ko
30 o5y 4 deluwl e o oM (g koLl
3G Sagby g oS (Ble az )0 YV 51 YL (ales
.(Russo and Yanong, 2010) sas #, 3o,s #Y
Sy ol SV oS LS5
sbals g9, p A flavus g AFBl LSas
(Song and Karr, 1993) s ls 5550 2 Lgw
5 5258 LS T 2525 45" sl oe el il
W51 (6o e oSS Jlas a8 Hlae DY gase
JRSIPSUUOR 2 IPC P TRV S e ST
Wile gymeS Caglie gyl glaanlp il
o Slgiee Gbpl @lie opz 0,5 89,05
055 oSN Gl okl als
Sy 0 oJlopl b .(Manning et al., 2005)
S T Cale cclial (g5lwe w33 5 (5l L]
(Agag, 2004) Wb ol loaze wilgs o
Shale STy 3 S T e s Sl
Food and ) ¢l p,56lS 5 0,549,500 Vo S
o sz (p! L (Administration, 2010
Sl 5o ole Sz 50 (ST (ol
dors 3 S S Bble )o oRot Ol laysiS
Sool ol ()15 slxe > Gl Gl G S
Odoemelam and Osu, 2009; Barbosa et )
al.,2013; Fallah et al., 2014; Marijani et al.,

o g Lol eole S5 Bl (S 31 (2017
olpls (Ostry et al,, 2017) sed 0 o

'Y

(olo o ad; b8 Sl L eSSl
(039 el saS PEB (sRp (SeeS
gl Gshe slacsslem lp 50 5 pdyaam (il
Huang ) o9 0 (> 5 Jroaddss <od)bs oS
Xlgs o (et al., 2014; Marijani et al., 2017
Sy Syansrl core 4 solatl gux ol )l

Jantrarotai and Lovell, 1990;) &5
(Santacroce et al., 2008
L S g5 MST

2388 ws (oS 5isSile gl b 3]
Clitie bopnS sl wadias ol olge
b il jsld s 4 g asis o )legS 9l jsa00
Ot gl o e bl (K5,
G2 5 Gl B2 Bl 055 Joz ,5 by ]
Jsarossbtr bS] Wisdpn sanaish
oimel ez P sbaS ey
Vaclavikova et al., ) sss oJgs Aspergillus
Loy Gose B gy slaomaSedll 2013
Sl ke & g A flavus ogedE ashs ]
sJgs A. nomius ¢ A. parasiticus lwg s ywS
poskaty oz gl slag B ple 09d
S oembegyiel g 559 e
(Agag, 2004) aiie S gl LBasSads
TUUSCONINNIN I SRS IRVID £ ) VSN g5 g tenren
EEVEIRSCIRII SC Y NS PR P W e
e o &dgs A midulans 4 A. versicolor lawsss

ol aiss ple hwg Wlg oo ol g L
(Rank et al., 2011) 0,5 & 50 1o >
Sl inpogilaSy il e gl slocedslis
Lo sl (xS sl (CPA) gl ol
el g el Sl Sssng
bsgs a5 aites (oms Sl 5 500 5 Sty ]
» odle A. parasiticus g o sJg5 A. flavus
50 G2 9 Gl ST ¢ B2 9 Bl S 90081
Bakos ef ) wiS o5 adgi 1) CPA Ll oS oo 0dgs

(al.,2013



Voo VP o)Lo.,i) A 0,99

Sransrl pole 4 i

Olale il GlodisS S FLoS sl 5 S ST 56 ) g

39°

OS5 9k 2l RU3) ol &
(mg/kg)
gy Slals L L8, 50 5ot peges s (g 9 il alS
) Hus Lol s 4ol )0 55 laaS (o g jw )0 00 (53 > Farabi,
ol e hum O 55, V0 . o . ,) . Yousefian et
uso WS ol g sl adS 5 ey yo saiiz > Slule ez gl al., 2006
Jyro dS a5l i Slead!
9 iz g S5 Lh Jola pas ¢ aiS OIS o - (a8 9,
sl g 65 9> S e 5l 8 Dlac s Jolws ols caws 3l
0> 55 e g ke Dlule gerd sy iy mhaw 00955
Dicentrar £y 555 g sl - e . <=
= chus [A oS 55 e 9 A (oosee S0 o (S 0S5 El-Sayed and
Bl (s 501 by labrax L. 395 PEE S0 SUUE I T WP SRV W - PP W LW g Khalil, 2009
s e ST g gl il 5 Collad a5l alliig57 5
&b polie 6 2Y sl 5 regll  Ladly slacey p rals
alae ,o mg/kg0.005 =) suilasil,
Ll 00 5 oare ¢ Jlxb @S S o] K5y S eaes Sl
a5 Jetal 59555 039, blos 1o (8l wlalo (55 508 slaslS Gaslo
ctalurus R T . . Jantrarotai and
L 'Y 39y Ve |,SSL | sla, (S sle Gleo lacsb
<® punctus 39, 338 5 LSSl el sladgb oS sla b jluye> slacdl, Lovell, 1990
55, Ll oo 3 oS 3l 5 58 A o 2015 0
Al Jaigs slacres)
ol Sciaenop S5 Slls o S (s ol 815 STt osil 5 oy el Zychowski,
) s < 10-) aan Y ) 3 Hoffmann et
< ocellatus ols pals |, Gy al., 2013
Oreo?‘hro SalS - 0SS Gy gl ol 8,5 .0 g 059 LRelS
mis —/)4 Y- S sloast ¢ Sl g el slogher Jawgs S ¢ aund (slgie Dene. Tian ef
LMl niloticus ) T ' S lg, o
< O, VSEY win ol alS oS slasle YsSs o5 5 lajlhs Sle Sshi s o0 al,
aureus eesll g S ete
Chavez-
Sladks OI’e‘Of:hVO T w Sl = 08 ) (omslidsdly Dl oy 53 g il ials Sanchez
mis — 59 B : ,
& iloticus > 3900 3 pyesl§ il gy olS izl oz 8 5 Sl Palacios eval,
BI (s 201 Oreochro ; ;
sbodks mis Ve YD in A A« AN (rmgiod - oS o Ol 2y Soles 5 (59 GielS Tuan, Grizzle
s niloticus oS o Gl 59,55 5 plinels ol b (50 (sl sl etal., 2002
L . —=\Y
To Gamms ey e o8 sl i i A 0 S 2 Huang, Han el
2% s auratus >
. urat ) d (e P 1., 2011
. gibelio /3310 - 0 il (o )F5hS 5 o Ts,Se YIFY) a
>l
s Carassie o xy ¥/>) alae 5 o oS pslie omalliyl o5 & S5 Sledo HAN. XIE ef
i s auratus ole ¥ c < 1, 2010
s gibelio leYAr (P okS 2 55,5 al.,
ol
s 535 b s (600, — il Sl | ol o S 03] gl
S ) s
P Oncorhy  _.;. .\, S sl Jobes plaials (sloais waile yga55 Slals ceunsS o5 L Mwihia,
B9 nchus L R . Mbuthia et al.,
Bl (s gsdtel oles mykiss TRy o5 Sl Lol g 8 0SSy 6 595 9 59555 ormbo s 2018
+Gl o5
Oreochro e Mwihia,
LS mis ey 2its oselive g0 4t Slusls Mbuthia et al.,
niloticus B 2018
Y158 Oncorhy Hendricks,
_ nchus N 59, V¥ ax Jlo ) gBalesl le 1o oS slo sk poinu IS £ous Sinnhuber et
o) mykiss al., 1980
okS
. s Oreochro 9 Sl 52,095 708 Sadshe Sl Rl 059 a8 Abdel-
Sterigmatocys skt ; 3 N R ) P Wahhab,
G . mis clee N aan ¥ w )C_Q.?u.):.05;5)‘,wl)sl.c\.:lf)obwdj)yj;ubl)pu\ Ha ‘ol
mn & niloticus . ¢ ¢ san et at.,
- Plealae ;5 (p FokS | )59 ,50e 2005
Seiglgilsie Sluls o K, Joliel bk - (o)) Dl i
el Oreo?‘hro e poedin] CStadly do 5l e ;5SS - Gl slaplal o Mahrous,
. mis HARAlg aas ¥ ) B ) , Khalil et al.,
s niloticus Slizl 5 s Jlb 5 s slacdl ;5 Sisng S5 s 2006

Sz wil s DNA - ol i b

\f



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

(\ Jgo=) Marijani et al., 2019

855 5 e A oSl @ ol ol
e Slaale 4 Cd (ple az ol (S
OSes 5l Sl a5l can g S ulee
,925 .(Russo and Yanong, 2010) s.a
JEIC SRR IS CEL Rt SIST
5ol AFBIL & el aliee slodisl ol
Ngethe ) ail oS ,0 AFBI pdglie jo oglas
obels (et al., 1993; Santacroce et al., 2008
4 s pd ol plele 4 el 05
Tacon et al., ) ai,ls & oS ol S 5|
4855 el 08 5:5; Y158 (ole (2011
a5 el oo o0ls i el S 8T & alo
L) oo cml ol o e (om0 0 585 )13
NERY IS PSCAR SR YR =
wsee Gl 1y GleS eSS, YIB ol
.(Russo and Yanong, 2010; Scott, 2012)

2° o0 s 3,Shos Wilgi o (S 53]
Bbosa et ) wiS o Jitee 35 |y oole 5 5 Sllgus
39,0 cyloess 39 40 axg5 B zals (al., 2013
s (Huang et al., 2014) 5.5 ale Sz o3lail 4
6395k «SlogumgaliS el alS )3 (piizes
ol sl (oo Bl g oyl o lad ol Slaas
4455 3l w «(Diab et al., 2000) s LML B-VY
sl ol ypad W50 AFBI L ool 0,02 b
om0 Lo s
Frogr odle iy (S1Q) rtergileSy il
SOV PR WUS S SCOVORRRGH | REFCOW UM g 5 111
o A o LDk 53 (ot LoS il (lis
Oy 5L Ll (Mabhrous et al., 2006) col
s &P RIBL s on s el Sl e
SN s DNA sl (o, cloJskes ) boains
S Selgibgiane Sluls c alS )0 (eg3909,S
Abdel-) sei 0 s L il 5 Jxb
(Wahhab et al. 2005; Mahrous et al., 2006;
Abdel-Wahhab et al.,) ogi 0 Job LS

V0

oS 5i9Sale (595 2 0ad plonil adlllas (i
ol 5 yeio AFBL oo bl 09> 50 (2>
.(El-Sayed and Khalil, 2009) <.l
oS 5 50 s Jolls AFBI cocons @3de ]!
Coagome 42 51 Cel gt il 9
oS 5sSole plo Jl SIS jsbots e 30T
Rt )0 Camhad pac et Lol (el 0dl gy
oAl yasuive g 3,10 349 ole ;o 35S W] 5.8
JRRRCE P JCNE\ K JFCRN JORTe S
s b oo j55 Bl el slaulil
OW ICREN SN R CRN SN
sl 5o Gelpsligignl J5 lpiome 5]
“or] Sedlad )0 i Grizmen 5 (Jgere ;55 2o
sy (ALT)  jhawlgeal YT gla
(AST) 0l 5 el &b Ll (LDH) 56354 0000
5 5 esn Ol (ALP) 5bland ST
5 Sl 65 (JopdS SIS eslS
Sl giglle o )3 stz 5 BB Sal3dl (]S
L as Slals o (CAT) YIS coleé 5 (MDA)
S gMT iz laclale L oogll Sl3é 3,
Taheri et al., 2017;) o coalice ol adss
L Coogomns ¢ pl 0 ogdle (Vaziriyan et al., 2018
Wl Gl oy carge Wl ge S I
5 4lS (WSO S ol 4 S5l s
Svobodova and Piskac, ) sgs lale oog,
1980; Agag, 2004; Tuan et al., 2002;
oz <SG ¢ 5,5 (Shahafve et al., 2017
(O gl 6955 w655 5 il ey g
(oole i Lk oo g Al (Sarug galz glaes;
LS oleale jo leiidl pals g ol g cpns &5 >
G55 55 S BT @ 00gIT 138 L suls 4y
A& 7 Luels (Cagauan et al., 2004) ool ouls
e (2 phogee 5l erle e JB8) 5 G (6955 S
9 Js WS 50 (Sl hghe 4 Dl 5l 2L
Farabi ) ¢l oo svalice ols>g5 5 ,Lgls Lol

et al., 2006; El-Sayed and Khalil, 2009;



Voo VP o)Lo...';} A 0,99

Sransrl pole 4 i

Obale cilizee (loaisS (S 531l ;36 =Y Jgor

. o
ok aigF 93 o &l e
(mg/kg)
cJolas by s 5l aS S o - (gl ol s
Syl g Loy o1 53 et cpslsS pl o 25 >
. 45 sloalog S | J3 (Sdac miss it El-Sayed
L L Dicentrarchus ™ - all ol s s . s .
by b labrax L AR oL 5 ally iolu B iy e )0 0aie0 (63 e and Khalil,
alac g oS8 4l 50 005505 leasd . SCas
sbas b s ] 5 als RS ol gy
gy Ll antl o iz
s 5 Rl o 059 GRIP 0 rals
kS 0SSl oy Seiles o als .Sl )
- - Ictalurus S ol g 59 Oliee Sl - AL Missmer,
2B, oo 4 S <IA-0 aan A . o i o ) Suarez et
punctus 5 Al 4S5 Ll Shsila 2l s 5l Slegegidle al., 2006
5220922 S sl Jsbe 925 pase b rals
r29S o olBL By sla S, SIL
bt asy o Sles uals dozsl g 55 ralS
5l 5 loadS 08 o eyl ¢ Joleels
5 555 S, glasl oS g alS (Su8)F 5 s
Oreochromi ey ¥ &S Sladshe 59,55 5 B @S 55,5 Diab. Sal
reochromis . . iab, Salem
5 clods EEVRNS 19, VF Y| wali8l . os S oo, SG 4
e sl niloticus o e %) ol g w)"ﬁ_ AR .) R ~ etal.,2018
ol YLD R B gt UV I CUON [ % St -0 [+ Y OOY |
SalS 008 S 5 Lo auS 151 e sla ]
2095 30 (3558 -l olS g Cmasll ¢ US o
SYL
< J5 Geen ¢ JorelS Bland QL8 2l
ol Gagildl caleslT Salmo salar - IY-YI§ atan A S a3 ol e slel il g mes] Ber?hoft,
lnbs 5 sl S5 MRNA Hogisen et
Jxb s el S al., 2018

& o Jl> cpl b (Abdel-Wahhab et al., 2005)
Sly cal Sew (2l alac jo unliuleS !
Viegas ) ails 0osS o)1, olais ceges Caodls

(et al., 2020

S 5515
oS 5isSsle 51 5500 Ky (OTA) (yuS 551,5|
SiieS sisSole alises slaais lawgs LI ol

Penicillium o Fusarium Aspergillus

alo> 5! Eurotium sp.
Aspergillus spp. P. verrucosum
g A. carbonarius 4 A. ochraceous

sJgs E. rubrum 4 E. repens. E. amstelodami

Santacroce ef al., 2008; Samson et ) wgi o

al., 2010; Cardoso Frisvad et al., 2011,
Filho et al., 2013; Fallah et al., 2014; Greco

oy e et al., 2015; Marijani et al., 2017
| F5 )‘ 9 Sl ool asliy ,...,.MS 9"‘)53‘ U")"

\#

Sy S P85 S e liwleS il L2005
6 LadS 5 S (55, yiion o5 Sl [l 00le
Jeol L Jsas)
SIS S POV (L RTVRUVREIRICINVONY' IX g
Viegas et sScudamore et al., 1998) ol
RECI 2020
2 Yskogile poin 5 ol rtangileX, ol
Hendricks ef ) 545 o0 WS 55, Y155 oole
(al., 1980
A ln 55 Bl S T i gars
Carassius  J.5 ;5.5 ol dlac 5 loess
Han et al., 2010; Huang et ) auratus gibelio
Astyanax 15 ol dlac 5 oS o «(al., 2011
alae o s Michelin et al., 2017) altiparanae
s (El-Sayed and Khalil, 2009) L, b

.))‘;\fGA

ué).xn 50 .(al.,

el oad G s Ldls Shes bl



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

o055 5| glil o Jolaiel slss ol onsionnlice
Slauls il o Slee all iy g5 als dis
O ol g 59,5 Lol jer 08 g 4l o 53l 350
L Cosgems il @Dl riege j S
(Y Jgu>) «(Diab et al., 2018) el S 51,5
VI3 alo alie jo oS53 o ol
Js LodLs ¢ (Manning ef al., 2003) LS .55,
b, b o alae 9 (Guardone et al., 2018)
Guardone et al., ) cesl oais 056 ob o o 9
VP ole ;0 OTA o) (o yws #2018
Hagelberg et al.,) cul oois 5,155 awoye
el Saw OTA 0L zobaw (Jl=cpnl L (1989
ABL A 9Se Jhygp ke p Sl e 5L
(Supamattaya et al., 2005)
1oy 651 5
bwgs cadady S goSole (paiz I e sy 5
Fusarium clo iz & Glue Glie slag )8
&Y game (o Stachybotrys ¢ Cephalosporium
055 ez 4 loprusSe 5 Wishoe LSS caliha
By A g5 lap] 0 inte 45 Sigd oo ol (bl
HT- s T2 s Jolos A g5 sl 3 655 5 ]
Sl (DAS)Jg yow (oS 55l 9 S5V o925 2
Jolis B g5 sl i oSS 5 (Streit et al., 2012)
Slsisas a5 cesl DON)  ygllys cnS o
55 oSk ogless 5 NIV Jodlsss (oS giesg
4 Bhie (oS 5550k (n ke 39 o0 4Bl
g 9itwd NIV g DON [T-2 oo Julis laog,5 !
Loy SVgamme ;0 9250 (migSo S (0 ke
T-2 g DON  pgoms Sllgu> (sl oslo oy 5 s
Fusarium > gz B ey a5 ool
Stachybotrys Phomopsis Myrothecium
- 0 &dg5 0 s g Trichothecium Trichoderma
2003) &gl
cwl DON - Lol sasSaes graminearum

Fusarium .(Bennett,

i DON oo oplil (Omurtag, 2008)
Olis Lyl ;o Slygs g ODe 0 1) G99 o

\Y

Van der Merwe et ) 05 oo wgmmo o ylosS g3l
(al., 1965

oley o g e oy 3l LJLc Syl
JRVIPP O 3 N g [ RCE [N P P O O
a8 ol Vs yasans Lol e 5 YU Cosslio b 5
S 1S5l Ol Sl el o T 05 o
Oy ! oé.uu.a.a.p bﬂ)‘ UM hwj.’ S A
YI¥ 500t 5 )50,8 O l p)S5kS 0,559,500
5l ol Y game alS (gl p S5k 0,579,500
s (Commission, 2000) ool <M 5,91 ,8
oo s (ale Shss orwVoeyd sl aloany
2 e Se,See YEIY clale Slas L OTA & ool
sl o (Marijani et al., 2017) el o ,56lS
ol e glojeiS o 2l WY same ;0 OTA
PSS pSees Yoot b Yo o L)
van Egmond and Jonker, ) ¢l oais 3,55
A1 e OTA clale s o i 4 (2004
S Lol il 15 Loy o0iis s ale slacST s
S 45 cgjlo mid ol Lyl i o ol
YL b 4 ¢ 05 sl s b ale gl ol
(Tschirren et al., 2018) o,
39 Gaas OTA o S35V 03, o150 00 5o
(Duarte et al., 2011) 55% oo oonlice oS 5 als
P85 (Bl (e 53 (oo 9 SS9l OTA 3G
A5 ple o aS g bals 4 ulacdl
5 (Tschirren et al., 2018) el ooisosnlis
Jo ol ale o mlidegs slomsls o
Pietsch, ) oi, o,Slee _zals (Adel, 2004)
2B, el 4F o o Sele 5 (2020
Sluls al., 2005)
Sl IS 5 05 0as b bgie S35l
(Manning et al., 2003) o5y, ol 4,5 o

Manning et

OTA o ool L Glaps, L eodadss



Voo VP o)Lo...';': A 0,99

Sransrl pole 4 i

Matejova et ) sgis o 55 (obooniisn sl ol )b
al., 2014; Ryerse et al., 2015; Bernhoft et
Ol s o os| paas 058w S (@l 2018
O el Sy 5 emliloss slaasls o
ol y0 Wilgs o a5 sl DON slaaly 51 Sled!
oS 255, Y158 o (Pietsch et al., 2014) ;4.5
Jgaz>) cowl sas samlie (Ryerse ef al., 2016)
0SSty Yoome sidlss uSgs (Y
m 05 g gl slaplal o g 05l oo 05 glie
.(Oliveira and Vasconcelos, 2020) wb

S o oS s DON cble> 56 (b cpl b
LSt slecisas 5l (> a4 s plale ye
bl 56 (Jle glgieas .cal ool 5155 58
Y13 (2lo 5o see 5 S e 25 p1el5 5 DON
podn Olo) e SLod b oaxlee jo LSS,
,o «(Ryerse et al., 2015, Ryerse et al., 2016)
Mowslgsl Sidgie 5l 2By, Bl 4
yol opl wse (Manning et al., 2014) o, US|
o
ol
badeal (55Y (ploosd 09,5 4 (ZEN) (9l 55
BV Bl Selew e,

s eSSl
Y game Cdsae 51w 4 (Chelkovsky 1998)

;i ) SN

Cawl ol
L Fusarium  graminearum | =)l
x> 50 9 s,y o Fsporotrichoides
Gonzalez et al., ) sas o 7, e (55lwo 53
Wk el (1999; Caldwell et al., 1970
F. graminearum o g Fusarium spp. lawg

-0 Mo F. equiseti [F. culmorum ;yoes

F. graminearum .(Bennett, 2003) o4%
Cawl ZEN - Sigymml oS5 Lol saSads
(Omurtag, 2008)

oS FsSib s o] oliae 5 ZEN
Olyeds g diwn Sig ] sl b eadaslis

Nghsa goaib 5,009,0 338 00l o p Olge

YA

.(Rodrigues and Naehrer, 2012) sas

52 S (O aile SYgame (0 b yd eSS 3
uﬁl) (Strelt et al., 2012) G:).) ‘)‘QBL? ¢ pwgd 6> g
sere DON e 25 Wgdoe adg8 5
G318 D33 g jugd s oz S glp oS ekS
7 &5 2 Sln eSS 2 e S oS \VO 5 ouis
«Slyg> olge 5,90 ,o (Commission, 2006)
VWWoo,d o8 OYgame ;0 DON 4l sSlos
P Sk A ple jo 5 0,55k 0 05 e
s o a5 b o el oad b )l5S p,SkS
P pS sk V5l i bl )5 0 Jodllsnd (cuS g8
P ek Vol i O ple o0 5 a5 elS
.(Monbaliu et al., 2010) ¢l ¢ 54l

o> ,o DON ‘;%ﬂ Sy90 50 (oS Olalllas
, (Santos et al. 2010) el sadpll oLl
She> ladiges 5l oo ys A5l Gier (555 10 b))l
YAQ lwgie <l L DON L o )bv slo abs
PSS » S eSe
o a5 cl J= o cpl .(Pietsch et al. 2013)

qj‘oq..f:o.bsﬂ 0SS
Ol B9 E)l5e 50 00 agd 2l oy (o)l
5 53 DON @ 55l 5 055,800 VOO 51 i &
Sl 5 4 (S (ol o 0l 4 1y 0 05
; Marijani ef al., ) o)y S jo 2l3¢ 0>
(Olorunfemi et al., 2013 2017
S Faole (oo g ol Cuew RSU
5 P 5 585 L8 plejtae e g lied
Marijani ) o )ls Ko ] (2,20 50 plo sloassS
y9bas e ple g9, » DON &l il (et al., 2019
oz ) hale ¢ Jorpll ol @iSlisl os
ol et ol & S OS5, SYIU5E
85 18 ax ST .(Pietsch et al., 2011) acisl o
20 DON (650 )0 (a8 0255, Y138 (lalo
% S g by 035l als g lerdl pall e ge



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

bl Gl sloaiss Bl sgegs 36 -0 Jguo

39°

<ol aigs il 2o
(mg/kg)
el y.  Sulen o alS ST n S s lidl sl o e salS Yildirim,
oY Ok 4% Ictalurus Lo Sgles 3 all St hos Cod SR Ladl 5 059 S K
¥y i Manning et
2B, ole 45 punctus aas &S 53 3T el [ pailStianl o 33l
al., 2000
ladsels slawi g by o Slon slass Lendl 5 )5 SRl s alS
Ve Glagsll - gaS Slals LeadS 5 a8 (Fup K e e tdacha
_ _ Ictalurus ) ’
2B, oo 4 . NAARE) Voo s S sleosl GYseoS 5 e sldske b Lovelleral,
punctus
s S s g 0y5 eoSE Ceod 5SSzl 39,55 5 oaiSasS 1995
ighe Judo 4y VL ey S e
Brown,
_ _ Ictalurus . L . . s
2B, oo a S YIV-YD  aand 089, hds o558 S oasline (oMl p seges his lme  McCoy et al.,
punctus
1994
Oreochromis APl o Splen 5L STyt o €500 ORI e Tyan, Grizzle
s sl Voe-Ye azam A
niloticus ST s oKadanl [ Ol il s etal., 2002
. . R T ) Petrinec,
Cyprinus o g a0 aneS (8 @S earalliel c oS o Sluls s 5 ielS o
Fyore 595 . Veesde 5 FY i Pepeljnjak et
carpio Coslesg | Gluls . Se5 s, a4 el
p wledgyl )l Dnls . (F9> GBS ) 4 el al., 2004

S (G5 s 1 S5 ot o] s
09> S aFll ;o i (g Sl 5 0l 0
Cuos 9 (8L (Sl eguilannST ol ol
Bakos et al., 2013; Pietsch et al., ) s5i Joku
.2015; Pinotti et al., 2016

18 (yauniigog

FBI L a5 aiie b yiwns 51 29,5 b paigegd
o psemw Bl piigegd g wloaliazslis FB2 o
Fusarium &5 poiz lawg a5 Sl (3 5udgegd

F. Fusarium  verticillioides .15
Alternaria 4 F. nygamai proleferatum

Oliveira and) alternata

Sebier Ay
6y SS9l g 2yt .(Vasconcelos, 2020
Vo) FBI & Lo lairmisosd 4 (lale lié
ool (Gpesesd Gl J5 yim boae)
«J&cpl b (Griessler and Encarnagdo, 2009)
o ppssest ol e il Jds 4
Wy slanl g o cl Sew S gSole
(Scott, 2012) 04 Bi> «S1,55
S aS &od als jo FBI 05540 ¢ yuigogd
s5s_co cdly Consl oS leale S1y55 Lol gl

'4

Bucheli et al., 2005; Schwartz et al., 2010; )
2Uly p» asly o a5 «(Johns et al., 2011
Zhang et al., ) s 3% 56 o))gil> glel Jreados
P 30 595 (Ble (oyme y0 8,5 1,8 .2018
(Sandor and Vanyi, 1990) s4%
515 sl ) (s 5595k 5 591005 &5 Shals
Cowl oo 5,155 sdl s Lo y2e ,o Danio rerio
Olawss o el (Schwartz et al., 2010)
oabarilil ol jlake 4y (LS 0S5, VI3E ale
&9y eilsl cpl &1 3 Ll (Wozny ef al., 2013)
odgi (F Jgoz) ol arslial SLlS 59 Jreatgs
ol sles bulph 9 Vb Cogb; @ 4z L ZEN
OgeaeS (Placinta et al., 1999) ol Cgllas
YO ol olse jo ) sl Ol ST L)l
Ve g a0 50 sl )5 ekS eSS
odds (59l M plu slp p TS p 059,
w0l (Commission, 2006) cewl 65,5 s
5 00y SSge; ZEN a5 ol oo asin
Ostry et ) ol BY 05,5 155 s oobs S Yoz |



Voo VP o)Lo...';': A 0,99

Sransrl pole 4 i

ool calize slaaiss ety 36 -F Jgu

b Aigs obo) ol &
(mg/kg)
Sl i OIS oole sl pale )5 s Jsb g 359 Gl
SRl gamy Jed Ll pd g po Rl 065 0 Lewsdly sk Schwartz, Thorpe
Iy o2le Danio rerio QAR BISRAR
o sl S, 4257 153 S35 s e Jranyi 8 Shos etal.,, 2010
8,88 el ).:..L. (i 00 (S58ls8 90 9
kg Sl ond 59,k (25 (532055 (oo SI3l8 A2 Schwartz, Bucheli
1y ol Danio rerio RARANAY 59, FY
5 slaale jo Ledl etal.,2013
955k Gl g hoed 08 Ceps 5 0035 LIS
3 Sl ool 3l Zoste 51 8 Yl o5 el 51
Ssn 9 3ed 5 4lS Jgama el JliSlo 4 2o a5 &S (55905590
o 5 ol 1o b 4l ol o 599900 L e )8 4 hile slaasd -
VI Oncorhynchus . . s s . Wozny, Obremski
Y in 85 dede & ble g Blad glae S L duie sloaSt L gl gla lis L

oS 5%, mykiss

etal., 2013

Sledl 058 0 aaS L Jo> sla ok ud o)l 055 e cnalin

Tetracapsuloides bryosalmonae cigic JJs 4 als

st 8 ol 5l 2 5D el 4 pmnsell s il

s SRl Wi Clalé (Cos

Jdo 4 55t > Ib Marijani et al., 2017)
She> ades slaanlp o b b ol
SlodSie Sl looan¥T lsiea by siigesd
Aloaiss a8 5 las o els STyes

alas bonibsesd (op oo Glel o
sl e s3] gl Lo b oy (6,5 L
Lo 55l e 2lie ) wSlgl o o g8 1
-JJle .(Voss and Riley, 2013) oS sl 5105
9SS 55,85 Jole a5 Cenl FBL (s o 3
Lol . Mathur ef al., 2001) ool suuS Coom
9 e ged g wh) E5 Rl iy Rels el
&S loa] ¢ pudis Ot (i yaeg Sy
(o9 fdS e ((oras Coons o b g S
AL Ghlse e 53 (ol s 095w 5 J o
oanlice oy jigess ool Hlde o, bodd 4dss
Stockmann-Juvala and Savolainen, ) o.
2008

$5) 2 rigasd 3 puilSa Sl 4z 5]
oy g5 Gl bl s aseie plair oole
o FBL L labe congoms oDl (1 finte
ool il gl aizen FBI o Jipll

Wang et al., 2000; Santos et al., 2010; )
Reddy and Salleh, 2011; Warth et al,
dilhie 4 OME 0 pibgesd Sogll (2012
op>d g Sblop (2B it g Jad (Ll i
.Mutiga et al., 2015) s)bv Ky Ygaxe
Olylse e o OIS g ol slacew] I S
el 13 M Jols (5 ot 2 Fotes 45 ool
(Wang et al., 1992)ccl o) san!
;0 FB2 4 FB1 (¢lp jbre ooidiog polie
saie SVl g Loyl 5o JolS 00z 5 lié (gla_fuSe
van ) el oadipesd pSelS oS e V-
5o e 25T (Egmond and Jonker, 2004
PSSy p S5 Frve oats gy518 &)0 o
Lo isizagd o « olale 4l38 0pr 5o
PSS 50 oS e o 5l i s (65918 5l Lt
PSS 5o S ke Vo 3l i al 65918 5l oy s
sbdls 5 &3 wew (Kyprianou, 2006) ol
Sl Gl (2138 0y 10 FB aie (0 5hageo Ligs
.(Pinotti et al., 2016; Marijani et al., 2017)
als dbuS s aly abus Sogl a5 Iy

Cool 52l Sl mp e g Ole,KLE



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

s AF Lldles 56 .(McKean et al., 2006)
Afsah-Hejri ) ¢l ooy 036 yLale o 5.5 OTA
(etal., 2013

GeeSFgale 93 (et 5 A oS 51 S|
Ayl ol SIS el a5 aiie SGuSgig 8
b sat] e 90 58 s (5l oS
Ohslr 3 los s b jo o8l 306 adiles e
(Speijers and Speijers, 2004) oslb asls
g by jo ) (Sopdl n (3958l 5 alilen
39 Cewl (e S5 izl g6 slaS 9>
sl» Marijani et al., 2017) s, ,Uasl 55 ol
Dygo 50 S 5sle oliflee Ol Gles]
S FSale Sl G 4 (2138 slams, (Sl
Marijani ef al.,) <ol oY (i Olidss
2019

pRes:

4 550 bt ol eaias Sas slge g (ale ST)95
o3l oo yisSle 5 SaipenSsisSile slag)
ol slie 0 kS gl Lol s (£,
3 3,y Grals ol er 4y ,du alwgy 3l olaiul s
SO 5 (55550 5 93 97 @y piS) SzsS
2 oS5l Sogll pals el wilg
Clgie JoSt5 43 las] ol 1) 35 laST o5
PSS, sbal 4 cas eSSl 5 )18
38 S 540l aS ] 5l el eS8 wsile
Slge yr yUa cigd g0 dgi 58 (g3l S Lyl
w2l e sl 2le5 sloShe> rien 5 4yl
‘WLI.Q Lg)l..»o).a}b Sy90 4O wl.u.& 9 Gblf»‘ STV
4 oaimd LSS olge 5 6l Ll g plejoe
Gher g @ slee pBaSade (ol slas
Sly 28 ws Jelge 51wl 0sd dog Baims
5 St sl olga 45 anS5sle Fogl rals

A

FBI ol oS 5 a5 (65, p i Suislon s
s el s (Gl e po 35 L wlg e
sph b o sl @
- 2>l o s (Lumlertdacha et al., 1995)

wsLM 50

Pietsch, ) b alo 10 1oy o iulél g o5 slo
S B9 5 e oS & S8 glace] (2020
Meredith et al., 1998; Carlson et al., 2001; )
S slaplasl 4 el (Kovacic et al., 2009
2,y o,See ialS «(Petrinec et al., 2004)
uielidl «(Selim et al., 2014; Tola et al., 2015)
Yildirim e ) o]y 5e5inl 4 opuslBinl cos
S o F 5 slydl g (al., 2000; Tuan et al., 2002
4 oosgdl olie o3, L oS glele o Jslo
J99m) el oa smlie «lodiaydad ppnigasd
alae ;5 (niigesd @exd 9y90 )3 (B a0
45 Sy oo JB e p 9l S92y ale
o ol a8 el ot 655 gn ol Sy
Gl Jeoll asl amsls FanS S as oy
Clallhs cale 55, 2 pyom nl SlpSl Sy
Oliveira and Vasconcelos, ) el o3¥ (5 i
(2020

Lo S 353501 53 (258l ol 1

& oleipd ssbar il oS 5isSile b Congons
saxie sla Sogll (Barbosa et al., 2013) sas o
5 ol e sl (2le STyg3 )3 S 5igSile
BYREESUN A RICN RN ST KR AN
Sl sbml el g ansl asls ol K08
(Njobeh et al., 2012) wiss jasin oljbler
Sy il Sy5e 4o eS|
Caiss o Gilize gloclile |5 oS 555l
Carlson et al., ) 5,15 5435 oy9, bl calise
» AFB1 3 DON _l3blea 5 0,8 31 (2001
Sl i Jyene )05 adgl oS slaJobo
(He et al., 2010) ¢l 5,80 slo S 655Gl
Ljgel8 oolo ;0 T-2 § AFBI s ol38lee &l 5
Cowl o 5,155 55 (Gambusia  affinis)

degm



Voo VP o)Lo...';} A 0,99

Sransrl pole 4 i

obole calize sloaisS » Bl usgesd 2365 Jgoo

. b
b 45g8 99 o) ol 1 e
(mg/kg)
okele  az Tetal Gl STt o S SRl g (359 S Yildirim. Manni
. . ctalurus .. de e et e e ildirim, Manning
Yoot \ 595l [ il Cand ol o Seiles ’
oy punctus o o o e Sl eSS )f et al., 2000
=5, ol &S 5o 303!
ol S e slass g2l 539 Il 4o talS
oads 5 oS (SwpS; a8 sladsdS ol 4
G@L" 4,5 Ictalurus TIVY VeI Y Glaoke Db e subn slagls - (guS luls Lumlertdacha,
25, punctus whs enBS2 S 5 pyeie oS slaglS VoS pj o> Lovelleral, 1995
S 995 (205D Ceond g0 sla ok 59,55 5
cogae Jds ap YL je9S 5o S
ol s Ictalurus YooXV®  wump ¥ osslive e » (segee A Sl @2 Brown, McCoy et
<25, punctus 039, it al., 1994
0 " ) A Shes b 25 0 G pels T Grizzle et al
. reochromis T e s e uan, Grizzle et al.,
I slodls ot Veoror  wia A/ ol] el e e Gl ol Cu Ssilon 5007
ST g 55l
Conpi B addS wovnllig S s (Slals g (9 el Petrinee. Peneliniak
yprinus Ve Ves LR olols et elacS s o] o e o 1 etrinec, Pepeljnja
Fyore ,5 carpio 2% Lo Gy oS 4 el 5 jre 5 e anS et al., 2004

Coslesg i)

Agag B. 2004. Mycotoxins in foods and feeds: 1-
aflatoxins. Assiut University Bulletin for
Environmental Researches 7(1), 173-205.

Anater A., Manyes L. Meca G., Ferrer E., Luciano
F.B., Pimpao C.T., Font G. 2016. Mycotoxins
and their consequences in aquaculture: A
review. Aquaculture 451, 1-10.

Bakos K., Kovécs R., Staszny A., Sipos D.K.,
Urbanyi B., Miiller F., Csenki Z., Kovacs B.
2013. Developmental toxicity and estrogenic
potency of zearalenone in zebrafish (Danio
rerio). Aquatic Toxicology 136: 13-21.

Barbosa T.S., Pereyra C.M., Soleiro C.A., Dias
E.O., Oliveira A.A., Keller K.M., Silva P.P.,
Cavaglieri L.R., Rosa C.A. 2013. Mycobiota
and mycotoxins present in finished fish feeds
from farms in the Rio de Janeiro State, Brazil.
International Aquatic Research 5(1), 3.

Barrows F.T., Bellis D., Krogdahl A., Silverstein
J.T., Herman E.M., Sealey W.M., Rust M.B.
and Gatlin D.M. 2008. Report of the plant
products in aquafeed strategic planning
workshop: an integrated, interdisciplinary
research roadmap for increasing utilization of
plant feedstuffs in diets for carnivorous fish.
Reviews in Fisheries Science 16(4), 449-455.

Battilani P., Toscano P., Van der Fels-Klerx H.,
Moretti A., Leggieri M.C., Brera C., Rortais A.,
Goumperis T., Robinson T. 2016. Aflatoxin B
1 contamination in maize in Europe increases
due to climate change. Scientific Reports 6,
24328.

Bbosa G.S., Kitya D., Odda J., Ogwal-Okeng J.

Bras 0gh odlwl ol S sl
et Ol 155 e (o] g b (e sl
Sg golaidl ol s jiliél g o) o Sles als
alae )3 GraS 5eSole o5 slajes @ed nl y ogdle
e Glp gax sy Cwl Sew 2l
Sla,eiS o ohgn Wb ol BauS S e
el oy e B pas aS dblis jo b aswgi >0

&lw

Abdel-Wahhab M.A., Hasan A.M., Aly S.E.,
Mahrous K.F. 2005. Adsorption of
sterigmatocystin by montmorillonite and
inhibition of its genotoxicity in the Nile tilapia
fish  (Oreachromis  nilaticus).  Mutation
research/genetic toxicology and environmental
mutagenesis 582(1-2), 20-27.

Adel M.S. 2004. The opposing effect of ascorbic
acid (vitamin C) on ochratoxin toxicity in Nile
tilapia (Oreochromis niloticus). Proceedings of
the 6th International Symposium on Tilapia in
Aquaculture 2004,

Afsah-Hejri L., Jinap S., Hajeb P., Radu S,
Shakibazadeh S. 2013. A review on mycotoxins
in food and feed: Malaysia case study.
Comprehensive Reviews in Food Science and
Food Safety 12(6), 629-651.

Yy



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

Chain E.P.O.C.I.T.F. 2013. Scientific Opinion on
the risk for public and animal health related to
the presence of sterigmatocystin in food and
feed. EFSA Journal 11(6), 3254.

Chakraborty P., Mallik A., Sarang N., Lingam S.S.
2019. A review on alternative plant protein
sources available for future sustainable aqua
feed production. [International Journal of
Chemical Studies 7, 1399-1404.

Charo-Karisa H., Gichuri M. 2010. Overview of
the fish farming enterprise productivity
program." End of Year Report Fish Farming
Enterprise Productivity Program Phase I,
Aquaculture Development Working Group
Ministry of Fisheries Development, Kenya.

Chavez-Sanchez M.C., Palacios C.M., Moreno
1.O. 1994. Pathological effects of feeding
young Oreochromis niloticus diets
supplemented with different levels of aflatoxin
B1. Aquaculture 127(1), 49-60.

Cheong K.K., Strub C., Montet D., Durand N.,
Alter P., Meile J.-C., Galindo S.S., and Fontana
A. 2016. Effect of different light wavelengths
on the growth and ochratoxin A production in
Aspergillus  carbonarius and  Aspergillus
westerdijkiae. Fungal Biology 120(5), 745-751.

Commission E. 2006. Commission Regulation
(EC) No 1881/2006 of 19 December 2006
setting maximum levels for certain
contaminants in foodstuffs. Official Journal of
the European Union 364, 5-24.

Deng S.-X., Tian L.-X., Liu F.-J., Jin S.-J., Liang
G.-Y., Yang H.-J., Du Z.-Y., Liu Y.-J. 2010.
Toxic effects and residue of aflatoxin Bl in
tilapia (Oreochromis niloticusx O. aureus)
during long-term dietary exposure. Aquaculture
307(3-4), 233-240.

Dersjant-Li Y. 2002. The use of soy protein in
aquafeeds. Avances en Nutricion Acuicola.

Diab A., Abuzead S., Abou El Magd M. 2000.
Effect of aflatoxin B1 on reproductive traits in

Oreochromis  niloticus and  Oreochromis
aureus and its control. Proceedings of the 5th
International Symposium  on  Tilapia
Aquaculture.

Diab A.M., Salem R., Abeer E.-K. M., Ali G.I,, El-
Habashi N. 2018. Experimental ochratoxicosis
A in Nile tilapia and its amelioration by some
feed additives." [International Journal of
Veterinary Science and Medicine 6(2), 149-
158.

Duarte S.C., Lino C.M., Pena A. 2011. Ochratoxin
A in feed of food-producing animals: An
undesirable mycotoxin with health and
performance effects. Veterinary Microbiology
154(1-2), 1-13.

El-Sayed Y.S., Khalil R.H. 2009. Toxicity,
biochemical effects and residue of aflatoxin B1

2013. Aflatoxins metabolism, effects on
epigenetic mechanisms and their role in
carcinogenesis. Health 5, 14-34.

Bennett J. 2003. KlichM. Mycotoxins. clinical
microbiology Reviews 16(3), 497-516.

Bernhoft A., Hogasen H.R., Rosenlund G., Moldal
T., Grove S., Berntssen M.H., Thoresen S.I.,
Alexander J. 2018. Effects of dietary DONor
ochratoxin A on performance and selected
health indices in Atlantic salmon (Salmo salar).
Food and Chemical Toxicology 121, 374-386.

Berthiller F., Sulyok M., Krska R., Schuhmacher
R. 2007. Chromatographic methods for the
simultaneous determination of mycotoxins and
their conjugates in cereals. [nternational
Journal of Food Microbiology 119(1-2), 33-37.

Brown D.W., McCoy C.P., Rottinghaus G.E. 1994.
Experimental feeding of Fusarium moniliforme
culture material containing fumonisin B1 to
channel catfish, Ictalurus punctatus. Journal of
Veterinary Diagnostic Investigation 6(1), 123-
124.

Bryden W.L. 2012. Mycotoxin contamination of
the feed supply chain: Implications for animal
productivity and feed security. Animal Feed
Science and Technology 173(1-2), 134-158.

Bucheli T.D., Erbs M., Hartmann N., Vogelgsang
S., Wettstein F.E,. Forrer H. 2005. Estrogenic
mycotoxins in the environment. Mitteilungen
aus Lebensmitteluntersuchung und Hygiene
96(6), 386.

Cagauan A.G., Tayaban R.H., Somga 1.,
Bartolome R.M. 2004. Effect of aflatoxin-
contaminated feeds in  Nile tilapia
(Oreochromis niloticus L.). Abstract of the 6th
international symposium on tilapia in
aquaculture (ISTA 6) section: health
management and diseases Manila, Philippines.

Caldwell R.W., Tuite J., Stob M., Baldwin R.
1970. Zearalenone production by Fusarium
species. Applied Microbiology 20(1), 31-34.

Cardoso Filho F.D.C., Calvet R.M., Rosa
C.AD.R., Pereira MM.G., Costa A.P.R.,
Muratori M.C.S. 2013. Monitoramento de
fungos toxigénicos e aflatoxinas em ragdes
utilizadas em piscicultura. Ciéncia Animal
Brasileira 14(3), 305-311.

Carlson D.B., Williams D.E., Spitsbergen J.M.,
Ross P.F., Bacon C.W., Meredith F.I., Riley
R.T. 2001. Fumonisin Bl promotes aflatoxin
Bl and N-methyl-N'-nitro-nitrosoguanidine-
initiated liver tumors in rainbow trout.
Toxicology and Applied Pharmacology 172(1),
29-36.

Chain E.P.O.C.LT.F. 2011. Scientific Opinion on
the risks for animal and public health related to
the presence of T2 and HT2 toxin in food and
feed. EFSA Journal 9(12), 2481.

Yy



Voo VP o)Lo...';': A 0,99

Sransrl pole 4 i

Veterinary Public Health Annual Scientific

Conference 2018, European College of
Veterinary Public Health.
Hagelberg S., Hult K., Fuchs R. 1989.

Toxicokinetics of ochratoxin A in several
species and its plasma-binding properties.
Journal of Applied Toxicology 9(2), 91-96.

HAN D,, XIE S., ZHU X., Yang Y., Guo Z. 2010.
Growth and hepatopancreas performances of
gibel carp fed diets containing low levels of
aflatoxin B1. Aquaculture Nutrition 16(4), 335-
342.

He C.-H., Fan Y.-H., Wang Y., Huang C.-Y.,
Wang X.-C., Zhang H.-B. 2010. The individual
and combined effects of DONand aflatoxin B1
on primary hepatocytes of Cyprinus carpio.
International Journal of Molecular Sciences
11(10), 3760-3768.

Hendricks J.D., Sinnhuber R.O., Wales J.H., Stack
M.E. and Hsieh D.P. 1980.
Hepatocarcinogenicity of sterigmatocystin and
versicolorin A to rainbow trout (Salmo
gairdneri) embryos. JNCI: Journal of the
National Cancer Institute 64(6), 1503-1509.

Hooft J.M., Encarnagdo P., Bureau D.P. 2011.
Rainbow trout (Oncorhynchus mykiss) is
extremely sensitive to the feed-borne Fusarium
mycotoxin DON(DON). Aquaculture 311(1-4),
224-232.

Huang Y., Han D., Xiao X., Zhu X., Yang Y., Jin
J., Chen Y., Xie S. 2014. Effect of dietary
aflatoxin B1 on growth, fecundity and tissue
accumulation in gibel carp during the stage of
gonad development. Aquaculture 428, 236-242.

Huang Y., Han D., Zhu X., Yang Y., Jin J., Chen
Y., Xie S. 2011. Response and recovery of gibel
carp from subchronic oral administration of
aflatoxin B1. Aquaculture 319(1-2), 89-97.

Jantrarotai W., Lovell R.T. 1990. Subchronic
toxicity of dietary aflatoxin Bl to channel
catfish." Journal of Aquatic Animal Health
2(4), 248-254.

Jayaraman P., Kalyanasundaram I. 1990. Natural
occurrence of toxigenic fungi and mycotoxins
in rice bran. Mycopathologia 110(2), 81-85.

Johns S.M., Denslow N.D., Kane M.D., Watanabe
K.H., Orlando E.F., Sepulveda M.S. 2011.
Effects of estrogens and antiestrogens on gene
expression of fathead minnow (Pimephales
promelas) early life stages. Environmental
Toxicology 26(2), 195-206.

Joint F., Additives W.E.C.O.F., Organization
W.H.O 2002. Evaluation of certain mycotoxins
in food: fifty-sixth report of the Joint
FAO/WHO Expert Committee on Food
Additives, World Health Organization.

Kovaci¢ S., Pepelinjak S., Pertinec Z., Segvi¢
Klari¢ M. 2009. Fumonisin B1 neurotoxicity in

in marine water-reared sea bass (Dicentrarchus
labrax L.). Food and Chemical Toxicology
47(7), 1606-1609.

Enyidi U.D., Pirhonen J., Kettunen J., Vielma J.
2017. Effect of feed protein: lipid ratio on
growth parameters of african catfish clarias
gariepinus after fish meal substitution in the
diet with bambaranut (Voandzeia subterranea)
meal and soybean (Glycine max) meal. Fishes
2(1), 1.

Fallah A., Pirali-Kheirabadi E., Rahnama M., Saei-
Dehkordi S., Pirali-Kheirabadi K. 2014.
Mycoflora, aflatoxigenic strains of Aspergillus
section Flavi and aflatoxins in fish feed. Quality
Assurance and Safety of Crops and Foods 6(4),
419-424.

Farabi S., Yousefian M., Hajimoradloo A. 2006.
Aflatoxicosis in juvenile Huso huso fed a
contaminated diet. Journal of Applied
Ichthyology 22, 234-237.

Food., Nations A.O.0.T.U. 2018. The State of
World Fisheries and Aquaculture 2018-
Meeting the sustainable development goals.
FAO.

Food U., Administration D. 2010. Guidance for
industry and FDA: Advisory levels for
DON(DON) in finished wheat products for
human consumption and grains and grain by-
products used for animal feed. US FDA: Silver
Spring, MD, USA.

Frisvad J.C., Larsen T.O., Thrane U., Meijer M.,
Varga J., Samson R.A., Nielsen K.F. 2011.
Fumonisin and ochratoxin production in
industrial Aspergillus niger strains. PLoS One
6(8), €23496.

Garcia D., Barros G., Chulze S., Ramos A.],,
Sanchis V., Marin S. 2012. Impact of cycling
temperatures on Fusarium verticillioides and
Fusarium graminearum growth and mycotoxins
production in soybean. Journal of the Science
of Food and Agriculture 92(15), 2952-2959.

Gonzalez H.H., Martinez E.J., Pacin A.M., Resnik
S.L., Sydenham E.W. 1999. Natural co-
occurrence of fumonisins, deoxynivalenol,
zearalenone and aflatoxins in field trial corn in
Argentina. Food Additives and Contaminants
16(12), 565-569.

Greco M., Pardo A., Pose G. 2015. Mycotoxigenic
fungi and natural co-occurrence of mycotoxins
in rainbow trout (Oncorhynchus mykiss) feeds.
Toxins 7(11), 4595-4609.

Griessler K., Encarnagdo P. 2009. Fumonisins-
mycotoxins of increasing importance in fish.
Aquaculture Asia Magazine.

Guardone L., Tinacci L., Luci G., Meucci V.,
Intorre L., Armani A. 2018. Determination of
Ochratoxin A in European seabass and Gilthead
seabream farmed in Italy. European College of

YY



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

Kigadye E., Okoth S. 2017. Mycoflora and
mycotoxins in finished fish feed and feed
ingredients from smallholder farms in East
Africa. The Egyptian Journal of Aquatic
Research 43(2), 169-176.

Matejova 1., Modra H., Blahova J., Franc A.,
Fictum P., Sevcikova M., Svobodova Z. 2014.
The  effect of mycotoxin  DONon
haematological and biochemical indicators and
histopathological changes in rainbow trout
(Oncorhynchus mykiss). BioMed Research
International 2014, 310680.

Mathur S., Constable P.D., Eppley R.M.,,
Waggoner A.L., Tumbleson M.E., Haschek
W.M. 2001. Fumonisin B1 is hepatotoxic and
nephrotoxic in milk-fed calves. Toxicological
Sciences 60(2), 385-396.

McKean C., Tang L., Tang M., Billam M., Wang
Z., Theodorakis C., Kendall R., Wang J.-S.
2006. Comparative acute and combinative
toxicity of aflatoxin B1 and fumonisin B1 in
animals and human cells. Food and Chemical
Toxicology 44(6), 868-876.

Meredith F.I., Riley R.T., Bacon C.W., Williams
D.E., Carlson D.B. 1998. Extraction,
quantification, and biological availability of
fumonisin B1 incorporated into the Oregon test
diet and fed to rainbow trout. Journal of Food
Protection 61(8), 1034-1038.

Michelin E., Massocco M., Godoy S., Baldin J.,
Yasui G., Lima C., Rottinghaus G., Sousa R.,
Fernandes A. 2017. Carryover of aflatoxins
from feed to lambari fish (4styanax
altiparanae) tissues. Food Additives and
Contaminants: Part A 34(2), 265-272.

Missmer S.A., Suarez L., Felkner M., Wang E.,
Merrill A.H., Jr, K. Rothman J., Hendricks K.A.
2006. Exposure to fumonisins and the
occurrence of neural tube defects along the
Texas—Mexico border. Environmental Health
Perspectives 114(2), 237-241.

Monbaliu S., Van Poucke C., Detavernier C.1.,
Dumoulin F., Van De Velde M., Schoeters E.,
Van Dyck S., Averkieva O., Van Peteghem C.,
De Saeger S. 2010. Occurrence of mycotoxins
in feed as analyzed by a multi-mycotoxin LC-
MS/MS method. Journal of Agricultural and
Food chemistry 58(1), 66-71.

Montville T.J., Shih P.-L. 1991. Inhibition of
mycotoxigenic fungi in corn by ammonium and
sodium bicarbonate. Journal of Food
Protection 54(4)5 295-297.

Mutiga S.K., Hoffmann V., Harvey J.W.,
Milgroom M.G. and Nelson R.J. 2015.
Assessment of aflatoxin and fumonisin
contamination of maize in western Kenya.
Phytopathology 105(9), 1250-1261.

Mwihia E.W., Buthia P.G., Eriksen G.S,,

young carp (Cyprinus carpio L.). Arhiv za
higijenu Rada i Toksikologiju 60(4), 419-425.

Krogh P. 1969. The pathology of mycotoxicoses.
Journal of Stored Products Research 5(3), 259-
264.

Kyprianou M. 2006. European Commission:
Commission Recommendation of 17 August
2006 on the presence of deoxynivalenol,
zearalenone, Ochratoxin A, T-2 and HT-2 and
fumonisins in products intended for animal
feeding (2006/576/EC). Official Journal of the
European Communities 229, 7-9.

Liti D., Cherop L., Munguti J., Chhorn L. 2005.
Growth and economic performance of Nile
tilapia (Oreochromis niloticus L.) fed on two
formulated diets and two locally available feeds
in fertilized ponds. Aquaculture Research
36(8), 746-752.

Lumlertdacha S., Lovell R.T., Shelby R.A., Lenz
S.D., Kemppainen B.W. 1995, Growth,
hematology, and histopathology of channel
catfish, Ictalurus punctatus, fed toxins from
Fusarium moniliforme. Aquaculture 130(2-3),
201-218.

Mahrous K.F., Khalil W.K.B., Mahmoud M.A.
2006. Assessment of toxicity and clastogenicity
of sterigmatocystin in Egyptian Nile tilapia.
African Journal of Biotechnology 5(12),: 1180-
1189.

Manning B.B., Abbas H.K., Wise D.J., Greenway
T. 2014. The effect of feeding diets containing
DONcontaminated corn on channel catfish
(Ictalurus  punctatus)  challenged  with
Edwardsiella ictaluri. Aquaculture Research
45(11), 1782-1786.

Manning B.B., Li M.H. and Robinson E.H. 2005.
Aflatoxins from moldy corn cause no
reductions in channel catfish Ictalurus
punctatus performance. Journal of the World
Aquaculture Society 36(1), 59-67.

Manning B.B., Ulloa R.M., Li M.H., Robinson
E.H., Rottinghaus G.E. 2003"Ochratoxin A fed
to channel catfish (Ictalurus punctatus) causes
reduced growth and lesions of hepatopancreatic
tissue. Aquaculture 219(1-4), 739-750.

Marijani E., Kigadye E., Okoth S. 2019.
Occurrence of Fungi and Mycotoxins in Fish
Feeds and Their Impact on Fish Health.
International Journal of Microbiology 12(3),
160.

Marijani E., Nasimolo J., Kigadye E., Gnonlonfin
G.J.B., Okoth S. 2017. Sex-related differences

in hematological parameters and
organosomatic  indices of  Oreochromis
niloticus exposed to aflatoxin Bl diet.

Scientifica 2017, 4268926.
Marijani E., Wainaina J.M., Charo-Karisa H.,
Nzayisenga L., Munguti J., Gnonlonfin G.J.B.,

Yo



Voo VP o)Lo...';': A 0,99

Sransrl pole 4 i

Pietsch C., Junge R., Burkhardt-Holm P. 2015.
Immunomodulation by zearalenone in carp
(Cyprinus carpio L.). BioMed Research
International 2015, 420702.

Pietsch C., Kersten S., Burkhardt-Holm P., Valenta
H., Déanicke S. 2013. Occurrence of DONand
zearalenone in commercial fish feed: An initial
study. Toxins 5(1), 184-192.

Pietsch C., Michel C., Kersten S., Valenta H.,
Dénicke S., Schulz C., Kloas W., Burkhardt-
Holm P. 2014. In vivo effects of DON(DON)
on innate immune responses of carp (Cyprinus
carpio L.). Food and Chemical Toxicology 68,
44-52.

Pinotti L., Ottoboni M., Giromini C., Dell’Orto V.,
and Cheli F. 2016. Mycotoxin contamination in
the EU feed supply chain: a focus on cereal
byproducts. Toxins 8(2), 45.

Pitt J. 2000. Toxigenic fungi and mycotoxins.
British medical bulletin 56(1), 184-192.

Placinta, C., D'Mello J.F., Macdonald A. 1999. A
review of worldwide contamination of cereal
grains and animal feed with Fusarium
mycotoxins. Animal Feed Science and
Technology 78(1-2), 21-37.

Puri, S., Shingh S., Tiwari P. 2019. Mycotoxins: A
Threat to Food Security and Health.
International Journal of Applied Sciences and
Biotechnology 7(3), 298-303.

Rank C., Nielsen K.F., Larsen T.O., Varga J.,
Samson R.A., Frisvad J.C. 2011. Distribution of
sterigmatocystin in filamentous fungi. Fungal
Biology 115(4-5), 406-420.

Reddy K., B. Salleh 2011 .Co-occurrence of
moulds and mycotoxins in corn grains used for
animal feeds in Malaysia. Journal of Animal
and Veterinary Advances 10(5), 668-673.

Roberts S.M., James R.C., Williams P.L. 2014.
Principles of toxicology: environmental and
industrial applications, John Wiley & Sons.

Rodrigues I., Naehrer K. 2012. A three-year survey
on the worldwide occurrence of mycotoxins in
feedstuffs and feed. Toxins 4(9), 663-675.

Russo J., Yanong R.P. 2010. Molds in fish feeds
and aflatoxicosis. [Institute of Food and
Agriculture Sciences, University of Florida.
Fa95, 1-4.

Ryerse 1., Hooft J., Bureau D., Hayes M., Lumsden
J. 2015. Purified DONor feed restriction
reduces mortality in rainbow trout,
Oncorhynchus  mykiss (Walbaum), with
experimental bacterial coldwater disease but
biologically relevant concentrations of DONdo
not impair the growth of Flavobacterium
psychrophilum. Journal of fish diseases 38(9),
809-819.

Ryerse I.A., Hooft J.M., Bureau D.P., Anthony
Hayes M., Lumsden J.S. 2016. Diets containing

Gathumbi JK., Maina J.G., Mutoloki S.,
Waruiru R.M., Mulei LR., Lyche J.L. 2018.
Occurrence and levels of aflatoxins in fish feeds
and their potential effects on fish in Nyeri,
Kenya. Toxins 10(12), 543.

Naylor R.L., Hardy R.W., Bureau D.P., Chiu A.,
Elliott M., Farrell A.P., Forster 1., Gatlin D.M.,
Goldburg R.J., Hua K. 2009. Feeding
aquaculture in an era of finite resources.
Proceedings of the National Academy of
Sciences 106(36), 15103-15110.

Ngethe S., Horsberg T.E. Mitema, E., Ingebrigtsen
K. 1993. Species differences in hepatic
concentration of orally administered 3H-AFB1
between rainbow trout (Oncorhynchus mykiss)
and tilapia (Oreochromis niloticus).
Aquaculture 114(3-4), 355-358.

Njobeh P.B., Dutton M.F., Aberg A.T., Haggblom
P. 2012. Estimation of multi-mycotoxin
contamination in South African compound
feeds. Toxins 4(10), 836-848.

Odoemelam S., Osu C. 2009. Evaluation of the
phytochemical content of some edible grains
marketed in Nigeria. Journal of Chemistry 6(4),
1193-1199.

Oliveira M., Vasconcelos V. 2020. Occurrence of
Myecotoxins in Fish Feed and Its Effects: A
Review. Toxins 12(3), 160.

Olorunfemi M., Odebode A., Olawuyi O., C.
Ezekiel 2013. Multi-mycotoxin contaminations
in fish feeds from different agro-ecological
zones in Nigeria. Proceedings of the Tropentag
2013 International Research on Food Security,
Natural Resource Management and Rural
Development.

Omurtag G.Z. 2008. Fumonisins, trichothecenes
and zearalenone in cereals. [International
Journal of Molecular Sciences 9(11), 2062-
2090.

Ostry V., Malir F., Toman J., Grosse Y. 2017.
Mycotoxins as human carcinogens—the IARC
Monographs classification. Mycotoxin
Research 33(1), 65-73.

Paterson R.R.M., Lima N. 2011. Further
mycotoxin effects from climate change. Food
Research International 44(9), 2555-2566.

Petrinec Z., Pepeljnjak S., Kovacic S., Krznaric A.
2004. Fumonisin B., causes multiple lesions in
common carp (Cyprinus carpio). Prevalence 2,
8.

Pietsch C. 2020. Risk assessment for mycotoxin
contamination in fish feeds in FEurope.
Mycotoxin Research 36(1), 41-62.

Pietsch C., Bucheli T.D., Wettstein F.E.,,
Burkhardt-Holm P. 2011. Frequent biphasic
cellular responses of permanent fish cell
cultures to DON(DON). Toxicology and
Applied Pharmacology 256(1), 24-34.

\id



O g (sou S

S 5550k b plale o138 Congonnn 9 (5550550 156 (o)

Toxicology Letters 153(1), 91-98.

Stockmann-Juvala H., Savolainen K. 2008. A
review of the toxic effects and mechanisms of
action of fumonisin Bl. Human and
Experimental Toxicology 27(11), 799-809.

Streit E., Schatzmayr G., Tassis P., Tzika E., Marin
D., Taranu I., Tabuc C., Nicolau A., Aprodu L.,
Puel O. 2012. Current situation of mycotoxin
contamination and co-occurrence in animal
feed—Focus on Europe. Toxins 4(10), 788-809.

Supamattaya K., Sukrakanchana N.,
Boonyaratpalin M., Schatzmayr D., Chittiwan
V. 2005. Effects of ochratoxin A and DONon
growth performance and immuno-
physiological parameters in black tiger shrimp
(Penaeus monodon). Songklanakarin Journal
of Science and Technology 27(1), 91-99.

Supartini A., Oishi T., Yagi N. 2018. Changes in
fish consumption desire and its factors: A
comparison between the United Kingdom and
Singapore. Foods 7(7), 97.

Svobodova Z., Piskac A. 1980. Effect of feeds with
a low content of aflatoxin B1 on the health of
carp (Cyprinus carpio). Zivocisna Vyroba
25(11), 809-814.

Tacon A.G., Hasan M.R., Metian M. 2011.
Demand and supply of feed ingredients for
farmed fish and crustaceans: trends and
prospects. FAO Fisheries and Aquaculture
Technical Paper (564), 1-102.

Taheri S., Banaee M., Nematdoost Haghi B., and
Mohiseni M. 2017. Evaluation of nephrotoxic
effects of aflatoxins on common carp (Cyprinus
carpio). Iranian Journal of Toxicology 11(2),
51-58.

Taniwaki M., Hocking A., Pitt J., Fleet G. 2009.
Growth and mycotoxin production by food
spoilage fungi under high carbon dioxide and
low oxygen atmospheres. International Journal
of Food Microbiology 132(2-3), 100-108.

Tola S., Bureau D.P., Hooft J.M., Beamish F.W.,
Sulyok M., Krska R., Encarnagao P., Petkam R.
2015. Effects of wheat naturally contaminated
with  Fusarium mycotoxins on growth
performance and selected health indices of red
tilapia (Oreochromis niloticus % 0.
mossambicus). Toxins 7(6), 1929-1944.

Tschirren L., Siebenmann S., Pietsch C. 2018.
Toxicity of ochratoxin to early life stages of
zebrafish (Danio rerio). Toxins 10(7), 264.

Tuan N.A., Grizzle J.M., Lovell R.T., Manning
B.B., Rottinghaus G.E. 2002. Growth and
hepatic lesions of Nile tilapia (Oreochromis
niloticus) fed diets containing aflatoxin B1.
Aquaculture 212(1-4), 311-319.

Tveterés S., Asche F., Bellemare M.F., Smith M.
D., Guttormsen A.G.,, Lem A., Lien K.,
Vannuccini S. 2012. Fish is food-the FAO’s

corn naturally contaminated with DONreduces

the  susceptibility = of  rainbow  trout
(Oncorhynchus  mykiss) to experimental
Flavobacterium  psychrophilum infection.

Aquaculture Research 47(3), 787-796.

Samson R., Houbraken J., Thrane U., Frisvad J.,
Andersen B. 2010. Food and indoor fungi:
CBS-KNAW fungal biodiversity centre,
Utrecht The Netherlands. 2, 390.

Sandor, G., Vanyi A. 1990. Mycotoxin research in
the Hungarian Central Veterinary Institute ".
Acta Veterinaria Hungarica 38(1-2), 61-68.

Santacroce M.P., Conversano M., Casalino E., Lai
0., Zizzadoro C., Centoducati G., Crescenzo G.
2008. Aflatoxins in aquatic  species:
metabolism, toxicity and perspectives. Reviews
in Fish Biology and Fisheries 18(1), 99-130.

Santos G., Rodrigues 1., Starkl V., Nachrer K.,
Hofstetter U., and Encarnagdao P. 2010.
Mycotoxins in aquaculture: Occurrence in
feeds components and impact on animal
performance. Avances en Nutricion Acuicola.

Schwartz P., Bucheli T.D., Wettstein F.E., and
BurkhardtHolm P. 2013. Life-cycle exposure to
the estrogenic mycotoxin zearalenone affects
zebrafish (Danio rerio) development and
reproduction. Environmental toxicology 28(5),
276-289.

Schwartz P., Thorpe K.L., Bucheli T. D., Wettstein
F.E., Burkhardt-Holm P. 2010. Short-term
exposure to the environmentally relevant
estrogenic mycotoxin zearalenone impairs
reproduction in fish. Science of the Total
Environment 409(2): 326-333.

Scott P. 2012. Recent research on fumonisins: a
review. Food additives and Contaminants: part
A 29(2), 242-248.

Scudamore K., Nawaz S., Hetmanski M., Rainbird
S. 1998. Mycotoxins in ingredients of animal
feeding stuffs: III. Determination of
mycotoxins in rice bran. Food Additives &
Contaminants 15(2), 185-194.

Selim K.M., El-hofy H., Khalil R.H. 2014. The
efficacy of three mycotoxin adsorbents to
alleviate aflatoxin B 1-induced toxicity in
Oreochromis niloticus Aquaculture
International 22(2), 523-540.

Shahafve S., Banaee M., Haghi B.N., Mohiseni M.
2017. Histopathological study of common carp
(Cyprinus carpio) fed aflatoxin-contaminated
diets. International Journal of Aquatic Biology
5(2), 63-70.

Song D., Karr A. 1993. Soybean phytoalexin,
glyceollin, prevents accumulation of aflatoxin
B 1 in cultures of Aspergillus flavus. Journal of
chemical ecology 19(6), 1183-1194.

Speijers G.J.A., and Speijers M.H.M. 2004.
Combined toxic effects of mycotoxins.

Yy



Voo VP o)Lo...';': A 0,99

Sransrl pole 4 i

moniliformin and fumonisin B1 fed singly and
in combination in diets for young channel
catfish Ictalurus punctatus. Journal of the
World Aquaculture Society 31(4), 599-608.

Zhang, G.-L., Feng Y.-L., Song J.-L.., Zhou X.-S.
2018. Zearalenone: a mycotoxin with different
toxic effect in domestic and laboratory animals’
granulosa cells. Frontiers in Genetics 9, 667.

Zhao H., Jiang R., Xue M., Xie S., Wu X., Guo L.
2010. Fishmeal can be completely replaced by
soy protein concentrate by increasing feeding
frequency in Nile tilapia (Oreochromis
niloticus GIFT strain) less than 2 g.
Aquaculture Nutrition 16(6), 648-653.

Zychowski K.E., Hoffmann A.R., Ly H.J., Pohlenz
C., Buentello A., Romoser A., Gatlin D.M.,
Phillips T.D. 2013. The effect of aflatoxin-B1
on red drum (Sciaenops ocellatus) and
assessment of dietary supplementation of
NovaSil for the prevention of aflatoxicosis.
Toxins 5(9), 1555-1573.

fish price index. PLoS One 7(5), €36731.

Vaclavikova M., Malachova A., Veprikova Z.,
Dzuman Z., Zachariasova M., Hajslova J. 2013.
Emerging’mycotoxins in cereals processing
chains: Changes of enniatins during beer and
bread making. Food Chemistry 136(2), 750-
757.

Van der Merwe K., Steyn P., Fourie L., Scott D.B.,
Theron J. 1965. Ochratoxin A, a toxic
metabolite produced by Aspergillus ochraceus
Wilh. Nature 205(4976), 1112-1113.

van Egmond H.P., Jonker M. 2004. Worldwide
regulations for mycotoxins in food and feed in
2003, Food and Agriculture Organization of
the United Nation. 81, 1-7.

Vaziriyan M., Banaee M., Nemadoost Haghi B.,
Mohiseni M. 2018. Effects of dietary exposure
to aflatoxins on some plasma biochemical
indices of common carp (Cyprinus carpio).
Iranian Journal of Fisheries Sciences. 17(3),
487-502.

Viegas C., Nurme J., Pieckova E., Viegas S. 2020.
Sterigmatocystin in foodstuffs and feed: aspects
to consider. Mycology 11(2), 91-104.

Voss, K.A., Riley R.T. 2013. Fumonisin toxicity
and mechanism of action: overview and current
perspectives. Food Safety 1(1), 2013006-
2013006.

Wang E., Ross P.F., Wilson T.M., Riley R.T.,
Merrill Jr A.H. 1992. Increases in serum
sphingosine and sphinganine and decreases in
complex sphingolipids in ponies given feed
containing fumonisins, mycotoxins produced
by Fusarium moniliforme. The Journal of
Nutrition 122(8), 1706-1716.

Wang H., Wei H.,, Ma J., Luo X. 2000. The
fumonisin B1 content in corn from North
China, a high-risk area of esophageal cancer.
Journal of environmental pathology, toxicology

and oncology: official organ of the

International  Society for  Environmental

Toxicology and Cancer 19(1-2), 139-141.
Warth B., Parich A.,  Atehnkeng J.,

Bandyopadhyay R., Schuhmacher R., Sulyok
M., Krska R. 2012. Quantitation of mycotoxins
in food and feed from Burkina Faso and
Mozambique using a modern LC-MS/MS
multitoxin method. Journal of Agricultural and
Food Chemistry 60(36), 9352-9363.

Woodward B., Young L., Lun A. 1983. Vomitoxin
in diets for rainbow trout (Salmo gairdneri).
Aquaculture 35, 93-101.

Wozny M., Obremski K., Jakimiuk E., Gusiatin
M., Brzuzan P. 2013. Zearalenone
contamination in rainbow trout farms in north-
eastern Poland. Aquaculture 416, 209-2011.

Yildirim M., Manning B.B., Lovell R.T., Grizzle
J.M. and Rottinghaus G.E. 2000. Toxicity of

YA



Journal of Aquaculture Sciences Vol. 9, No. 17, 2021

Review Article
Evaluation of the pathology and food poisoning of fish with mycotoxins

Mohammad Karimi!, Amin Gholamhosseini*!, Mahdi Banaee?, Amir Zaidi3, Reza
Shakeri*, Amin Nematollahi®

'Division of Aquatic Animal Health, Department of Clinical Sciences, School of Veterinary
Medicine, Shiraz University, Shiraz, Iran.
2 Aquaculture Department, Faculty of Natural Resources and the Environment, Behbahan
Khatam Alanbia University of Technology, Behbahan, Iran.
*Department of Environmental Engineering, Faculty of Natural Resources and Environment,
University of Birjand, Birjand, Iran.
“Department of Environment, Faculty of Natural Resources, Behbahan Khatam Al-Anbia
University of Technology, Behbahan, Iran.
SDepartment of Food Hygiene and Quality Control, Faculty of Veterinary Medicine,
Shahrekord University, Shahrekord, Iran.
*Corresponding author: amingholamhosseini@shirazu.ac.ir
Received: 2021/8/6 Accepted: 2021/10/12

Abstract

The growth and development of the aquaculture industry in recent decades has also led to the development of the
aquatic feed industry. High-quality animal protein, lipids and other nutrients are essential for intensive
aquaculture. Fish meal is used as an essential ingredient in fish nutrition that will not be available in sufficient
quantities in the future. Increasing fishing pressure has reduced marine fish stocks; Therefore, reducing the
dependence of aquaculture on marine resources in order to develop the sustainability of this industry in the future
is essential. Therefore, using plant protein sources such as cereals and legumes in aquatic feed can be effective in
achievng this goal. However, plant foods can provide a natural and suitable substrate for the growth of fungi.
Crops may be infected with the fungus during harvest or storage. Under adverse environmental conditions, at
temperatures above 27 °© C and more than 60% humidity and lack of proper ventilation, fungi grow rapidly and
can endanger aquatic health by producing mycotoxins. In addition, the accumulation of mycotoxins in the edible
tissue of fish can be dangerous to consumers' health. Therefore, it is necessary to know the different types of
mycotoxins and understand how they are transferred from food to farmed aquatic animals and ultimately to human
consumers. Aflatoxins, sterigmatocystin, ochratoxin, trichotoxins, zearalenone, and fumonisins are the most
important known mycotoxins in aquatic feed. These toxins can cause many pathological damages to aquatic
animals, such as reduced growth performance, changes in haematological parameters, histological damages,
biochemical parameters, oxidative stress and genetic damages. Therefore, in this article, we introduce these
compounds and show their effects on aquatic health.

Keywords: Aquaculture, Mycotoxins, Aquatic nutrition, Fungal infection.
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