
 !
"#  !"#$%

  !"#$%
$%& $'()*+() $,-&./ $0&(1 $234 $56 $*7$84*9
$:;<=$;5>?@$*- $<=4 $A*B$40C $DE/$FGHI
$5JK1$%&$LM1$4*>N6$FOP+$Q<+4&0$<=4$,-*+&(R
$40$*7$LN>+*)4&35P>1$S-& $,-*+&(R $,P=TU1&0
$3 $'*N+& $2&56 $FV $WX& $,Y4*9 $Z(HX$<>[(R
$Q<KON7$, \HX$24(+*I $2*7$F+() $%& $24*>N6
$](N^1 $W+(_` $a,Y4*9 $2*7$W>1(HN1
$,K1T1$*-$0*B$2*7$W>1(HN1$FPG6$<+(=$,H+
$;<=$<>[(R $2*7$W>[(6*O1 $bX(R $FV$<KON7
$<KY$Q<+(=$,1$<>[(R$*MY4*9$%&$,?56$bX(R
$ \LX$c-$<>[(R$,-*+&(R$WX&$SPH1$84*9$F+()
$04&0$0(I3$'*P1&$S-&$*-$<K=*6$FO=&0$&4$d*?
$&4$,Y4*9$ \LX<KY$<>[(R$,-*+&(R$F-(X$c-$FV
$e&4(?$40$;0*_OX&$04(1$0&(1$5fV&Q<=*6$FO=&0
$%&$FV$,-*M+g$d(h?$F6$a'*-T6g$3$4(>i$aZ&0
$40(j$a(I$aD4@$<K+*1$<+(=$,1$4(kV$04&3$40*K6
$al-%(R$3$24&0$Fm+$anHB$Z*mK7$a;5>/$3$,7*1
$40$,Y4*9 $n1&(`$<=4$FoX&(6 $WX&$SPH1
$Q<+(=$,Y4*9$Z(HX$23*B$a,-&./$0&(1$S-&
$WpKq$a(m>1$,ON-%$D*>q(h?$F6$FI(R$*6
$FV$WX&$&5I&$n6*9$,ri*K1$40$(m>1$s435j
$2&56$*10$3$W6(i4$5J+$%&$,-&(7$3$]g$b-&5=
$t(G>I5UXu-&%$S>NV(REvg $2*7$F+() $<=4
$t(G>I5UXg$3$$t33Ev$t(G>I5UXg$<K+*1
$Q<=*6$,1$*>M1$3$](Go1$4*>N6$a$t(P>O-%&4*j
$%&$,?56$40$w56$F6$,X5OX0$Z<`$F6$FI(R$*6
$*>M1 $'*P1& $Z<` $3 $(m>1 $s435j $2*7$W-*X
$,-&./ $0&(1 $axX*K1 $,o>^1 $b-&5= $'05V
$a,=435j$2*7(m>1$F-.yR$2&56$;0*_OX&$04(1
$2&56$FV$<+(=$,1$24&<Mm+$3$4*z+&$,o-&5=$40
$a,Y4*9$Z(HX$<>[(R$3$;05z1*+$2*7$84*9$<=4

QWX&$xX*K1

$2&./$a,Y4*9$Z(HX$a84*9 &'"#() *+,-./
(m>1$3$;5O+*NKV

01"21
$FGHI$%&$'()*+()$,-&./$0&(1$234$56$*7$84*9
$,-*+&(R $:;<=$;5>?@$*- $<=4$A*B$40C$DE/
$,P=TU1&0$5JK1$%&$LM1$4*>N6$FOP+$Q<+4&0$<=4
$Z(HX$<>[(R$40$*7$LN>+*)4&35P>1$S-&$,-*+&(R
$'*N+& $2&56 $,Y4*9 $Z(HX $S-& $QWX& $,Y4*9
$Q<KON7$, \HX$24(+*I$2*7$F+()$%&$24*>N6$3
$'({H7 $,Y4*9 $2*7$W>1(HN1 $%& $,?56
$acK?*+ $24*H>6 $n1*` $!D()4& $84*9C $D()4&
$*6$3$WX&$4&03*Y$Z<K)$3$(I$<K+*1$,RE/$D*vg
$'*N+&$40$a;0([g$DE/$234$S>R()4&$;0*1$<>[(R
$a:<KP>1$LN>R()4&$24*H>6$0*|-&$D*+&(>B$3$*7
$24*>N6$,[3$<+&$;<=$FO?*K=$,oX3$'359$%&
$2*7$;5>I$*-$Fv(G`$}5h1$%&$,=*+$~4&(`$%&
$04(1$5>?&$2*7$F70$40$;5O+*NKV$*-$;%*R$,-&./

Q<+&$FOv5)$4&59$,X456
$2*7$W>1(HN1 $FV $W=&0 $5J+ $40 $<-*6
$FPG6 $<+(=$,H+ $](N^1 $W+(_` $a,Y4*9
$FV $<KON7 $,K1T1 $*- $0*B $2*7$W>1(HN1
$,?56$bX(R$;<=$<>[(R$2*7$W>[(6*O1$bX(R
$84*9 $F+() $<KY $Q<+(=$,1 $<>[(R $*7$84*9 $%&
$&4$d*?$ \LX$c-$<>[(R$,-*+&(R$WX&$SPH1
$c-$FV$04&0$0(I3$'*P1&$S-&$*-$<K=*6$FO=&0
$FO=&0$&4$,Y4*9$ \LX$<KY$<>[(R$,-*+&(R$F-(X
$2<K6$Frzi$FV$xGo1$S-& $F6 $FI(R$*6 $Q<=*6
$3$*M+g$c-�([(v51$2*7$,)�-3$t*X&56$*7$84*9
$Z*|+& $*M+g $c-�([(-T>v$D*>q(h?$F-*j56 $F+
$3 $,Y4*9 $Z(HX $<>[(R $2(m[& $S>6 $a0(=$,1
$Q0(=$,H+ $Wv*- $,9*zo+& $a*M+g $2<K6$Frzi
$Z%�$b-&5=$'05V$*>M1$40$,+()*+()$2*74(OV*v
$S>6$S-&$%&$FV$<KON7$n>?0$ \LX$<>[(R$2&56

 !"#$%&'()$*+,-$&.$/0&12$3 45$*"467
!"#$%&' ()%' *  +,&-./,0 1$,$

b_ghaednia@ifro.ir

23%)3 4%567$ 489:*,;< =)*%> * ?97'@ 4A,B&BC> 2,'9,D 4:7;< E>F&6 G7HI A,B&BC> JKD7' 4:7;< 87L&' M.N;O*PQ R! * +

 !"# $%&'()&
 $*'+, -./0"1
 2')3&
 4567 8*'9 .(*
 !"# $%&'()&
 .:&;& "< =">
 ?@'A 4B 8:C)#
 !"# $%D'7"C&
 ?@'A E89 8%D'A
 "# F0"1 GH .IJ7
 K8*'9 .& 8%D'A 1. Claviceps purpurea



 !"#$%&!"'(%)%*+,%&!+-%)%."/012%340%+%1567%89:+;<%=>97

  
"#  !"#$%

$W>[*pv$'&T>1$ab>^1$W6(i4$'&T>1$'&(R$,1
$&4$F>[3&$;0*1$3$D4&5B$FI40$aF>[3&$;0*1$,6g
$Z*+$;<KKV$S>>>pR$b-&5=$S-5OHM1$'&(K`$F6
$,q*hO?&$ \LX$<>[(R$2&56$xX*K1$b-&5=$Q056
$D3*_O1 $5m-0 $F+() $F6 $2&$F+() $%& $3 $;0(6
$5>��R $W^R $,Y4*9 $2*7$W>1(HN1 $Q<=*6$,1
$W>X*NB $Q<+(=$,1 $0*|-& $,+()*+() $n1&(`
$a,Y4*9$2*7$W>1(HN1$F6$�EO6&$2&56$'&4(+*I
$'&(I$'&4(+*I$04&(1$xG/&$40$3$;0(6$D3*_O1
$F6 $25Ok>6 $W>X*NB $a*75R$SN1 $F6 $WzN+
$S-&$F6$FI(R$*6$Q<K70$$,1$'*k+$,Y4*9$Z(HX
$'&T>1$F6$,Y4*9$Z(HX$WX&$SPH1$FV$FOP+
$<>[(R$;<=$4*z+&$,-&./$0&(1$40$,MI(R$n6*9
$D4(q$40$,=435j$'&4(+*I$34$S-&$%&$a005)
$~5p1 $40 $a;0([g $,-&./ $2*7$;5>I $}5h1
$<K7&(?$4&59$,Y4*9$2*7$W>1(HN1$F6$�EO6&
$0*-% $2*7$FK-T7 $F6 $FI(R $*6 $;%351& $QWv5)
$3$4(>i$aZ&0$e&4(?$S>1�R$2&56$;<=$Z*|+&
$al-*Kq$S-&$D&<>[(R$FV$034$,1$4*JO+&$'*-T6g
$FI(R$*6$Q<K=*6$,v5h1$2*7$FK-T7$2(m�X*j
$F>MR $2&56 $FV $2&$F>[3& $0&(1 $;%351& $FPK-& $F6
$%&a<+(=$,1$;0*_OX&$,+&(>B$,-&./$2*7$;5>I
$'*MI$5X&5X$40$�GO�1$2*7$'*P1$3 $l6*K1
$0(I3$,)0([g$A*rO+& $'*P1&$a005)$,1$S>1�R
$W-5-<1 $*6 $&4 $DEPk1 $S-& $<-*6 $FV $04&0
$Q<>+*X4$SPH1$n9&<B$F6$a$<1g4*V$3$�>^q
$nPk1$c-$,Y4*9$Z(HX$%&$,=*+$DEPk1
$'*1%*X4*1g$t*X&$56$3$;<=$](N^1$,+*MI
$40 $<^O1 $nG1 $'*1%*X $2&./ $3 $2%43*kV
$F6$'*MI$,`&4%$2*7$F+&0$%&$Z4*MY$c-$03<B
$%&$�>6$'(KV*R$Q<KON7$;0([g$,Y4*9$Z(HX
$,-*X*K=$,Y4*9$Z(HX$%&$�GO�1$�(+$#��
$3$F6*k15>/$2*74*O?*X$F6$FI(R$*6$FV$;<=
$*7$Wv*6$234$56$*M+g$D3*_O1$3$](Go1*+$D&5�&
$�(�(1 $W>X*NBa'<6 $�GO�1 $2*7$Z&<+& $3
$5fV&$Q0(=$,1$4*P=g$*M+g$*6 $;%4*z1$W>H7&$3
$3 $4(>i $aZ&0 $e&4(? $40 $;0*_OX& $04(1 $0&(1
$04&3 $40*K6 $%& $FV $,-*M+g $d(h?$F6 $a'*-T6g
$,7*1$40(j $a(I$aD4@$<K+*1 $<+(=$,1$4(kV
$l-%(R $3 $24&0$Fm+ $anHB $Z*mK7 $a;5>/ $3
$<+(= $;0([g $,Y4*9 $Z(HX $F6 $WX& $SPH1
$4&59 $*6 $F+*_X�O1 $Q:Binderet al., 2007C
$�i*K1$40$*1$4(kV$,R&04&3$LM1$40*K6$SOv5)

$0&(1$S-& $;<=$;0([g $A*HOB&$](i51$3$Z5)
$&4$ \LX$<>[(R$,-*+&(+ $FV$,-*7$84*9$F6$,-&./
$Z(HX $%& $24*>N6 $Q0(=$,156&56 $<KY $a<+4&0
$40$a;0(6$Z3*r1$D4&5B$F6$WzN+$aLM1$,Y4*9
$F>MR$Z*mK7$40$0(I(1$D4&5B$5�&$40$F|>O+
$%& $&4 $0(?$, \HX$W>q*?$a;5O+*NKV$e&4(?

$Q<K70$,H+$WX0
$3$2435U1&0$40$,Y4*9$Z(HX$SOv*- $W>H7&
$�(>=$F6$3$!"��$F70$n-&3& $F6 $2435j$2T6g
$40 $'&(I $2*7$'(HG9(6 $40 $*7$S>NV(REvg
$2�g$AT9 $,7*1 $2T-5H�R $n^1 $3 $*>+*O-56
$;<^O1 $D�*-& $40 $,=435j $'*HV $S>m+4
$%356 $�*kK1 $a04(1 $30 $57 $40 $Q005)$,1 $%*6
$Z&0*6 $F[*|KVC $;0([g $2&./ $a,K>[*6 $L�E`
$F+&0 $FzKj $F[*|KV $3 $*7$'(HG9(6 $2&56 $,K>1%
$F6 $:'*HV $S>m+4 $2�g$AT9 $2*7$,7*1 $2&56

Q<=$;0&0$�>�kR*7$S>NV(REvg
$<KON7$2&$F-(+*�$2*7$W>[(6*O1$,Y4*9$Z(HX
$<>[(R$*7$84*9$bX(R$D3*_O1$5>N1$4*MY$%&$FV
$,7*>)$0&(1$n-<zR$,-*+&(R$*7$84*9$Q<+(=$,1
$Q<+4&0 $&4 $!A35ON1(V $F6 $:S-4*1(V $20C
$F-(X $xNB $56 $;<= $0*|-& $2*7$W>[(6*O1
$ab>^1$b-&5=$3$F>[3&$D*z>V5R$a;<KKV$<>[(R
$2*7$W>[(6*O1 $}E?56 $Q0(6 $<7&(? $D3*_O1
$,Y4*9 $2*7$W>[(6*O1 $,1*HR $40 $FV $F>[3&
$,P>[(6*O1$,1(H $̀2*75>N1$40$3$;0(6$F6*k1
$,65Y$aS65V$D&4<>7$LN>[(6*R*V$3$TOKX$40
$2*7$W>[(6*O1$a<KKV$,1$WV5=$*7$S>�R35j$3
$3$F+()$c-$F6$�O�1$FV$WX&$SPH1$F-(+*�
 D'Mello andC$<K=*6$d*?$F-(X$c-$,OB

Q:Macdonald, 1997

+3 *4 5.67. / +3 8#9)6:;<4
$FV $<KON7 $,Y4*9 $Z(HX $*7$S>NV(REvg
$t(G>I5UXg $<K+*1 $*7$84*9 $%& $,?56 $bX(R
$3 $t(P>O-%&4*j $t(G>I5UXg $at33Ev
$<+(=$,1 $<>[(R $ t(>1(+ $t(G>I5UXg
$3 $W6(i4 $Q:Pitt and Hocking�$ 2009C
$nHB $aW=&056 $Z*mK7 $F6 $�*6 $D4&5B $FI40
$DE/ $F6 $;04&3 $D*p-*� $aA(h^1 $;5>?@ $3
$3 $,[*NPk? $S>K{H73 $D&5kB $bX(R
$,6(V$S15?$Z*mK7$F6$FV$,P>+*P1$2*7$x>Xg
$&4 $b-&5= $,mH7 $a0(=$,1 $04&3 $DE/ $F6

 4L0= M $7'N0
 47 O"7 P0HJ>

 -$9H=J7 Q"R:#
 EJ%IS M T(>

 P"U<"V -W'X3&
 PYZ 47 E=0HM

 M PHJ[> ?@'A
 .D")5[I \%:](#

 !"# ̂ %@_ M
 47 4B .5%*"5&

 .7'B \&JI Q"R:#
 =0HM PYZ 47

 .R(# -='9 .&
 !HJ7 H0 ?<HJ9

 "# F0"1 890
 Q'(@ 8%D'A M
 `#HJa ./0"1

 K8:<"(* .&
1. Coumestrol

2. Aspergillus nomius



 �
"#  !"#$%

"#$%&' 4,&-./,0 S 7L&' ?:*%Q TUVW :X YZ:,0 G7[D T&[O3

$Z(HX $<>[(R $3 $*7$84*9 $S-& $<=4 $2&56
$5m-0 $FY5)& $Q<K-*H+$,1 $L7&5v $,Y4*9
$t(j3T-&4 $3 $Z(>G>N>Kj $'({H7 $*7$84*9
$&4&0 $&4 $*7$S>NV(REvg $<>[(R $,-*+&(R $T>+
$a,1&0$D&<>[(R$*6$*M+g$�*zR4&$*1&$<KON7
$WX& $;<k+ $W6*� $,po9 $4(o6 $'(KV*R
Q:D'Mello and Macdonald�$1997C
$x>V5R $ � $%& $�>6 $5�*B $A*B $40
$*7$S>NV(REvg $�&(+& $2&56 $,-*>H>=
$2*7$F-(X $QWX& $;<= $,-*X*K=
$<>[(R$,-*+&(R$t(P>O-%&4*j$t(G>I5UXg
$3 $G! $aB $aB! $�(+ $2*7$$K>NV(REvg
$2*7$F-(X $FP>[*B $40 $;0(6 $&4&0 $&4 $G 
$<>[(R$,-*+&(R$brv$t33Ev$t(G>I5UXg
$Q<+4&0 $&4 $B $aB!$�(+ $2*7$S>NV(REvg
$t*X& $56 $*7$S>NV(REvg $S-& $24&.)$Z*+
$40 $Z(HX $S-& $�+*X4(�(Gv $W>q*?
$4(+$2&56$3$;0(6$�_K6&5v$4(+$*6$D43*|1
$G$}5B$%&$TzX$4(+$2&56$3$B$}5B$%&$,6g
$2*7$S>NV(REvg $�&(+& $Q0(=$,1 $;0*_OX&
$!4&0$n>NV34<>7$D*rOk1$T>+$M $3$M!
$�(+ $2*7$S>NV(REvg $,+&(>B$LN>[(6*O1
$aW=() $aWv*6 $40 $3 $<KON7 $B $3 $B!
$56$'3Tv&$Q<+(=$,1$Wv*-$�51$L�R$3$5>=
$S>NV(REvg$24&40&$W>[(6*O1$T>+$P!$S-&
$,[(P[(1$'%3$Q<=*6$,1$*7$'(H>1$40$B!
$'(O[&0$(G>V$���$*R$ "�$%&$*7$S>NV(REvg
$FI40$���$*R$!"�$%&$*M+g$]3@$For+$3
$S>NV(REvg$Q<=*6$,1$D3*_O1$0&5m>O+*X
$S-5R&%$'*i5X $3 $S-5R$, \HX $B!
$Pitt andC$0(=$,1$](N^1$S>NV(REvg

$Q:Hocking , 2009

 *+=>?4  @A  !"B  A+C=.  DE#F+?  G=;H
 '/+I D=.JK '+3 !L#M NLO1 LP. L?

+3 8#9)6:;<4
$T159 $�+4 $5>>yR $!"�� $A*X $40 $3&*>[
$40 $4*6 $S>[3& $2&56 $&4 $ T159 $24*H>6 $*-
$<KG-*R$40$�;*>X$25z6$,=435j$2*7(m>1
$0*B$W^R$&4$24*H>6$S-&$3&$Q05V$s4&T)
$S-&$FV$0(H+$ZE`&$3$05V$�>q(R$S1T1$*-
$'g$3$;0(z+$bzR51$,+(_ $̀n1&( $̀*6$24*H>6

$a;5O+*NKV$2*7$;5>I$*6$*7(m>1$F-.yR$*6$&4
$2*7(m>1$40$24*H>6$S-&$QWN+&0$�(651
$S>K{H7 $3 $;*>X $25z6 $�[*6 $,kB3
$40 $F+() $S-& $�[*6 $3 $'&(I $2*7(m>1 $40
$�j $3 $S>U>G>v $2(m>1 $s435j $�4&T1
$t(>Kj $2(m>1 $s435j $�4&T1 $40 $'g $%&
$,-&3*7 $40 $3&*>[ $bX(R $��-5O-35>G>OX&
$Q:Liao  et alQ�$1977C $<-05) $s4&T)
$S-& $,X*K=$Wv*6 $c>U>R $D*p-*� $40
$t&5P+*j(R*U7$40$%35P+$3$,v35Rg$a24*H>6
$<-<= $,[(GX $,6*MO[& $�X*j $;&5H7 $F6
$FY5)& $Q0(=$,1 $;<7*k1 $Z&<+& $S-& $40
$S-&$2&56$,K>p1$c-�([(>R&$n1*`$'(KV*R
$F6$FI(R$*6$,[3$aWX&$;<k+$S>>pR$24*H>6
$S-&$40$;<=$0*|-&$,Ov*6$D*p-*�$W7*z=
$'05V$F-.yR$%&$,=*+$D*p-*�$*6$24*H>6
$aB!S>NV(REvg $23*B $;5>I$*6 $*7(m>1
$2*7&./ $}5h1 $FV $WX& $S-& $56 $0*rO`&
$;<KKV0*|-& $n1*`$a*7$S>NV(REvg $23*B
 Lightner andC $WX& $24*H>6 $S-&

Q:Redman�$1985

$a(m>1 $,ON-% $D*>q(h? $F6 $FI(R $*6
$,ri*K1 $40 $(m>1 $s435j $WpKq
$%& $,-&(7 $3 $]g $b-&5=$FV$WX& $5rON1
$2*7$$F+() $<=4 $2&56 $*10 $3 $W6(i4 $5J+
$<K+*1 $t(G>I5UXg $2&%$$S>NV(REvg
$t(G>I5UXg $3 $t33Ev $t(G>I5UXg
$*>M1 $3 $](Go1 $4*>N6 $at(P>O-%&4*j
$WpKq$S-&$DEPk1$F6$FI(R$*6$Q<=*6$,1
$25M=$�i*K1$%&$�4&T1$'0(6$430$FGHI$%&
$%& $,?56 $40 $w56 $F6 $,X5OX0 $Z<` $3
$'*P1& $Z<` $3 $(m>1 $s435j $2*7$W-*X
$04(1 $,-&./ $0&(1 $aF+*?05X $�&<B&
$40a,=435j$2*7(m>1$F-.yR$2&56$;0*_OX&
$FV $<+(=$,1 $24&<Mm+ $3 $4*z+& $,o-&5=
$<>[(R $3 $;05z1*+ $2*7$84*9 $<=4 $2&56
$<+&(R$,1 $3 $;0(6 $xX*K1 $a,Y4*9 $Z(HX
$xI(1 $aS1T1 $2*7$W>1(HN1 $0*|-& $*6
$a<=4$'&T>1$�7*V$'({H7$,H-E $̀%356
$�-&Tv& $a,O1EX $2*7$�?*= $�7*V
$t&5P+*j(R*U7$3$�k6g$40$,Ov*6$D*p-*�

Q005)$<>[(R$�7*V$F|>O+$40$3

$23*B$,-&./$2*7$;5>I$*6$*7(m>1$F-.yR
$xI(1 $a*7$S>NV(REvg $%& $e<+& $5-0*r1
$F-.yR $2*7(m>1 $40 $S1T1 $W>1(HN1
$,Y4*9$Z(HX$5>��R$;%351&$Q0(=$,1$;<KKV
$3 $A $S>NV(R&5V& $a*7$S>NV(REvg $<K+*1
$LON>X$�>p�R$40$a*7$S>NR(P-5R$%&$,?56
$0*|-&$3$'&4(+*I$%&$,?56$3$'*N+&$,KH-&
$�7*V $3 $t(H>R $2%Ejg $<K+*1 $,H�E`
$QWX& $;<= $D*z�& $#2%(O>X()*v $W>[*pv
$2*7$F+()$234$56$;<=$Z*|+&$D*p[*o1$40
$��k1 $,=435j $2*7(m>1 $%& $,_GO�1
$2*7$;5>I $%& $;0*_OX& $*6 $FV $WX& $;<=
$S-5Ok>6 $a*7$S>NV(REvg $23*B $,-&./
$3 $;034at&5P+*j(R*U7 $40 $,Ov*6 $D*p-*�
$Wv*6$3$A(z-<+*1$40$'g$%&$�j$3$*7$�k6g

Q0(=$,1$0*|-&$%*N+(?
$25>)$nP=$3$<>[(R $40$,+()*+()$n1&(`
$2&./ $;5>I $40 $B! $S>NV(REvg $ \LX
$2*7(m>1 $F-.yR $40 $;0*_OX& $04(1
$*6 $W>1(HN1 $0*|-& $3 $,=435j
$%& $QWX& $;<= $FO?*K= $a*7$S>NV(REvg
$Z(HX$*6$W>1(HN1$%356$40$5��1$n1&(`
$F+()$<K+*1$,G1&(`$'&(R$,1$S>NV(REvg
$b-&5= $3 $W6(i4 $a*10 $a,=435j $2(m>1
$S>NV(REvg$'&T>1$a,-&./$0&(1$24&<Mm+
$S>6$,kKPH756$D&5�&$a;5>I$40$0(I(1
$2*7$S>NV(R $5-*X $*6 $*7$S>NV(REvg
$3$,P-T>v$2*74(OV*va,Y4*95>/$3$,Y4*9
$3$(m>1$s435j$2*75�OX&$]g$,-*>H>=
$&4$*75�OX&$,O-5-<1$2*7$�?*=$,?56

$Q056$Z*+
$04(1$,-&./$2*7$;5>I$W> \HV$3$W>_>V
$a,=435j $2*7(m>1 $F-.yR $2&56 $;0*_OX&
$,-*M+ $<>[(R $'&T>1 $56 $FV $S-& $56 $;3E`
$a2�([(-T>v $56 $a0(6 $<7&(? $5��1 $(m>1
$LON>X $05V4*V $3 $,O1EX $2*7$�?*=
$QWX&$5��1$T>+$,=435j$2*7(m>1$,KH-&
$Fv5q$F6$'35r1$2&56$�-&4$2*74*V$;&4$%&
$a2435j$2T6g$2*7$LON>X$40$<>[(R$'05V
$40$2T6g $0&<pR $�-&Tv& $*- $LV&5R $�-&Tv&
$2*7(m>1$Q<=*6$,1$L|B$*-$�oX$<B&3
$40 $'*-T6g $5-*X $<K+*1 $T>+ $,=435j

1. Hydroxylation derivatives   2. Red disease 

3. Penaeus monodon    4. Penaeus stylirostris

Q<+4&0$&4$5H�1$*>-5OV*6$2*7$A(GX$'056$S>6%&$,-*+&(R$FV$WX&$(m>1$,+(?$2*7$A(GX$%&$2<q40$}5p1$l9&340$a0(=$,1$'*>6$<q40$<B&3$*6$FV$,O>X()*v$W>[*pv$Q#
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$a&T-4*H>6$2*7$LN+*)4&35P>1$%&$,+(>N+*UX(X
$%&$3$<K6*-$,1$s435j$W>v35j*X$3$xGi$Wq5v
$a5m-<P-$*6$,-&./$W6*94$56$;3E`$<-*6$34$S-&
$0(I(1$2*7$LN>+*)4&35P>1$%&$,+&3&5v$0&<pR$*6
$Q<K-*H+ $FG6*r1 $T>+ $0(? $,+(1&5>j $b>^1 $40
$40$(m>1$0&<pR$�-&5v&$aW_)$'&(R$,1$S-&56*K6
$2&56$LM1$t5OX&$c-$'&(K`$F6$a�oX$<B&3
$xX*K1 $D4(q $40 $Q005)$,1 $ 5o1 $*7(m>1
$04(1$,-&./$2*7$;5>I$W>_>V$3$W> \HV$'0(z+
$,-*M+$<>[(R$'&T>1$a*7(m>1$F-.yR$40$;0*_OX&
$�>p�R$FoX&3 $F6 $S>K{H7$3$FOv*- $�7*V
$2*7(m>1 $�*r6 $a,KH-& $LON>X $05PGH`

Q0*Ov&$<7&(?$5o?$F6$T>+$,=435j
$40$(m>1$<-5?$2&56$*�*rR$'3Tv&$%34$�-&Tv&
$2*74(kV$W6*94$3$,+*MI$3$,G?&0$2*74&%*6
$4*kv$'<=$04&3$F6$5|K1$a(m>1$;<KKV$<>[(R
$;<=$(m>1$s435j $WpKq$F6 $�>j$%& $�>6
$n?&0$40$20<pO1$2*7$WV5=$34$S-&$%&$QWX&
$,-&./$2*7$;5>I$<>[(R$2&56$4(kV$%&$¡4*?$3
$3 $*7$WV5= $S-& $0<pR $QWX& $$;<= $�>X�R
$,6*>OX0$d(h?40$a4&%*6$40$0(I(1$D*+*X(+
$2*7 $;5>I $<>[(R $2&56 $Z%� $F>[3& $0&(1 $F6
$'*)<KKV5>fPR $FV $WX& $;<= $¢`*6 $a,-&./
$D&5>>yR$~5p1$40$(m>1$'*)<K70$s435j$3
$,-&./ $2*7$;5>I $2*M6 $3 $W>_>V $40 $aZ3&<1
$%& $,P- $Q<+5>) $4&59 $aWpKq $S-& $40 $0(I(1
$2*7$;5>I $'*)<KKV $<>[(R $FV $,-*7$s34
$40 $0(I(1 $D*+*X(+ $*6 $FG6*r1 $2&56 $,-&./
$'0(H+$4*z+&$3$24&<-5?$a<K70$,1$Z*|+&$4&%*6
$s435j$;430$c-$2&56$%*>+$04(1$,-&./$0&(1
$2&4&0 $2*7$;5>I $QWX& $:%34 $!#� $£ &03<BC
$:�¤� $%& $�>6 $!,6g $W>[*pvC $0*-% $W6(i4
$:0&5m>O+*X $FI40 $ �$%& $�>6C $�*6 $2*10 $3
$<K=*6$,1 $,Y4*9 $Z(HX $F6 $,)0([g $<pON1
$,-&./$0&(1$'05V$4*z+& $Q:Richard, 2007C
$W6(i4 $*6C $](i51 $,-&(7 $3 $]g $b-&5= $40
$D&5kB$4(�B$40$;�-3$F6$:<q40$�#$%&$�>6
$a,7*>) $2*7$F+&0 $,^oX $�=(j $x-5�R $3
$2*7$84*9$F6$,-&./$0&(1$'<=$;0([g$A*HOB&
$¥<70$,1$�-&Tv&$&4$,Y4*9$Z(HX$;<KKV$<>[(R
$40 $;0*_OX& $04(1 $2*7$;0*M+ $5m-0 $2(X $%&
$'*-T6g$3$4(>i$aZ&0$,-&./$0&(1$<>[(R$WpKq
$2&56$;0*_OX&$04(1$,-&./$0&(1$*6$FN-*r1$40

$4&04(?56$25R$S>-*j$W>_>V$%& $a'*N+& $F-.yR
$3 $,Y4*9 $Z(HX$<I&3 $FPK-& $A*HOB& $3 $;0(6
$5Ok>6 $a<K=*6 $FOX&(?*+ $,-*>H>= $D*z>V5R
$aW=*V $'*1% $40 $a,p>zi $4(o6 $DE/$QWX&
$3$A*_O+&$Z*mK740$S>K{H7$3$W=&056$3$W=&0
$Q<+4&0$FMI&(1$,Y4*9$2*74(UX&$*6$a24&04*z+&
$l6*K1$S-5R$LM1$%&$'&(R$,1$&4$DE/$34$S-&$%&
$Z(HX $F6 $Z&0 $3 $'*N+& $2&./ $;<KKV $;0([g
Trucksess and Diaz¦C $WN+&0 $,Y4*9
$�i*K1$40$0<pO1$D*p[*o1$Q:Amigo, 2011

$*R$ �$FV$<70$,1$'*k+$a�GO�1$,-*>v&5yI
$0&(1$F>MR$40$;0*_OX&$04(1$DE/$%&$<q40$��
$;0([g $*7$S>NV(REvg$F6 $a'*N+& $3 $Z&0$,-&./
$D�(h^1$<OX$3$0&0$'<=$,+*MI$*6$Q<=*6$,1
$Z(HX$%&$,=*+$2*745�$F6$FI(R$a2%43*kV
$;05V$&<>j$25Ok>6$D435�$3$W>H7&$,Y4*9
$56$aA*X$30$D<1$F6$FV$2&$Fp[*o1$40$QWX&
$*- $n1*V $,-&./ $0&(1 $%& $F+(H+ $!#� $234
$'(>X�(15v $40 $;0*_OX& $04(1 $2*7$;0*M+
$3 $F+&5O-<1 $3 $*j34& $2*74&%*6 $%& $a,1&0 $2&./
$,95=$](KI$2*>Xg$�i*K1$%&$F+(H+$! "!
$%&$�>6$FV$<-05)$��k1$aWX&$;<=$Z*|+&
$*j34&$%&$;<=$25>)$F+(H+$,-&./$0&(1$%&$,H>+
$�(651 $2*7$F+(H+ $%& $Z(X $c- $03<B $40 $3
$%*|1 $<B $%& $�>6 $25-0*r1 $23*B $a*>Xg $F6
$a ¦TaA(K[&(>+$,NV&$20C$,1(-4&%(v$Z(HX
$a:FB� $aFB $aB! $ $S-T>+(1(v $a'(K[&5-%
$<=*6$,1 $B! $S>NV(REvg $3 $S>NV(R&5V&

Q:Binderet alQ�$2007C
$F6 $,Y4*9 $Z(HX $0343 $2*7$;&4 $F6 $FI(R $*6
$a;5>|+%$S-&$40$*M+g$24*)<+*1$3$,-&./$;5>|+%
$0&(1 $'*)<KKV<>[(R $2&56 $24*>N6 $DEPk1
$2&56 $Q<-g$,1 $0(I(6 $,1&0 $3 $,+*N+& $,-&./
$ n>v(O+&%$F+&<m+4$SO=&0$n>[0$F6$D4@$A*f1
$(m>1 $3 $,7*1 $Wv*6 $40 $04% $�+4 $0*|-& $3
$L>rON1$4(o6$a:Skonberg et alQ�$1998C
$;0*_OX&$04(1$(m>1$;5O+*NKV$2&./$F>MR$40
$D4@$FV$S-& $F6 $FI(R$*6 $,[3$05>)$,H+$4&59
$S>1�R$&4$*7$24&./51$;5>I$%& $,HJ`&$��6
$2*7$F+*?4*V $%& $nq*B $D*p-*� $a<KV$,1
$;0*_OX&$D4(q$40$a�51$2<K6$$FON6$3$243g5v
$F>MR $40 $24(+*I $S>�R35j $lzK1 $'&(K` $F6
$3$Z(HX$2&56$20343$;&4$<+&(R$,1$a(m>1$2&./

 4:<;# \<JC[%7
 'R%& b0MJc
 d"<;7_ J<"@ M

 M \%&eA 47 f'7J&
 !"# EJ%L !0H8gR*

 0= M E='7 .<HhZ
 QGO !"# E="g* \%7

 \<H 8%D'A !HJ7
 \%iAMJc -"# EJ%L

 H0 4:<;# \<JC[%7
 j"XCIH ='I 47

K8#= .&
1. Water activity

2. Xanthophyll
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$*7$S-T>+(1(v$<K+*1$D4@$F6$FON6&3$2*7$F+&<m+4
Q0(=$4(JK1$(m>1$;5O+*NKV$,-&./$0&(1$F6

$'*-T6g$5-*X$3$(m>1$s435j$FK-T7$S-5Ok>6
$,-&./$2*7$;5>I$24&<Mm+$3$S>1�R$F6$�(651
$S-&$<>[(R$2&56$Z%�$2*7$;0*M+$S>640$3$;0(6
$0(?$F6$&4$FK-T7$S-5Ok>6$S>�R35j$a*7$;5>I
$4*>N6$sER$5�*B$A*B$40$Q<70$,1$d*hO?&
$2*7$S>�R35j $'05V $S-Tm-*I $2&56 $20*-%
$40 $24(+*I $2*7$S>�R35j $2*I $F6 $,7*>)
$;0*_OX& $04(1 $,-&./ $2*7$;5>I$'(>X�(15v
$T>+$Fp[*o1$<KY$3$;<=$Z*|+&$(m>1$s435j$40
$4(kV$2(m>1$;<Pk73�j$40$3$4(kV$n?&0$40
$T>+$5R$�>j$FV$4(o+*H7$QWX&$FOv5)$D4(q
$,7*>)$2*7$S>�R35j$%&$;0*_OX&$a<-05)$'*>6
$F6$,7*>)$2*7$;0*M+$5Ok>6$,)0([g$n>[0$F6
$F6 $Z(HX $S-& $0343 $A*HOB& $a,Y4*9 $Z(HX

$Q<70$,1$�-&Tv&$&4$,-&./$2*7$;5>I
$234$56$�GO�1$,Y4*9$Z(HX5>��R$d(h?$40
$F6$QWX&$;<=$Z*|+&$,V<+&$D*p[*o1$a*7(m>1
$234 $56 $5Ok>6 $FV $a*7$S>NV(REvg $%& $5>/
$D*p[*o1$aWX&$;<=$Fp[*o1$B!$S>NV(REvg
$§<K+*1$,Y4*9$Z(HX$5-*X$5�&$234$56$,V<+&
$a�'(K[&5-%$a S>NV(R&5V̈& $a!A(K[&(>+$,NV&$20
$*7(m>1 $234 $56 $B $S-T>+(1(v $3 $ ¦T $LX
$Z(HX $S-& $,1*HR $3 $WX& $FOv5-.j $D4(q
$D*p-*�$;<KKV$0*|-&$n1&(`$'&(K`$F6$,Y4*9
$;<KKV$�>p�R$*-$;<KKV$](V5X$a,X*K=$Wv*6
Mexía¦C $<+&$;<= $,v5p1 $,KH-& $LON>X
$Salazar et alQ�$2008�$Supamattaya$et

Q:al., 2006

$3 $,_X(- $bX(R $;<= $Z*|+& $Fp[*o1 $40
$$s(X$��$234$56 $!���$A*X$40$'&4*PH7
$%& $;<= $&<I $2*7$t33Ev $t(G>I5UXg
$�(651C $5M=(6 $'*OX& $TzX $25z6 $2*7(m>1
$,Y4*9$4(Gv$,X456$40$£Ez9$FV$2&$Fp[*o1$F6
$bX(R5M=(6 $'*OX& $TzX $25z6 $2*7(m>1
$;<=$,-*X*K=$3$2%*X&<I$'&4*PH7$3$*>+<�*9
$04(1 $s(X$��$%& $FV$<-05)$��k1$:0(6
$,-*+&(R $:<q40$ �$£*z-5rRC $s(X$"$,X456
$FO=&0 $&4 $B $3 $B!2*7$S>NV(REvg $<>[(R
$Ghaednia et alQ�$2004�$ !"#$%&$'C$<+&

Q:al., 2009

$40 $'&4*PH7 $3 $*>+<�*9 $FV $2&$Fp[*o1 $40

$<7*k1$a<+0&0$Z*|+&$4(kV$2(m>1$;<Pk73�j
$2<K7$<>_X$2*7(m>1$'0(H+$F-.yR$FV$<=
$$ppb$%&$�>6$5-0*r1$23*B$2*7$;5>I$*6$'&(I
$'&T>1$�7*V$xI(1$B!$S>NV(REvg$���
$�-&Tv& $*6 $<=4 $'&T>1 $Q<= $*7(m>1 $40 $<=4
$�7*V $a*7$;5>I $40 $B!$S>NV(REvg $'&T>1
$!���$ppb$23*B$;5>I$40$W-*M+$40$3$Wv*-
$S-5Ok>6 $F6 $<=4 $�7*V $B! $S>NV(REvg
$FO_7$�$SOv*-$'*-*j%&$�j$Q<>X4$0(?$'&T>1
$2*7$;5>I$*6$*7(m>1$F-.yR$FGq*vE6$2<K64*H>R
$2&56$aFO_7$�$D<1$F6$B!$S>NV(REvg$<9*v
$a;<-0$x>Xg$2*7(m>1$40$0(zM6$'*P1&$,X456
$<+34$'*K{H7$FV$0&0$'*k+$�-*O+$Q<=$Z*|+&
$2*7(m>1$,-*M+$'%3$3$<=4$'&T>1$40$,k7*V
$S-&$T>+$,X*K=$Wv*6$D*p[*o1$Q0(=$,1$;<-0
$2*7$FO=4 $FV $0&0 $'*k+ $3 $05V $<>-�R $&4 $51&
$25/�$4*Y0$*7(m>1$3$FOv4$n>G^R$a,+E�/
$,X*K=$Wv*6 $2*7$,X456 $Q<+&$;<= $�5_1
$4*P=g $3 $;05V$<>-�R $&4 $xGo1$S-& $T>+ $;034
$,-&./$2*7$;5>I$*6$*7(m>1$F-.yR$FV$W?*X
$S>NV(REvg$���$ppb$%&$�>6$5-0*r1$23*B
$2*7$Wv*6$3$;034$;4&(-0$x-5�R$xI(1$aB!
$0&(1$].I$40$AEO?&$3$;<=$s4&()$;*mOX0
$n-<zR $x-5� $�-&Tv& $F|>O+ $40 $3 $,-&./
$Ghaednia et$alQ�C$0(=$,1$�-&Tv&$$,-&./

Q:2013

$234$56$;<=$Z*|+&$D*p[*o1$FV$4(o+*H7$*1&
$'*P1& $a<70$,1 $'*k+ $4(>i $3 $Z&0 $a'*N+&
$04&(1$%&$24*>N6$40$*7$S>NV(R$S-&$,-&Tv&$L7
$5-0*r1 $'<= $;&5H7 $QWX& $;<>X4 $D*z�& $F6
$;5>I $c- $40 $a,Y4*9 $ \LX $<KY $%& $,V<+&
$3$;<=$Z(HX$S-&$,-&Tv&$L7$F6$5|K1$a,-&./
$bX(R$;<=$0*|-&$2*7$x>Xg$3$,Ov*6$D*p-*�
$;0*_OX&$*6$FN-*r1$40$Z(HX$S-&$%&$2&$F`(H|1
$S-& $%& $Z&<V57 $05_K1 $2*7%30 $%& $,V&4(?
$<+&(R$,1 $F[�N1 $S-& $Q<6*-$,1 $�-&Tv& $aZ(HX
$LX$<KY$'*1©(R$4(�B$W>H7&$;<K70$'*k+
$*-$Z&0$,-&./$0&(1$40$ae<+&$'&T>1$F6$a,Y4*9
$;0&0$WzN+$~4&(`$%&$24*>N6$3$<=*6$'*N+&
$F>I(R$&4$e<+&5-0*r1$40$Z(HX$S-&$F6$;<=
$D'Mello and Macdonald�C $<KV$,1

Q:1997

$3$W>H7&$F6$4*O=(+$S-&$40$;<=$;4*=&$04&(1

"#$%&' 4,&-./,0 S 7L&' ?:*%Q TUVW :X YZ:,0 G7[D T&[O3

 M d"k8::BJ%l5A
 d"k8:#= b0MJc
 8<JI "7 -'R%&
 .<HhZ !"# EJ%L
 GH EJC*"):B
 JmCU& !"# $BJ9
 ! E8::B 8%D'A
 -d"<;7_ !HhZ
 GH 8:*H'A .&
 EJ%L $%+%B
 !0H8<JI .<HhZ 
 \i(n& -E89
K8:9"7

1. Deoxynivalenol

2. Ochratoxin

3. Zearelenone
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$F>[3& $0&(1 $W>_>V $F6 $5Ok>6 $FI(R $Z3T[
$,-&./$2*7$;5>I$<>[(R$40$;0*_OX&$04(1
$s4*z+& $A(q& $�>90 $W-*`4 $3 $;5O+*NKV
$24&<65? $,-&./ $2*7$;5>I $24&<Mm+ $3
$3 $(m>1 $s435j $�4&T1 $D43*|1 $40 $;<=
$;05V$<=4$W6(i4$3$*10$FV$,o-&5=$40
$�&(+&$<>[(R$3$,-&./$0&(1$S-&$234$56$*7$84*9
$Q<KV$,1 $<>V�R $aWX*>M1 $,Y4*9 $Z(HX
$40 $;<KKV$cK? $2*7$LON>X $%& $;0*_OX&
$�7*V$F|>O+40$3$W6(i4$3$*10$�7*V
$2*7$;5>I$40$,Y4*9$Z(HX$<>[(R$A*HOB&
$S-& $56 $'3Tv& $QWX& $5�(1 $4*>N6 $,-&./
$a(m>1$'*)<K70$s435j$3$'*)<KKV5>fPR
$%& $;5O+*NKV $,-&./ $2*7$;5>I $<-5? $*6
$2&./ $2$;<KKV $<>[(R $5zOp1 $2*7$WV5=
$,-&./$$;5>I$W>_>V$%&$<K+&(R$,1$a'*-T6g

Q<K=*6$S�Ho1$a;<=$24&<-5?
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