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Metabolites of Aflatoxin B1 in Shrimp 

~d~.u:l1~'a.:]nl'a ~6lhtJfflr1G1dl~ld~ ~G11~~Vj'Yl~Vlru-:J ~d. eJ'U-:J1l urnon1Vlf1 
~ 	 w 

~mm3-11~'a.:]nl'a 	 deJ-:Jfflr1G1dl~ld~ 'UltJ~G11~~Vj'Yl~ ~d. ~dfin~ ~-:JG1d-:JlVjh~u 
deJ-:Jfflr1G1d1~ld~ ~G11 ~~Vj'Yl ~Vlru-:J ~d. 1d1 Vjl'U'llln1tJ-:Jlnd 

<V 

I 
I dQ.l ,Q &::I. Q..I ~ v b 

W d t1.:] l'U,'Yl'a'lJ e.J en 0J1 eJ 'lJ .fllf11'lllbJlr1'll1'Yl m f1rn~r1G11 ~~Vj'Yl tJfflr1G1d 

~v1lfl-:Jnd~Vll1'Ylm~tJ fl'U'U8-:J1~-U-:J~ 1.JW}-Jl'U
q 	 ~ q 

n'Yld-J.10330 
t 

t'YldfiVjYl 2189728 	 t'Yldr1ld 2189731 

~dl3-J~l~rubb~~~3-Jl~eJ.:]iJru~l~...hnl'a~~t1 
'" 	 '" 

1.Jd~~'Yl ffl'Yl tJeJ ~1'U~'IJG1.fl~m fll ff1eJ'U;'U ~r1.fll1~~Vl d-Jl~r1d-J1Vi'~n~ nld1.J'U~n eJ'U 
~ ~ 

" 
'IJeJ-:J ~~eJdl~lVj1n ~~eJm1.J eJ';:~fl~r1"v'lflllr1 ~~fl~ ~~eJ m1.JeJ';:~fl~r1Vjld1~G1nr11'Ue-J~G1 e-Jfl'Yll-:J 

flldlnmld ~i'U ~l1tVj~ ~1~r1-:J ~l1r1l~ ~l1~l-:J d1'U~l1.J~Vl~-:J 1.JfllJ.J'U djWfl'U ~-:J 
" " 	 " 

b~eJdl ~Vl~l.ur1ld-Jldfl e-J~G1 r1lJWlj-eJ ~"v'lmY1eJ n~'U ~~fl~~~'Yldn~d-JeJ ~1'U~ileJr1ld'IJeJ-:J e-J~G1 e-Jfl 
~ 

I I 	 i/ v 

'Yll-:J nldlnmld ~-:J b~eJUld-Jl e-Jr1d-J b~'UmVlld~G11 ~-:Jd1n~nld1.J'U~tJeJ'U'IJeJ-:Jr1lJW~<l11 tJ 

t~tJfiddd-J'lllG1~~VjUr1ld~lj-eJ~"v'lfllY1eJn~'U'lf{t~ th U2 ~1 ~~fl~~2 ~-:J'llU~U1~ 
I 2.1 	 I 2.1 

, f11ld-J~~'U~lj-d'Ubbd-:Jd-JlnYlr1~ n-:J~'UlVi'~u1lnf1~~tJ~1G11Jl ~eJ~G1ll~Wr1l~lj-~Vl~l.u
q q ~ 

lm1'IJeJ-:JeJ~\fIJfllY1eJn~'Uth ~'U ~i'U ~n~~~'UeJ~"v'lfllY1eJn~'U~8d-J1 ~1 ~11 eJl';:ff'U~Vl1eJ
~ 

eJ~\fIJmY1eJn~tf1fl b~'U01'U ~-:J ~d-JG1lt1Jlm1bVl~ld ~f11ld-J~~'U~~~~d-:Jfl~fl-:JVl1mteJ tJ 
q 

.a. Zb4~ 
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II 

V-J~GlGil~~ lozi~ l~~q)lGl1JlGl~l f111d-l<Kl~'Vll~hf1~(J)~~ 1~~(J) Ul~d-l~(J) e)GldlnldV-J~d-l 

G1(J)~(J)~~ e)Gldlnldltl~tJ~l~e:J~(J)~~ dj~<K~ ~e:Jn~ln~~l~~tJ~~ld-lldr1~l~ltlGlld-l 

nd::;ll~l~~Gl Yll~ltJd::;1J1JnldY11~1~Gil~~"1Je:J~fl~nl tJ1~l~e:Jd-ll'Y1dd-l~~ dld-l~~ In(J)nld 

~::;~d-lV11e:JGln~1~Glld-ll~m~e:Je:JltJl::;Gil~~6l~::;~1~~V-J~Glnru,~~1~~ln~Glllozi~ ~l~d-l 
1~ dj~<K~ e)~GldltJ"1Je:J~~l~~~(J) dj~~ldrie:Jd-l::;l1~s:Jl'Vl~n~ llri;lGll~ 

s:Jnld~n~l~l~~e:J::;yj~l~e:Jn~~ll~::;~Glll1Jl~'Vl'~tl~~Gllll~::;~Gll~l lozi~ lri 
q 

lU(J) ~nd lf1 tl~l lUt-t<K~ ll<llnld~n~ll~n~s:Ji(e:JtJd-lln ~~l~Uf11dY11nld~n~11~n~ 
q q q 

I i,I I i.t I I 

nm~l ~~lUU~GllthYiutJd-ll~tJ~l~e:Jnld1J~1nf1/'u~mV11d lm::;~(J)ltJu~Glll~~n~~
q ~ 

Ylldl tJ1~~n1Jnld~~e:Je:Jn"1Je:J~tld::;l'Vl~1J~::;d-llnnl1V1~t-t~lU1Jl'Y1 
~Gl~~~~a~~~~~b~~~n1~ 

q 

I 
d 

nl~'YI~Gl~~'Y1 1 

1. 11~llV-Jt-tnlJYl(J)~e:J~6l1J1J Completely Randomized Design 1~~~1l~1~1 
, 2..1 I i.t 

€lit! 3 l~e:J~f1~~ ~1~1~ 500 Gll ~lnyjl~d-ll~tJ~n~le:Jn~u ~~l~tJ~lu1Jm)ddd-l~l~~ltJ
, q 

f1";;l~6~d-l"1Je:J~~1 1-2 ppt (part per thousand) Ul~~d-lll~tJ~lu1Je:J~nrie:J~nld 
I 2.1 

"g d 6 0 2.1 

'VlC91~e:J~ GZJ~~f11ld-l~ 1.6 x 3.1 x 1.0 ~n1Jl~n~Gld f111d-l~~"1Je:J~~1 0.7 ~Gld (J)ltJ
q ~ ~ 

2.1 2.1 I 

f1";;l:l,n~~"1Je:J~uwy'h 6~~ l~ tJ~~l tJmV11dtlnG16U~n~1 1 0 1~ ~~n~rlde:J(J)Gll tJ~ld-lldr1 
q 

tJfJ0111~66~1 ~~661J~n~'Vl(J)~e:J~e:Je:Jmu~ 4 n~~l(91tJ~lw:tn n~~~::; 90 011 l(J)tJYll 3 
q q q 

2.1 2.1 I 

'lJl"l~::; 30 011 Ul~~~ll~tJ~1~1Je:J'Vl~~e:J~ ~~s:Jf111~~ 0.86 x 0.86 x 0.9 ~n1Jl~n 
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2. lvrmVllJf1~rfd-J8~'V'h~lYl8n~'U ~1 (Sigma,USA.)lW1J'Ul~ 0, 5, 10 bbf1~ 

20 ld-JIf)Jn1d-J~8nlf1n1d-JmVllJ (ppb Vl18 part per billion) l'U~\l'Y1~f18\ln~d-J~ 1, 

2, 3 bbf1~ 4 ~ld-J~l~U l~tJn\ln~d-J~ 1 dJ'Un~d-Jf)luf)d-J~8lvrmVllwf18~~lnrfl~jj-
q q q q 

'" 8~yjmYl8n~'U YilnlJb~tJ\ln\l'Y1~f18\l~ltJ8lVllJ~\ln~ll&l~~8n'U'Y1nl'U 
q q 

3. l'UJ~w:h\lYilnlJ'Y1~f18\l lvr~~JJ'U~n~8d-Jf1~l'Urf~Jll~ b~'U ~lVlUnn\l nlJ 
'IJ q q 

o t:!::l I 2.1 I q"" I q"" 

4. 'Y1lnlJb~l~bf18~ hemolymph bbf1~~ln\lU8f1~ 10 ~1 Jld-Jnf1d-Jf1~ 30 ~1 
q q 

l'Ul'U~ 7 ~8\lnlJ'Y1~f18\l bbf1~Yilb~'Ub~d-JihVl'run\l~bVl~8~\lVld-J~l'Ul'U~ 10 ~8\lnlJ 
q 

o "".... 
" 

CO "" ° t:! 
, 

A 6 "" ""5. 'Ul hemolymph d-JlbbtJn1lJd-JbnU'Y1 -20 6lf b~8~Jl~lbf)Jl~Vl'Y1l\l~lbf)d-J 
, 

2/ t:! 

~ltJbf)J8\l~Jl~ dry chem. ~8\l Kodak EKTACHEM DT 60 II bbf1~ DTSC II 

~b hepatopancreas d-Jllbf)Jl~~'Y1l\l~f1~mIT1'Y1m l~tJl~ Davidson's fixative 
'" 

q 

,
2/ 0' "" t:! t:!

bbf11'Uld-Jl ~l'UnJ~Ul'UnlJb~JtJd-J ~'UmtJ8, paraffin embedding, sectioning bbf1~ 

tJ8d-J~~ltJ H&E (hematoxylin and eosin) ~Jl~~'Vll\l~mIT~rfl~~8\l 
'IJ 

t:!.... A 

hepatopancreatic damage degree f)8 ~f1njj-rn~~8\lnlJbn~ necrosis ~8\l 
'IJ 

tubule epithelium, U1d-JlrnnlJbn~ vacuolation ~8\l b6lff1~l\l1l'Ubb~f1~ tubule, 

bacterial clump l'U tubule 1~tJbbU\lJ~~U~8\l damage degree (grading index) 

dJ'U 5 J~~JJ ~8 0 (kJ~f)ll~I~~un&l~l\l1~n~lld-Jl), 1 (~f)ll~I~~un&lb%~l~ 
fl ""Atubule epithelium necrosis bu'UUl\lUJb1rn), 2 (d-J necrosis ~8\l tubule, 

oCOI A Ji "" flvacuolation bU'UUJb1rnd-Jln~'U), 3 (d-J necrosis ~8\l tubule, vacuolation bu'U 

A Ji "" t:! ::,

UJb1nuJln~'U), 4 (d-J necrosis ~8\l tubule bbf1~ vacuolation bn8U'Y1\l lobe) 

Uln~ld-J bd8d-Jl bnu~ -20° 6lf b~8~Jl~Vllrfl~'jji)~yjf1lY18n~'Ubbf1~bd-J~llulml 

~n~l\l 1~tJrfn~Gl18~l\l~ltJ1IT Association of Official Analytical Chemistry 

(AOAC Sec. 982.24, ~ f).q;J. 1995) Yillvru1rf'Y1tl~tJl~ sep-pak silica cartridge 
q 

(Sugano et.al 1993) 1~VllU1d-Jlrnrfl~1~I'8~yjf1lY18n~'Ubbf1~bd-J~llulf1'Y11~tJl~ 
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• i./

HPLC (High Performance Liquid Chromatography,Shimadzu,Japan) ~ltJ 

fluorescence HPLC monitor RF-535, LC-6A pump, SCL-6B system 

controller, column oven CTO-6A m1~ C-R3A chromatopac 1~ normal phase 

column system ~11'<\lV11 aflatoxin B1,B2,G1 bbr;q~ G21~tJ 1~ nucleosil 50-10 

column (30 cm x 4.6 mm) mobile phase 1~ water saturated with 
i./

chloroform: cyclohexane : acetonitrile: ethanol (50+15+2+1) <J11tJ 1 

mlImin flow rate bbr;q~1~ reverse phase column system ~11'<\lV11 aflatoxin M1 

bbr;q~ aflatoxicol (RO) l<J1tJ1~ micro-bondapak C 18 column (15 cm x 4.6 mm) 

mobile phase 1~ 45% methanol ~ltJ 1 ml/min flow rate 

6. t-'il e-.Jr;q~1~:}nlbfl11~~~E)~r;q'Vll~~f)&1 Analysis of variance, Duncan's 

multiple range test, Statistical analysis system 
d 


nl'a'YI~6lel~'YI 2 


1. 11~bbe-.J'U1l11'Vl~r;qE)~bblJlJ Completely Randomized Design l~~~~m~l 

m tJ 3 b~E)'Ufl~~ ~l'Ul'U 1200 Gll '<\l11l~\h1:Wb~tJ~n~bE)1l~'U b~tJ~luiJE)~llnE)'U1l11
q q 

'Vl<J1r;qE)~ (~'Ul<J1bi'Ub~tJlnlJTIl1'Vl<J1r;qE)~~ 1) 1~fll1:Wb~:W~E)~~1 10 ppt b~t.J~n~~ltJ 
q 

mV111UllGll1j'Unr;ql 5 l'U '<\l'Un~~1E)<J1~1 tJ~1:W11b1U11J<Xl1~bb~1 ~~bbiJ~n~'Vl<J1r;qE)~
q q 

E)E)mu'U 4 ll~:wl~t.J~lV1ibll ll~:wr;q~ 240 Gll l<J1tJYil 4 ~l~r;q~ 60 Gll11:Wl~iJE) 
, '" I IA Q..I A 2..1 ~ 0 0 

'Vl<J1r;qE)~ 16 lJE) (~'Ul~b~'Ub<J1tJl11lJll11'Vl<J1r;qE)~'Vl 1) <J11tJfll1:Wbfl:W~E)~'Ul 4 ppt '<\ll'Ul'U 

n~iJE)r;q~ 60 Gll11~ll~n~l'Ulll1'Vl<J1r;qE)~ 960 Gll 
q q 

2 .1~enV11~e-.J~:WE)~yjr;ql~E)1l~'U1h ~'Ul~ 0, 5, 10 bbr;q~ 20 ~lfl1111:wGiE) 

nlr;q1l1:wmV1111'Un~'Vl~r;qE)~1l~:W~ 1, 2, 3 bbr;q~ 4 ~l:W~l~lJ ~~n~ll~:W~ 1 dJ'Ull~:W 
q q q q q 

flllJfl:W 1~mV1 11~Ur;qE)<J1'<\l11l~1~1jE)~yjr;ql~E)1l~'U Yilll11b~tJ~n~'Vl<J1r;qE)~~ltJmV111
q q 

Q.I I A. I Iil.I QJ 

~~llml~<J1~E)ll'U'Vl lll'U 
q 

'" 
3. l'U1~vdl~Yillll1'Vl<J1r;qE)~ l~'<\l<J1D'U~ll~E):wr;q~l'U~~[)l9,t'j bi'U ~bWvtlln~ TIl1 

'IJ q q 
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• o.d I II I tJ I Cl.I 

4. 'YllnlJ'l';;Jl~l~€l(J) hemolymph ll~~~ln-JU€l~~ 10 ~n J'ld-Jn~d-J~~ 40 ~n 
q q 

1WJU~ 8 6lJ€l-JnlTIl(J)~€l-J ll~~YiW1fUl&1d-Jih9t1wn-J~l9t1~€l~-J9t1d-J(J)1ul~~ 10 6lJ€l-JnlJ' 
q 

o G v I 

'Yl(J)~€l-J 'YllnlJ'lf1UGll€lm-J hepatopancreas, gill filament ll~~ lymphoid organ 

ll~~n~ld-Jld€l6lJ€l-J~-J'Yl(J)~€l-J l~€lilflJl~9t11wX€l-Ju~uGinlJ'G1€l1u 
5. t,il hemolymph ~lU1U 0.1 ;; (~~~~GlJ') V-JG1d-J1~ 10% formalin 0.2 

;; ll~~lnu11~ 6° 6lf l~€lYilnlJ'GlJ'1';;Ji(U~lU1U~(J)b~€l(J) total hemocyte cOlIDt 

l(J)tJl~lf)~€l-J Coulter Zl ~-J';;J~i(U6lJU1(J) particle Glld-J~nl9t1~(J) lunlTIl(J)~€l-Jfl~-Jd 

1~1(J)6lJUl(J)f)lld-Jnl1-Jml6lJ€l-J~(J)l~€l(J)~-J~ltJ micrometer 1~6lJUl(J)b%~tJ 12.0 ~m 

~-Jnl9t1U(J)6lJUl(J) particle ~l~l(J)~lmfl~€l-J Coulter Zl ~ 11.39-12.40 ~m 1(J)tJYil 
., 

tJv I tJ I tJo C4.t:!:l A. ~ 

nlJ'l(J)Gll€lm-J~~ 5 flJ'-J G11unl~U';;J1U1Ubd-J(J)b~€l(J)Glld-J~U(J) agranulocytes 9t1J'€l 

granulocytes l~GlJ'l~(J)';;Jlnn~€l-J';;J~'YlJ'J'~~ nl~-J6lJmtJ 40x ~l9t1W hemolymph ~ 
'IJ q 

dry chern. 6lJ€l-J Kodak EKTACHEM DT 60 II bb~~ DTSC II 

o "" I! 
Ul hepatopancreas, gill filament bb~~ lymphoid organ d-Jl1bflJl~9t1'Yll-J 

, ., 
,:u:~ I~ V .c::{ tJ ~ 

~~'V'jmul'Ylm b~Ub(J)tJlnUnlTIl(J)~€l-J'Yl 1 J'ld-J'Yl-JnlJ'V'j';;JlJ'rnl hepatopancreatic 

damage degree ~hu gill filament GlJ'l';;JnlJ'bn(J) hyperplasia bb~~ hypertrophy 

6lJ€l-J filament ~nlJ'bn(J) edema lujJ1nrnG11-J~ 1~ grading index 5 J'~~U ~€l 0 

('GJ~~n'jj-rn~~-Jn~ll), 1 (~ hypertrophy Ul-JU1blrn), 2 (~ hypertrophy bb~~ 

hyperplasia Ul-JU1b1rn), 3 (~ hypertrophy bb~~ edema 9t11€l hyperplasia bb~~ 

edema luul-Ju1blrn), 4 (~ edema bUUU1nrnnl1-J11d-JrlU hypertrophy bb~~ 

hyperplasia) ~lW~1J lymphoid organ GlJ'l';;JnlJ'bn(J) necrotic area,cell atrophy, 

vacuolation 1~ grading index 5 J'~~1J ~€l 0 (1&J~~n'jj-rn~~-Jn~11), 1 (~ 
~ ~ 

necrotic lobule <30%), 2 (d-J necrotic lobule 30-50%), 3 (d-J necrotic lobule 
~ ~ 

>50%), 4 (d-J necrotic lobule >50%, d-J vacuolation bb~~ cell atrophy) U€ln';;Jln 
., 
~v ~ 

UtJ-JGlJ'l';;JnlJ'd-J inclusion bodies 6lJ€l-J Monodon Baculovirus bb~~ 

http:11.39-12.40


- 6 -


Hepatopancreatic parvo-like virus bYfn~btJu virus ~'V'IDlJl~11t11un,m{;ll~l
q q 

tll~fn~Gl~b;€l virus ~ 1\l~'YlllV1n-:JiJff~[)lv/Wbb~-:Jbb~-:J iJ1€lnlffb~D1.htJlJl:!-Jlnnlln-:J 
q q q 

t1nGl n-:Jbb:!-J~'YlllV1~-:J<7llmb~m1\l'YlllV1t:-JflwnlunlJYl~fl€l-:J bb~lun~rn~€l-:Jl1~ff~u~ 
biu 11~ff~'YlllV1bn(j)hq;)~lbV1~€l-:J tll~m~Gl~'b;€l1\l~'YlllV1n-:J<7lltJdju~lul~lmb{;l~!JJ

q 

.., , , 

t.bn~l:!-J bi't€l~-:J bnD11'Y] -20° 6lf ~l<7l~11\lV1lffl~~~vJmY1€ln~Ubbfl~b:!-J<7ll1D 

lm1<7ln~l-:J 1~tJ1~ HPLC biub~tJ1nDmJYl~fl€l-:J~ 1 

6. t.'bt:-Jfl~lJl:!-Jl1bq;)~~"v1~€l:!-Jfl'Yll-:JffilGl Analysis of variance, Duncan's 
'lJ 

multiple range test, Statistical analysis system 

e.J 61 rn 'a'YI ~ 6Hl.:J 
I I I I

"" 1 "" "" 1 "" 1\llnnl~'Yl~fl€l-:J'Yl 1 bbff~-:J U<7ll~-:J'Yl 1-5 bbfl~nlJYl~fl€l-:J'Yl 2 bbff~-:J U<7ll~-:J'Yl 

6-12 ~-:J ~,j{;lnl~'Yl ~fl€l-:J~€lffwlJlllffl~jj-€l~vJmY1€ln~u~ t:-Jfl~ €lnl~btl~ tJUbbtlfl-:J 
q 

fflll1~ff~lll~~ €l-:Jll-:Jnl tJn-:J 'YlllVI~lw~nfl~fl-:J e)<7l~nl~<7ll tJff-:Jnll b!le:mntJD bY] tJD 
q q 'lJ 

nDn~~~nDq;):!-J iJ t:-JflrlllVIff~[)l~'Yl~~1'Yl~:!-J bbfl~~nl~lfll tJ€ll tJl~ih~nJbn~~UUl-:J
q q q q cv 

I ~ ~ AA I 

hemolymph f1l'Yll-:JGfJlbq;):!-J bbfl~1\lfl9,I\JmLil'Ylm bGfJU hepatopancreas, gill filament,
q 

lymphoid organ, SGOT (serum glutamic oxaloacetic transaminase), SGPT 

(serum glutamic pyruvic transaminase), ALP (alkaline phosphatase), LDH 

(lactate dehydrogenase), TG (triglyceride), TP (total protein) btJU~U 

n-:J'Yl ~{;l€l-:J~e)<7l~l nl~numV1l~!JJ bb<7l n~l-:Jnub!l€l btl1tJD bY] tJDnDn~:!-Jf11D f1:!-J 
q q q 

tJm1'un~~~lJlw AFB1 20 ppb 1U~~tJ~Yfl tJ~€l-:JnlJYl~fl€l-:JnumV1l~fl~fl-:JtillVI 

bbff~-:J V-Jfle)U<7l~l tJ1\llnffl~~jj-l~ b~u~~itn b!l€l bmtJD bY] tJDnDn~:!-J~lJlwffl~jj- 10 
q 

ppb V1~€l 5 ppb bb~€l~l-:Jl~n<7ll:!-Jn-:JnumV1l~lJlit€ltJnll:!-Jlm~mmtJDbY]tJDnDnl~
q 

b~ tJ-:J1UU€lLi~~~GfJlGl ~-:Jm1\l~ V-Jfl:!-Jl1\llnnl~b1nWnlU~~V11l-:J~nlJYl~fl€l-:J b~ tJ-:J1UU€l 
'lJ 
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'Y1C?l~8-J ~i~ nld~JJ~tJ~~b nld~nlJmVn:m~Vl~8n~ nldGldl~Vlln-JGlltJ fllld-l~~d-l"Il8-J 
q 

i.I i.I i.I I 

~b ~~'ff-J'ffll-J mUVlJl~ ~tl'UGl'U ~8n~ln.unldGldl~n~ld-l~{t8n-J~~8Vll'ffl~~n~l-J
q 'lJ q 

~~ 'bJ'WlJ'ffld8~yj~lY18n~~~~~~~Gll1lJL~yjGln~l-J1~~d8n-J'Y1C?l~8-J'Y1nn~d-lnld
q q q 

ppb ~C?lllJJ~8C?lntJGi8~lJ11.nfl~~8n-J~u~mVlld ~~Gi8~l-JLdnGlld-l nld'Y1C?l~8-JfI~-Jttl~ 
'lJ q 

n~l~~tJ-J 10 1~ ~-J'Y1C?l~8-Jm~tJ-J'bJJJdln?:l~~8~l-J~~~~C?litn Vlln~nldn~mVll~ 
"" " JJ'U~tJ8~'ffl~1j-thtl~d~tJ~nmtJll~l~1~u8~~tJ-J'fiddd-l~lGl rillVf'ffl~~~nC?lnld 

~ , ..., i.I!§ "1i.1<£..., I I..., 

'ff~'ffd-l b~dl-Jnlm~~~81tJl~"Il8-Jn-Jd-lln"Il~ ~~~~'ffld-lldnGldl~'WlJ ~C?l ~-J~C?llln88~GldltJ 
q 

lVfnlJ~lJ11nfl ~-J'ffd-lflld~nld~n~lGi8LJJ 
'lJ 

Q ,; 

d~l'ambb~~bs:fUeJ bbU~ 

~lnnld'Y1C?l~8-J1~8~yj~lY18n~~ 111 "Il~lC?l 5, 10 ~~~~ 20 ppb ~'ffd-ll~mVlld 

lVfn-Jn~~tl~n~l 10 l'U ~C?lll1~md-llru,it8 m~~~d~tJ~nm~~ ~mmtJlJ~.y] tJlJnlJf1l 
q 

LD 50 100.5 mg/kg (Wiseman et.al. 1982) l~~-JGld~Q~ Penaeid shrimp ~-J 
b~'ffC?l-J~~~~tJlJ~~~ ~~Gi8~l-JLdnGlld-lnld'Y1C?l~8-J~1~"Il~lC?l'ffl~~~yjmY18n~~~ 
El\}bl:JlGllVf~L~~mVlld~tl~mru,~nld'Y1C?l~8-J (Gilbert 1991; Van Egmond 1991) 

~~8JJd~1tJ~~1'Unld~~Gl~~~~ri-J88nl~~~~l~~flru,nl~ ~-Jd~~lJ maximum 
q 

, 
i.I a I A ~a I ,; <=I <=I 0 fl ,; Q

tin b1~Ud~~'Y1 ~'ff-JfI b'Ud~~~~n tJGl~ld-l'Y1nlVl~C?l bu'U~'UtJ ~~~~~lnnldGldl~'WlJ'ffl~~ 
" , 

'lJ 

, 
El~yjmY1Eln~~JJ~~tJ8'Ul'U8lVlldn-JoX1LJJ l'Umd-llru,1C?lm%~uu8tJnll 1 ~~U (8'U-J~

q 

Uill6JlllVlfl ~~~~flru,~ 2541) ~-J~C?lll8lVlldn-J1C?l tJ~lLJJJJ~8C?li1m~~~l~~~tJ-Jn-JL~
q q 

, , 
AA Q,.I .d 2.1 Q,.I AV Q,.I AQ...I ~ I • ~ 

nldl~~%tJ'Y1'ff8C?lfl~8-JnlJnldl~tJ"Il8-J'Unl~tJ8~1 ~~'U nl~lJ necrosIs Vld8 

atrophy "Il8-J hepatopancreas (Lightner and Redman 1982) nld~JJ~tJ'U~~JJ~-J 
"IlEl~~l~l~~~C?l b~8C?l (Aquamed 1994) btl'UGl~ ~-J~C?lll~nld~JJ~ tJ'U~~JJ~-Jit8 tJd-lln 

bbGl8 ~l~LdnGlld-l1~nld'Y1C?l~8~~Sj~-J ~nC?l~Eld-l bb~~nldb~tJ-J~1~U8'Y1C?l~8-J btl~~l bbJJd 
'lJ 
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• 

rllq;)ru~l tJ (Sindermann 1987) ~~l06nldbmmJ bY] tJtJll'lJn~d-Jf)l'lJf)d-J dj~mru~nm~
.., q q 

~~m~lVlq;)l~w~mG'h~~lnnldYl~~8~5~1 ~8n~ln~mJYl~~8~l~ifG'll~lcll~l~blJ 
I ~ 

dJunld~m~nlull~lbd~t'lJlbYlJl~ ~18 llm~l~d-J8~ ~~~f)lld-Jl1G'imwmit'Ct~~ 
'lJ 

(Wyllie and Morehouse 1978) cll~nlJYl~~8~l~n~nm~l~b~tJ~lulld::;bYlq;tlYltJiJ~
q q 

~nld~m~lit8 tJd-Jln ~~ b~~f)ld~nld~m~nG'i8 b~8~G'i811l b~m.h::;ttJ'lr~1~nldb~d-J 
f)ruJ1l~m~lJYjd-Jl~lnifG'll~l~l~lnfl~ bb~::;b~d-Jbq;tJWojn~<Kl~mdb~tJ~n~lVl~ 

q q o<.iI q 

f)WJll~bb~::;lld~~YlITin~~~~~~ dld-J~~b~~bb~lYll~l~nldnl~~~f)ruJ1l~m~ldn~
q q q 

n~n~~3Jll~~nl~ 

~l~1~tJdl<K'llinld8~~~~b~~~ln~'lJlld::;d-Jlrubl~u~ulJ 2540 f)ru::;~~llU~
q q 'lJ 

~lWlJ8'lJ8'lJ~d::;f)rurll~n~l~f)ru::;nddd-Jnldl~tJbbvl~'6lG1~lVlnld~~'lJ~~~ bb~::;'lJ8'lJ8'lJ
q q 

firu ~ltJ8~ll~ D&hddru, ~ltJd-J~~ bbG'l~ei8~ bb~~~ltJDtJ1GJHll~m~nd ~lVlfilld-J 
q 'lJ 

'zh tJ b~~81~nldG'ldl~~'lJ~~ b~8~n~n~l<11lYl~~8~1~~l~~ 
q q 
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ti11';il.:JfI 1 ~bVl1Xm%~tJ (fl1~) ~8~n'lflm~lYll~wmv\ldV,J~~8~yjmYl8fl~U 1] 1 
~ q 

(AFB1) lu~ul~ 0, 5, 10 ~~~~ 20 ppb ~UUL1~l 7 b~~~ 10 1U 
,IV 

Q ILJ &::i 2.1 I 4.1 ILlfl~~~l~w U1V\um%~tJ~8~fl~Gl8Gl1 (fld~)
q q 

I '-' '-' 

AFB1(ppb) fl8UflldYl~~8'l 7 1U~8'lflldYl~~8'l 1 0 1U~8'lflldYl~~8'l 

0 14.3 15.3 15.66 

5 14.3 9.8* 6.71 * 

10 14.3 12.7 8.12* 

20 14.5 14.13 8.57* 
, 

I I &::i Q..I 0 ILJ AA d .d. 'i..I I 

* b~GlflGll'l8m'l~UtJ~1~f1J'V11'l~r1Gl p<0.05 ~m'V1tJUflUfl~~~1U~~ 

ti11';il.:J~ 2 8GldlflldGlltJ~8'ln'lflm~1 (%) ~1~wmv\ldV,J~~8~yjmY18fl~U 1]1
q q 

(AFB1)lu~ul~ 0, 5, 10 ~~~~ 20 ppb ~UUL1m 7 b~~~ 10 1U 
2.

fl~~~l~w 8GlllflldGlltJ <K1GlltJ/-X'lVl~~ (%)
q 

AFB1(ppb) 
'-' 

7 1U~8'lflld'V1~~8'l 
'-' 

1 0 1U~8'lflldYl~~8'l 

0 18/90 (20.00) 34/90 (37 .78) 

5 22/90 (24.44) 56/90 (62.22)* 

10 33/90 (36.67)* 59/90 (65.55)* 

20 41/90 (45.55)* 58/90 (64.44)* 
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~l'al~~ 3 ~lYll-J;l ~~~OZJ8-Jn-Jn~1~1~1~wm~lj~j;f~8~~1~8n~U t11 (AFB1)
q q 

LUOZJU1(!1 0, 5, 10 m~~ 20 ppb ~~Un~l 71U 

(mean+SE) 0 5 10 20 

SGOT (units) 261 .67+1 .53 244.50+1.39 228.33+2.08 187.67+2.59* 

SGPT (units) 21 .00+1 .99 47.50+1.63* 41.12+1 .38* 37.50+2.50* 

Glucose (mg%) 43.13+2.83 48.30+2.08 47.50+2.76 47.11+2.56 

Urea N (mg%) 7.00+0.94 7.00+1.29 7.33+1.54 7.12+1 .24 

Creatin (mg%) 1.00+0.02 0.88+0.04 1.35+0.08 0.73+0.06 

TP (mg%) 6.40+0.62 7.55+1.06 8.00+0.91 7.35+1.34 

P (mEq/l) 2.80+0.03 2.30+0.07 2.33±o.08 2.07+0.13 

~l'al~~ 4 ~lYll-J;1~~~OZJe:J-Jn-Jn~1~1~1~wm~lj~j;f~8~yjm~8n~u 111 (AFB1)
q q 

LUOZJU1(!1 0, 5, 10 ~~~~ 20 ppb ~~U~l~l 10 1U 

~ ~ 

~lYll-J~l ~~~ n~~~1~w AFB1(ppb)
q 

(mean+SE) 0 5 10 20 

SGOT (units) 255.11 +1.34 152.08+1.71 * 218.23+1.63 193.36+2.56* 

SGPT (units) 20.12+1 .06 45.11 +1.86* 39.44±2.45* 28.10+1.40 

Glucose (mg%) 36.00+1 .25 34.00+1.39 35.50+1.57 32.12+1.06 

Urea N (mg%) 7.00+0.13 7.00+1.23 6.50+1.45 6.55+1 .67 

Creatin (mg%) 0.90+0.07 0.50+0.04 0.95+0.12 0.55+0.23 

TP (mg%) 6.40+0.05 6.60+1.34 7.40+1.56 6.60+1.29 

P(mEqll) 2.41+0.07 2.00+0.09 2.25+0.34 2.33+0.76 
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1il1"al.:j~ 5 ~~Yll\l~~~mTI1Ylm~eJ\l hepatopancreas ~eJ\l~\lfJ~l~l~l~weJlVlll 
~~tl.JeJ~yjmYleJn~'U Ul(AFB1)lWIJ'Ul(J1 0, 5, 10 ll~~ 20 ppb dJ'Un~l 7 ll~~10 1'U 

, 
I Qn~dJ~1~1lJ flll%~tJ hepatopancreatic damage degree 

q 

.., .., 

AFB1(ppb) 7 1WlJ€l\lnlTY1(J1~eJ\l 1 0 1W1JeJ\lnl1Yl(J1~eJ\l 


0 0.15 0 

5 1.67 1.17 

10 1.75 0.58 

20 1.00 0.67 

Iill"a1.:j~ 6 ~lVlum%~tJ (n1dJ) ~eJ\ln\lnm~1~1~wmVlll~{;fdJeJ~yj~1Yl€ln~'U U1 
q q 

(AFB1) lWIJ'Ul(J1 0, 5, 10 lb~~ 20 ppb dJ'Un~l 8 lb~~ 10 1'U 

AFB1(ppb) 

o 15.05 16.47 16.95 

5 14.85 13.87* 13.12* 

10 14.92 15.50 13.42* 

20 15.27 15.62 12.24* 
, 

I I t::i Q.I 0 q..- AA ~ &:::l Q.I I 

* llGlnGll\l€l m\ldJ'UtJ{;flflbUYll\l{;fr;wl P<O. 05 IJJ€lbYl tJlJnlJn~dJfl1lJfldJ 
'" q q 
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~l';jl.:J~ 7 8GlJ"lfllJ"C7l1tJ"lJ£l--1rl--1flfn(J)1 (%) ~1~Wm'V11J"~r~~£l~yjfn~£lfl~'U ill 
q q 

(AFB1) l'U"lJ'Ul~ 0, 5, 10 ~m~ 20 ppb dJ'Unrn 8 m~~ 10 l'U 

AFB1(ppb) 

o 98/240 (40.83) 111/240 (46.25) 

5 156/240 (65.00)* 163/240 (67 .92)* 

10 133/240 (55.42)* 152/240 (63.33)* 

20 120/240 (50.00) 135/240 (56.25) 

~l';jl.:J~ 8 ~1'Yl1--1;1 ~~~"lJ£l--1rl--1flm~1~1a1wm'V11J"~~~£l~yj~lYl£ln~'U th (AFB1)
q q 

l'U"lJ'Ul~ 0, 5, 10 ~~~~ 20 ppb dJ'Un~l 8 l'U 
, "j 

f11'Yl1--1~1 ~f1~ '" fl~~~l~w AFBl (ppb) 
q 

(mean+SE) 0 5 10 20 

SGOT (lillits) 177.63+2.73 141.25+3.45 134.40+2.56* 114.38+3.22* 

LDH (muts) 182.63+3.45 147.38+3.67* 179.21 +3.88 154.34+4.67* 

Glucose (mg%) 44.00+1.29 42.00+3.09 36.67+2.68 37.29+2.33 

Urea N (mg%) 6.25+0 .08 4.13+0.34 4.11+0.67 5.71 +0.56 

Creatin (mg%) 1.71 +0.05 1.31+0.78 1.78+0.56 0.96+0.45 

TP (mg%) 6.39+0.78 5.84+0.67 4.16+0.44* 5.57+0.39 

Ca (mEqll) 44.30+1.67 42.96+2.45 48.49+2.87 57.40+2.98 

P (mEqll) 1.70+0.07 1.80+0.12 1.36+0.08 1.39+0.34 
, 

I I t=t Q.I 0 Q.I AA &!i d IV I 

* ~~C7lflGl l --1£lm--1~'UtJ~l~ru'Yll--1~b1C7l p<o.05 ~~m'Yl tJ1Jfl1Jfl~~f111J~;W
.., q q 
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~l';jl,:j~ 9 fiIYlI-J;lbfi~']JeJ -J n,mm~I~1~11JmVlld~~d-JeJ::;~m~Em~~ ill (AFB1 )
q q 

1~']J~1<1l 0, 5, 10 m~::; 20 ppb bU~61m 10 1~ 

~IYl I-J "61 bfid-J 
, '" '" nfld-J~1~11J AFBl (ppb) 

q 

(mean+SE) 0 5 10 20 

SGOT (units) 152.67+3.24 130.00+2.56 156.43+3.55 213.09+3.78* 

LDH (units) 132.44+2.56 119.67+3.78 205.57+4.23* 126.88+4.16 

ALP (units) 37 .67+0.89 21.50+3.25* 44.56+2.87 26.89+4.66* 

TG (mg% ) 22.67+1.45 35.00+2.67* 28.33+2.87 30.00+2.56 

Glucose (mg%) 79.44+4.56 43.67+3.89* 65.14±3.67 76.40±3.88 

Urea N (mg% ) 5.33+0.88 5.33+0.13 5.14+0.25 5.60+0.67 

Creatin (mg%) 0.97+0.05 0.97+0.24 0.89+0.36 0.84+0.55 

TP (mg%) 5.97+0.89 6.80+0 .23 5.84+0.67 6.98+0.46 

Ca (mEqll) 59.80+0.36 46.13+0.78 53.57+0.87 47.56+0.79 

P (mEqll ) 2.48+0 .77 2.63+0.25 4.24+1.48* 4.72+1.89* 
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, 

c ~~ 

~l';jl~'Y1 10 ~~'Y1l,J~~'VIJmDl (YWl'lJ€l,J hepatopancreas (HP), gill filament (GF), 

lymphoid organ (LO), monodon baculo virus (MBV) bb~~ hepatopancreatic 

parvo-like virus (HPV) 'lJ€l,Jn,Jnm<J1l~1~'llimVll1~~~€l~yj~lY1€ln~~ U1 (AFB1)
q q 

lWlJ'Ul~ 0, 5, 10 bb~~ 20 ppb dJunm 8 bb~~ 10 lu 
, 

I .c=!n~~~l~'lli q»lb~~8 damage degree
q 

v cv 

AFB1(ppb) 8 1~'lJ€l,Jnl1'Y1~~€l,J 1 0 l~'lJ€l,JnlJY1~~€l,J 

HP GF LO MBV HPV HP GF LO MBV HPV 

0 1.13 0.13 0.38 0.88 0.38 1.50 0.63 1.13 0.13 0 

5 2.00 0 1.25 0.50 0 0.75 0.25 1.25 0.25 0 

10 2.25 0.75 2.38 1.00 0 1.63 1.25 2.38 0.38 0 

20 2.25 1.38 2.38 0.88 0.63 1.63 1.38 1.50 0.13 0 

~l';jl~~ 11 ~l~l~~~b~€l~ (total hemocyte count) 'lJ€l,J~,Jfl~l<J1l~1~'llimVll1 
~~~€l~~mY1€ln~~ Ul (AFB1) l~'lJ~l~ 0, 5, 10 bm~ 20 ppb bU~b1m 8 bb~~ 10 

v 

lU 

,~. C;;a! 5n~~~l~~J q»lb~~8':\ll~1~~~b~€l~ (xl0 cell/ml)
q 

v v 

AFB1(ppb) 8 lWlJ€l,JnlJY1~~€l,J 1 0 lWlJ€l,JnlJY1~~€l,J 

0 9.12 8.59 

5 12.40 9.15 

10 14.05* 10.15 

20 13.93* 14.83* 
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, 

d 0 ~ ~ Q i.I 

(?ll'al~'Y1 12 "Jl't-l,1't-l,IJ,J~lfle:J(JWnd-J"lf't-l,~ agranulocyte Ufl::; granulocyte 61.Je:J-Jfl-Jflm 

~1~1~~1JmV41J~~d-Je:J::;9fJm~e:Jn~'t-l, lh (AFB1) 1't-l,61.J't-l,1~ 0, 5, 10 Ufl::; 20 ppb dJ't-l, 

<v 

nm 10 1'U 

I d C;;.e! 5n~d-J~1~w flllYofltJld-J~lfle:J~ (x10 cell/ml) 
q 

AFB1(ppb) agranulocytes granulocytes 

0 6.37 2.49 

5 7.86 2.89 

10 7.27 3.33 

20 10.65* 3.76 
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