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PREFACE 

Safe to Eat or Why Chickens Die and Human Beings Suffer from Liver 
Cancer : Development of Cost-EfTecttve and Slmple ELISA-based 
Technolog~es for the Estlmabon of Aflatoxlns and Ochratoxtn A In Foods and 
Feeds 

Many .IR~I~ ijlturfil (ornrnod~trt~~ .IrtB \ cllric.r,ll~lt. 10 .11l.1t !+ 1)) .I WII'LII) "1 I~IIIKI 1l i . i t  

art) able to produtr toklc mt.t.lbc~l~tt.\ r.~llt.ci rllvccltoxcn\ AIII~II~R \.lrlt)(t\ 

my( otoxln\, atl,~toxln\ . I I~  oc tir,~to\~ri 4 1 ~ 1 1 1 .  , ~ \ c t l l ~ i t * t i  t5 (  011011111 ~ ~ i i ~ ) c r ~ t . ~ r i (  

They are har~ntul to hunian br~ngs, ~ou l t l y  ,and Il\c.\toc L A~~.IIO~II~S .I~I# l ~ o t t ~ ~ i t  

car( 111o~(~ri\ '11ici ~ r i ~ n i t ~ r i o \ i ~ ~ ) ~ > r t ~ ~ \ ~ \ ~ t ~  . ~u t~~ i t \  .111(i ot I~I.IIO~III A I \  ,I 11r~~ i l i 1o10~11~ 

4 rt2ccxnt rcy)ort from Indl,~ st1owr.d cI(*,1rlv t t i ( s  rl\L 111~. ~~ol)ul.~t~cln In Intil.ln 

si~bconl~nc.ril I\ t.xlx)\c%i to 11vc.r c.~ritc.r .I\ ,I rc.\i~lt 01 III~~).I~III\ H \ J ~ r i ~ \  ,a11(1 

dllatt~xlri HI (K,ctl)ar c-t ,I/ 2000)  l l ~ ~ t o ~ t ~ ~ t ~ , ~ t ( * l y  .I~~.IIO~III\ ,a \  wc.11 .I\ (11 tir,~tok~ri 

A c.ntrsr into m ~ l k  .~nti sub\c.cluc~ritlv Into rn,~ri\, rri~lh-l).~st.d Ioorl\ Ones 01 th~. 

1ni1,ondnt c^ltc'rt< of tlit.\c* Ioxlric or, Iiurn,~li I)~*II~KI I\ \\ll?l~rt-\\ron 01 lolrnicnc+ 

\v<tcBm, whit h w ~ l l  If-ad to 1ir.tny dl\ord<.r\ 

111 ortkr to protf~ct a ~ n ~ ~ i c ~ l  .11i(1 t i t ~ r i ~ . i ~ i  ti(.,~ltt~, 11 I\ ~rn l~o~t .~r i t  t c ~  I)I. q ~ l ) l ( s  to 

c=st~ni,lt~~ n1ycoloxln (onlt'nl In V,III~JLIS fc)otl\ .I\ wc.ll .I\ I (v - t f \  <<I tI1.11 \tralc'glc*\ 

can bt. tltv~sc.d for th(.lr rc.dut ~I<)~/~.~II~>III,I~IOI~ Alt1011g 111.1riy riit.ttiotl\ .iv.t~l.~l~lv 

for the t.stlmdtlon of Inycotoxln\, Irrlmunt,ctic.rnlc .I! riic~thotl\ ,itch \~rn()lt., (o \ l -  

tsffrc ltvt. ,lnd ,idapl.~ble- to slltbatton III d ~ ~ v t . l o l ~ ~ n ~  c c ~ t ~ n l l ~ t ~ <  l rt1,clor 

rc.qiurc.rnr2cit\ lor thc. appl~( ,111ot7 of 1ri1rtii1rio( l~t.ni~(.il rnc+thoO\ ,ire+ t11gti (ILI.IIII~ 

,int~htd~c.s .~nd rnc*thodtrlogrrs t c ~  usr* th<. , ~ r i t ~ ~ ) e ) t J ~ ~ ~ \  for t t ~ ( .  c*st~rtl.al~ori 01 

my( otoktn\ Thc.rc.forc. t h ~ ~  t h ~ s ~ %  W,I\ f r ~ c  t~sc-(1 on 1hc.u- .r\[)tsc I\ 

This thf.sl\ I\ d1~ldt.d Into 9 ( hd(>~t'r\ < Of1~~1I11111~ \tlI)\t'f llOn\ ( hd[)t('l~ 1 dll(f 2 

contaln thc. 'Introduct~on" and "Kc*vl(.w of  L~tt*r,~turt.", thaotvr % .ilid 4 

'Production of Antlbodlrs for Afldtoxln\ anti 01 hralox~n A", th.lptt*r 5 

'Development of Enzyme I Inked Immunou~rbant A\s,ly\", (h,cl,tr.r b "A~ id l y~~ ' .  

of Foods and Feeds for Aflatox~r~r and Oc hralox~n A" C haptcar 7 ront.~ln\ 

'D~wuss~on". The 'Summary and Conc luslc~ns" .fir(. 11rc.u.ritc.d 111 ( hal~tc-r 8 ,  and 

the 'References" In chapter 3 
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INTRODUCTION 

1.1. Background 
Agrl( u ~ t u r . ~ ~  pr(dii(t\ ,rrv ,il\v,rk\ at rt\h 01 ( orit,~ciicri.~I~or~ M ~ t l i  tu11~1, ,tci11 \CIII~I* 01 

thew arts .tblt. to prtducta tokc( n~c*t,rl~ol~tt~\ -1li1~\(> (otnirourici~ .trtu (.~lltvi 

mycotoxins .tnd ttrc, ti~\c,~rt+\ (,luctri drt. I .tllt*d ~ V C O ~ O X ~ C ( H C I  41tliot1~ti 11  ti,^\ 

btrw known tcom mart. 11i.tri 100 vtb.tr\ that \ocii(. hrrrd\ (11 nitiul~i\ gr.rtcr\ wtic-n 

tBaten, may (au\tB ~llncw, cntt*cictvc. sttrdv ol rn)(otohcri\ ,tnd ciivcotokcc II\~.\ oril\ 

datts\ Ironi then 19tfi\, tollo\s~rig the. oc c uctc.nc c b  I)! I~rrhc.)-k tltsc~.rsc~ I r r  t i l t .  

/Jn~lrd h ~ n ~ d o r n  T l i t *  (II\I~.Iw~ rv\i~Ittvi trott~ th(* ~ ) ~ ( ~ \ t ~ c i ( ~ *  ot +I~~,I~II\II~ [ { I  

(5ar~cunt e l f  .I/ , 1 Ob1 1 111 the. te>c-tl ~nil)ortc~d Iton1 f31.1r11 P11)0c4lt*tl 11) It?(* 

dl\( ovc*ry of 1t1v r~f ldtok~r~\,  11111( I1 t~ltorl !>.I\ t)(.tsn dicc.c t6.d III 1 1 1 ~  Irivc.\lcK,llcori 01 

the> ,IWM ~.~tcot> t)f*tw+ht.t~ (*k1)o\tict8 to ti,ittct,~Il\ o( t (rrtcrig rny~ o tox~ r i ~  . ~ t i ( l  loti}:- 

tprrn .tdvor\t. t ic . ,~ l t I i  cbltr.c t \  ~ r r  Irt~nr,~ri Ir~.~ng\ .rr>tl Icv(.\(oc h Aciion~ v,tr~c~u\ 

my( oto*ln\, .itl.tlo*cn~ ,lnd o( lir,ctclk~n A ti,tvt. .I\SLII~IIY~ ta t  111101111( rr~i~ort.tri( I' 

(V.tn tgniond 1991. Ro\c I> ,ici(I Pt-c+r\ 1001 J Itrc*\ .,res I,.rrrnlt~l to 11uri1.rri I~~vri)ls, 

pclultry ,tnd I~vc.\toc k AtI,~toxtrik .rrts 1)ott-nt t .ir( triogc~ri\ ,t t i ( i  o c  t11.1te1~11i A I\ ,I 

ney)hrotox~n A r1.c c-nt rc.lrort irrlrii Iridc,~ \howc.d I It.,~rly t t i ( ~  crrh tlrv ~~ol)ul.~t~oci 

11t thta Irid~.in \ul)cc~r-ttnc~cit I\ c*x[~o\t*tf to Icvc.r (.rrlcc.r ,I\ .I rt+\ult (11 t i c . l ~ . c t t t ~ c  B 

vlrii\ ~n i+v t~on  ,tnd ~riR(*\tlon of ,~fl~ctoh~ri 131 (h.~tcv~rr 111 -11 , l ( M ) O l  

Vcrtudlly all ( ountrlc~k eln~a~c~ci In rntc~rri,tl~ori.il t rrrnrric*rt tp h,cvc. c.n,rc t r ~ l  or h.tvc, 

proposrd ocwnr\s~blc* Ie*vcol\ ol rnyt otoxcrl contdm~ti,ctcorl In ioo(l\ , t t lc l  ir.+.tl\ 

Indwd, dfl.rloxcn (ontdincn.rlrorr Ivvc*l'i 'ire1 ucc.d cri tcilc~rri.rlroc~,tl tr,tdt* 10 I r x  the* 

prrcca of varlou\ comrnodrtcr\ Ihu'i, 11 b t a t  ocnc.\ rrnI)rsr.ttlvt* that mc.thorf\ .mrc. 

avdrlablr th.11 (,in monctor c.tft.ttcvc.ly ttic. mycotox111 contcmnt r ~ f  ,I r.tnKtl r ~ f  

commodrt~es In both thr c3xportlng and cmportrng ( otrntrce*\ 

Many different mc.thods arc3 dvdlldbk currt.nlly (or the. caslcmalcon of niyt oloxrns 

Brologccal detrctron methtds drtp t ~ d u d  on the* toxtc c~ffc-ct of niyt otoxcns, whcc h 

rncludc death, pathologctal itwon\, thdngc*d b~oth~~rnctd l  cwcnnt\ o r  

trnrnunotoxcc effects (Chu, 1978) Often thew mtlthods arc* not spc2c rltr dnd thcdcr 

seosct~vtty IS generally low comparcd to that of clthw mt*thrxis As a rrsult t h ~ y  



are u\rd onlv d5 d ttx)l tor \(rc.canlng pcbnrr.ll I ~ \ I (  111 t ' t i \ \~(r~cl~c.t i i~t.~l .I,\,I\ 

methc~I\ such ds t h~n  Id\,csr chrorn.~t~)jir,iltli\ l i ~y l i  ~t~ttortii,~ticr. Iltltlld 

rhromdtogrdphy, K,I\ t hrornntr~p.~ph\ or m.w Lptr tromt.tr\ .trta I.I~KI~I~ILI\ . t ~ i t l  

rqu l re  t>\pm\t\,e ln\trt~tiit*fil.~t~oli ,111ti 1 I t~.~ti-t~l i  t11 t l i t -  ~.II~~}III~\ l l i ( t \  t l i ( ~ ~ t *  

method\ artA ot I~ni~tr(.d u\tb 111 roultlic5 r.~l~.r) .tnd qcl.~lrt\ toritrt~l rc trbcbntnS IIII 

myc-otox~ri\ In d * r I ( t ~ I t u ~ ~ ~ l  (ori~niod~t~t.\ To o\cStl t l l l l t l  1111' 1111111 11lt11-< \v~th 

blolog~c $11 .rrid ph\wr tx ht.nitt .~l nrc.tliotl\ l l t b n  111in1t11111r l i r . t ~ i ~ ~  .\I ~ r i t -~ t i t ~d \  Ii.i\,c. 

btvn cIt.vc+~pc.d 'v.rolt~g~c ,II r~ic~tIicnt\ th.~t u\ra  MY 1111 .II~III)(I~II.\ .IIC ~ ( . t ~~ i~ r i q  

wldr d((ty>ld~i( t. 101 I~u.II~~I~,I~I\ t a  t - \ t ~ ~ i i . ~ l ~ o ~ i  (11 1111 ( oIo\111\ IYV . I L I \ ~ ~  01 t l i ( - ~ r  

\t*nvt1vIt) ,11i(1 ~ ) I Y  I!I< 11\ I<  lit^, lcJ8(d 

In nio\t t1c.vt~l1101ti~ co~~ri~r~c.\ l ~ ~ i i ~ t ~ * ( t  111 110 1,1(111t1r~\ I,\I\I 1 0 1  1iio111to1111): 

t t o i  or I i t ~ t r ~ ~ r i  t i  1 1  t i  I (~)II~II~I.III.II LI!\ IIIIII\II~I( 

~riiriiunolog~c.~l m(~tliotl\ .trla c ~ \ ~ ) ~ ~ r i ~ ~ v c +  III ,ctltl~l~c~o 1 1 1  1111. 11rr1l)l1*rri\ rtal.~lt.tl to 

crnportlnK llit,m T l i t ~  r11.1~1111~11ii .IIIOM~I*~ I1fii11\ (11 ,III,I~~I\II~\ ,11111 01 I~I,I~II\II~ 4 

rc t~ i~cA troni ~ t ~ t o  to 10  fig Tlir*r~-lor(*, 1111 I OI~\~III~IIIIOI~ ,I\ \\t-lI .I\ lot I~XIIIIII 11 

I ~ i t l  to n i o ~ i t r  i f  l o  t i  I t o  v I I  1 ~ ~ i t t t i t  1111. I~I.IIII .IIII~ 

o i  tI11\ \tutly wd\ to dt~v~.lop Iitgtily w.n\ltl\v .and c 1 ) \ t - 1 ~ 1 1 ~ ~ ~  t ~vv  l I l\A.l),r\c.tl 

niettioci\ lor t ~ i~d r i t ~ ta t~v t~  d t ~ c l  ~~I<I I I I~I I I \~~ r + \ t ~ ~ i i ~ ~ t ~ o t i  01 ,III,I~oxI~I\ ,11111 111 l~ r ,~ tox~r i  

A 111 food\ dnd Ic-c.d\ 

1.2. Objectives 

The, pr(-wn( th  ni rriyc otcrkln\ III ,1Rrlc LIIILII.II I t ~ t r ~ t n r ~ t l ~ t ~ ~ . \  I\ II,II~I( 111.1rly 

un.tvo~ddl)lr I)c.c,~uct* of thv unr r~rilroll.~l)l(. c~11~1111r11111~nt,1I ( ~ > t ) t l ~ t ~ c ~ n \  th,~l 1,rvour 

mycotonin (ontani~n,ctlon I r i  11td1.r trr IJrotrt I ,I~IITI,I~ .trid 1lt1111,1ri I\t-,~lth, II 1% 

Imporldnt to 1 1 ~  dl~lc. to tJc*tt.c 1 dntl clu.~nl~ry niyc olox~ri\ ~ r i  Ioc~(l\ .and Ir.(.d\ 

TherrCiflt~r, tht- contarntnatrd m,cl~.rl.~l\ t.411 l ~ t *  ti,tntll~.d III ,I w ~ y  to c+ltni~lidt~. t l i r .  

loxln< Irnmunot henilt dl rn(.thod\ fhdt ti\(& \I)I-( !/I( .1rit11)o1111~\ .~nd \u~t.iI)lt- ,I\\,I~ 

sy<tem\ lhdt drt2 \cBnslltve dncl cr1\1-1.iit.c l~vc. drv lht*f~'fr~r(' v~t,il to r(.do( (. t t i ( -  r ~ \ k  

of dfldtoxrns and c~hrdloxln A cont~rn~ndllon Thr ot)jc,ct~v~\ of tht- prt.u-nt 

study were therefore 

Production of polyc Iondl dnd nrontx Iondl dntlbodlcb\ for dfldlox~n\ 

Productton of polyrlondl anrtbodlrs for oc hrdtontn A 
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Review of Literature 



REVIEW O F  LITERATURE 

2.1. Myco(orim 

Mycotox~n< are a group ol c hem~tallr, d~verw wvondary rnc*t.rbol~tt.c of  lung^ 

They ewh~b~t a wtdt. arrar* of b~o log~ta l  rtitr and tnti~b~dtral niyc oto~111\ c .tn 1,c. 

mutagrnlc , t arc 1nogt.111c . t*nibr)~o-ton~t , tc.r.btogcrilt , c~*\tro~c=ncc or 

tmmuno\uppre<slv(. (Hohlt-r tBt .I/ , 1'1981 5t*vc.r.il hirrri.~n myc otox~c ortB\ tidvt* 

been dwcr~btuf. P g , c .~o t~ \ c i i  whlc h h.~\ btr-n n ~ d v  \prc..ttf In furol)c. .tntl !I?(* 

Far East from the Mrdcilr .igths to the t'arl) >Od' c t ~ n t ~ ~ r ) ,  ' \ t . t t I i y I ? o t ~ o t o ~ ~ ~ ~ ~ \ ~ ~  111 

the 1930'\ (Kodr~t ks arid FppIc~y, 1974) .rrid al~nic.nt.~ry tox~t .rlr.clk~a' 111 thr. 

m~d-1940's (joftt~, 1071l both { t i  thv Zov1t.1 Ilncon Thc- .rfl,~ttrx~n ~~ ro l~ l c .~ i i  c.111ic. 

to l~ght In the 1960'< whtw thtvc- w.1~ a u.vt4rcm c~t~tbrc*.rk oi 'lurk(*v ' X '  d~u*,~rc. In 

England h ~ l l ~ n g  ovtbr 100,MX) lurhc.y\ .arid otht-r I.brrn .rrit~rr.tl\ (Rlr~trnt. 10011 

Thc. (auw of t h ~ \  ci~\rarc. wa\ t t , i t~d to 'I tt.+.d (ornl>onc.nl 111 (w..tntrt mt*.tl th.tt 

was ~ntc.stt.d hcxavllv w ~ t h  Arp~.r~t l l~rr / l . r \ c ~ \  Thl\ vc.r\ \II~WLJI,II (.vcsnt tr~uac.rc.(i 

1ntc.nslvf. rvrcart h on myc oto~111s 1 titwb <titd~(s\ 1111 Itici(* t l r t *  o c  ( i ~ r r t * ~ ~  v, 

t ht,m~c al \trut turt., I,~o\ynthcz\~\, f.rc tor\ dtf4.t tlng th(. t,~o\yrithw~s .111d hc..~lth 

hazards ol atl,ttox.~n\ 1,rblt~ 1 4iow\ ( ornriior~ly o( urrtng nryc o ton~~ i \  .111ti t l ic ,  

fung~ that produtt. thtvn Tliv CIN Foot1 ~ r r c i  A~r~culturc. <)rg.irr~rdt~on ti,$\ 

c=.t~mated that up to l 5 " A  of thc. worlrl'\ toads .rrtb \rp,ri~f~c ,intly I ontanicri,t!t.d 

w ~ t h  mycotox#n\ (Mycotc~x~ns In hi~man nutrltlon ,tnci hc..tlth, 1904) 



lt~.l\  o,.,,:v <,.,I< ,,,,,, r , , .  ,,l~'..ll 

l',~It~l~r~ P T :  1 . I  1 1 . s f  4 I A I  I I I .  Nr I 111 41 

1 ' ~ 1 ) 1 1  ,Jlw .1( 1 ~ 1  IOAI I' I 4 I H.rrl,,l IIIII Fi t  ( i l l  hl 

I'~*!?~IIIYT\ A ~ f ' N l  r 1' [~11tf,111~ I ~ ~ ~ l ~ l ~ ~ l l ~  8 , r t , ?  Nf 

N, 

1 1  1 

I I (  hl 

1) A I A  1 

12- I I f txnylttc l ~ ~ ~ l l ~ ~ v  v n t ~  I r1n.11~ i t n r ~  ISYYI, I),$b IH..U~I~,!, u,,. Il .Nt 

l l ( - l (  8 e,tI,,.f lt>,lr# I : 

.md C)( IN 

Ic*ardltvumr. I Z I  r I ~r.1tntfvc',4tt, "8 ( t ~ a ~ , ~ l %  co,rt 1 1 . ~ 1 %  !,as. ( . M  

ATA, AlanlmldIy Ir,r!n dlt .~At~,  ( , carr !n~o#lbl~6r ( If1 I ,I!, tni%vlrl8< 1-1l1~1 r l~l ( . \ I~~~~.al~lr . ,  I \ ,  ( .IIIIIIN.IU t~latr 

lk!wtm$. D, ikvn1~1ohtrt. C, ~ W I ~ I ~ ~ I ~ ~ X I I I  awl (vlr,*t.n~f I.IIwI$, 11, I ~ ~ . ~ ~ . ~ I O I ~ , Z ~ ~ ,  l i t ,  Itr+rn,,trt~.#g~t, M, ~IIUI.I&~*#W 

Nh. ncvhrrdcrxan, Nr .  rn.urrdo*an\ W rcy,or.llor+, 1 I ~ . r .~ lc~@~r*1~  

kwrre  F.5. Chu. 1995 



11vc.r c,lnt cbr 111 tiurnan\ (4nori 1002 41ii1tli .~ntl h t ~ i \ \  1 OR5 ht.11 hcanr~t. 1 ' ) l i t \  

Uou h anti Pt.t*r\ 19c?l, IAUC 19Ll ! h.lt~\,lf t - f  .I/ 2O(M)I l'~t*\t*ntl\ 18 dtI11~11~1it 

type* o f  .rll.itoxln\ ti~vta b t v ~ i  1tit.nt111c.d .~nic~rip \ \ l i ~ c  11 .~ll.~to*~ns R,, 1% , (,, (,  
M, arid M, dr(. lh(a nitr\l ctlmrrron Ot t l i t . \ t .  IIit. lour ri.~lu~dlly ot c ~IIIII~R 111~1)or 

I ~ I I  I ~ I l ~ t o r i  U U , , I C I I ~ ~ I  I t ~ l t  1 7  l h l *  

ranh crrdtv (11 IOILII 11) I I O I I  I ,111tl I I L I ~ I ~ I  I I\ 

A F R l  > A F O l  >AFBL b A F < , Z  ~ r i d ~ t  .rllng ttr.~t 1 1 ~ .  un\.ltt~r,il~.ti t c . t t i ~ r ~ i . ~ l  ft1r.111 ot 

A F R l  I \  (rrtlc '11 tor tit~tt*rni~nrn): lli~. tic.~rt*c. 111 IIII)III~II dl ,it t ~ v ~ t y  01 1111\ )211111[1 of 

my( otoxln\ (Ht.dfhc trtc* .~nd H11~l)c~rt. 1'l'Hi 



kx&%O OCH 3 

Structures of ochrrtaxln A 



2.2.1. Occumnct 

Aflatoxcn\ drth l)rO(li~( t'C1 on J vdrctXt\ ot \uO\tr~tt.< .tt ,111 o(1t111ii11ii t1~1110t~1.11111~~ 01 

30-35" C and dt d rt*ldtive humcdrty 01 H0-H5'5,, 411rt1nji tlic. \tcl)\tr.rtc*\. I r t t *  

groundnut .rnd rndcrt. hd \ t~  twuti \ho\vn to \ct-I(i \ul)\t.~~itc,~l .tlnotrnt\ (11 

dflato*tn\ undtv I,rk~ratnn coriclctttrn\ (Iit~\\c~ltcnc~ tbr .I/ 1 Iri Invc~\tcK.ltcolir 

on trout t1\1i cn the Ll111t~l $t,~tth\, \cnnhi~Iwv I*! .I/, (lO(>Ul c l ( ~ ~ i i ~ ~ ~ ~ \ t ~ , ~ t ( ~ ( i  tt1.11 

ratcon\ (ontdcnlcig cottonstr~l r n r . ~ l  dnci 11(~.11iuf n11*.1l MI~II~ r t ~ \ l ~ ) t ~ \ c i ~ l ~ ~  101 t O t ~  

outbrta,~h\ ot I1c~l+11onia\ dncj denlc~ci\tr.~t~.tl the' ~IIIWI~( I. of .~ll.ttourn 4 Irvltl 

\urvc-y 01 lo(dl tooti\ 111 thv Phllcplunc%\ (( .~ctil)l)t*ll tar .I/ l ( t?Ol  \ l i o w ~ ~ i  t l i ~ t  

dtldtoucn\ w(-1c3 pr(.\1.1>1 111 ,I v~rct~t)' of (~c~.II~LII ~)rodu( ( .1~11\',1. I oc OJ, ( 0111. I I ~  t. 

ant1 otht~r food\ 31rnrIa1 c I c \ t r c l ~ t ~ t c i ~ ~ i \  01 .~fl.~to~cci~ 111 toad I i ~ v t *  t ) i *1~1 foori(i 111 

othtlr p.~rt\ of the. wr~rltl Although rccv I\ .I (t.rr..~l ol vcbcy wcdt-sl)rc*~tl u\.cg~+. 1111. 

I(*vI-I< ot ~f1~touc11 gll)ptachr 11) t ) ~  IIW. tti~11 I!) 011it~1 food\ ~ v ~ t t i  t t i ~ .  1)11\\1l)lt* 

rwcc*ptcon of p.1r11ocl1.d rlc t b  t icul~ l t~v (~ l \  I o~it,c~~ir~i.~tcor~ (1 7 mp./hji) l ~ ~ v t b  III*~*I~ 

rrportcd 111 cJrs.cvd from lju,~nci,~, w t ~ ~ (  h wa\ .I\\o( c.ct~.tl wc~li ,I ( .cscS of ,it trtv 

1cvt.r d~se.~va (\f*rc( h-H,~<u~n (31 . I \  , 1070) 111 tci*l~l \ . r r i ~ ~ ~ I ~ ~ \  t t i ~ ~ ~ t ~  I \  ~I\v,cy\ ,I wt(it- 

v~rcatcnn In th(. I(*vc.l\ of ,~fl,~tr)xcn (6h.lnk 1.1 .I/ , 1972.1) 

2.2.2. Effects of allatoxins in animals 

The h~\tory 01 dll'1tox111 cnvcZ\tlg.llcon\ I)t~g,ln wctll thr. tlcu ovc*ry of lhf.11 ti~11111ul 

rffccts In 1urkt.y ln)ult\ Afldtox~nc h,avc* bc*c*n hewn to I)(. It*th,cl to rrra~iy 

domc~slcc ,lnd r*xlxbrcment,rl ,tnlrn,rl\ ((roldl)l.itl, 1060, Wouan, 1977) Arrcm.11 

suu rpt~b~lcty to (arc cnoRrncBsc\ 11y afl~tokcnr vsdrlrBs wcth ttic. svx, ,IWI*, \I)(*( I(.\, 

strdrn wtthcn the* \pt1clc*\, hormon,rl dnd nutrctro~i,il \tdtus of the .crl~rri~l Thr. 

durkltng 15 the mo\l suscfbplcblcb spec 14.6 dncj thr mouse. the most rcB*l\ldnt one to 

the lethal toxrc cty of afldtoxcn (P.tlli*ru~n drid Allc roft, 1970) Pro1f.cn dr-frc rcric y 

W J ~  ob5t.rvt.d lo  wnsctc\rl the antmal lo  a( utcs toxcc ~ f f t r  15 of ,ill.~loxcn but WJI 

protmlvr  towdrd!, 115 carc cnog+*nlc rffett\ (Mddhdv~n dnd Cooaldn, lc)hB) 

Consumptcc)n of mycotoxcntontdmln~ted f ~ . d  has rr\ultt*cl In riumbc*r of 

d~sease outbreaks In farm and cJornc*stic ancmdls Outbri*dks moslly dftrch~ldbl(~ 

to dfldtoxcnc hdve btvn repofled In turkpys IAu\tw~c k ,  1978), horubs (Vc*sc~ndrr, 

1991), dacry cattle, poultry, rdbb115, dous dnd (dmc.1~ (Bhdt and Nagt*\wara Rdo, 

1 989). 



2.2.3. Effects of aflatoxim in humans 

Several artempt< hd\e btvn made 111 varrotr\ parts ol Ihv ~or lc f  to (o~rt~lalc~ thr' 

consurnptron ot \.~r~ou< fend\ tr)nt,imrn,~tcrl \ \ ~ t h  . ~ l l ~ ~ t o ' r ~ ~ ~ ~  w11h dt i ~ t t t  or 

ihron~c dl\r.lse< In human\ sut h ,i\ prln1.m IIVCI ( ,111~ tv. Indt,~r~ ( h~ltiliood 

clrrhorrs, chron~c gdstrlt~s, k.wd<h~orh~r (.I wid(' (I))~I*.I~ doti \VIIC)LI\ cl~sordt-t of 

children In thr tropic r). rye\ syndronir (Enc c.ph,~lol)alh\ \\81th t,~tty dc.$rrrc-r,ttron 

of the vtwrrd) and some rc.\l)lr,rtoc) dr\c*.i<c.\ ( ds(.\ tn rn h ~ t  11 .I( utc* lio~sctr~~r~l: 

txcurrrct tluc. to thr consurnptton ot foods hcav~ly (c~~it.~rnrri.~t~~d ~ 1 1 0  .~Il.~to'r~n\ 

wcvc rrportrd m,~trrl) t r t ~ r i i  t~optr.ll countrltbs ki l t  I1 .I\ I,II\*..II~ (TLII~H .lnd LIII~,. 

1968, J I I  ~ r - i n  1 7 0  I lli111111d I ~ I I I  f I ,  1 111 

Indra, an .I( LII~. .ctl.~tox~c os~\ outl,rc*.~h o( t t l rrr~i tl1.11 ,ttt(v tc*d 111.111 ,111tl d ( ~ ~ s  due. 

lo ( on\ur1iptlon ol ,ttl.~lok~n ( onl,~rn~rl.~lt~tl In.cl/c. (hrr\tin,~~n,~c h.111 tat . I /  , l'P7'1) 

D'11.i or1 s ~ f l , ~ t o x ~ ~ ~ \  .111(1 I~LII~.~II ( ,111t tv 11,1\,t, \II~IWII -I ~O\ I I I \ ,~~ ( OII~*I,I~IOI) I ) I~~w~~~~I I  

.~tlatox~n ~ n ~ t ~ s t ~ o r l  anti I~vc-I c.1r1c1.1 ~n ~ol)t l I . t t~o~l \I~I(III~\ 111 \*.I~I( 11 .ifI.~tox~~t 

rntakt. ,lnd the* tnc ttlt.r~cc. of orrrn.lry 11vt.1 ( ,111~ c.1 wc>rcb c~< t r r r~ , r~e - t l  ( IIIX ~~rrt.ntly 

(5h'1nh tbf '11, 1972(, Pocr\ ,II>~ t111st41, 197!, v.111 KI*I>\~)~II~ t * ~  ,I/, 1074, 

E ampbcll and Stololf, 1974) A rtBc cwt rc.r)ori tro~ii Inr1t.i s1rowr.d ( It-,rrly the. t~sh 

tht. pof~ul.~l~on 111 Ihcn lndldn suh oril1fit~11l 1s c.xf)occ.(i to IIVI-I t .III( (.I .I\ .I r t . s t~ l l  of 

rnfthctlon b) hc*~.~tt!~s 8 \ ~ ru \  .cod Irrgc2stlorr of , r l l .~ t t rx r r l  I 31  (K.lt~y.rr 1.1 ,I/ , Z ( K l 0 )  

The po\s~t)ltb rt.I,~t~onslicl)< I)l~twrt.ri ,cll.ttox~n e.xposurcD .lnri kw.~\h~oh.~r ,irrd 

1nd1.1n c htldhood r~rrhov\ wrhrr d~scc~\\c.ri by K.~~r\rdtfro, (100)) ant1 A(ltr~k,rrt 111 

a1 , (1994) The. l)os\~l)rl~ty th.~t \orneb cast.\ of K(.yt*'s syrldrorn~. ni~gtrt LII. cltrc. to 

.~flatox~n InKcsstlon I ias  bc.c.n rt.l)oncad by [>vc~r.ttkov.r t a t  , I / ,  (1977) In 

Czrt hoslovdk~a, wlif~rc. they dc.trc tc~d aflatoxlns In the. Irvcv\ of ~) , i tcc~~r ! \  w ~ l h  

Reaye's syntlromc. Afldtoxln B, h.1~ also twt*n found to bc. a potc.nt rnutagchn 

M~tdgcn studlrr In bat ttbrld su)?,g~',t lhdl fhf. 00\\11~1c* mc4t han~rni of nrut,~gt*nc~r~s 

may bc ~nrt~dtt'd 1)y the ahllrty of Itit. .~flaloxln\ to b~nd to DNA Aflatoxrns art. 

rmpl~cat~d In grncJtl( mul.tt~ons In ~ x ~ o p l r  \uffcvrng frr~rn pr~oidry 11vc.r (an( clr 

paflrrularly in area\ of sub-Saharan Afrtcd and southcast Asla (Ii.~rrr\, 1991, ti(ru 

er a / ,  1991, Bressac csr a / ,  1991) 

2.3. Ochratoxin A (OA) 

Ochratoxlns were dlxovctred durlng labowlory w rPtnnlng of a large nurnbcr of 

fungus cultures for tox~c~ty in South Afr~ca. The !oxlc~ty was attributi~d to 



contamtnallon by a strain ot &prprl/u5 cx brat u~cr t  Mf~ltirlm, rrlwrtc~ct b) \C ott 

In 1965, produc lng OA, Ihcx nidtn tox~c tom)u,ne.trt 111 ( t~lttrrr~ rttrdc I\ ott. 

1965, Van der htcvwr rf  .]I , 1965) l\crrh dr\c 11t1c4 I>\ t.11 t-r .+I tl')'(N .lnd 11) 

Herse l t~n~ PI a1 , ( 1972) provided I*\ ltlvric c. tl1.1r c11l1c.1 rrrc.~irl~c.r\ (11 tht. ,\ 

tx-hr.arm.o[rc group prcduc trf t r  iir.~to*ln\, \r,lit*rc.,~\ V.111 \2'.1lO(-c-L PI .I/ ( 1 'bb8) 

rrporltd ot hrator~n prrdut t ~on  bv a \tl.cln I 'c - r~cc  r l l r~rn~ \ trrcirc ,I~IIIII We*stltng 

Thus CK hratozln\ art. a Rroup ot ktruc ttrr.~ll\ n a l . i t c b < i  c i i t ~ t . ~ t~o l~ t~~ \  tlr,at .trta 

produteri by P \ rrrtlrc.art~n~ .tnd by 4 tu /rr;lct.o~rr 1111% tn.tjor Iny[tltok~n ttr t t r ~ <  

group 1s OA (F~gt~rf l  1) .and a1)pv,ir\ to In* onI\ onea ot rri,llor to\lt crloglc dl 

' . ~ ~ r i ~ t ~ c  an( r It (oritaIn\ 'In l\o< otlniartn 111o1vt\ 111ikc~I I I ~  .I l)e~pl~(it* I)ot111tl lo 

ph~nylal.*n~nc. The. work ot Purc h.lu. ,end Ilic.ron (1008)  t ti ti t r t l r t .~ \  (Ilo\tt*r t a r  

,a/ , 1972, Mi111ro tar ,I/ , 1073) c Ii.t~,t( t (~r~w*( l  0 4  ,i\ .I )~otc~tit ne*~~ l i r t~ to~ tn  ,III(~ 

he-pa tot ox^ 11 

2.3.1. Occurrence 

OA occur\ In ni,~liy tood cc~rnliicrtirl~t-\ I t i t c ~ ~ ~ ~ l i o ~ r t  III(* w~rrlti, l)ut I \  Ic~tlntl 

prtnidr~ly 111 gratrb (t~~ir lcy, o,~t\, I V I ~  eotli .III(I \r,lit~,~t) growti 111 11o1tli1~11i 

tf~mp4zrclt(B arc3~Is, an0 rt,\ihl\ 113 ( ollt,llTi~ri.~t~oti 01 I)II~~I~\ , t ~ i ( i  [ I ~ I~~ . I~  I>IO(~LII 1'- 

(Ki~~p~~r-(;oodni,ari .~nd 'xoti, 1080) 111 ,II~CIIIIOI~ to t IVV~II\, ,II~IIII~I ptotiti( t \  \tit li 

a\  PI^" k rdn ty  ,~ntl blood \,iusagca (,in 11t. \~gritf~(.~nt h~rni.tri ti~c*t,~ry \011rt tbs of 

OA A survfsy In 1971 In thv 11 5 A \Iiowc*ti th,11 I~drlvy corit.~~nc~d OA ,jt low 

It.vc.l\ In 18 of 127 ktmplta< t.kam~nt.d (Nt.\ht.~rn ,I/, 1'171) llic.rc* W.I\ no 

corrc4dtlon bc~twc~en t h ~  .#mount of t l i r  toxlns In kiln~,lc,s ,and thwr ,lpl)arc*nt 

qual~ty < .tn,~d~.tn workfar\ rt~portt.d OA In niouldy wlic~,it 1ti1\ ti,lti t1r1c.n u s t ~ l  

as d compon~~nt of ftuhd for cattlf. lhdt \ufff.rrd motl,il~ty ,tntl \%,a\ thf*rr-forr* 

ana1yv.d for mycotoxlns (5cotl rf  .a/, 1070) l h v  l>rcssc~ncca of O A  w.a\ ,~lso 

confirmed In drtc-tl wh~ t r  tnadns d~-.t~cic,tf for hum,~ci con\um~tcon and 1r1 ,I 

sample of mouldy panuts (51 ott cr a1 , 1972) 

Ochratoxln A res~dues were drtc.ctr.d In thfa kldnryr of 18 of 10 \wlnca from 

farms where OA-conta~nlng f r rd had h r - n  uwcl Tha hrghc-st rtssldur was 0 7  

ppb. Most of thew k~dneys showed flbrtjvs Llvc*r ,~nd ad~pose t15sut. showed no 

pathological changes but the toxln was dc~tected In 7 of 8 wmplrs of .:d~poccp 

[Issue (Hald et a / ,  1972) Thrw f~nd~ngs rnd~rate that human expowre lo 



h r a t o x ~ n  A mdv not LKCU~ onlv thro~l$l> (on\~rrn~it1011 01 ri10~1ld\ 1i1.1111 rn.~tt~r~,~I 

but dlso throu~h tonsumptlon ot dn111i.1l l)rtdu( I\ 

2.3.2. Effects of OA on animals 

Sev~raI Invrstcgdtor\ audltd the tox~c olog~c ,11 drrd p,~tlic~logtl dl t - t t ~ h c  I\ l)rttdi~( 1.d 

by the (K hrdtox111+ All L I I ~ ~ \  of Id(W)r.~tt~n ,~ri~rii.iI\ tt-\tt.O l1.1\,1' Iwia~i 410\s 11 to 

be st.n<~tlvt* to ~nlury b) ~rigt~\tr.ri 0 4  In the. 11t.ki I i~~wt*vf*r ~rilc~ry l r c l r i r  O h  

potwnlng ha\ h.t.11 c t i ~ t ~ t l ~  In p)i111- ,111cf \w~rir. 0 4  1i.r~ In.t*n tt*str-d tor 

rdrclnogchnlcrty by or.~l ddtn~rl~\tr.il~on In \cvt.r,~l l)rc~tocol\ 111 tlrrt*t. \ t r , l l l i \  (11 

mrcv and on(, strain of 1~1th I t i t *  k1(4rit,\ , ~ r i ~ i  111 p,trt11 t11,ar 1111- ~LII)LII,II t ~ ~ ) ~ t l i ~ ~ l ~ , i l  

ccslls, wds the m.tlor t,rrgcBl org,ln lor 0 4  ~ndtrct~d It.r~orr\ 0 4  11.1s l>($ta11 rt*l)o~tvtl 

to b r  It*rdtogt.ntc to n11c 1% ,Inti rJt\ (ki.r\ I,\ c.1 ,I/ 1 '):J) .ln(l to 11114 c h ~ t  ht.11 

t.ml)ryo (Vcrrc.1, 1'174) A tlocrh ol 10() ~ I R  0~ hr,t lok~~i A III'I hg ho11) wc~~gl i l  ti,&\ 

Iw.rn r<.l)ortrd lo ~ r o d ~ r c t ~  I'It*llh1(1\1\ 111 I l IK \  (Krogti 1.1 . r / ,  107 \ hroulr f't - 4 1 ,  

1Q74) 

2.3.3. Effects of O A  in humans 

OA has twrn dwwn to In. cir+l,hrotox~c , Irop,~tolox~c , It1r,ctogcbrrlr, i .trc tnogr.nlc. 

mut'lgt*nlc ,mri '111 lnilnilrlosul)l)rtb+\tvtB ~ ~ I T I I  (hu1~)f~r-~~t~r~(ir1i.111 .IIK~ 5( ott, lc3f$9) 

Of greatest r oncrarn tor I i~r~n,rr~ hfvlth I\ II\ ~n i l ) l~ r  ,ltr.tl roll* 11, dri ~rrc*vt~r\~l)lt* .anti 

fatdl k1dnc.y dlrcuu. rc~ f t~ r r t~ i  to .I\ 'Rnlk,~n t nd(am~c Nf.l,tirol,,rtliy ( H t  N)" Ht N I\ 

,I L ~ ~ l ~ a t t ~ r ~ l ,  non~nll'irnrn~~tory, throcilc nt.l)tico(~.~thy 111 w l i ~ t h  k~tlrit*y\ .III+ 

rxtrrrnely rc.duc ed In \lzt> dnd wt .~~h t  ant1 \how dltfu\c* (clrtlc .II f l l ~ ro \~ \  (Vuhr*l~c 

I I ,  1 I t  h,~s b r rn  suggta\tc.d for st.vt.r.~l dt.cddt~\ thdt c*xcc.\\~vc. cAx~)os~rrtR 

lo O A  plays d sub\ldnl~vc* rolr In lhtb drvt.lopmcwt of R[ N (Kro~11, 1974) 11 hds 

k n  known to t~t. l)rPrtbnt scnc I* this m10- 19 50s In 14 VI ll,cgc*.i 111 ,tri c-ndt*mcc drt..l 

of C ~ ~ d t l d ,  ~ h ~ f t '  d()l)fIJ~l~ndl€'ly 1 O,w)o 0(.0l>lln drf' d l  ll\k 11% pl'vdl(*nt t '  

fluctudtes between 0 4 .and A 3'4,, chow~ng d sl~ght t l ~ c  I~nc* 111 rtbc tSnt ytndt$, Ijut 11 

has not dlsappearrd from any of tht. c.ntlt.m~c vlll,~gt*\ T I i r *  occ urrt.riccn of the 

dlwase In severdl ethnlc groups contr~dlcts thct hyl~c~th~as~s of 4 prlrndry 

herditary bascs for BEN (Ceovlc f3f a / ,  1991). Extrc.mt*ly h ~ g h  Inr ldrncc* of 

urlnary tracl tumours wds not~ctad rn the cndt~mrc drtAds for BFN, parl~cu\arly o f  

urothel~al tumours of the pelv~s and ureter. 



2.4. Rcgulatiom of mycotoxim in foods a d  frtdr 

The octurrt-nrr of rn\coto\lnc 111 tcnd* .and ttu-d\ I\ ~r t i .~~o~d,~b l r  dtlt. to ttrt. 

env~ronrnmtal condltlons Therc*lon~ mdn\ toirntrttb, h.lrth ,~ttr*niptrad to l11111t 

exposure to ,~tlalok~n\ .rnd othc~r u.ltrtc*d riivcoto\ln\ 1)) trnpr,\llrg 1t*~.1l 

reslrlrtloris or regulator\ I~rn~ts on \uut*~t~bl t -  ccbnirrrotl~~~c~s In tht- cir~nit*\t~c 

rnarhel and on 11~1p)rts LIIIIII\ tnia\ln1iini ltwrl\ 01 t r i j t  OIO~I I~ \  11) t r ~ n i  or IC~IY~ 

(ornrnod~t~t>s) '~tr n6.c ~\c,lq tor lie*,~ltti ljrottv IIOI~ ot ( on\unitSr\ ~ r i c i  tor tt~tb 

~ndustry to protluc(, I11gh (li1.111t~ prcdirt t c  lht*) 1ri.15 I.I~RI. trorn 0 to '50 l i d g  

lor aflat0x111\ 111 11u11i.tn toad\ Tht. r.~t~orinItl tor the Ir.~rl\ ~~ni)o\c.d lit vatloir\ 

tountrlrs 15 bd\t*d on \ornth 1 ~ 1 ) ~  ot n\h ,w.tb\*ciic*nl (11 .~vd~l,~l~lt- - . c ~ r * r i l ~ t ~ c  

~ntorrnal~on (qtol(~lt c2f  ,I/ 1 Among ttira rii\(rrtok~tic 1)rlorlty I\ g1vc.n to the. 

aflatoxln\ 'ind to o c  hr.ttrbk~ci A 111 toad\ ,111tl to rt.Iov.trit ,~n.rlyttc,tl riit.tliod\  rid 

u ~ n p l ~ n g  pl.tn\ Tht. m,lln ot~lr.c II\,I.\ LHVIII: ( 011\c11111~1 ~)rott~( t~ori .irid to ,tIIc)w 

trad~rig 51xty (oirntritBs 111 ttit' ~ o r l t i  ,)I IJI~.U~III I),I\P 1111l1o\t*iI 11~g.rI 1 1 r i i 1 t \  tor 

rnyiotoklnc 117 foodc ,~ntl ,tnlni.tl tc.(.(l t t i ~ . * t s  I ~ n i ~ t \  \,II) I ~ o t t ~  r otrnlr) to r ouritr\ 

<'t,rtd~li/v thv riurnl)t~r of (o~1nlrrc.r cc.ltcn): ~cy,ul,tl~clr~\ 1 1 8 1  ,~tl,tlox~ri\ I\ 111~ rch,r\lrrK 

wtlh lolrr.incc~ l6.\1>Is ct.1 horn 5 to 2 0  (11)11 ('i (0 pK/Lg) llc(c,~lly ttit.rt. I\ ,I 

rrgul.~tory lc~\,(~l \PI for 'tfI,rtox~ri 01 ,~rici/or IcII,II .~f l ,~tox~~i\ ( U l  U l ,  ( $ 1  . t ~ i ( l  0 2 )  

japan, lhf' world c Idrgc.\t ~rnr)orrc.r of '1gr1c ultirr,rl ~)totltrc 1s doc-\ not ()c.rmtt ,iny 

dfldtox~n U 1 (zcaro l1m1t) In tc~otl\lults ,111ci 1 0  10 101)1)1) for f(*t*tl\luif$ .tr~,tlyu.d t)y 

oMlc lally d(((*l)tt.d ni(.thod\ (My( otox111 111 ticrrrr,~~~ nutrltlort .tot1 ht..~lth 1094) 

Thrrr 15 no trul) ~loh'tl totiusnsus on ~ht .  ~rn~~lc~rnt~nt,it~t,rl of stdrrddrd\ 101 

rnycotox~n Ii~vrlc tn foods dnd fc*e*tlc 10 quote Stolofl cur .I/, ( 1 9 0 1 )  "Although 

50 countrlc.\ hdvr carid( tcsd or propc)\vd rcy,ulal~c~n\ for (orilrol of dfl.ilox~ns In 

food or ft~csd, and 1 5  of tht~u* countr~t.\ ,tlso Ir,lve. rc*gul,rt~on\ for lx.rnr~tt(.d It*vc.ls 

of t ontarntnat~on by o1hc.r rnyt otoxlris vcary fczw c o~~rrtr~c~s ti,~vc. forrn,rlly 

presrnttad the ratlon~le for the ntwl to rc~gulatc., or lor the. \ r~ l r t t~on ol  ,I 

p.irttculdr rndxlrnurn toleratrd Iwc4 " 

2.5. Methods for estimation of aflatoxins and ochratoxin A 

Many d~fferent methods are (urrently avdlldble for thr rslrmdtlon crf rnycotoxlns 

Btologtcal methods wh~rh  arr bdwd on the toxcc ~ f f ~ c t  of mycotoxins have been 

used for mycotoxtn detect~on utlltz~ng either the d~a th  or pdtholr~g~cdl levons, 



or b~ochem~cat eventr or the Immunotrncc dtw-ts .I\ an tl,tlts\ to1 t : ) \~ (  IT\ 1ht.u. 

methods aqr  nut s~w'c tttr and the cms~l~v~ty I\ gt*nc-rall\, lo\\ .I\ t c t ~ i i l ) , i ~ t * ( l  10 

other method\ Thr, arr ottpn u\cd as a tool for \ < r r t ~ i ~ n g  gtwt.r.il IO\I( I!\ 

Physlrwhcm~c dl in~thtn+\ \uch .i\ th~n I.*yrr ( hroiriatograpli), I i~gl i  ~(~IIOII~~.II~~ I. 
l~quld c hrorndlograph\ gd\ t hroniatogr,ipli\, .~rrd rn.is\ \ptr tromtllrtt nrc.tliritl~ 

dre laborlous ,~nd rrqulre rkpcanst\c* ~t i \ t r i~r~i t~~i t , i~to~i  .ind c l t~ .~~ i - i~p  ot ! t i t .  

wrnpltas Tho\ rlirrt. artB Itni~t~ttons to .tpl)ly tlit.u* ~nt.thcud\ tor i ) t * r t c ~ c t r r t r r ~ :  

routlnr wtct) and qu,ll~t\ control ctrtrSci~cig ot ni\~totox~ns In ,t~r~cuItur.tl 

cornniodltcr\ To ovrrc onir tht. citltlc irlltc.\ c8 r i c  our\tc+rc*ci w ~ l h  Iht* I)tolog~( '11 . ~ r i ( l  

phystt ot ht~nilc ,II nitathod\, 11t.w ~r~initrt>oc Iit.mtc .)I nir*thods h ~ v t *  I~c*r.rl 

c~t~vtbloptd Itiin~unoloji~c,~l mt.ttioti\ ustrig slnAc t t t c  ,~nt~l)c)drc*\ drt. R.rlntng wldtb 

dc c (*plan( tor qud~ilttrl~vf~ tssl~ni.iI~c~i~ ot nib c OIO~II~\ b t ~  dwr o f  tlif-11 \ c~ ! i \~ t~v~Iv  

,rnd sixs( irlc ~tk, .rt i t l  ,1rtA Ircc c'kpcAn\lut. to ~ t . r t c ) r ~ i i  t I i , l t i  tht. tndjor~t)~ of .~n.rlytir dl 

mt.ttiod\ 

2.5.1. Thln layer chromatcrgraphy (TLC) 

Tli~n I'tyrr c tirornatogretl~liy W,I\ thta t t r c r  1nc.tticn1 to 1~ t .  tt\t*d for tlt*tc*c t t ~ ~ r i  of 

niyt otoxtns 51nc t. I t i t \  mt.tliotl I\ ecrnl)lt. ,111tl (lot+\ 110t nc.c-cl rvxi)cpriclvc* 

~n\lrumt*rit.tt~on, 11 rf.cir.itnc*d Irnl)oit.rnt In m,lri) I.tl~or,~lor~r~r t i ~ ~ ~ t ~ v c ~ i ,  

c,xtc.n\lvt, c.iniplc. ( Ic~,cti-i~l> I\ ntv cb\s,lry, .~nci t.xl)c*rtcAnc c.cl ~rt*rsoriric.l artB rt*q(l~rc.ci 

tor r~uantltatlvcb dsu>\\nicanl of thc~ tl.it.~ 1 t ic .  1 I ( I oncitttocis f~) r  my( otoxlri 

.inaly\t\ Inc IucJtng tSxtr.~c tlori \olvc~ci~\ ( It*,rir-u~ pro( c-ci\~rc*\, \olvt~* ! \ystc*ni\ lor 

\c.l)ar,ttlon dnd Rt vdlll('\ ot mycotoxtri\, mc*thotl\ of v~cu,li~r.~t~o~i , I \  we41 ,I\ 

dpproac ht-c tor muIttl>lf~ ( l t~t t - (  tlon wvrc* ( i o~  uni(*nfe*ci l ~ y  ,I ~it lniI)~v 01 

~nvrctlg~itor\ (lruc kwss dnd Wood lc*94 , Ut.ttiirt PI '11 , 10H0, Be.~int.t ( - 1  ,I/ , 

1994. \( c)tt 1081 I 

2.5.2. High performance ltquid chromatography (HPLC) 

HPLC can b t a  used to svpdrdt~ mdny my( otoxlns I hr dvtt-c tlori of mycotoxlns 

containing fluorrsc~nt and t hromophor~r groups has br.en wltl14y dppl~rd writ r 

the tnrtlal use of th~s method In the m1d-1970\ (( hu rdt ,*I, 1978, Scott, 1981) 

W ~ t h  advancm tn the chem~stry of ddu)r(~tton mdterrdl, for column p,tt king, 

improvement In Instrumcntatlon, and rnhrncemrnt of rfftc tency of detectors ds 

~ - 1 1  a5 new methods for both pretolumn and post-column d~r~v~trzdflon, both 



s~n\ t~~vr ty  arid rqrcwfuc 101lcty have tniprovc-i (oristricrabl~ (I\ clt the- yv.in Thu\ 

HPLC ha< b t ~ o m e  one ot thr mo\t p)pirl.ar riirttitwf\ tor rn\cotox~tr dc*ttr IIOII 

However II cr Iatx)rrc~it\ rtqulrr vxptan\tve rli\trttnlvnt,ttrori .III~ II(Y>C~\ ( I~..II~-LIo 

ot rhr samplt- 

2.5.3. Mass rpectromclry (MS) 

hldsc rpc<tromcly WJ\ not conn1(1vr11(f a\ .I qtr.rnl~t,rlt\c~ .III.I~)~I~,I~ too1 lo! 

mycoloxtns In r.~rltt.r Inbc~\trgatlon\ (Direold c a t  .I/ 1978) 1Iir.v \vc.rta ~ r \ t * c {  ,I\ ,I 

f~rial \ t q >  tor (h,~r.a(tt,rtzatto~i ~dt*ritrfr~.~trori .irid (orIt~rrii,~t~on tiit*ttioci\ to1 

my( otorclnc 0111) (>itrc3 c onipoc~nd\ wcarcs \irl)lt.( tt*d to .tnti \ I~ I~~I~I \J I~)  W.I\ 

low t4owcwc.r. rchcc.nl dc-\.cblol~rnc.nt ol I?r~h-rc.\c~Irtl~on rn,t\\ \II(Y t t ( t~ i~ t~ I r \  /~.IVV 

1t.d lo ntsw M I  nic.lhod\ tor 110th tdc~rittfrc allon .lnd clv.~nltltt .ttron of rnvc otorrtn\ 

(Pl.ittnc.r 1986) Howc.vc.f clut. to the. h t ~ h  ( o\l 0 1  II~I* tri\lru!ric*ril\, I ocl (11 

niatnttviantr, and rc*clu~rc.riic~nt lor tr.~tnc.d la-r\onnc.l tIu\ riic~ttiod I\ Itn~cttatl to 

few rt.\c.,rrc h (c*ntrc.\ ,rnd I\ not wrcI(~ly t~\(.d 

2.5.4. lmmunological method5 @ u l y c l o ~ I  antibod~w, monoclonrl antitdie*, 

mimolopes) 

Polyclonal antibodies ,ires produtr.d a\  ,I rc*\crlt of tn1c.c ttng .trrtcKcans Into 'III 

,incmal T h ~ y  ~lw.cv~ coritatn .I nitxturc* of .~ntrbotltt*\ to v.trtocl\ t-ortoln.s Th(* 

moct frt*quc*ntly usc~I nit-thod tor t t ~ t *  produc tton 01 .rnt~t,odtc.\ to mycotoxlns I\ 

multrplr-sttc* ~ n i n ~ u n t r ~ t ~ o n  of rat)t)~te wcth rnycotcrxrri (onjir~.rttd to .I protc*ln, 

followed I)y .i boostrr at 5-6 wtr~k tritc*rvals Polyc Ionat c~nt~t)od~c.c for afla~ox~ns 

have k r n  productbd by ('hu dnd Unrv~ (1'177) and Pe\tk,~ (*f ' 1 1 ,  (1980) and for 

c~ hratoxtn 4 by Morgan el a /  , (1983) 'tnd 1 cata dntl C hu ( 1  984) 

An dltt-rnatlvc appro'lrh to thr. production of polyt lr)ri.~l antrhodtt*\ I\ Ihr. 

development of st~ble hybrrdomd ( (41 I~nt*s thdl ~ec rrbtta rc.dKt*nl qu,~llty 

monoclonal antibodies to mycoloxlns In mono( Iondl ant~txjdy produc Iton, tht' 

short lcvd B lymphorytrr from the 5plt.c.n are rndrvtdually trnmortrllzed by 

fuscon wtth an rmmortal myeloma cell l~ne to gtvtm '1 ranKe of t lonrs of B 

lyrnphacytec (hybrcdomas), each of whcth produce$ 115 own dnltbody Th~s 1s 

arh~eved by lwlattng splenrc lymphocytes that produce d c~nale antrbody that 

reacts with a scngle epttope, and IS of a defined (lass (IgG) and subclass, from an 





sy\tm compete tor the I rmct~i  nc~rnkr of bcndtri~ \ctt.\ 011 tht* drit~In)dcc* Tht. 

amount 01 dfldloxlns 111 a wmplr 16 1rrvrrw4y rrl.~lcci to ttir .~mc>unt ol r.~tlco- 

Iabel l~f  dildtoxrn In the solulcori Oril\ .i \ni,rll aciioirri1 (11 drilckn~dv I\ I~YILIIIIY~ 

fur R14 How~vtv, the radcoc\c~top~\ LI'I~Y~ 111 I t i t>  ,I\\.\)'\ l ~ r t ~ \ t ~ c i t  (IISIM)\.II 

problem\ The u\t. ot non-c.*otoplc Idtx.l\ ~ t h  ,I\ tlrrzvnicl\ II.I\ gr.ldtr.~ll) 

replaced the uut ot R14 

In the t).plc.jl dlrt~(1 EL144, the. t~cn(icne 01 ,~fl,~to\cri-c~~irvrri~~ ctrlrlccg,itcb 0) t t r c b  

cmniob~llzrd drit~I)(ui~t>+ I\ I O ~ ~ I ~ I I ~ I * ~  I)\ tht* ~II*\I*I~(P 01 ,rtI.~to\~ci\ 111 tho twt 

\dmplt* Thta bound t1cir\8r?ics (.~t,rI\\t** thta rr,~ri\forr?i,ilcon ol d \kiI~\tr,rlt* lo ,I 

( olotlrtd ( onilllr\ T~II* toloicr lcitt3n\~t\ torcii~vl I\ cr~vvr\e*ly rtll,rtt*ci to .111,1toh11) 

con( izntratcon He)r\(v'~dc\h pt~ro~.cti.~\~~, M t ~ c c  11 ( .it,cIy~i~\ tht* oh~(i,rt~ori t ) f  1111. 

\ub<trdtc' (tvtra rnc~thylOe~n~c(i~cie~) to 11)rrn ,I I ~ l t ~ t *  ( ornl~lv\, I\ thr. ~i io\t ( oriicrioc~l~ 

used tbnzvmt4 for I,~t)c*lllng Thv ,c\\,~v\ IIIJV 1 1 t h  clu,~lct,it~v~~ or ( ~ ~ i , i r ~ ~ c t , t t ~ \ ~ t ~  I I I5A 

trthn~qut.\ have' t)eht*n d t * \c r~ lx~ j  tor dfl.~to~ln 81 111 IH~,IIILI~\. (ottor1 v*tnil . l c l e l  

corn (Pc*<tkd ~f ,I/ , 1080, U,11ii tat .I/ , 1080) ,jn(I lor o( t i r . r t e ~ ~ c r ~  A 111 I)'~rlt*y .itl(I 

wheat (Morg'rn el a / ,  1083, Ltbc* dnd ( hu, 1OR4) 

Afilnrty (olumn$ arcb pr~partbti by a(iu)rp~con ol rhc. antll)otlcc-. oc~to .I gc.1 rn,llc-r~,cl 

cont,i~ritd In <I \m,~ll pl,rclcc (drlrldgt* All.rto~cn$ .ircb (,~(~lircc~d from t ~ a s l  u~lul~c~rr  

by thtb Imrnuno\pc8c I~II dnlcl)otfcv\ Al1t.r rionl,oritlcn~ Impurctlc*\ Ir,lvc. t)thc*n 

wd<ht-d from the> c,~rtr~dgt~, cill.~tox~n+ drca (ltb\ort)c*ci with r i i~~t l~,~nol ,  thrall 

drrlvdll~ed ant1 quantct,itrd Oy solullon flcroror~ir.try oc tr,ln+fcvrc.d lo t l i ~  Irc~u~d 

c hromatogrdl~hlc rclvc~r\c,cf-l)hast~ ( olurnri for furthcv u*l)dr,1tcon .~nd fluorc*rc can( c1 

delrrmcnatlon (lruc k\cw 01 d l  , 1991) Tht. u5t3 of dfflr1cty i oIur~lri\ to ( dplirrf* drid 

concentrate afldtoxln5 ha\ w v ( ~ r ~ I  ,~cIvant,~g~~+, wIi1(/1 1r1t ludr co(ri*dwld 

\elcrt~v~ty, thr r lh~l~ty to trdp the ~tldtoxcris In ldrgr volume** of  lt-\t wrnl~lc*.* 

(bcologccal fluids), and cnlc>grdtcon wcth o lh~~r  andlyl~cdl hnlcjuc~s tiowcbvt~r, 

I a rg~  amounts of dntll)tdles arc* nt>r.d(~ti lo prt>pdrca cmmunosort~*nl I olurnns dnd 

the cost 15 Rredter than RIA dnd €LISA 
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3.1.1. MATERIAW; A N D  METHODS 

3.1.1.1. ~mmunizat i rm 

Commerc~ally .~bd~lab l t~  d l l d t ~ ~ ~ r i  B 1 -inn lncs \tqturii .tll>uni~ri c c~~ilup.ttt* (4 I  H 1 

BSA, Slgrna (d l  no 0 - 3 0 0 ' 1  w.i\ i t 4  4FR1-BIA ( 4 0 0  1 1 ~ 1  tn 1 5 ni l  01 \tc-r~lc- 

0 01 M phosphat~- - l~u l t t~r t~ i  u11nc. tPBW W.I\ t~mul\~tre.d ~ r t t i  .In cvlu.~l \ ( ~ l t t r i i t .  c ~ t  

complete Frruncl \ .1c1lu\.int (41grn.1) .rnd t n j t r ~ t d  Into ,I N t w  /~.,tl.iriti \2'ti111. 

Inbred rabtxt suln i ~ t . ~ n r o u ~ l \  on the* c i r~ru l  \ ~ r l c .  ,at ~irul tc~r l~.  \ltcb\ \trIi\c~c~t~r*nr 

~ t i imu t i~ ra t~on<  wrrv  prvt-n ~ ~ t h  1 t1 (0111~~ I i~1c~  Fre~~~rict \ . 1 ~ i ~ 1 1 ~ . 1 r i t  411t.t !<rut 

Inimunlzdllons dl wcvLI\ t~iIe-nfal\ 1c)IIo~c~d 1)) .I 1x)ortt-r .tlIc+r th~c~ta we.t*hc It i t . 

rahb~r wa\ blend 'it wtr-LI) ~ntc.rv.il\ dntl ttit. tltrc. c hrbc Ltsd 1)v r n d ~ r ~ ~ c  I (c~rnl>t*tl l l \ t- 

f L I IA  Boostcv ~ t i l t ~ t l o n \  webrc. gl\rbn wtit-ti .I c l r i t l ~  In 1111~ tltrcs w.i\ 1i(1111c.d 

Stnruni wa\ lyopti~lr\c.d ,arid \torc.d .it 20 "( uritrl u t ~ l ~ ~ ~ . d  

3.1.1.2. Monitoring antibody l i t r n  

An rndtrtut t l l \ A  pro( I-durc* \~ rn~ ld r  to tt>.rt rt.pc~rt~*d tor .~ I l , ~ tox~ r~ \  (L)I-\I ta r  .I/ 

1999) wa* uu.d Mrc rotrtrcS l>l,~tc. we'll\ wt.rcs c cwlc.cl w11l1 0 1 )I)( 1111 ' 01 Al R1- 

BSA In 0 Z M \od~irni  cdrl~onatc. t~uffrr ,  1)f.l 4 f~ ( 1  5 0  pl/wt.ll) (tlol>l).i r m t  .I/ 

1987) arid tnt ul~,ttcd ovc.rn~gtit 111 .I rc.trlgc+r.~lol Ittl)sr*c~trc~~it \!I.()\ wr.rtS 

~)c^rforrnf*ci .it 37 ' C lrrr 1 h Artt~w.r~t~ii WCI\ ~11It111vl r r i  ~ ) t i o \ ~ ~ I i ~ ~ l c - - t ~ ~ ~ f f c ~ r f ~ c i  \ ~ ~ ~ ~ r i r -  

( oritatn~ng 0 05"<, twrvn 2 0  (PRI-TI .~ncl 0 2'%. HIA (f'H\-7 HIA) atid tit.ltl for 45 

mln  at 37 "( Antru.rur~i t i~ lu t~onc In 50 p l  voltrnrc~ wcbrc. .icitlt.tJ 111 100 111 of 

AkB1 '11 concc.ntr,lllon\ rangin% froni 100 rig n i l  ' l o  100 rjg n i l  ' C,o,~l 

ant~r.ibb~r ~mni t~noglobu l~r i r  (OAK In(,) ( onlug.~tc.d to .~lk.il~nc. l~tio\l)Ii.it.~\c~ wcbrcs 

u\ed at a 1 1000 dtlutlon to clc.tc.tt r.il)t,~t .~nt~l)otilc.\ ,~lt.trhe.d to AFRl 1)- 

n~trophenyl pho\phatt. wa\ u\cd dr d \ubrtratr. at I mu n i l  ' ,lnrj ,~Ilowcv~ to 

dtwc4op for 1 h at rcrom 1tvnrr.rdlurr. Al)u~rt),inc I .  w,i\ rc-c orde.cl ,IT 4 0 5  rim (A,,;) 

w ~ t h  an ELISA pldtr rc>,tdc.r (T~trt.tek Mult~\kan, I .ibsy\tc.msJ 

3.1.1.3. Characterisation of antibodies 

To evaluate the cross reac-tlvlty of the ant~hody w ~ t h  dl l .~tox~n B2, (;I, G2, MI 

dnd whratoxln A, 11 wa5 eswnt~al  to dc*terrn~nr t h i ~  optlrnurn t ondttlons for 

neutral~zatton Thew lnrluded coatlng antrgcbn (AFB1 -B5A) c on< pntratlon and 

the optlmum dllutton of the anttbody requ~rrd  f r~ r  nrulral~rat lon The optlmurn 



d~lutlon requlrtd to obta~n the ni.~\~rnun> st>n\~t~\~t \  d t *~ tv~~ i~nt 'd  1,) iO' \ .  

dlrplarment valire< of BIBO. whtve B I*. the rkttnc tlon of  he \r.t.ll ( ont.ttnln1; 

AFBl and B 0  15 thr e\tlnttlon of !tit. u r l l  \\ithotll Iclxiri tlvr[\t.tl Irc~rir t l iv \It)1w 

of the raltbratcon (urvr\ 



3.1.2.1. Titre of antibody 

The pro~t~ol  uwd for wnnlurl~rat~on g.1vt3 ,411 .a1111Iuui\ tltrv of 1 l(W.(XN). 'a 

wwhs after Inlt~dllon of Imrnunlz.)tlori (F tgurtb 2 )  

3.1.2.2. Specificity of antibody 

To dtatrrni~nt. thr- <r~' i ' .-rt~.~tlori  01 t t ~ t *  dnt11)odk w~th  nio l t~t~l t ' \  rt 'w-~~rl~l~rlg 

A F B I ,  11 wa\ dtr ~cied to It.\l 11 .tg.r~rr\l ,rtlatc~kcri 82,  ( ; I ,  ( $ 2  MI ,rntt oc hr.11oxcn 

A Varlou\ d~lutlon\ ot It11.u. werca u u d  In E I I < / \  .~nd ( ro\\ rc..~i 11v1t) (11 Ill(. 

ant~t,cxIlr< lo B2 ,and (; 1 wa\ lourrcl lo tw* , '59,,  lor ( , 2 .  0 J",. .tnd clld not rtB,lc I 

W I I ~  hl l  ,anti rx t~r,~torr~n A (f ~gi~fr ,  I )  



Ftguw 2 Standad rurvw tor AFBl  by 111d1rt.c-I ~t~mpt-ttt~vc~ t L h A  at d~itc.rrn~ 

d~luttons of dntttxdb 1 10.000 ( 0 )  1 20,CXM I.) 1 40,ODO (A) 1 RO OW) ( v )  

1 160.00c) i I. 1 320.00C~ 1 0 )  



F~gure 3 Cross rt.acl~vlt) ol AFBt ant~wnrm I*)  to B2 (?). <;I  ( I ) .  C;2 (c;) hll 

( * I ,  and 0 4  (*) 





3.2.1. MATERIAU AND METHODS 

3.2.1.1. Production of m o w  polyrlorul antibodin 

The tnimunojirn ~l\c.d \%,I\ .4F01-054 (<lnlufia~tth ( 2  ,O \I#) tf~\\r)l\t*d Irr 150 111 of 

0 01 M PBS .itid t*rnul\~t~tzl ~ ~ r t r  ,111 tr(u,~l \olutnr. (11 1 r t . r~r i t l \  .~dl~c\.rnt ( \ t ~ t i > . i )  

Th~s war 1njt.clr.d ~ntrd)n*r~totit~,~Il\ ~n to  tx,ic t l  01 \cb\t.i.~l \t\-wtr~L-c)lcl tc.rn.~lt. 

BdltJc n1lttX TI>*. t ~ r \ l  tnlr*c tion \\.I\ ~ : I \ I W  ~ I \ I ~ I K  I tc~~rncl . I on1l)lrvc- ,~tllc~\,~t?t dnet 

the rt+t of tht* ~ r i ~ t ~ t ~ o r i ~  t 8 u t b f ) !  tor t t ~ t *  IJOO\~IV \ t t b t c *  g ~ \ t ~ t i  ~ l t t i  I t t ~ ~ r i ( i  \ 

~r~ccbmph~te L~tl~u\.~rrt I t i t  , t  I I t i   lot^ I l o  4ttt1t 

~ ( ~ t i l p l t ~ l ~ n g  1h1- I I ~ I I T ~ ~ I I ~ I Z . I ! I ~ ~ ~  \( hv(it11th a ~ ~ ) ~ ~ ~ o ~ ~ ~ r ~ s ~ t ~ ~ l ~  ; 111 01 I~loo(l  \\,I\ dt.lwn 

trorn (*<I( h n>owr? ,1111af ( t1lt111u thta 1111 t ~ t  t l i t s  1.111 

In111.1ll) lour ~n]t.c I~orir \zt . r ts  fi1\1.11 to t4.1( h 01 lour r i i ~ c  1% . ~ t  oti1..wt.14. ~ritr*t\,tl\ 

tollowt.tl .tltt.r thrcv. w1v4.1 IJ\ ,I l~oo\lr.t I t11 II\INI\I- t11.11 u,I\(- tl11. ~IIKIIV\I t ~ t t t .  

I I o r  t i  I ~ I I  o i l  ~ t i t ~ l o l ~ t  1111\  I)roc t.eh~~t~ I\ r c * l t . l ~ ~ . c l  l o  .I\ 

1)rotoc 01 "A"  Tht* rt.ni,rlnltig t l i r t+c. rnlc I. \vI.I~. LI'II~ tor tl rriorith\ m~tlicnrl .III\ 

~ n i n i u n ~ ~ , ~ t ~ o r i  dnd .I t)oo\Ivr 11111-t t1ot1 \\,I< !:I\(,I~ .I! ! t i t s  e*ncl 111 the* (.1gl1tli nionth 

$c>r.~ iron1 thf. tbirt=o tnl( c, n lvv 1 1 s \ t t - ( J  IHII nt*(,h\ * ~ f t t * t  tht+ I )oo\ l~~r  c f r j ~ ~ c  t1ot1 

Agdlri the= ~nousc~ Ilr.rl j i , i \ fb  Ilv6 nr,~k~rrruu~ 111rt' W.I\ LI\IY~ Iot ,ttil~t)otf\ ~~rt~(>,~r.~f~ocr 

(rr1lc.rrc.d to J\ ~,rotoc ol '0") 

3.2.1.2. Media 

T~v.urb ( ullurt. n~c.dlurn [I\( ovcss h4od1f1c.d l)u11)1.1 ( o \ hle.cl1t1111 (IMIIM)] W.I\ 

purc hds t~ l  ~n the. torm ot ~x~wt ler  OIB( ( )  BKI (C,II)( o r .$I r l c ~  1 ??O( )  0 (0) .lnd tI1t. 

mcxd~um wd\ ~)rt*l~.~rtbd .I( ( or(I111g 10 tht* t11,111~11.1( ticrc'r \ 111\tr~c( t1o11\ It W,I\ 

supplt*mrntt*d w ~ t h  fr~c~tdl t)ov~ne. uSrtlrn (I B\) ((,IIN 11 I .It no 10 ~0()0-0(~1) Icr ,I 

f~nal  toncenlratlon of 10'%, (10'Z IM[>hl) lor growltlg tnyt.lorlr,~ t.II\ ,lnd .?0'%, 

(20°/,, IMDM) for jirowlng hyl1rldon1.1 rr.ll\ (,IIJI.I~I~I. w,t\ dtltll.tl '11 I nrM 

(from 200 m M  \tot k,  G~bc o) A\ Ih~s  15 un$t,it,lf. 11 W,I\ ndrltrl 11) mtadla old~.r 

than 2 wc.pk5 In dddltlon, tht. medld weart* ~upl ) l~*mc~nl t~d w ~ t h  then , ~n l~ l r~o l~c  \, 

p n ~ c ~ l l t n  (100Ulml), gmtarnycln (50 pji mL '1, \trcbl)tomyc In (100 pg rnl  '1 atid 

nystat~n (5U r n L  ') Hypoxdnrh~rtc, drninoptt*rtnr. .inti thym~d~n~.  100X (MAT) dnd 

Hypoxanthlne, thymldlne l Q O X  (HT) wiarr. pure hdsVd from Glht o ((at no .11062- 

01 1 )  



3.2.1.3. Preparation of myeloma cells 

The rnurcne myeloma cell I~ne, Sp210-Ag14 In 10ab FCS, wa\ Klown ,it 3 7  ''( 

25 crn ' or 80 crn' tlrque culture tlark\ In an SUh CO. 111c 11b~tc)r T l i t -  rnycalo 

were growing rdp~dly and d p p ~ d r ~ d  ht-dllhy tlrfort. the lu\lon 0 1 i c .  ddy bc. 

the fuc~on. the cell\ were spl~t Into frerh rntd~urii \upplc.nit.ntt.d w ~ t h  1 

IMI 

3.2.1.4. Polyethylene glycol 

One ml of polyrthylc.ne glycol, rnolt*cular wt ,~~ht  1500 (6oc.hr1n~c.1 Mdrinl~cvm 

cat no 783641) was used PEG colut~on wd\ prr-w,~rnlt.ct to 37 ' C  bc4orc. tu\1011 

3.2.1.5. Preparation of macrophage feeder cells 

A rnouw WAG kll lrd by trwlcal d~\locdl~on Jnd \))idyc.d wlth 70"h (v/v) ,~I(ohtrl 

IJndcar dwptlc cond~t~ons, th? \ k ~ n  was (ut w~lhoul l)cwcbtrcltlrlg th(* I)(*rltt)llt~unl 

Scarunl-free rned~urn (10ml) was rnjrctc-d Inlo tht. ~ c l ~ ~ t o r l t ~ u n ~  Iht* body wds 

dptated and d5 rnut h of the Itqu~d ds )~o\\~bl(.  wac w~thdrawn from Ihcs 

ptvltoneurn uvng d syringe f~tted w~th  a ntxc-dlt* Tht. I ~ q u ~ d  conldlnlng tht. 

rndtrophdgrl tt.rdt.r crlls wa\ cthntr~fugrd dl 1500 rt.v/m~n for 5 mln Th(* 

pelleted tell5 wrrts resusprndc>d In 10 rnl 20 '1  IMDM drld wt'rr. 11l~1c.d out d l  

100 pllwell (96-wrll tcssue-t ulturr pldlc\) and Int ub,~ l~t l  ovc~rn~ghl In .I LC), 

3.2.1.6. Preparation of spleenocytes 

The spleen was removed atepl~cally from the ~rnrnun~srd rnou%tl and plact*d In J 

100-rnm trssue culture d~sh and the contarn~nat~ng t~ssue wd\ rrmovrd from !he 

spleen Us~ng a syrlnge, 10 rnl of 10% IMDM was rnjrcted Into the 9pleen dnd 

flushed out such that the spleenvcyter came Into the rned~urn The process W J ~  

repeated several tlrner to oblaln the rnaxlrnurn number of cells In the medrum 

The cell suspension was centrifuged at 2000 revlrnln for 5 mln and pelleted cells 

were washed by resuspenslon In 10 rnl of 10°/0 IMDM The pelleted cell5 were 

resuspended In 10 rnl lys~s buffer (0 01 7 M Trts-HCI, pH 7.2, 0 084 M 



ammonlum chlnrcde, f~lter \ ter~l~zrd through a 0 22 ni M~ll~lrorc* t~ltrr) T l i r  

centr~fuge step was repeated and cell\ wcBrr re\u\pt*r~dt.d 111 10% IhlDht. 

centr~fuged and resuspended In 10 nil \tarurn-fret. rnt-d~um \plrt.n (ell\ wcllc. 

counted using a hdmioc ytonieter 

3.2.1.7. Cell fusion to produce hybridomas 

Hybrldorna\ were derlved troni two tuscon\ Iwtwcc~n the. \plc.r.ri l(*II\ of B,~lh/c 

rnlce ~rnmuncsed agdlnst AFBI-B5A ,ind the niurcncb myc.lom.c ((41 IIII(* 

Sp2/0 Ag14 Tec hnlqut>\ tor the procluctlon and ( iclturt. of t iy l ) r~d(~m~s wc*~r* 

essentially -me as dt~str~kct  by Cellrc. dnd M~l \ tc~r i  (lt)81) Tht. solrc*rr ( r l l s  

wtare m ~ x r d  w ~ t h  the. myelonid c t * l l \  (l~rc*v~ously w,~\tit.tl, ct.ntrllugcd .I\ .rbovc* 

dnd resucpendrd In 20''~~ IMDM) 111 ,I r.ltlo 01 10 1 11i(* splr*can (c~ll/myc~lc~ma 

tel l  mlxturc* wa\ c t.ntrltug(d rlt 2500 rc.v/rn~n for 10 nlln Ttir \ul,t*ln~~t,lnt fltrld 

was removed and 1 ml of prt*w,lrnied PC(; w,~s ,~ddt,d \lowly ovcAr d pt~rlod of 1 

rnln (0 1 nil ?very 6 see ), wh~lc rt.wspt.ntfcnp, tht~ ( t * l l s  t)y rtlrrlnu w~ th  the, t w l  of 

d plpettt. The t t4l< wcvr \u\ptbndt~d In t t i c b  I'lO solution to1 1 mln 1 wcsr~ty 

percthnt IMDM (4 ml) prcb-warrnt~d to 17 '( LI,I\ , ~ t l t l ( ~ I  ~r.~du.~lly durcrig tht. 

follow~ng mcnutc., sw~rl~ng the tub(* a\ atlove M<atl~uni contlritrc.d to tw dd(lc*d 

slowly, d~ lu t~ng the tells 1 2 evt3ry mtr~ute, to ,I f ~ r ~ , ~ l  volumt. of 20-25 ml lhcl 

cc4ls suslwnslon was htlld . ~ t  37 "C tor 5 mln and th(m ((*l i tr~l~~g(.d at 1 5 0 0  rlirn 

for 5 man Thr suprrn'ltdnt tlulcl was rcmovt~tl, tht. < c a l l  ~c.llrt was rc~suspcn0t.d 

In 50-80 ml HAT med~um (HAT In 20'2 IMDM) 'tnd d~str~~iutc~d Irito Ob-wt'll 

culture plates (100 pllwt.ll) contalnln): pc~ritonc.,rl rnrlcrophagi. ft*cbdt~r ((.I1 I,~yer\ 

The plates were tran\ft~rred to a CO, cnc utiator After two wreaks, HAT nied~urii 

was replaced w ~ t h  HT med~urn for two wrrk\ and tt1c.n c t - l l s  wcBre frd wcth 20"h 

IMDM On day 1.2, the \upernatant flu~d\ wcbrt. a\wyt.d a\ dv\c rlbctl below 

(sect~on 3 2 1 8) 

3.2.1.8. Screening cells for antibody production 

After 12 days, culture supernatants from each well were assayed uslng ~nd~rt>ct 

competltlve €LISA Culture supernatants from the tells that gavcl dn dbsorptlon 

value of over 3 as d d~fference between 0 4 and 400 ng m l '  of toxcn wpre 

transferred to 24-well m~croculture plates In IMDM contalnlng 20°/. FBS, 

hypoxanth~ne and thym~dlne Supernatants from 24-well culture plates were 



agaln tested and only those clone\ that m,l~ntatned absorpt~on vdlur\ o v t ~  1 In 

ELlSA teqts were chown ior tunher s~lec-tun Crl l  su\pen\lonc from I1 well ot 

the 24-well-cultured plate were d~ lu t rd  to g~ve ~pproz~m.~tt*lv onth c ~ l l  per wt4l 

when d~str~buted Into a 96-well culture plate The pldtr\ werr c~u.~ni~ncd for thtl 

presence of number ot hybrldomac Thaw that cont.l~nc.d a \ t r i ~ I e ~  hybrtdoma In 

each well were reta1nt.d and were sc r r rnd  tor neutral~zdt~on fitrc~\ 

3.2.1.9. Cloning of hybridomas by l~mit ing d~lut ion 

Cell Ilnes that wcw p o \ ~ t ~ v c ~  In thra ~ndtrc'ct E l  I5A rc rc.cxnlng. n1c.rc3 tr,rnstrrrc~ri to 

single wells In a 24-well pl,itf> Ct4lr wtvr (otlntrd u ~ t h  ,I hacw~ot y to~nt>t t~~ .ind 

d~luted to 1 ctlll/wt.ll In LO0lo IhIDM (ontdlntng HT < t.II\ wt>rch pl.ltod out 111 ,I 

96-well plate hav~ng $1 layer of pc~rltone~,ll ni,lc rooh.~gc. t~odc '~ ( t*II\ ~)rcxp,~rc*d tht* 

previous day and tran\ft~rrrd to thr~ CO, Inc 11bdtor tor 7-14 d.~y\, un t~ l  growth 

w a ~  apparent Wt.lls wrrr. s t  retxnc.d for ant10ody .I( tlv~ty Oy ~ndlrc>c t tompct~ttvc. 

ELlSA as descr~bed In St*( t ~ o n  9 2 1 8 dnd ( ( a l l \  \cbt rc.tlnK ,~nt~body wclrch 

transferred to s~ngle well\ In ,I 24-wr.11 platr 

3.2.1 .lo. Multiplication of selected hybridomas 

Crlls were fed whenrver tht~ growth m ~ c l ~ u m  turr1t.d yc.llow, I)y rcsrnovlng I t i c .  

spent med~um w ~ t h  a p~pc,tle and rc,pldc l n ~  11 w ~ t h  .I frc-sh 20'X) IMDM 5[)cn11t 

medlum contalnlng monoclonal dnt~body was (ollt.ctc*d, pooltd ,~nd cturc*d dt - 

20 "C, or 4 "C w ~ t h  0 02 'YO (w/v) sodlurn nz~de 

3.2.1.1 1. Preservation of hybridomas 

Cells (approx~mately 8 confluent wells from a 14-wt>ll plat(,) wrrcl scraped from 

the wells, transferred to a Universal tube and tentr~fuged at 2000 revlm~n for 5 

mln The supernatant fluld was removed and retained Pellets of tells were 

resuspended In 1 ml of freez~ng med~um (90% (vlv) FBS, 10% (vlv) 

d~rnethylsulphox~de) The cell suspension In freezing rnrd~um wd5 d~spen~ed d l  

0 5 m l  per freez~ng v ~ a l  V~als were placed In a polystyrrnt~ box and transferred 

to a -70 "C freezer for 2 days prtor to long term storagr In l ~ q u ~ d  n l t rvgn 

3.2.1.12. Thawing of cells 



Cells were removed from hquid nllrogen and ttl.c\\(bd ql~lthI) .I! 37 "C , ~ n d  

transferred to a qterile tube w ~ t h  15 ml 20F Ih4Dh.1 < PII\ u r r r  ccntcitupcd ,it 

2000 revlmln for 5 mln Suprrnatdnt fluid di\cIl~dt~(I . I I~ t h ~  (C~I I  1)~4let w.i\ 

resuspended In 1-2 ml 20% IMDM The re\ucpt,ndt.d (t,II\ 111 250 to 5 0 0  111 

volume were tran5ferrt.d to a s111gltt ~ t 4 l  01 .I 24-v.rIl t t4l-( t~ l tur t~ pldlr 

prev~ously seeded w ~ t h  Inat rophage fet=drr tell\ C t a l l \  wt3rt. rt*niovc.d 4ttc.r tlicy 

covered about half of the well, dnd thcn distributc~d to thtl rtw of tht. wc.ll\ 

3.2.1.13. lsotyping of monoclonal antibod~es (Mabs) 

Commerccally dva~ldble ISO-2 k~ts from ~ipn1.1 \vcarcb ~ \ t ~ l  lo dott~riri~nc- thc 

Isotypes of the monoclonal dnt~bodir\ produt t.d by var~ou\ hybritlorii,~ ( t a l l  I ~ n r \  

3.2.1.14. Determination of specificity of MAbs 

To evaluate the cro\\ redctlv~ty ot each oi thc monot lon,~l .~r l t~bod~t~\ ,  11 wdc 

essent~al to determine the optimum c ondit~ons tor nc~utr,~li~,l!~ori 1 h~sc. 

Included coatlng antigen (ailatoxtn 01-BSA) tonct.ntr.it~ori , ~n t f  !I>(, rltlution of the* 

antibody requ~red for neutral~zat~on Only known con((-n~r.~tior~\ ot I*(,'\, 

extracted from tissue culture supernatant\ (TCS) I)y \odium \ull)h,~tc* 1)rt.c ipil,~tion 

(Hobbs et a1 1987), were u5ed In thr rxprrlmtbnt\ 4ntil)ody tltrcx\ wc2rc. 

determ~ned by the rnd~rect competlttve ELISA p~ocedurt, de\c~tl~c.d In t h ~  vat tlon 

3 1 1 2. The optimum toncrntratlon rtquired at c ~ h  511~0 to o t ~ t ~ ~ ~ n  rhe 

maxlmum sensitlvlty was determ~ned by 50% d~<placemc~nt v,~lucb\ of BIB,,, 

where B IS the extinction of the well containlnp AFB 1 dnd B,, I\ the caxt~nc tion of 

the well w~thout toxin, derlved from the slope oi ('~librdtlon c urvtS\ lJ\lnp, thrw 

parameters, varlou3 roncentratlons of the) IgC ( 5 0  plIwc4l) from dlfl(~rc*nt 

monoclonal ant~bod~es were added to 100 p1 of AFBl at (on( rntrdtlon\ rdnging 

from 100 ng to 100 pg ml The protocol used for the charactrrlrdllon of 

antibody speciflclty was s~m~ldr to those employt-d for the (hdrd~t(Vl\dtl~n (I{ 

polyclonal ant~bod~es (sect~on 3 1 1 3) 



3.2.2. RESULTS 

3.2.2.1. Immunization 

The sera from mlt e ~mrnunlzed using protot ol A \howtad poor antlbody 

responses Antlbody was tired at a d~ltitlon 1 5 0 0  I11 (ontr.1~1, h ~ g h  ,111tlbody 

tltres, exceeding 1 20,000, were recordtd from the wra ot rnlc t. ~mn lu r i~ rc~d  by 

protocol 6 (Table 2) 

3.2.2.2. Fusion and cloning 

The fuc~on P~~I(.ICII(~ (liunil~(.r ot wt.11~ \t)ow~rig ( ( ' 1 1  17iuIt1011<.1t1on 111 P , K ~  wt.11 

of 96-wrll platfa) W,I\ 100'Xj In the. Itr\t luston, supt-rn,~t.ints from (t.ll\ dcv~vcd 

from 8 wells \howt.d \ptb( 111~ b~ndtng to AFBl ti(~wcxvt.~, ,itt('t two succcs\~vc~ 

transfers only 2 rt>talnt.d t h ~  ,lrit~hody ,I( ttLlty In t l~r w( orid luslotl, 4 1 c1onc.s 

that secreted AFBl spc~111c ,~nttt)odtc.r wcvc. v ~ l t . t t t ~ i  A1tc.r two succr\\~vr 

transfers, 10 clones contlnuc.d to glvtA h~gh nc.utr.~l~z,ltton tltrc.\ Tht'rt, ( Ion(*\ 

were trdnsfrrred to 2 5  t m' fl,~\k\ dnd IgOs w t w  f.xtr,lctc.ri from t ulturtb 

supernatants (\rctlon 3 2 1 14) Ig(; conct~nlr.~t~trn~ v.l~~c.ci from 150 p g  ml ' to 

185 pg  ml ' of the c ulturc. suprrnatant 

3.2.2.3. Optimum aflatoxin and antibody activity for ELISA 

An aflatox~n 61-BSA conlugatt, tontrntrdt~on oi 1 2 5  ng n i l '  W,IC fotrrd to t)t* 

optimum for coatlng thr platc.5 Tht. optimum conctJntratlon of ,tnt~tlody f o ~  

neutral~zat~on dependrd on the t~ t r r  of ant~t~ody ,ind 11 v,~rlrd from 5 pg rnl ' to 

50 pg  m l '  

3.2.2.4. Characterization of antibodies 

The des~gnat~on, data on Iwtypes, trow rt2,ictlvlty and the m~n~rn .~ l  ~ n h ~ b ~ t l o n  

values for ten monoclonal antlbod1~5 are ;)rr\tbntt.tl In Tablt. 3 The arittbodtt~s 

showed a range of cross reactlv~tles (F~gure 4 )  and tould t ~ e  cIdsstf~(*d broadly 

Into three dlst~nct groups Group 1 tompr~sed one mono( lonal antlbody, 10D5- 

1A l  1, that wds h~ghly spectftc for 61 and showrd a weak (rors reactlon to C1  

Group 2 (13D1-1D9) conta~ned ant~bodles that recognized 61, GI,  and 82, wcth 

a weak cross reactlon w ~ t h  G2 The rernalnlng clones that retogncred 81 and 

G1 wtth equal efftc~ency were grouped In the category 3 Cell Ilnes produced In 



the first fuston (Protocol 'A') had a detect~on range trorn 10 tn 100 11s ml'  In 

contrast to those of the clones produced ~n the ~ t v o n d  t u \ ~ o r ~  (Protocol ' 0 " )  

which gave values ranging from 0 0 0 1  to 1 ng ml ' Unt. ( IOIW trorn t l i r  s c a c o n d  

fuston (10D5-1A11) gave a htgh tltre to .~flatoitn 0 1  \\11t1 .I 509,. 1nh1111t1ot1 .it 

0 006 ng rnl ' (Figure 5) 



Table 2. Percentage of antibody binding to the plate in an ~ncitrt'c-t c o m p t t t i v ~  

ELlSA from the mice immuniztd with two dittc~rc.nr proroc-01%. 

Mouse Protocol A Protoc ol B 

1 50 % U v d  tor fus~on # 1 

2 58 % D I C ~  

3 54 % 6 7 ':, 

4 49 OIO 80 o~,l (ustvi lor luston # ?) 

5 70 "Ic3 70 'k, 

'Protocols: A-  Three intrapt~ritonc~~ll inlt,c.t~ons ,lt 1 wpc.h ~ntc~t-vdl\ iollowc.d hy .I 
booster three weeks after the 1,151 i n j t4on .  Antil)ody w,15 ~ i ~ d  ,I( ,i di l i~l ion of 

1 :500. B - Same group of mi( tb ma~n~,~inc.d w~thoi~t  ~mmuni/.itton lor cai~ht 

months and a booster injthc-tion given .at tht. clnd of Ill(. caifihlh month. Antiboc{y 

was used at a dilution of 1 :20,000 



Table 3 Isotypes, trosq reactlon5 and rnlnrmal rnhlbttlon obwrvrd wrrh ten 

monoclonal antlbod~es 

a deterrn~ned by uslng a cornrnerr~al krt 

bexpressed as fifty percent d~splac~rnent value, of B/B,,tor .iflatox~n B1 ritv~d(*d by 

the fifty percent dlsplacernent value for each ol the, .~fldlox~n undvr ttlst~ng (u*c 

text). 

' Concentration of aflatox~n (ng rnl ') requ1rt.d for f1r5t \~p,n~f~c,~nt ~ n h ~ h ~ t l o n  of 

b ~ n d ~ n g  of antibody to AFBI-BSA sol~d phase 



Figure 4 a c  Crosc rt-dctlvl!)' ot three $rotip\ of rnonoc lon,~l ,~nfrtxtd~t.\ (trorn 

clones 1301-1 D9. 6E12-1 E5 and 10D5-1 A1 1 )  to tour nlalol .~tl,~to\~n\. R1 (*I, 

B2(0), G 1 0 ,  C 2  ( ) 

Graphs ploned as percentage blndlng (B/Hol .Ig.lln\l ma,\ of toxin In.! nil ( t i *  ni l  ' 1  U 15 

the extlnctlon of the well conlatnlng A$ B 1 .tnd 80 I\ lht. t-\t111( IIOII ot Oit. wt4l wtthoit~ 

toxln 

(a) Ant~body spec~f~c for B1u1th v ~ ~ r y ~ r l g  dt-grt,c.\ of (ro,, rc*.Ictlon t i t  C1 R L  . t r i t l  C;) 

(b) Ant~body that recognlw B1. G I ,  0 2  wtth a u,cx,~L ( r o w  it.,t( I I O ~  to (J.! 

,I0 

(111 

Y < i  

71 1 

(111 

51, 

.I0 

31 ,  

211 

Ill 
l! 

ng ml 'of toxln ng rnl '01 toxin 

< lone 1 OD5-1A 1 1 ( Ion(. b(, lL-lT 5 



F~gure 5. Dosage r?\ponse curve of aflatoh~n B1 F~t t t  lwrcrnt ~ n h ~ l ) ~ t ~ o n  \.llucS 

of AFBl wac 0.06 ng m i '  

ng nil ' 
(Ion(, 1ODS-1Al I 



3.3. PRODUCTION OF AFLATOXIN MIMOTOPES 



3.3.1. MATERIALS AND METHODS 

3.3.1.1. Reagents 

Aflatoxin B1, goat antr-rabbrt IgG-alhal~ne phosphdta\tt (ALP) conjugate, goat 

antr-mouse IgG-ALP conjugate, pnrtrophenyl phocphdte, bovrric~ ct2rum albumrn 

(BSA), aflatoxrn B 1 -BSA conlugate, tetracyc l~nt, a i d  poIyc*thylcnr. ~ l y t  o l  (PEG), 

were all purchased from the Srgma Chernrcal ( o ,  51 Lours, U I A  MI( rotrtrt' 

plates (Maxr-sorp F96) and rrnmuno-lubes (Maxr-wrp) were obt,~rncd from Nalge 

Nunc Internatronal, Denmark Pc~ptone, yecast caxtrac t and .*gar wc-rcs c~bt.l~nrd 

from lrfe technologtrs Grbco BKL All other 1 ht.m~cal\ wc.rtb rtaagent ~r.idt> or 

chemrcally pure. 

3.3.1.2. Monoclonal antibodies for aflatoxin 81 

Antr-aflatoxin B1 monot lonal antrbodrra\ wr r r  those dtb,c r~bcsd Oy L)c.vr tlt a / ,  

(1999). MAb 13D1-1 D9 (here codc~d MAI) 24) (to\\-rtjac I I ~  wrth ,~fl.ttoxrn G I ,  

but not 82, 6E12-1E5 (here narnrd MAb 13) (ro\\-rt~,rctc.d wrth aflatox~n\ 02, 

G1 and G2, and MAb 10D5-1A1 1 drd not crocs-re,~tt apl)rccr.ibly wrth driy of 

the other aflatox~ns (Th~rumala Drvr et dl ,  1999) In~munoglobulrn~ wc*rca 

concentrated from trssue culture supernatant< or a<( r t ~ c  Ilcrrd by 'irnrnonrtrm 

sulphate precrprtatron (Harlow and Lane 1988) 

3.3.1.3. Peptide libraries 

The random phage dr~playtld peptrde Irbrarrrs, (y\-4 and C ys-6 ucr,d rn thrs 

study were provrded by G Smrth (Unrvers~ty of M ~ s w u r ~ ,  Colurnb~d) tach 

library conststs of fd phage that carry a second copy of genr Vlll that ha5 at i t \  N- 

termrnus a randomrsed sequence In whrth rystelne (odons are 4 or 6 codons 

apart. The cysternes are desrgned to con5trarn by cross-lrnkrng the 

conformations that the peptrdes may adopt (Zregler et a1 , 1998) 

3.3.1.4. Affinity selection of phage by panning 

Panning was as described by Ziegler et al., (1998) using immuno-tubes coated 

with MAbs at 10 ml  -I. After blocking, phage were bound and eluted, and 

then used to infect E. coli TG-1 cells. After amplification, phages were subjerted 

to two further rounds of panning to enrich the population with binding phage. 



3.3.1.5. Immunological assay for affinitypurified pha~e  

Following the third round of pannlng, sln~le tetr,ac vc I~nr-re*s~\tant c-olon~rs wrrtl 

transferred to 5 ml LB-TET and grown at 37 "C' tor 18 h Ct-lls w t w  removed by 

centrtfugat~on at 17000 g tor 5 min arid thf* culture nipd~,~ wc.rt3 testcti by F LISA 

uslng m~crot~tre plates At edc h \top the pl,~trs wcrtn tnc uh,ltc.d for l h  ,~ t  37 "C 

i n~ t~a l ly  plate5 were cclated w~ th  IgG ,it 10 FIR ml ' In o L nlol I ' sod~lrni 

carbonate, pH 9.6. In the wcond stt3p, platt>\ wrl-rc* l)loc ht.d with ?(H) pl/wc-ll 0 1  

34: MPBS Phage part~clr< In 80 111 wert' 1 1 i 1 ~ d  w1t0 2 0  111 01 MPB$ A m~kturc. 

of rabblt anti-MI3 dntlbody ( 1  500) and 'int~-rabt~~t Ig<# conlugatt*d to .~Ikaltne 

phosphatase (1.100000 dllullon) wc3rc, ust.cl lo c i ~ t t . c  t t h ~  phdgt~ Sut)str,att. ((,- 

n~trophenyl phosphate at 1 rng ml '1 wa\ addrd .in(l .ibsorl)~nt I, at 405 nni was 

read In an ELISA pldtt, redder after 1 h ,it room tt*nlptJr.iturr. ~c.lc'ctrd ~nd~vldu'~l  

clones were character~zed by DNA sequtsric Ing .icitl F I  ISA 

3.3.1.6. Indirect competitive ELISA with phage-di~pla~ed peptidt.5 

To determlnatlon of optlmum n~rmbclr of ~ h ~ g t b  to uscJ I r i  F I  ISA, dlff(>rcnt 

dllut~ons of phage part~cles In carbonate coating buf1c.r wcBrc. addtsd to the, ELISA 

plate and Incubated overn~ght at 4 'C Aftcv hlock~ng, .I mlxturch of MAb and 

goat anti-mouse-alkal~ne phosphdtase conjugdtt. W,I\ , ~ t l d ~ d  cjrid thv FLI5A was 

completed as descr~bed An ~nd~r rc t  ELISA prtlcc.durc~ \lrn~l,rr to th.it rf>portt.d for 

aflatox~ns (Dew et a / ,  1999) w ~ \  used MI( rotltrcB ~)I.~ttl w ~ l l s  wcw co,itt.d w ~ t h  

150 p1 of phage at 10" ml ' thdt carr~czd pc,ptldc*\ In 0 2 nlol I ' sodium 

carbonate, pH 9 6 and ~ncubated overn~ght In rtafr~gc.rdtor The pldtes wc>rtt 

washed dnd blocked as dbove for pdnnlng r lut~on st*le.t t~on MAbs In 50 pl 

were added to varlous concentrat~ons of AFBl (0 to 10 ~ t g  ml ' In PBS) The 

mixtures were added to the phage-coated mlcrotltrt, pl.jte wells (1 50 pl/wt@ll) and 

the preparatlons were Incubated at 37 "C for 1 h After wdshlng four t1mc.s w~th  

PBS-T, the amounts of enzyme bound were determ~ned by ~ncubdtlon w ~ t h  godl 

anti-mouse-ALP conjugate at 37 "C for 1 h Amounts of bound enzyme were 

determined as described above The results of lnhlb~t~on tests were d n a l ~ s ~ d  

using Genstat 5 and loglstlc curves were fltted 10 the data (Genstat 5 C(~mmlf le 

1987) 



3.3.1.7. Nucleotide sequencing 

Phage particles were recovered by PEG-prt~ tpltation and \~ngIt~\lr.~ndt.d DNA 

was extracted from them by phenol-thlorotorni Irratnic.nt (\.lmhrooL rt . I / ,  

1989). Sequencing waq done wing an ABI PRlSh.1 dye, prin1c.r c yc It, sibquenc 111g 

ready react~on k ~ t  (Perk~n E1emt.r Appllt~d B~o\y\trrn\, W,~rr~njittui, CIK) Tht. 

primer was ~omplement~rry to DNA encoding ~ h p  ri.cornh~nanl pVIII gene. 

downstream of the ptaplidcl In\ert Sequmt c.< wrrcS .~n,~ly\cad usln): theb <,c>iit3t~t \ 

Computer Package (Devereux cJt ,I/, 1984) 

3.3.1.8. UV irradiation of phage particles 

Phage particles wercJ uv-~rr~~diated at 254 nni with close.\ of 1)c.twt.c.n 10 ,~ncl 800 

mj/cmJ uslng a UV c ros\ l111h~r (Strdtdl~i~ke~r CIV ( ro\sl~iiht~r, \II.~I.IKCI~~+ I ~ r l  , 

Cambr~dge, UK) Tht. trclatcad p l ~ ~ g t ,  partlc I(,\ wc.rtb tI1i.n us(-tl to ~nfi.c t Iou-l>Ii,r\c. 

TG-1 cells or assdyed by ELISA 

3.3.1.9. Sample preparation 

Groundnut samples were obtalned In 200 g qu,tntltlr\ Aftc~r .I thorough riiixlng, 

three 15 g sub-samples wt1rr drawn trom e v c  h 200 g s,lrr~plt. L'ic h ~ u b - r ~ n i ~ ~ l t ~  

was finely ground and then extratt(ad In 75 ml 3 0 X 1  mi~tti,~tiol cont,iln~nji 0 5%) 

KC1 by blend~ng In a Waring blender followed by sh'lh~ng tor 70 mln 1 he, 

extract was f~ltered through Whdtmdn No 41 t11t(~r l),r()c.r dnd dilutf.d to 1 10 

w ~ t h  PBS-TIBSA for processing by ELlSA 

3.3.1.10. Indirect competitive ELISA procedure for process in^ groundnut 

samples 

The protocol was s~mildr to that for ~ndirtltt rompcatltlvr ELISA for phagt.- 

displayed peptides (as devrlbed above) with the exccaptlon that dfl,itoxln 

standards i n  100 p1 volume, ranging from 100 ng ml ' to 100 11s ml ', wc*rtb 

prepared in  a dlluted extract from groundnuts Lroundnot sdmplf's that did not 

conta~n aflatoxlns were extracted In methdnol d5 descrltwd dbovt., f11terc.d and 

used at a 1:10 dilutlon prepared in PBS-T BSA Test wmplt.5 wercs also diluted 

to 1:10 in  PBS-T/BSA prepared In aflatoxln-free groundnut exlrdct One hundred 

PI of each sample were added to wells contdinlng 50 / A  of ant~serum The wells 

were washed four times with PBS-T lncubat~on with goat anti-mouse ALP- 



conjugate at 37 OC for 1 h Thr amounts ot tanzvmr hot~nd wertx dt>ttvrn~ned .I\ 

described above Standard curve5 wrrc. obt,a~ntzi I ) )  plott~ng log,,, \ . i I t ~ t ~  of 

aflatox~n B1 standards dgalnst optlcdl decis~ty at A,,,., 



3.3.2. RESULTS 

3-3.2.1. screening of a random pept~h phage librarie for the selection of 

specific phages by panning 

Tubes were coated w ~ t h  MAb 24 or M4b 1 3 and u\t.d lor u n l r c  !ton u\~rig tvthrr 

Cys-4 or Cys-6 Ilbrarles Irrtaspec tlve 01 the librar) u\eti, 1111% proportlot1 of pl1.1gc. 

that bound (Input tltre/output t~tre) ~ncrra<rd attrr rat h rcrund Afttar the. t t i~ td  

round, Input and output tltrt.5 wrrt, aboot 10" 1111 AII 20 01 10 c lotic.\ tr011i 

the Cys-4 Ilbrary dnd 4 of 20 from the C y\-6 I~brar) v~c,ldt.d lrh.1~~1 th.)t 1)ound to 

MAb 24 (A,,,, of > 0  5 tu 2 1r1 l h  uvng DA5 ILI\A) Ilon, tht* 21 tlonc+ 

obtained uztng MAb 13, 11 from the- Cy\-4 I~brary and 12 t r c r l n  thr ( yc-6 11br.1t-y 

gave p o s ~ t ~ v r  result5 In ELISA t t ~ \  No clone.\ wthrtb obta~nc.d trorn c.~thc.r Itt)r,iry 

that bound to MAb 10Dj-1 A1 1 

3.3.2.2. Optimum number of phage particles for coating the ELISA plate 

ELISA plates were todted w ~ t h  dliterrnl amount.. oi ph.~~c' p.irt~c I('\ to r.\tal)l~\h 

the number of partlcle5 that wpre needed to glvt. J u\c.iul rcb\lron\c. I r l  ph,ip,c. 

ELISA. F~gure 6 show$ the rewlts of ELISA of four mlniotopc~ ( Ion(.\ ,I! tllflc~rc~nt 

concentrations assayed uslng e~thrr MAb 24 (c Ion?\ 14-4 .)rid 24-0) or MAt) 13 

(clones 13-4 and 13-6) The best rr\ult\ werv ob1.11nc.d w ~ t h  ~)h~gch 

concentratlons of 10" ml ' In 1)arallc.l te\t\, plate\ co.~tc.d with ,In unrc>l,itrd 

Cys-4 phage clone at 10" ml ' gdvcJ an A,,, of < 0 1 

3.3.2.3. Specificity tests 

The mimotopes 24-4.1, 24-6 1, 13-4 1, 13-6 1 wvrrA tca\trd In ~ t i a g r  FLI5A '11 10" 

ml  ' uslng dilut~ons of polytlonal ant~body ra15rd against an ,~flatox~n 01-B5A 

conjugate. The results for d~fferent mlmotope\ wtarr ~nd~\ t~np,~~~sh~ib lc .  For 

example, a 4-fold decrease In ant~body concentrat~on dc,trt.a\r.d thr ELISA 

readlngs obta~ned In 1 h from 1 04, 1 07, 1 05 or 1 08 to 0 43, 0 47, 0 45 or 

0.43 for each mlmotope respect~vely In ELISA te5ts, mlmotopca\ ~btdlned uslng 

MAb 24 did not bind to MAb 13, and ne~ther d ~ d  MAb 1 J m~motope< b ~ n d  to 

MAb 24. 



To test the speclflc~ty of the mlmotopes, ~nd~rrct  conlpetlt~\,r EL IS4 r\,a\ done 

with m~motopes 24-4 1 and 13-4 1 uvny: t h ~  correqpondlng htAb\ F~jiilrt- : 
shows the results For both rnlmotopw, thta hornologou\ toxin w.1, tht* mo.1 

competltlve; other toxlns were lew (ompetltlve In the order (;2 < B? < C l  W~th  

24-4.1 (Ftgure 7a), B2 and e\per~ally C? wert. much Ir\ \  (ornpc*!Jtlvc. wherras 

with 13-4 1, the d~fferenc~s betwc.t,n tokln\ wrrc lecc markcad The nlt>dla~l 

doses (the toxln concentrattons that rP\illtt.ti In ,ln tvt~rn.~tt.d 50°t8, ~rltl lt~ltlon ot 

blndlng) and the slopes ot the curvtAs '11 tht. n>c.tl~ari wt1rc2 ( . ~ l c  ul.~tc.d from the. 

curves fltted to the data uslnK the formuld, 

A,,,,, - A + C / ( 1  + t'Xp (-B * (X-MI)) 

where A and C are the asymptotes, M 15 thr mt.d~.rn docc. dlld B I\ the \lop+. , ~ t  

the median dose. 

Table 4 shows the rewlts T l i ~ z t ,  (ont~rrn tht~ Iniprcs\\lon\ Ir~,n\ t I ~ L I I ~ .  7 th.11 the. 

strongest competlt~on as judged by thc clopt.c of thv I~nc-\ W,I\ w~th  B1, t h ~  

'homologous' a n t ~ g ~ n  and tht, weakwt comprtltlon w.ls w~th <;2 

3.3.2.4. Effect of dithiothreitol 

The pept~de sequencrs drsplayed by phdgr from the* ( y5-4 .~nd ( ye-6 l ~ t > r . ~ ~ ~ ( ~ s  

contain cystelne res~dues that dre Intended to (ro\\-l~nk \I) .I\ to (rcvtt. a loop 

structure of e~ther 4 or 6 amlno ac~ds M~motopc~ phdgc. wrLrr, trrzatc.d wtlh 

dithiothreitol prior to be~ng u<td to coat ELISA plat15 In ordcv to I)rcSvc*nt thv 

formation of th~s cross-l~nk W~th all clone5 t e w i  (24-4 1, 24-4 2, 24-0 1, 1 3- 

4.1, 13-4.2, 13-6 1), the effects of d~thlothrr~tol trc.dtmcnnt wt.rth to IncrtXc+w- the 

binding of the correspond~ng MAbs by between 2-fold and 5-fold 

3.3.2.5. Effect of UV irradiation on phage infectivity 

The infectivity of a d~lute sample of m~motope 24-4 1 was dccrea5rd frclrn allout 

4500 colonies rnl ' to about 60 colonles ml ' by lrrddlatlon dl 20 mj/cm2 and 

was abolished by larger doses At these doses there was I~ttIe t4fect on MAb 

binding as assessed by phage ELISA. Phage lrrad~ated at 50 rnjltm* bound about 

goolo of the amount of MAb bound by untreated samples Blndlng dec redwd to 

70% following irradiation with 100 rnj/cmZ, and further after h~gher doses 



3.3.2.6. Recovery of aflatoxin B1 from groundnut wrnples 

In order to test the rsftertlvent.s\ ot the, phdge ELI\A. 1 0  10 2 0 0  1% Ls ' o l  

aflatoxln B 1  were added to flnvl\, ground 10 x <~rlil~lt.\ \ r I l l c t i  wtvt. then 

extracted and assayed Table 5 11\t\ the rca\ulrr 11on-i t..rch (11 I W O  t 1 I \A  pl,rtr\ 

The recoveries were between C)24c~ ,~nd 1 104%, tht. ,~vt.r,~gc, rt -c  c)vchllt*s on cbai t i  

plate were 101 3% and 98 9"/,, 

To assess the assay method In prartlcv, \,~my)lr\ wt,rr t.lhrn troni t.~rnic.r\ t ~ t - l c l \  

that were presumed to be at h~);ti r 1 4  of ,~fldtox~n cc~nt.r~n~ri.~tton bc.c,~t~\t. ot 

drought. These were extrarttd and as\ayc-d by u\lnu ccr~iipt.tlt~on [LISA The* 

results (Table 6)  show that 5 \ample\ were cont,rni~n.rtc.d to v.rrcou\ tX*tc.tit\ 

Results for dupl~cate sample\ and dui)ltc,~tr y>l.~tc.\ wtbrtB wlttr~n 10"h The- 

permlss~ble level In lnd~a for afldtox~n 01 c ont,~rnln'Itlon IS ( urrc.ntly 3 0  

3.3.2.7. Mirnotope sequences 

For mlmotope phage from e~thrr  Ilbrdry, 1t3e ~ iu( lc~ot~c j t~  \emquc11~(tZ\ wort. 

determ~ned for the 5c.ctlon of rt>comb~ri.mt y)VIII gt-ne- th,~t c.nce1t1t.d  hi- 

randomized pept~de sequence Thrw art. \tiown a\  Ft~urv 7 T11e. \c.quc.nc e.\ c~f 

m~motopes to MAb 24 suggcstt-,d a conct.n\u\ \c-cque.rict3 o f  '----CYMI>-C ----' 

Those for mlmotopes to MAb 1 3 d ~ d  not \ugge>\t a ( It%ar ( onsc,n\u\, .rlthou~h : t i tb  

d~pep t~de  'PW' was prewnt In most, and all wc3rta part~cul~lrly r ~ c h  In ~lroltnt. 

res~dues. 



Figure 6. Results of ~nd~rect €LISA w ~ t h  tour phage nun\otopv\ (2  4-4 1, 244, 1,  1 3- 

4.1, 13-6.1) at concentratlonr of 10 ", 10 " ' o r  1 0 "  ml ' 



Figure 7. Competition between p u p  aflatoxcn\ ( B l .  BZ, C1 ,~nd CZ) in the, 

solution and phage niimotopez (24-4.1 and 13-4 1 )  c.o.ctt~1 on ELISA plate. ~urlac.ts 

for binding to MAbs, in ind~rect r-ornpptiti\,e ELISA. (.t) h\imotop> 24-4.1 hintling 

to MAb 24. (b) Mimotope 13-4.1 bcnd~ny! to MAb I -3 

0 lOpp lOOpg l n p  l o n g  100np 

[competing eflatoxin]. ml -' 

b) Mimotope 13-4.1 

o 1 opg l o o p g  i ng l'onp 1 oong 

[competing dlatoxin]. ml-' 



Figure 8. Ammo acid wquences ot nilmotope p ~ p t ~ d t . ~  

Nucleotide sequences were determ~ntd tor tlif. part ot thf. rtuonlb~nant K ~ l l t '  Vlll 

that encodes amino acids randomizpd in the librarie' Cy.5-4 ,and Cy\-(,. Whrrr two 

amino acids are shown. the squrnc r s  obt.~lned wcBrt. .NI I~, I~~IOC~, and ca~thrr atnono 

acid is possible. 

MAb Lib- Mimotope sequence In rccombinnnt gens Vm 

24 cyc4 24-4.1 A N T W C Y V D E C M R I A  

24-42 E T Y G C F M D W C K L V T  

24-6.2 G C E Q C Y V D Y C Y C S D A G  

24-6.3 G C E Q C Y V D Y C Y C S D A G  

13 CyS-4 13-4.1 F H P R C N C M T C H I K P  

1 3 4 2  N N P T C P W L T C P L P S  

13-43 T R W E C i T T Y C P P S G  

13-4.4 N T N H C Y H D H C I Q T H  

134.5 V A I C C E K P W C W T T R  



Table 4. Parameters of th? lnhib~tton dost. curve\ \ho\vn In F I ~  : 

Mimotow 24-4.1 Mimotopt. 1 3-4.1 

Inhibitor median dose' slopca rnt2d1,rn dost. \lope 



Table 5. Efficiencies of extraction 

Concentration of bFB1 ~n qp~ked ~ r n p l e  R t b c  oi tvy 

(jig kg - ' )  Pl.~tc 1 Plate 2 

10 

20 

40 

80 

1 00 

150 

200 

Mean 

102'%. 

1 lO.J'%> 

'10 "i,, 

0 4 . 1 <!t<3 

'19 6 ' % 1  

01 .9"h 

O R .  5"IL 

O f $ . ~ ) ' 7 < ,  

* measured concentrdtion/known ( on( c>ntr,ltlon x 100 



Table 6. Assays of groundnut k~mpler. for afldtokin B 1 

Sample [aflatox~n B l ]  (q, kg ') Rr\ult 

Plate 1 Pl,atc. 2 

test 1 tr3<l 2 1 ~ \ 1  1 ItB\! 2 
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Chapter 4 

Production of Antibodies 
for Ochratoxin A 





4.1. MATERIALS AND METHODS 

4.1 .l. Immunization 

Commerc~ally ava~lablr OA-BSA conjugate (51gnid c JI no 0- 3 C K ) i )  wd\ L I \ P ~  

lmmun~zatton procedure I\ a\ dewr~bed 111 the \ r c t~on  1 1 1 1 lor .tli,ttox~ti~ 

4.1.2. Monitoring antibody titrer 

An ~ n d ~ r e c t  ELSA prot~durtx \tni~l,tr to I~,II t*xl~l.trrrtd t l r  ttrc* \t.c lton I 1 1 2 lor 

a f l a t o x ~ n ~  was rmploycd 

4.1.3. Characterization of antibodies 

To evaluate the cro% react~vlty ot O A  ~ t r t~ l )ody  wtth I)( hr.rto*~n H, (tru~n,hr~rr. J- 

hydroxycoumar~r>, L-l)hrnvlal.~nt~~r. and .til,ttoxtri HI. thc- p~oc cadu~th .~c io l ) l~~t i  I\ 

s ~ m ~ l a r  to that d r w r ~ b d  In the. stat Iron 3 1 1 1 tot .ttl.~lox~n\ 



4.2. RESULTS 

4.2.1. Production of antibody 

The protocol used tor Inirnunlzdtlon ~avc. an dnt~Lx,d\ I I~ I~.  ol 1 112,000. I4 

weeks after the Inltlatlon ot Irnmunlzdtloci (F~gurt. 9) St,cn(f,trd r 11r\c.\ 101 Oh I,\, 

~nd~rec t  competttlvt. ELI54 '11 th~c.r d~ttcvc.nt ci~lut~onr ot .~nt~l)c~d\ ,rrc. \Irowrl In 

F~gure 10 

4.2.2. Specificity of antibody 

To determ~ne thcz tro\\-rc.,~ctlon of nnt~bod~t.\ antl\t.rtlm V,III~ r n r ) l ~ ~ c i ~ l t ~ ~  

res~rnbling OA, they wc3rc. ~,.\tc.d ,\g,iln\t r~thrdtr,\~rl B, I-oht.nyl.~l.~n~rlt~, 

coumarln, 4-hyc~roxy coumarln, ,~nd A(l.~loh~n U1 Kr~\ult\ prc.\csntc.d In F IKL I~~ '  

11  t lrarly show that O A  ~ n t ~ I ) o d ~ ( ~ <  d ~ t i  not rt5,ir 1 w ~ t h  .in\ ol tllc. n1olt.c ul(*\ 



Flgure 9. Antlbody tltres agalnzt L>h-B\A .I\ dt~tcrni~nc~d b\ ~nt l~rrr  t t 11\4 

Booster injections were gtvrn .it 7, 1 1 ,  1 0  arid 30 t+1.t~hq df1c1 1n111,li 

trnrnunlzatlon (Detdll\ are glvrn In the w c  tlon 1 1 1 1 \ 



F~gure 10 Standard turvta< tor O A  by ~ndirtrr conipt.tlll\,r 111\4 .if  rhrtr, 

dlfferenr dlluttons ot dnt~btdv 1 4O.ClOo (0). 1 HO.O(W) (m) 1 100 OOO(A) ~Pt~t.111~ 

of test procedure gtven tn ttie \w Itor1 3 I 1 2) 

n 1 

Log O A  t w r  IlymrLll 



F~gure 1 1  Cross rra(tlvi1\ 0 1  0 4  dnt~t)~d~t.\  O B  ('i?), Counldr~rl 1.1, 4-  

Hydroxy cournarln ( ) L-phcnvl~l.rn~nr. ( * )  ,tntl 4 F R l  (01 
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Chapter 5 

Enzyme-Linked 
\ 

Immunosorbant Assay 
for Aflatoxins and 

Ochratoxin A 
f 



5.1. MATERIALS AND METHODS 

5.1.1. Quantitative Estimation: Indirect Competitive ELlSA (IC-ELISA) 

The protocol used was s~m~ldr to that lor dc>tc*rmlntng alitlt>od\ \lxb( ~ t t (  11)' (.IS 

descr~bed In the wrtlon 3 1 1 2 1  In brlel. FLI\A pl'~tc.< nerc tc1.41e.d by 

~ncubatcng toxtn-BSA con~u~dte In 0 ? M rod~uni c ,~rl,on,~tt* buttc*r. OH ') 6 (1  50 

pllwell) and ~ncubatt~d ovtvn~ght 111 ,I rtltrtgc~r,ttor \l~t,\t.qot~nt \tcbp\ wcbccb 

performed at 37°C tor 1 t? 4nt1body cl~lcrt~on\ prt.p,~re.d 111 I , t l o \ ~ ~ l i , t t t ~ - t ~ ~ ~ t t ~ ~ r t ~ ~ l  

sal~ne contarnrng 0 O j " ,  Twc.rn -70 (PBS I )  .lnd 0 I " , ,  B\A (PBI-1 B\4) 111 50 )I[ 

volume were dddtad to 100 111 \ample or tox111 \t,rr~ti,rrd\ r.hnglri): Icoc~r 100 

ng/mL to 100 pdml  Thta .trnou~it ot ,tnt~t)ody t)ourld 11, t t 1 ~  10*111 w.1~ dc'tt-(tc.d 

by the ddd~tlon ot godt ,~nt~-r.lbt,~t or gtr,it .cntr-n~o~~\c, ~r~l~~~urioglot,t~lrr~\ ((JAR 

IgC, Cat # A491 4 dnd (;MA I%<,, C.rt # A, i 1 5  3 \rgrn.rJ ( or>ltr):.ttt*d to .II~,IIII~(~ 

phosphdtase Thtl \ut~strdtf. lor ALP, i>-~~~tropht.nyl pho\ph,rte+ (\I~,II~,I. ( .rt (I N 

2765) was used d l  1 mdni l  C olour W,I\ ,~l lowc~i 10 d(.vc.lop tor 1 I1 .I! room 

temperdturtA and thtw tht. ~b\orl),rnt r -  ot ttie* tivctrolvsc~tl oro(lut t W.I\ ~ncn,t\urt.d 

at 405 nm In an ILICA pl'ilt. rc1ddt.r lT~tr(~tc.L h4ult1ch.tn I"', L,rt)\y\tt*rii\) 

5.1.2. Quantitative Estimation: Direct Competctive ELISA (DC-ELISA) 

Preparation of conjugates 

Three enzymes, alkdl~nc. pho\phdta\ta (ALP) ('wjirn.1. t.11 # 1' 5521 ), hor\c.r.tdr\l~ 

peroxidase (HRP) (S~gm'r c <i t  # P 8 j 7 5 )  o r  ~ ) t ~ r i t (  ~ I l~ r i~sc+ (IIN( ) ((,it # P o l r ) o )  

were conjugated to commc.rcl.~lly ~)roducc.d ,rilcrtox~n-B\A t r \ t r ~ ) :  I ~ I *  vnglc- 

br~dge glutardldrhyd? mf,ttiod tor tbach of tht. two rnrymw (ALP .~nd PN( ), ~ n d  

the perlodate ox~datron method s p t ~  ~fltdlly for tiKP Af Bl-B5A ( 1  O mK) was 

reacted wcth 1 0 mg of ALP or PNC dnd dldiy\ea~i tor I t 1  (rlutdrdlllt'hydl. WIIC 

added to 0.05% fcndl concrntrdtlon and the, mlxturt. Inc ubatt.d at 22 " < for 4 h 

Glutaraldehyde wds then rrmoved by d l d l y ~ ~ ~  d~d~r i \ t  s(*vtval (hdrlge~ of PBS 

and the conjugate stored w~th  1 ''/<, bovlnt* wrum c~lbum~n 4 " C (.onlug.lt~orr 

of aflatox~n-BSA to horsrradlCh perox~ddse ItiKPj wd\ 11y pchr~od.~tt~ oxld'tt~on 

method (Tsang et a / ,  1995) wh~ch llnks protca~n to HRP vcd cdrbohydrdle 

moleties on the enzyme HRP (4 0 mg) In 0 2 ml of ( I ~ ~ I I  dc ~dsodlum Cttrdle 

buffer (0.1~, p~ 5.0) was wdrmed to 37°C to whct h 26111 oi codturn PC-rloddtr 

(30 mg/ml) was added After 5 mln exposure, l3pl of 1"/0, t.thylcanr ~ 1 ~ ~ 0 1  was 



added, followed ~mmedlatelb bk dlaly\~\ ot thr o\ldczt\d e111\1llt, .t~.clr)\t 1 L (11 

cttrlc ac~d/sod~urn cctrate bultr.r (0 001b.t. pH 5 01 lor i h  i t l t .  c~\~cjllt.tl tiKP \\J\ 

then reacted w ~ t h  AFBI-BSA (Imp In ImL ot O 1 hl \od~um c .lrk~n.ltt. L~uttt.~, p t i  

100) dl 4' C for 48h, tollowed b) tht* .~ddclron ot l011l (11 vdlcltn 

cyanoborohydrlde solutcon (10 mrJmll, and rractt.d tor .~notlit.r ?t> .#I 4' ( I t > ( '  

reactlon rnlxlure was thrn dialyzed ,ig'un\t PRS dnd \tortd . i t  4 ' ( .iltcv the* 

add~tlon ot glycerol (1  1 VIL) 

Test procedure 

Protocols for the DC-ELI5A\ wtw c. \ \ t~ r~ t~ ,~ l l )  the, \,~nlc~ .I\ tllorc. tit.,c rt1)c.d to1 

afldtox~n 61 (Chu et n l  198'1 Tht. r~ptcrii,~l cone tbnr~.rt!o~l (11 ,~nt~l)otilt-\ .~tlrt 

enzyme marker u\rd In tht. a\wy wt.rcS de*tc~rlnlnc*d u \ l r l ~  ,I t 1rt.t hrlr l )e~ .c r t i  

trtratlon test. M~crotltre p1,1tw wt.rca I o.lt(~i with 1 0 0  111 111 .c~l,tt(~r~n, i~olyt Ion.11 

ant~bodles (1 80,000 tl~lvtlon) A1tt.r o\c, r r~~~ht Incul~,~t~c~n 1111, wc-ll, wckrtl 

wdrhed four t~me\ with PB5-1 ,~nd 1hc.n Incul~~ltc~tl w~th 2 0 0  111 (11 11loc h l n ~  

solution [0.2% (m/v) BSA In PB5-T (BiA-PB\-T)] .I[ 17'< 101 I 0  r r i l r l  1111. wt*ll< 

were washed tour tlmt>s w~ th  PBST Tox~n \t.~nd.ird\ (11 \,lr~~l~l(.\ d~\solvcvi In 7'%, 

MeOHfPBS In Sop1 volume logc.th(.r w~th  50~11 01 tor~ri I,~l)c~ll(*d w11l.r IIIP 

en7yme (d~lut t~d In BiA-PBS) wc.rtb dd(it.d lo c S d c  h wc*ll ( orTrl)cbtctlon wd\ 

between Idbelled toxln ~n BSA-PBS and unl,jt)c.llr-d loxlrl i>rcbrc.llt In the. \.rrnpI(. 

Enzyme labelled tox~n dttdc ht~d to thcx .11111l)ody w.t\ ( l~* lc* t  tod Oy d0d1np .I 

su~table substrate 

ALP substrate Pdra-n1trc,-l,hrnyl1)ho\1~I1~111. (Irnp,/rril) ,idtJt.d lo IO'L 

dlethanolamlne pH 9 8 

HRP substrate K~rkegddrd dnd Ptxrry (50-76-05) 

PNC substrate 15  mg broniothymol blue (BTB) 111 100 ml 01 0 01 M NdOti, 

alkal~ neutrallsed by ddd~ng 0 1 N HCL drop wl\cb unt~l thv pH of lht@ \olul~on I\ 

7.2. Sod~um pen~r~ l l~n-G wa5 ~ncorporated at 0 5 mdnll (w/v) 

Calculations: Standard curves wwe obta~ned by plottcng log,,, vdluc.\ of toxin 

standards against opt~cal denscty at A ,,,,, lor ALP, A ,,,, for tiRP and A ,,,,, for PNC 

system. 



5.1.3. Qualitative Estimation: DipStrip €LISA 

Preparation of membranes 

To prepare test strtpq l r m  k 1 5rrn \ertlon\ ot thr Inimur1odvnt- Irnniun<)attrtitty 

membranes were mounttxd onto l c m  x b c m  l)I.~\t~c \trl)kn)rt, with ,I doublr. 

srded adhewe layer An area ot the ~ncvnbraric> (,q)oro*~nl.itc~lv % nvi i  111 

drameter) was coated w ~ t h  JpI of the rtX\pvctIvc> l~o l~~lor i .11 or tilono( lc)nrll 

antibody In an approprldtth drlut~on In PR5. .lnd thc.ri thc~ ttA\t \trll)\ wt.rtB drlc.d .at 

35OC for 30 rnln. To I~lock frc.1. l>rotc~~rr - t~~~i t l~r ig  sltc.\ on ti i t. riit.nil)t.~nc~. itit. 

strlps were ~rnrnersed In 2%. m ~ l k  1)owdc.r l)rcq,.~re.ti r r i  B\A-PBI-T tor 2 0  nilt i 

F~nally. the strips were drtc.tj .igaln and stortd at roorri tt-riil)ttr.lturc., 1irotc.t t rd  

from l~ght  and humtd~ty 

Test procedure 

To perform the tcAst \trtp d\'dy, GI \oluttori ot l)itrcs tox~n \t,~nd.~rtl 111 PB5 

contalnlng 7OIc ,  rnethdnol wa\ nilxrd wlttl tox1n-R5A-c ori~u~,tlt'd 10 lt11. c.n~ytiic. In 

a plastic test tube. Solution\ not c.ontdlnln): tokln \vc.rc. 1)11.(),1rf.d .)(c o t d ~ n ~ l y  to 

serve as negativta control. Tcz\I stril)\ wet(> int ul).il(.cl tor 1 0  riliri '11 room 

temperature, wrth gentle shdb~ng I h t ~ n  c..~ch \trio w.i\ w.c\tic*(l ,tnd th(3 c.nrynic4- 

labelled tox~n  attdchrd to thr dnt~body W,I\ d(~tc~ctt.d I)y .ldtf~ng '111 ~r~\olut) lv 

chromogen~c substrate Tht. substrat., for HKP W,I\ 1MB nic.rill)r.~nc. pc.rowrtl.iu. 

(K~rkegaard and Perry 50-77-00) ,~nd tor ALP, 51grn.1 1,1\t '"' F.~st K(.d 

TWNaphthol AS-MX IM ~r,\olut)le dlkdl~nc. phosph.rt.r\c. \ul)rtr,itt. w ~ t h  11nM 

levarnlsole (S~gmd F 4523)  Sut,str.rtr\ wrrv prc.[)drc*cl .rccorri~rlg lo thch 

manufacturer's In\trurtlons 



5.2. RESULTS 

5.2.1. Efficacy of DC-ELISA for quantitative estimation of aflatoxins utilizin~ 

three enzyme systems (ALP, PNC and HRP) 

Among the three enzyme s\*\tehnl\ ttbstiad. HRP (on1ugatt.t l>rt.p,trc-d by pt.~ll>clatc.. 

ox~datcon method and PNC ( on)uR,itc.\ prc>l).irt.d b\ \~cigIt. I>r~dgcs ~ltr~c~c,cldt~livdt. 

method were more eftectlve and c ovld he. us t~ f  at d~lut~ori \  ewe t r ~ d ~ i i g  1 1 5.(W)O 

ALP conjugate could bc u\ed at 1 2 0 0 0  Meatti~nol prt.\tsnt In tht. \~ r i i ) ) l r .  dcd riot 

~nfluence the rclactlon Till\ I\ tht. f ~ n t  t ~ n w  ttiat PNC svstcvn h.i\ \uccc.\sfully 

been apphed \uccr~\full\, tor ,tfl.ttox~n r\t~niatn)n hy f 1\44 PN( sy<ttsm ofiltbrs 

opportunctles to devvlop an Inc,x})c.n\lvc, me.thod tor .~ f l~~ le r \~n  c~\l~ril. lt~oll 

5.2.2. Test Strips 

Non-speclflc covdlent k~cndlng ol thc tox~n-c.nr\~mt. ( orilt1g.11~' 10 t I 1 c e  n~c.mt,r.~rlc~, 

not bound by the dnt~body, W,I\ ~ u c  ( t ~ i u l l y  I,I(J( k t ~ i  w~ th  .! ', 1111lh ~)owtlt.r Ari 

~ncubatcon tcme of 3 0  mln WAS \ui f~t lc~nt to ,I( t>t(.\t> 11it. olrt~rnr~rn rc.\ult\ A 

reduct~on of ~ntc,rvals o i  Inc uhatlon to 5 mln rc*c~~ltr.d In WI-,IL rch.tc ~ l o n  Inlc,rval\ 

longer than 30  mln d ~ d  not Inil)rovc, ctrloirr Intc~n\lly 17tr(- 10 1 1 1 ~  InvcBrscl 

relat~onsh~p between toxln contcJnt .lnd colo~rr d(.vt.lol)mt.nt, 11 WCI\ c-\svnt~al to 

deterrnlne the lowt~st (onccxntratlon rf tox~n roqu~re-d to give. .r rcs.ictlon w ~ t h  c~ut 

any rolour development Sample\ w~ttiout toxln ~ a v v  thv m.ixlrnuni colvur 

cntenslty 



Table 7. Est~mates of w~th~n-asuv and tnter-asay var~ab~l~t) of AFBl ctand.ard 

curves by DC-ELISA 

PNC.AFB 1-BSA (1 :15000) 

1 1 0  9  5 4 0 3 ( 1  2) I00 + 0 8 ( 7 8 )  

2 2 0  199  4 1 4 ( 7 1 )  2 1 6  4 l O ( 4 6 )  

3 4 0  36 7  + 2 0 ( 5  Z) $ ~ # ~ l  + % 2 ( 8  1) 

4 8 0  78  8  ? 7 5 ('1 51 7H 1 1 7  5 (0  6 )  

5 1  00 10 3 5 A [I 6 (1) 3 )  1 0 1  2  + O H ( ( >  7) 

6  1 5 0  109  I 4 3 8 ( 3  4) 14'91 + 4 7 ( 1 1 )  

7  LOO 2 1 1 1 k 9 0 ( 4 - i  . ' 021  A l f > ( O H )  

'Values are means + SD (O IoCV)  



Table 8 Compari\on of e t t l r ~ r n c ~  and (os~uhrc-t~venes\ of DC -€LISA \ r~ th  the 

t h ~ n  layer chromatography and h~gh prtornianc t. Itqutd t tirom.atograpli\ 

Property T LC t {PI ( ~ L I ~ A  

Extraction of sample< [wr da\ N 4 113 two  la)'< 60 

Analys~s of samples p e r  day 36 2 4 100 

Cost/sample (R\ ) 88 1000 '3 0 

Equ~pment (Rs 0 I 4 5 I 2 0 

Analys~r of more than on(. torlri at CI tlnic5 Not \rr) l'c~r\~l)lc. t'o\\~l>la~ 

Vffl( lt*lll 

Throughput NO! [XI\\II)I+- l ' o ~ ~ l ) l + ~  1'1 1\\11>lt- 



Ftgure 12 Standard (untch\ t o r  AFB1 b\ DC-El I \ \  .it t11ttc.rt.nt d~lu~lon\  of A t B l -  

BSA-HRP, AFB1-BSA-PNC .and SF 01-B\A-41 P ( ~ I \ ~ L I R . I I ~ - ~  

+ PNC 1 10000 
-+-- PNC 1 30000 -- HRP 1 10000 

HRP 120000 
-- ALP 12000 

ALP 1 4000 

0 0  ' 
I 0 1 

Log AfB1 Conc (nglml) 
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Chapter 6 

Analysis of Foods and 
Feeds for Aflatoxins and 

Ochratoxin A 



6.1. MATERIALS AND METHODS 

6.1 .l. Collection of sample 

A total of 226 sample\ ot thc mo\t wldel) u ~ t r t  \p~(c,r 117 Ind~dn (ooh~~rg,  L,l.ic L 

WPper, thlllle\, c0rlandf.r. glf)Kf>r dnd tiirmer~c utbrt. waltz ttbd 1o1 ~hta cs\tlm,atlon 

of O A .  Dried chllll pod\ wcvr ( o l l e~  trd trom rnarhc%t vard\ and (o ld <loraKt- 

un~ts of the two mdjor (h1111 growlrig ,III~.I\ l e i  !tic. stdtt. ot Andhra Pr.rdf*rh 111 

India, namely Guntur and Khammarn dt\trtc I\ Frem 50 kn b,~g\, approx~nidtely 

one kg sample was drawn trom v.vt*ral oornt\ A tot.~I (11 AO ctmplca\ (70  trom 

market yard< and 10 from cold \tordgcA un~t\) wr3rc, (ollcr 1t.d and gradtbd to thrcw 

types, grade-1, grade-2 .~nd ~rddt.-$, b,r\e.d otr thc~ clodl~ty 0 1  Ihv potl\ (8t.~d(*-l 

samples were of good q u ~ l ~ t )   rid ( o~~~ l r i t . c i  tttII\ 1n.iturt.ci l,c,dr rno\lly frc~rn tht* 

ftrst p l u c k ~ n ~ ,  thdt wtarc> unbroh(m, I ~ r ~ ~ t i t  ~ c ~ d  I c~lo~rrt.tl .ind .~l)\olutc~ly t ~ t * c ~  froni 

pod d~sedses, In\rct d,~en.tgc. and rnoul(i\ (,e.ttic.-1 Ii.rtl \.rniplc-\ of rir~*tt~orn 

qual~ty and s l r c b  dnd only .I few ood< v.tbrc- cl~\~c,lottrc.tl ( , I ~ I ~ c - - ~  \,11ii11It~\ 

conta~ned mouldy, ddm,~#c*d and d~\coloi~rt.ti  pod^ Ic~tt t~vc.r wlicw \oond ~ o d \  

were mechan~tally \epdrdled from t l \ t ~  produ(t, In ,~( i ( l~ t~ot i ,  2 0  ( l ~ t f t ~ r t - t i t  l)r.tn(i\ 

of r h ~ l l ~  powder\, 25 turmtsrtc, 50 (or1,111(le*r, ~111xe~c , ~ t i ( l  16 BI'I(L l)tBppc+r 

samples were purch~\ed from ret,~~l \hop\ 111 100 g clu,lnt~l~c-\ Hl.lc h ~ ) r ~ p ~ c v  .~nt l  

cor~ander were purchased d\ \e.e.d\ .rnd lurnifbrlc .inti glnRtbr wcsrtB I )o~~ght  .I< 

powders. 

A total of 216 poultry fwd  umplw,  groundnut (,~kv, m,tl/eb, m~llt.t\, rn~xc.d 

feeds, rlce bran, sorghum, soyl)c.,~n and \untlowe.r wcsrcb c~lso (olle.c tthd from t t i ~ .  

poultry feed rndnufactur~ng (ompnnlr\ 

6.1.2. Preparation of samples for ELISA. 

Samples were thoroughly m~xed, thrcle ~11quot\ ot 50 g wcSrc. drawn dt i t l  ground 

to a f ~ n e  powder, of wh~ch 15 g was protessrld for ELlSA €dc h 1 5  g tyuant~ry ( ~ n  

finely ground form) was extrdrted In 75 mL of a ni~xturr* of mrlhanol-watcsr and 

KC1 (70:30:0.5°/0) by blend~ng In J War~ng blc,nder followed by shaklng for 30 

min. The extract was filtered through Whdtmdn No 41 filter pdlwr and d~lutpti 

to give two-fold to ten-fold step-WISP d~ltutlons tn PB5-T-BSA for protec$lnu by 

ELISA. 



6.1.3. tndirect competitive ELISA procedure for processins the camplw 

An ~nd~rect ELlSA protcdure wa\ wed r11.1t \\,I\ vtn~lar to tt1.11 dc.\t r~tw.d In tt~c. 

sectlon 5 1 1 for e\t~n>at~ng dll,~to*~n\ <tnnd.trtl ~urvt . .  w c ~ v  ohta~nc.d IN  

plon~ng log,,, valutv of tok~n \t.~nd.trd\ .!K.cln\t r ~ p t ~ t ~ l  tit,n\~t) at A,,,, 

Concentration of toxln In l l i ( z  \,rrnplt> vxtrdt t \%,I\ tl<.tt.rm~n~-d trot11 t l i t .  \t,~ritl.trd 

curves and expr~\ \ rd In jrfilhg uvnK thr t(1rn1ul.r tokln (olicc*tItr,ttlon (trvtnl) In 

sample extrac t x d~lut~on w~tt i  butlcv * I-xtr.~c tton \olvc.nt volurnc. uw.tl ctnl) 

/sample wwght (p,) In ordcr to the- rcAco\t.r\ ot tok111 trot11 1 ') g qi~.ttil~ly 

sample\, they were, y t k c v l  w~t l i  toxln ( onc t.ntr,rtlon\ r.triglnq trotn 1 to 100 

&kg Sp~ked s,tmplt.\ wc*rt. t.xtr,ntttbd u ~ t h  rnt~rt~.rtiol .I, (It.\( r~t )c-c i  .~nd the-11 

d~luted In PBS-T BSA 



6.2. RESULTS 

6.2.1. Effect of sample extract on ELISA 

The ELISA procedure uwd for the estlrn'tt~on ot 0 4  tn sp1tr.s d ~ d  not at t~r\t give 

accurate results presumably due to ~ntent~rt-nrt~ vt sul~stant c*\ prc*\t.c~t tn the 

extracts of sptces. To rontlrrn that ~nterttvt-ntr. In t LISA WJ\ due. to \ubst,tntr*\ 

In spice samples, OA stand'lrds prt3pdrc.d In PUS-T U3A wcbrr con1p.1rt.d with 

those prepared In extracts of spices trecb trorn 0 4  < u w ~ s  wchrc. totlnd to bt. 

Influenced by \ub\tdnc e\ prtwnt In dlftertwt slice c. cs\tr.3c t \  ( F ~ ~ u r e  1 1, 14) As .I 

result ~t wa5 eswntlal to prtzparr the \tdncjdrd rolut~on\ lo c.ztr.tc I\ trom toxlri f rc r -  

samples Prequmably, thv wrnplt. cnxtr,icts c ontd~ncad -.ul~sr.~~lc (* \  th'~t I>lnd lion 

specif~cdlly to IgC's and thu\ ~ntc>rtc.rta 111 FLISA \o '1s to c,ru\c. 111)n \pc.c~f~c 

reactlon 

6.2.2. Recovery of aflatoxins and OA from samples 

Extrdctlon of \drnpl~\ In 70 '%, nit,th'inol tollowc~tl I,\ 1 0  tlrrirar el~lut~e,n 111 PUS-1 

BSA gave > 90 % rcXtoverlc+ (or atlatox~nc In ~)oultry tc.r.tl ~ngr~*d~c.nts Of foul 

OA extractlon procrdur~s trlt'd (Sun~\oo ( s t  , I /  , 1084, ( ,lndllsh c.1 . I /  , 1988, 

Ramakrishn~ pt a / ,  1990, Bdrna-vrtro cat dl , 10r)bJ tor Irroc cusslnx c h ~ l l ~  \,tmplc*\ 

for ELISA, extractlon In 70% mc.thanol follow+*d l)y 4 t~nit-s d~ lu t~o~r  111 PRS-T 

gave 90°/0 recoverlr2\ In sp~ krd \arnplt.\ The, nit..ln rcLc ovc.rlcbs from ( 111 111 

samples devold of OA, solkrd w~th  1 to 100 jrK/kg OA, wcsrc. 0 I t o 1  l O f  (Tdt~lt.  

9). 

6.2.3. O A  contamination in selected spice samples and allatoxins and O A  

contamination in poultry feeds 

A total of 226 selected sample5 of blac k pepprr, (hllllr\, (orlandrr, glngrr and 

turmerlc were dnalyzed for the pr(>srnce of OA OA wcr\ found lo rxcc-cvl  10 

pgkg in 14 (In the range of 15 to 69 pgkg) of 26 bldt k pcppc'r \arnplt*~, 26 ( ~ n  

the range of 10 to 120 & k g )  of 100 c h ~ l l ~  wmplt.5, LO (In the rdngcJ of 10 to 51 

pg/kg) of 50 coriander samples, 2 (2 vfig and 80 pp/kg) of 25  glngrr wrnpl~5 

and 9 (in the range of 1 1  to 102 pB/kg) of 2 5  turrnrrlc samolrs Th~s 1s the flnt 

record In lndla of the occurrence of OA In the most wldtlly u c d  splres In 

Indian cooking 



A total of 216 ~ u l l r ) .  tcrd unip l r \  (groundn\tt (aht*. rn.clzr, rn~llt.t\, m~xtu l  

feeds, rlce bran, wrghum, \ovbran and \itntIowt.~) wcart. an.~l\\rci tc)r tttc~ 

presence of aflatoxtns and 0 4  Atl,ttoxln~ wrrt. tounti to t - ~ t  t h t d  10 ht&.g 10 1 0  

( ~ n  the range of 50 to 2700 11p,/kg) ot 27  groundnut ( .ILV w~nplt*\. 41 (111 Itit. 

range of 10 to 300 pfig) of 9 5  rnalrt. \.lmplr\ 1 ( 2 0  11p,Xg1 ot 8 1i1111t~t sitnl)lt.\. 

18 (10 to 1500 p$g) ot LO m ~ w d  trrdz 3 (In f l i t -  r . i r i ~ t ~  ot 10 to IfW) 1rWfl~) ot 

14 rlre bran sarnpl+.\, 6 ( ~ n  ttit. range ot 1 0  to 350(1 11Wflg) ot 10 \otghulii 

samples and 5 ( ~ n  the r'lngt. ot 30 10 5 0  pdhg) ot 10 \itntlc~wc~r \.trnl)ltb\ No 

aflatoxln contdmlndt~on WAS tit~trctcd In 3 \ovl)c-an \,~rnl)lc.\ 0 4  W.I\ tound to 

exceed 10 plJkg In 1 (73 pdhg) ot 2 7  groundnut t . 1 1 1 b  \.trnpli~\, 2 ( 120 11W/kg 

and 145 pp/kg) of 8 m~ l l r t  \~niplvs, 1 ( 26 prJkg) 01 14 r r c r .  I )~ , r r i  \.lnipl~.s, (In 

the range of 10 to 400 pdkg) ot 2 9  \orghurr, \~niolt*\ 1 00 j lyJL~) o f  10 

sunflower sample\ No O A  (ont,initn.ttlon w,tz tourid Irr  0') 111.1trt. \.~ml)lt.\, LO 

m~xed feeds and 3 soybt.,in s'iniplr\ 



Table 9. Recoven ot O A  Iron? antt~ct~ll \  rontamtnatc.d Xpttr un>plc.\ a\ 
determined by ELIS4 

Black pepper 
1 5 
2 10 
3 50 
4 1 0 0  

Coriander 
1 5 
2 10 
3 50 
4 100 

Ginger 
1 5 
2 10 
3 50 
4 100 

Turmeric 
1 5 

2 10 
3 50 
4 100 

4 7 1 + 0 L'I 
'f $0 1 0 7 4  
49 5 1 0 -1 
1 0 i 9 t  5 4 0  

' Each sample was sp~ked wtth a known contrnrrdtton of <)A, r.xtr,rc 1c.d tn 70%' 
methanol and assayed Data reprrhsrnt mwn ot thrr.c. rc*pltc,~l~ons 4 5D 

Determined by the formula, detet ted O A  (&kg1 dtvtdrd by tht. (on( cAiitr~t~on of 
O A  used for sptking and multtplted by 100 Valuc-s art. rnt.dn5 ? 5D 



Table 10 I n c l d e n t r  a n d  range o t  O& 1r1 CI~IIIII-\ ,I\ ~ i t . t ~ ~ r n i ~ n t ~ i  0) 11id t r (~-1  

Black pepper 1 Ji?(l 5 4 H 1 [I 

(Market yards) 

Chllllrs g radc~ l  .'!I4 1 4 

(Markrt yards) 

Chllltes grad<.-.i H I  i 1 ' 1  

(Markel yards) 

Ch~ l l ~es  01 1 0  I I 

(Cold slorage) 

Chllll pow(lc.r< 1412 I OI, 

(From wper rnarkt.r$) 

Coriander 2111;~l 4 0  1 (. < I I1 

Ginger 212 ', H I  0 1 0 

Turmeric 9 i 2  5 i b \ I 1 

see text for details 



Table 11. Inc~denct. and range or gal la to*^^^ (4F) .wd O A  In poullry rtvvl wnjplt,\ 

as determ~ned b) l q d ~ r w t  (ornpPtltl\~t' ELlSA 

AF ~ n d  0% < un\,~~ll~ii,lllolr 

Sample type ' lnttdencr ': t,nt~mttiat~<,n h > ~  01 \.WI,II~% N ,111 .~~I.I~C~III A O A  

GNcake 10127 1'2' 3 -  50 (I 1 11 I 4 0  

Mawe 4 1 1  1 '  4 )  0 1 ,  11 '1 o H (1 '1 0 

MIIIRS 118 :I8 I.' .'i 1 11 I) 11 0 11 1 1  ! 

M~xed fwd\ lH/lO o:jO (41 0 I1 0 i 0 I o i 0 

K~cebran 1/13 1/14 21 ' 1 1 11 0 ! 0 0 0 

Sorghum I . !  I,! .'O 4 1 : ! ! 1 0 I 1 5 

Soybean 0!1 O l \  I) 0 I) 0 I) 0 11 (I 0 0 

5unflower I 0  1/10 10 I1 I '2 I 11 0 0 0 

' See text for deta~l< 



F~gure 1 3  Effecl ot t h ~ l l ~  rwtr,act on tht. ~t.~ridard c unf* of 0 4  I)\ ~cldlrtr t 

competltlve ELlSA Stand'lrd c urvtS\ wtxrth prcy~~rt~f  tor 0 4  \t.lnd,trd\ 1~1tl1rr 1)) 

dilut~ng In BSA PB5-1 (e) or In B5A PB\-1 cor\t,~~r~tng '",~nlc~th.~~~ol (m) or 111 

BSA PBS-T contalnlng (h1111 cT\trdc I (A) 



F~gure 14 Effect of 5plces extract on the standard curve ot O A  by lndtrcvt 

cornpetit~ve ELlSA O A  stdndard curve\ prepared In 7"1,, methanol ( ), Bldt h 

pepper(*), Cor~ander ( ), G~nger ( ), and Turmer~c ( ),extra< 15 
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Chapter 7 



7. GENERAL DISCUSSION 

7.1. Production of antibodies against aflatoxins and ochratoxin A 

Mycotoxlns are low moletular we~ght compounds (I e haptens, 300-400 MW) 

and by themselves are ~neftectrve to st~mulate the Immune system to product* 

ant~bod~es Therefore, they mu\t be I~nked to a higher molecular w'1gh1 rdrr1t.r 

antigens, e g ,  a proteln, In order to ~nduce dntlbody productlon Sevt~ral 

mycotoxlns do not have a free reactive site for coupl~ng to prolrtn and 

therefore requlre to be derlvatlzed Thr conjugation trc-hn~ques for myc otoxlns 

have been extenslvrly rev~ewed by Chu (19861, all uslnp, the standard 

approaches for low niolet ular wr~ght haptens, sut h as drugs and hormones 

Aflatox~n B1 was derlvatlzvd to d cdrboxymethyl-ox~me dt c yt lopenten(. 

posltlon Ochratox~n A has d free rdrboxyl~t group (F~gurc. 1 )  and therc4ore 11 

could be dlrertly 11nkt.d to a proteln In this study hapttws were not (onjugattad 

to carrler molrculrs and Instead tommerc~ally available aflatoxln B1 and 

ochratoxln A (onjugated to bov~ne serum album~n wcw employed for dnt~body 

product~on 

Polyclonal antibodies 

The frequently used method for the production of polyclonal antibodic?~ 

comprise multiple-site intramuscular injections of rdbbits with mycotoxin 

conjugated to a protein, followed by a booster normally 6 weeks after the 

initiation of immunization schedule. This procedure was tried in this 

communication as well as in a report (Reddy et a/., 1988) and the antibody titre 

for AFBl did not exceed 1:10 0 0 0  by ELISA. As a result, a modified procedure 

was adopted that involved several subcutaneous injections at multiple sites 

followed by a non-immunization rest period of six to eight months and a booster 

subcutaneous injection soon after the rest period. This procedure resulted in the 

production of high titered antibodies for aflatoxins and ochratoxin A. Polyclonal 

antibodies produced for aflatoxin 0 1  recognized all the four aflatoxins, reacting 



relatively well with 61, 62, GI and weakly with G2. In contrast, polyc.lon,~l 

antibodies raised against ochratoxins were found to be specific- to ochratoxin A. 

Monoclonal antibodies 

The maln alm of generating monoclonal ant~bodle\ was to obta~n .~nt~bod~t\s 

w ~ t h  appropriate antlgen affln~ty, negl~g~ble cross reactlvlty and ti~gh st'nsltlvlty 

The produitlon of monorlonal antlbodles 1s dc~pendent largely on t t i c s  

lmrnunlzatlon schemes, tuslon proredurts\. and ~ t a b ~ l ~ t l t * ~  of the tiybr~d (1ont.s 

The f~rst step ts to obtaln as many ant~gen-spec~f~c monoc lonal ant~bodles a\ 

poss~ble When mmunlzatlons were done by tonvent~onal method\ (Candl~sh 

et a / ,  1990, Wang cat a / ,  19951, very few mono( lonal ant~bodl(~s wcarta 

generated Interestingly, the same group of mlcc. gave bettt%r Immune response 

after a long restlng period, and a booster trijectlon Th~s presumably rc3sulted In 

the accurnulatlon of B memory lymphocytes w ~ t h  ti~gh aff~n~ty to Ip, rcAc eptors In 

the spleen, there+\ c.ntiant Ing the. (hantes for s~*lect~ng hyt)rldomas Boosti~r 

Infections have been glvtan normally 3 days prlor to rrmoval of spltkrn for fus~on 

(Candl~sh et a / ,  1990, Ward t.1 a / ,  1990) In contrast, boostrrs were g1vc.n 18 

days before fusion Th~s was attempted betausr booster 1nlt.c tlons gtvrn 3 days 

before fuslon (protocol 1 )  resulted In the selection of only a few monoclonal 

ant~bodles Th~s 1s the f~rst tlrne that a rest perlod after ~n~t~.i l  Immunlzatlon tias 

been shown to contrlbutr to enhanced generation of monoc lonal ant~bod~es It 

15 currently not known l f  th~s protocol w ~ l l  tonslstently Icbdd to tht> gchneratlon of 

ant~bod~es w~ th  w~de varlatlon In affln~ty In part~tular w ~ t h  hapten5 Monoclonal 

ant~bod~es produced by Candl~\h ef a / ,  (1990) were largely speclflc to 81 w ~ t h  

poor cross reactlon to 82, G I ,  and G2 aflatoxcns However antrbodres reported 

by Kawamura et a / ,  (1988) were h~ghly spectflc to 61 dnd showed parttdl 

react~on to G1 On the other hand, Hefle and Chu (1 990) reported equal cross 

reactlv~tles w ~ t h  all the four aflatoxlns The wtde varlatlon In the spec~l~cct~es of 

monoclonal ant~bod~es obtalned In th~s study for four aflatox~ns has so far not 

been reported to occur In the products of a slngle fus~on The ant~bod~es 

produced can be used e~ther to est~rnate 81 alone or 61, 02 and GI S~nce G2 

IS the least toxlc of all the four aftatoxins, and IS not known to occur w~dely 

(FA0  Food and nutritton paper 14/10, 1990) In foods and feeds, th~s deflc~ency 

IS unl~kely to contribute to Inaccurate estlrnatlon of total aflatox~n content. The 



clone 10D5-1A1 1 (Figure 5) could detect as linle as lpp/ml of AFB1. This i s  in 

contrast to the limits of 200 pg ml.' reported by Candlist~ er a/., (1985) and 10 pg 

ml-' reported by Ward H a/., (1990). 

Mimotopes 

The results of panning of random phagd~cplayed pept~de Ilbrar1(1< show~d that 

11 IS poss~ble to obtaln pept~dt>c that mlmlc the b~ndrng of dflatox~n B1 to 

ant~bodtes ra~sed against 11 However, wtth one 01 the three MAbq tr~tnd no 

mlmotopec were obtatned from e~ther Ilbrary Thl\ MAb docs\ not cross-rt>'~(t 

w~ th  other aflatox~nz (Th~rumala-Dcw~ et a / ,  1999) and 11 1s poss~blt. that r h ~  

epltope ~nvolved In th~s h~ghly \pec~flc b~nd~rig cannot be m~ni~cked by 

pept~des However, mlmotoprz wtvr obta~ntd to thc othcr two MA[)< thdt thtwa 

had s~m~lar properties to the toxln In ELISA teqts All mlmotopc2\ rr'~c tc~d cbqually 

well w ~ t h  polyclonal anttbod~es In a rompetltlvt. ELISA, ,lflatox~n B1 could 

compete w~ th  the  elected peptlde~ lor blndrng to MAb, w h ~ l ~  the \yntht.t~c 

pept~de also competed w~ th  afl'~tox~n for b~nd~ng to the \am(% ant~hody Thrs 

strongly suggests that these clones b~nd  to the \ame ant~gc*n-blndlnp, s l t r  of thr 

MAb However, In comp(ltltlon ELI5A w~ th  allatox~ns 82, G1 and G2, thtx 

m~motope from the set b~nd~ng to M4b 24 was d~ff(.rrntly dffc1ctt.d by 

compet~tton from the one blnd~ng to MAb 13 (F~gurr 2) The d~fft*renctls among 

the slopes reflected the extent of cross-reactlvlty each MAb had w ~ t h  

heterologous aflatox~ns For MAb 24 these were B1 - G1 > > 82 and G2 and 

for MAb 13 B1 >G1 - 82 > > G2 (Th~rumala-Drv~ er a l ,  1999) Thu\ In these 

tests, G1 showed the same aff~n~t~es Thl\ suggests that the change from a f~ve- 

membered rlng to a SIX-membered rlng contalnlng an extra oxygen atom that 

distinguishes B1 and C1 from 82 and G2 alters the accuracy of the mimicry by 

the peptides more than does the change from a single bond to a double bond, in 

a different ring, that distinguishes 6 aflatoxins from G aflatoxins. 

The amino acid sequences of the mimotope peptides differed among the clones 

isolated, although there some residues, especially aromatic amino acids were 

abundant. MAb 24 mimotopes contained one or more tyrosine residues and 

MAb 13 mimotopes contained tryptophan residues. This may reflect a degree of 

molecular mimicry by the ring structures in the aromatic amino acids for the ring 



structures in the aflatoxrn molecules In sequence, the MAb 21 nilmotopt. 

pept~des were unrelated to those for MAb 13 Precumably the blndlng pc~kets 

In the two MAbs d~ffer apprer~ably despcte the c~mpllc~ty ot the coninion 

lmrnunogen to whrch they were rats4 

By ~ t s  nature, the phage d~splay method tends prelermt~ally to ikol,ltt. \trongly 

b~ndtng phage. The re>ult< show that aflatox~n MAbs s t h l t ~ t  ec.verdl 

approx~mately equallv strongly blnd~ng prpt~dec Thcs contr,ist\ w~ th  thts rr\ultc 

obtalned by Yuan et a / ,  (1999) w~ th  mlrnotopr\ leoldted from an unc onstrd~ncsci 

l~brary for MAb\ spec~flc to the toxtn deoxyci~venolol Pocc~bly, thca mlmotope 

these authors obtained I\ much ctronger b~tidcr than any otht~rs pre\tbnt In Ihcb 

l~brary used for the pannlng 

Aflatoxlns are important humm and an~mal toxin\, and s o  cartJ must br t,lkt>n to 

avotd d~rect contact during dcialyk~c The posc~b~l~ty of rt'pla(  rig tox~n\ 111 

dldgnost~c procedure5 w~ th  pre\um~bly non-toxic pept~dt+ should thtsrc~fore 

result In enhanced Idbordtory and tbnv~ronmental saftlty T ~ I \  adv,~ntagt. t o i ~ l d  

be even more marked when d~agnostrr test k1t5 are uwd In "the fltald" by 

relatively unsk~lled operators unused to I,*boratory dtsc ~pllnc, 

Although many rnlmotope pt~pt~des for proteln antigen5 hdvc~ been ~sol.~ted from 

phage-d~splayed pept~de llbrarlee (r g Hoes\ et a/, 1993, Scott r3t a/ ,  19921, th~s 

1s only the second report of mlmotopes for a non-prote~naceous, low molt~cular 

wecght mycotoxln and the f~rst report of aflatoxln mlmolopcs S~xtt~en somcwhdt 

related rnlmotope pept~des that rnlmlc the blnd~ng of aflatox~n to cpt.c~flc 

anttbod~es were tdent~f~ed and the potentla1 for us~iig these pept~dt~s In aflatoxln 

lmmunoassays was demonstrat~d Th~s use of peptide I~brartes as sources of 

reagents In ~mmunoassays could well be appl~cable rn ELISA tests for other 

mycotoxins 

7.2. Development of quantitative and qualitative ELlSA for aflatoxins and 

ochratoxin A estimation. 

Once an appropriate antibody has been produced and characterized, the next 

step will be to develop an immunoassay for specific mycotoxin determination. 



The ELlSA twhnlques used were based on the tompetltlon between mycotoxln- 

BSA conjugate and the mycotoxln In the sample extracl or between toxln prcast.lit 

In the sample and spec~f~c ant~body Both the dlrrtt and ~rid~rtact compctltlvtx 

assays developed exh~b~ted s~m~lar sen\~tlvrtles w~ th  a dettbct~on l ~ r n ~ t  ot 10 pg,k/kl: 

uslng polyclonal antlbodler and 1 pp/kg uslng MAbs The \c,n\ltrvlty of AFBl 

and OA ELlSA are romparable to thoce previously reported uvng tvther 

polyclonal antlbodle5 (Morgan 6.t a / ,  1983, Ler er a / ,  1984, K.lm et . I / ,  1986, 

Chu et a / ,  1987) or MAbs (Ch~bd PI a / ,  1985 and Ramdkrlshnd r t  .I/, 1990) 

Mean recovery of AFBl or OA from sp~ktxd mmples wc,rch > 90% by both d1r1.t t 

and lnd~rect tompetltlve ELISA protedurchs The means w~th~n-ass,~y, betwt>en 

assay and coeff~crentr of varldtlon by c~~ther ELlSA ot both a r t~ f~ (~ '~ I l y  arid 

naturally contam~natrd \ampler d ~ d  not exceed 10't It I\ less than thaw 

reported previously u w g  p ~ l y t l o n ~ ~ l  ant~bod~rr (Kani PI a / ,  1086) ,tnd MAh\ 

(Kdwamura et a / ,  1988) 

A slmple dip strip method wa\ drv~loped for the rdpld t1udl1tdt1vt. t*stlrn,ltlon of 

aflatox~ns dnd OA by ~mrnob~llzlng ant~bodl'z onto a nctroct~llulo~e mt*mbrant* 

The sensitlvlty dnd reproduc~b~l~ty of a solrd support ~mmuno-assay lor a spec tfrc 

antlgen 15 l ~m~ ted  by the ab~l~ty of the arit~bod~es to remaln cjttdrhed to the 

membrane matrlx dur~ng the assay protrdurt. If antlbodlrs detach during the 

handl~ng, 11 can result In a weak colour reaction, thu\ poring ptoblems, 

espec~ally for vlsual evaluat~on By uslng a prr-treated, tommerc~ally a ~ ~ ~ ~ l a b l r  

nylon membrane (Marlow and Handd, 1987), covalt.nt blndlng of thr dnt~bodlt.\ 

to the membrane, dur~ng the procrss~ng was ach~ev~d 

7.3. Analysis of aflatoxins and ochratoxin A in foods and feeds 

The results of the analysis of spices (black pepper, chillies, coriander, ginger and 

turmeric) collected from retail shops showed that contamination occurred at 

higher levels in chillies, black pepper, turmeric and coriander than that in 

ginger. It is noteworthy that high levels of OA (1 10 d k g )  were noticed in the 

turmeric which is one of the most widely used spices in Indian cooking. Analysis 

of poultry feed samples (groundnut cake, maize, millets, mixed feeds, rice bran, 

sorghum soybean and sun flower) for aflatoxin and OA showed that the aflatoxin 

contamination occurred at high levels (3000 jigkg of aflatoxin in maize and 



groundnut and 400 and 150 pgkg of O A  In wrghum and ni~llrts) Soybc.,m 

samples were found to be frcbe from aflatoxlnq and O A  cotitanitciatlon O A  w,t\ 

not detected In malze samples a\ well az In m~xed teed\ 

Growth of the mould and the production of mycotoxin\ i s  dept3ndrnt u()o~i a 

number of factors such a5 temperature, humidity, handling during Ii,trvt*sting, 

and conditions during storage. Thc niaior~ty of foods arid feeti, arc. produccvl in 

countries with tropical climate\, which favour the growth of niouldc. It i s  likrly 

that the lack of sufficient survc~illanct- d,lt,~ on ochratoxtns in >pict.\ in Ind1.1 c,~n 

be attributed to the unavailability of reliable dnalytical t t ~  hniquw. Thv prt-scant 

study clearly showed that the importdnt spices .lnd poultry frc.0 tri~rt-dirnts 

could harbour aflatoxin and O A  a1 Irvc,l\, abovtx thaw pcrmittrd by public 

health authorities. Tht. enzymcx immutioaswys tlrvrlopc~el for .~fl,ttoxins and 

ochratoxin A are suitablr for toxin clcatt~c-tion in n'aturally ( ontamin.att.cl \anipl(~s. 

The methods employed havr the. 'idvantage c ~ f  btsing r,lpicl, \irnl)lt. anel 

inexpensive and thus, highly tontaniinatf.d comnioditic.s tan prc1vrntc.d from 

entering the food as well as feed chain if adc~quate survc.illCtnc.e i s  done. Thth 

development of strategies that c-an minimize their contamin.~tion will I~, ld to 

availability of safer foods and ft,rds and rnlianccd income lo produc.rrs ,)\ ,i 

result opportunities to export. 
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8. SUMMARY AND CONCLUSIONS 

8.1. Summary 

Aflatoxins and ochratoxin A are \econddry metabol~tes of funp (the~relortx c'~lled 

mycotoxins) and have arsunied economlc tmport.+nce, because they ,+re harmtul 

to human belngs, poultry and Ilvtwock and th~q exerts ~ubstantldl ~nfluente on 

the su~tab~l~ty of commodltles for export Alldtox~n\ are potent c,uc InoRen\ nnd 

ochratoxrn A 15 a nephrotoxln Myc otoxln presclnrt> In dp,rIc uItur.~I (c)n7mod1tl('s 

15 particularly unavordable due to tht. unc ontroll,iblt. twv~ronnic~nt~rl c ond~tlonr 

that favour rnycotoxrn contarnrnatlon In order to protect huni'in m d  anln~dl 

health, 11 1s lmportdnt to be able to d r t ~ t t  dnd qudntlty rnycotoxlns III foods and 

feeds, so that the contdrnlndted rndterl,lls cdn be hdndlt~d In d wdy to reduct2 

the~r levels Many d~fferent method\ drtb dvdlldble ( urrt*ntly for the fAstlmdlloli of 

mycotoxins Biological detection methods are not spec I~I( and thcw sensltlvlty 

IS generally low compared to tho\ca of othrr rntathods Physicochemical assay 

methods dre iaborious dnd requlrr expenrlvr ~nstrument,~t~on .rnd c I(s.rn-up of 

the samples To overcome the d~f l~c ultlec w~th  blologlt dl '~nd physlcoc hern~cal 

methods, new ~mrnunologrcdl method5 have bern d ~ v ~ l o p c ~ d  

In most developing countries, limited or no facilities taxist for monitoring 

aflatoxins or othratoxins in foods and feeds. Commercial kits utilising 

immunological methods are expensive, in addition to thc~ problem rpldted to 

importing them. The Food and Agricultural Organization (FAO) of thf~ United 

Nations estimates that 2 5 %  of the worlds food crops are efierted by mycotoxins. 

Therefore for consumption as well as for export, monitoring the foods and feeds 

for mycotoxin content i s  essential. lmmunological methods that use specific 

antibodies and suitable assay systems that are sensitive and cost effective are 

therefore vital to estimate mycotoxins. The main aim of this study was to 

develop highly sensitive and cost-effective ELISA-based methods for quantitative 

and qualitative estimation of dflatoxins and ochratoxin A in foods and feeds, a 

step towards reducing the risk posed by the possible presence of these two 

mycotoxins. 



I. Production of antibodies for aflatoxins and ochratoxin A 

Polyclonal antibodies were produced for aflatoxlns and otlir~itoiln 4 bk 

~njectlng the toxln haptens conjugated to bovlne serum albuni~n (USA) dl 

mult~ple sltes Into rabblts A rnodlfled lmrnirnlxatlon procc.dure rtxscrlttd 111 the 

produalon of hlgh-tltre antlbod~er for aflatox~n\ and o c  hrdtoxln A Polyc lon.tl 

ant~bod~es produced for aflatox~n U1 recognized all the four ,tflatoxlnc, €31, 82, 

C1 and G2  and polyclondl antlbodlw ralwd against othratoxlns weart. found to 

be speclf~c to ochratoxln A 

Monoclonal antibodies: The novel ~mmunlzdtlon st hedule adopted In th~s study 

resulted In the generation of ten hybrldom.15 thdt set reted .~flatox~ti-spt~t 1f1t 

antlbodles from a stngle fuslon Thc~y were h~ghly \ensrtlvcX and showtad '1 wldv 

range of dlfferlng speclf1cltre5 recognlrlng B1 al(~nrz or B1 dnd GI  or 61, G 1 ,~nd 

B2 lnterestlngly all the ten antrbod~es showt,ci I~rt lc. or no cross rcuctlon w ~ t h  

G 2 

Mimotopes: For the f~rqt time peptldes that mlnilr ~ f l ~ t o x ~ ~ i \  B1, 82 and <;I wercb 

selected from two random phage displayed prpt~de IlbrClrl~\, uslng two of the1 

MAbs that d~ffered In the specrfl( ~ t y  Thew peptlde m1motopc.s were tested In 

~ndlrect competctive ELlSA for quantltdt~ve ectlmatlon of dfl,rtoxlns The rr*sults 

showed that the mcmotope preparations are an effective \ub\t~tutt, for purfa toxln 

in these ELlSA procedure5 and suggest that thelr use w ~ l l  contribute \lgnlflc antly 

to enhance the safety of the tests. 

11. Enzyme-linked immunosorbant assays for quantitative and qualitative 

estimation of aflatoxins and ochratoxin A 

An indirect competitive ELlSA was used for the estimation of aflatoxins in foods 

and feeds. In this procedure, toxin-USA conjugate i s  coated onto the microtitre 

plate. Sample or standard toxin, along with specific antibody was added 

simultaneously to the wells. The amount of antibody not neutralized by the 

toxin, will bind to the toxin immobilized to the plate surface and was detected 

by the addition of goat anti-mouse or anti-rabbit IgG conjugated to alkaline 



phosphataw (ALP). The substrate for ALP was pnitrophenyl phosphate. Thcb 

hydrolyzed product (p-nitrophenol) was measured at 405 nm in an ELISA re'tder. 

A raptd and cost eftect~ve direct competitive ELlSA wds devt4oprd tor the 

analys~s of aflatoxlnc In varlous a g r ~ c ~ ~ l t i ~ r ~ ~ l  conirnod~tl~s Thrtv enzyme<. 

alkallne phosphatase (ALP), horstlradlsh peroxlda\t* (HRP), and pt,nlc~lllndsc. 

(PNO were conjugated to commerccally produced aflatoxln-BSA uscng the vngIc8 

br~dge glutaraldehyde procedure for ALP and PNC, and pc*rlod.ttc> ox~d.ttlon 

method for HRP ELISA plates wercA coattkd wlth polyc Iondl .~nt~botf~t.\, followt.d 

by competltlon between toxin\ prrsent In the ~ m p l t ~  wlth thr tbnzymc.-l,lht~ll(.ti 

BSA-tox~n Labelled tox~n attdched to the antibody, ~mniob~ l~zr t l  to tht* platt' 

surface, wa5 detected by ddd ln~ 4 \u~tdble substratr The PNC ,~ntf t4KP 

conjugates could be used at d~ltrtlons t,xcec.dlng 1 15,000 .and ALP conjuK,ite .at 

1 2000 d~lu t~on Methanol present In the zamplt. d ~ d  not ~nflucntr thv rc.dc tlon 

Thts IT the f~rst tlmcJ PNC enzyme has bevn shown to be caffc2c tlve In '~fl'atox~n 

ELISA, thus offer~ng an InexpenslvtA nitathod for afl'itox~n c>stlmatlon 

A s~mple dip strip method wa5 developtd for thr rapid qualitative estimation of 

aflatox~ns and OA Ant1 hodrrs wrre ~mmob~l~zcd onto a nltroc rllulosc, 

membrane Tox~n-BSA conjugated to the enzyme and sdmplt.s cont,rlnlng thr 

toxln were used for competltlon Enzyme-Idbelled toxln .Ittac hcnd to '~nt~botiy 

was detected by an ~nsoluble c hrornogen~c substrate 

Ill. Analysis of foods and feeds for aflatoxins and ochratoxin A 

Aflatoxins and ochratoxin A contamination in selected spice samples and 

poultry feeds was estimated using an indirect competitive ELISA. Samples were 

extracted with 7O0I0 methanol (1:5 wlv) and diluted subsequently to give two- to 

ten-fold step wise dilutions in phosphate buffered saline containing 0.05% 

Tween 20 and 0.2% bovine serum albumin (PBS-T BSA). Each of the diluted 

sample was spiked with 5 to 100 & k g  toxin and tested for recovery. Ninety to 

hundred percent of the spiked toxin could be recovered. The extent of the 

dilution influenced the recoveries. Extracts of toxin-free samples interfered with 

ELlSA presumably due to substances which contributed to non-specific reaction. 



Th~s effect could be avo~ded by preparing all the ted solutions 111 toxin-fret. 

extracts of samples 

A total of 226 wlwted samples of black pepper, rhllltt*s, cor~ande~, ginger and 

turmerlc were analyled for the prewnre of OA OA w.j\ found to red 10 

pgkg In 54"k of black pepper, 26Oh of ch~ll~es, 40'70 of tor~andrr, Huh, 01 glnger 

and 36% of turmeric obtaned from wpermarkcltr This 1s tht, f~rst repor! In lnd~a 

of the occurrence of OA In the most w~dely used \ptces In Indun (ook~ng 

A total of 216 samples whlth ~ncluded groundnut cake, n ic~~ztx,  m~ll~>t\,  m~xt-d 

feeds, rrce brdn, wrghuni, soybean and sunflowtv, ~ntt~nded for 11ic orporat~on 

Into ch~cken feed were andlysed for aflatox~n and OA con!,lrn~ndt~on Afl.ltoxln 

exceed~ng (10  ~ipjkg) was rvcorded In 37"/,, of the groundnut sdmplc-s, 4% of 

rnalze, 12% of m~llrt ,  60% of n11xt.d feed\, 2l0I1, of rlrt. bran, 20'X) of sorghum 

and 504: of sunflowc~r OA contamlndtlon wds found In 4"/,, of groundnut, 25'L 

of m~llet, 7% of rlce bran, 31 % of sorghum and 10"h of sunflower s.~rnples 

Maize and rn~xed feed\ wert. found to be freca from OA and soybcun w,~s fret. 

from both the toxlns 

8.2. Conclusions 
The objectives of this thesis were: 

1.  Production of polyclonal dnd monoclonal antibodies for dflatoxins, 

2.  Production of polyclonal antibodies for ochrdtoxin A, 

3. Development of ELISA-based test procedures for the estimation of dflatoxins 

and ochratoxin A, 

4. Analysis of foods and feeds for aflatoxins and ochratoxin A contamination 

These have been successfully accomplished. In addition, dflatoxin mimotopes 

were selected from the random phagedisplayed peptide libraries. The 

following conclusions are drawn from this study. 

As a result of application of a modified immunization schedule high titreed 

polyclonal antibodies were produced for aflatoxins and ochratoxin A that 



could be used at dilutions exceeding 1: 80,000 in an indirtact and dirrc.t 

competitive ELISA. 

Applrcatlon of a novel Immunlzatlon whedule resulted In thr selt*ttlon of 10 

hybr~domas from a vngle fuwon, of wh~ch one antibody was li~ghly \ ~ ) c ~ c  1t1c 

for 61, four antlbod~es reacted equally \trongly w ~ t h  61, GI and weakly w ~ t h  

62 Another four reacted strongly w ~ t h  81, GI 'and 82 Intc~rc~st~rm~ly '111 tht. 

10 anttbod~e~ rhowed Ilttlr or no I ro\\-rcut tlon w ~ t h  G2 Th~r  wldr v.lrlatlon 

In the speclf~cltles and the number of clontw produced In a vnglr tuslol> hCts 

so far not been reported to occur 

Us~ng phagc~dtsplay tec hnology, twcAnty four r lones wrrc. st~lec ted that 

produced phage\ that bound kpec ~ f~ ra l l y  to MAbs Thl\ I \  t t l ~  first report on 

the select~on of m1motopt.s for aflatox~n\ and thew n11niot1)pc~ pt1agt.s wtbrc* 

used In an ELISA format for dcsaylng aflatoxtn concc.ntr,~t~ons Thc. rcasults 

demonstrated the potentla1 for uslng thew p~pt lde\  In aflatoxln 

lmmunoassays 

The ~mmunolog~cal assay\ developed arcJ wmplt. and \afr to prrformm and arca 

robust and cost-effectwe to carry out on a w ~ d e  \(,11e cn a vartrty of 

laboratory clrcumstdnces and on a range of agrlc ultural (omn>od~t~rh\ Thl\ I \  

the ftrsl t ~me  PNC enzyme could be used 111 dfldtoxln ELISA, thus mdkln)! 

ava~lable an Inexpensive method for aflatox~n estlmatlon 

Analysis of selected spices in India for ochratoxin A contamination showed 

that the contamination occurred at non permissible levels in chillies, black 

pepper, turmeric and coriander. It is noteworthy that the chillies and 

turmeric, the most widely used spices in Indian cooking, contained high 

levels of OA. This is the first record in lndia for the occurrence of OA in 

these spices. 

Analysis of agricultural commodities intended for incorporation Into chic ken 

feed showed that 38% and 6% of the samples contained aflatoxins and 



ochratox~n A, resprct~vely Th~s recults conf~rnmlng tht, trnportanccx ot 

lngredlents prlor t o  lnrorporat~ng them In rn~xed teed\ 

8.3. Scope for further work 

Use of pept~de I lb rd r~e~  d i  source5 of rt..Igtwts In Irnrnuno,lswy\ could bt. 

extended to other mycotoxln\ 

The study on aflatox~~iz and ochratox~n A contamlnatlon 111 spltrs and 

poultry feeds cle.~rly showed t h ~ t  they could harbou~ aflc~tox~ns ~ n d  

ochratox~n A at levels, beyond those pc.rn11ttc.d by pu t~ l~c  hc..~lth , ~ ~ ~ t h c ) r ~ t ~ r s  

and therefore emphas~zes the. ntvd for iurvc.11lanc r ot t h ~ s c  tox~ri\ In foods 

and feeds Drvcloprncant ot str'rtrg~rs w h ~ t h  (,it1 Ic*,ld to rnlnlrnlzcb thtvr 

contarnlnatlon are v~t,~l  to rt.dute r~sks dut. to thew. tox~ns 

Immense potrnt~al ex~sts for attrac tlng fund\ for rc3sc,art h ~ ~ r n c ~ d  JI rtduc Ing 

of rnycotoxln rontarncndtlon rn foods dnd fc~cds 
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Production and characterization of monoclonal antibodies 
for aflatoxin 81 

K. 1. Davi', M.A. Meyo., K.L.N. R d d y ,  P. Dslloaae . G. R d d y ' .  S.V. Rsddy' md 
D.V.R. R d d y '  

'Inlematlonal Crops Researcn lnslrlurr for Ihe Sem, Arrd ,dronlcs Pnlancneru irrdu 'kolf~sh Crop RRM~ICI I  

h6t1tul.5 Dundee UK and 'Osmanu Utirversitv Hrdernbaa lnma 

K DEVl M A  M A Y 0  K L N RtDDI P D t l l O S b i  (1 RLODY b V REDDY ANDD V H RkDDV 

1999 H\hndoma\ that \c~rclcd antthtd~c\ tor r i l a [~~ r tn  Ill ttert r l c i t c d  uslnp 

two rmmunlwtlon p r r ~ n ~ u l \  r r l r r r rd  n l  as 1 ~ n d  I1 I ' r o t ~ ~ u l  \ I\ r \tandord 

~mmuntzautm mrthud rnd rc\ulterl In thr \clclt~un o l  ~ l n l \  r\ttl tlonc\  hat p r ~ ~ d u i c d  

moncnl~~nr l  antthodtc\ rratn\r r i lr to\ ln 111 I n  1rro11xol H :I onlqur ~ n i m u n t i ~ t ~ ~ ~ n  

s~hcdulc a hlch re\ultcil In the rcncrJtlon 111 II) hrhr t i iom~\  I\ ~Icu~IIK~ O i  the 

10, onc  nuh hod\ ~ r r  h~chl \  \ p c ~ ~ l r i  to Ill. lour ~IIIIIHIIJI'\ rcritcd c q ~ t ~ l l \  \ tr i~npl\ 

n ~ t h  Ill, C J I  and \rrrLl\ n ~ ~ h  III \~~o t l i c r  111ur reritcil \ t r ~ ~ n p l \  ~ t t h  Ill and 

at.ahl\ U I I~  I l?  dnd (I l 0111 ililnc r l r l tcd iqur l l \  \rrtrnpl\ u10i Ill. 0 I dtid H? 
Intcre\ttnel\ rll the 10 mrrhod~c\ \hoacd l~ t t l c  or nu tnr\\-ruit lon a r ~ h  ( i ?  

INTRODUCTION IILII\ ~ I I  no1 \an In~n l  h l i ~c l  III hlcrtl rnd r~ldt~~onall\ ,  unlrkr 

Apncultural pr tdu~ts arc oltcn ~onlaniinated U I I ~  lung1 ~ h r i  
can producr ruxlc mcuhol~tc\ rclcned 111 a\ m\iotr~xln\ 

Among thebe. aflatuxrns hr\e asaumcd ctonmnii impilrtancc 
hemuse of thctr tnlluencc an the health 111 hum~n Iic~np\ and 
I~vestock, and on the markctab~lr~\ ai agn~ullural p n d u ~ ~ r  
Aflatoxlnr arc potent wrclnopcntr and ~mmunorupprrb%ltc 
agents In  motit develuplnp uluntrlo 11m1ted or no lac~l~lrrr 
exltit for monttertnp these toxrns In I r ~ d \  or Iced5 I bet rrt 
based on phvslu~hemnal mctht~dr \uch a\ I I ( and 10 a 

ltmtted cxtcnt hiph perfomun~c Ilqurd ehronlato~aph! 

(HPLC) Thac methods arc hhrrn~ur and rcqurrc cxpcnklvt 
tnstrwncntrtlon and dun-up of thc umplc~ lnim~mrdo(nul 

methods which are cost e&lvc and ulaptahlr to thc utu- 
anon In dcvcloang counmcs havc hen rtponcd lor thr 

catmanon of atlatoxrns uslng pulvclonal anlihdm K.hu and 
U n m  1977. Anlauh no1 1989, Zhanp and (hu  IVUq) 

However, c o m m n d  kits uslnp t m m u n u l ~ i ~ l l  methods arc 
cxpmvc,  and In man! counmo u n  hc prohlcmahc lo 
Impon ~mfm,  the nuln aim uf tht\ lnvotlptlon Was Ill 

gmmtc  h~ghlv senntlve antrbudla for thc preclbc andvsl\ 
of eunplcs w~ng hvbndom technolog\ 'he* arc prcfcrrtd 
over p o l y c b d  mnubodta lnmux thelr affinlt\ and # p u t -  

p ~ l \ i l r ~ n r l  r ~ r l ~ h d ~ r \ .  d ~ i  not n c l  ucth 11t11cr allntox~n rna- 
Ic~puc\ H ~ n t  (11 thr rclnlrlr 11ia1 hue appred  sn Irr on 
the p n d u ~ l l ~ ~ n  III I~II~III 111nul a ~ ~ l ~ h i r l ~ r r  i ~ r r  aflru~xrnn hrvr 
r n \ r ~ l \ n l ~ ~ m d r n l  I~I~I~UIIII~IIII~ [rrr~rlwlll\ w 1111 h Include lour 
l~i~raprr~la~ncrl Intciilonr ar *rtkl\  ~ r i~ r r \a l \  ( (~ndl~hh,  Sttm- 
\t,n md  5n11rli IrIHi) III tt i~m~hl\ ~nlcrvalr INord rrrrl I W ) )  

urth allnal ~n imun~~~ ln ,n  I t lr \rpr~vr IIIIPIU~ 'I hcnumhrrs 
111 tl~,nc\ r1111a11ictI 111 cat11 IU~III~ bavr trr lrd I r ~ ~ r n  imr to il 
niaxlnlilnl~~l VSCII I'~II\ 1iapcr ~ l c b ~ r t h ~ r  thr pnrlutt~on and 
~haractcntall,~~~ 01 n ~ ~ ~ n ~ r l ~ ~ ~ i a l  ant~ lndln NIIII h~ph un -  
\I~I\II\ rnd rarilnp $ ~ ~ r ( r h i ~ l ~ c ~  lor aflatux~nr ublnp a novcl 

lmmunlrallon aihcdul~ 

MATERIALS AND METHOD8 

Production d monoclonal mnUbodk# 

Immunrzatmn rhc mmunyrcn uncd wag AFHl BAA um- 
luyllc (25Op~) d~s.wlvul In 2Wpl of 001 mol/l. PllS and 
cmul~thcd wtth an cqwl vnlumc 111 Ircund'r adluvnnt 
(SIP) Th~c was lnlcclcd rntnpcn~onullv Inlo u t h  ofwv- 
crd /I-weck-idd Icmalc Ullb/c m l u  ?he fin1 tnpxtlon wpr 
pvcn uslnp Frcund'b ~umplnc adluvan~ and thc rcrt of thc 
In)auionr, cxccpr Cn thc h t n ,  wcrt pvcn w~th Ircund'o 
lncomplc~c adluvan~ Irio rdluvur~ w u  uncd for thr hua tn  
lnpxmns Af tn wmphlng the tmmunlutwn rhcduk, 
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wlmum d*toxln md rntlbody acttvlty lor €LISA 

I n  al11111r1n Ill-H54 ctlnluparr con\rnlrlll<vlI ,>I 1:. nr n,l 
Ha\ ItwnJ lohcllpllmum It11 trullnu rhc plrlr\ i 111. t,l,ltniurn 
i ~ m ~ ~ n t r a l n m  t ~ t  ant~tunli IUI ~ ~ U I I ~ ~ I I A I I < ~ I ~  dr~wn~lcd (~II rh< 
III~C $11 rntttudi 2nd i t  trrtnl tronl , I,, < i 1 , 8 ~  1111 

Chmtrri t l t lon 01 rnntlbodLII 

'Fhc J m ~ p l ~ o n ,  d ~ t r  ,311 IUBI\~C\ , ~ ~ I \ \ - I c J ~ ~ I \ ~ I \  J I I ~  ~ h r  
n~lntnlal ~ n h ~ b ~ r l ~ l n  u l u o  fur 111 I n ~ ~ l i t r I ~ ~ ~ i r l  int l ikd~c\ r l t  
prrscntd In 'I rhlc I '1'11~ ~~IIIXNIIC, ~Ii~,t\r,l A IJI~CC 01 c r ~ ~ u  

rraolt l l \  i F ~ p  Il 2nd LIIUW Iw , IJ\\IIIILI thrlwIl\ t i l l l l  1111~1 
dlsrlnrt prolrp\ (rroap I trmiprnrJ n > c t l t w / ~ l ~ ~ ~ /  11111 

bid$, llll)5 I l l  1.thr1 ua, h1gI11, qrc t l~ t  101 I l l  JIICI bl~<,nrdl 
J *cab Lrth\-rcrmon 1 ~ 0 1  (1ruu11 : I I )I 11 I1 1'11 LC~~I~IIIC~I 
JlIllhldlI3 lhal r r ~ o ~ l l c ~ i  {{I, 1 J I ~  lj: btflh J n#J& <lo\\. 
rcactubn U I I ~  (I! '1'11~ rcn14111111p LIUI~CS IIIJI I~<I>~II~I~~I Ill 
and (11 n ~ t h  cqual ct11<1cn~~ \\rrv VICI~II~<J 11) 111, L J I ~ U I \  i 

(*I1 Ilnc\ (~r~nlut r t l  ~n ~ h t  ~II\I I~\U>II IIIII~IICI)~ ' \ ' I  11111 I 
dc~ccclon ranpc lrglnl It) r r t  111(tnp II~I ~ r :  <otttrrrr RIIII ~ h r t  

(11 ~ h c  cluncs pr~dutrd 111 I~I, \ C L ~ > I I ~  1 0 ~ ~ ~ ~ 1 i  ~pr t~twr t l  '11~1 
r h ~ c h  p v r  ,a lur~ranp~n~ IrwnIIIMlI I 11% ml I lsr clotlr 
f r m  thc WCII~II luugbn I l l t l )< l \ I1  I I, 111~lil\ wnutlw 11' 
nllarox~n Ill ulth a ill't. III~IOIII~~~I JI OlYlhnp tril (I ~g !I 

DISCUSSION 



Fb. 1 (.r~nr-rrr~ln!l~ <!I Ihrcr urttupr .#I ~ I I I ~ I I I .  lk,n~i I!~I~*XIIC\ 11, IIIIIV IIIAI~~~ ~ I I ~ I ~ ~ I ! ! ~  1 # r i r ? l h  1 p 1 ~ * 1 ? ~ 1  1, II~!CT!IIJ#< lho~~l~!!~ l l l r  111,1 
rvalnrt mars 01 101111 l i r  null~ll~rr III*  nli I r i  \n!>twltn tl tal  ~UIYIIIIT 111 81\11 ( 1  I ~ l l l l  C L J L I ~  CIIIC II I I I  1 l1.i \IIIIIHNIII~ lhal 
rrccynlfr Ill, ($1 and I!! vt,l, 2 xrd1 , ~ c ~ . t ~ a < t ~ t r ,  t 8 , i , !  ! % I  !n18 t~~ l~  qwtra< iur  I l l  w1i8 $ 4 r $ t n c  clrtrrrrt s t 1  rr#<!t8+rttt,l,i 
112 and b? 

I IWI I  rrf~~rr~ccl cq11~1 ~fnn\-!vatIt%~~!c\ U I I ~  JII Ivur ifla. 

Iualnh I Iir uldr rirlrllvli 111 llrr bla~ltlclllr\ 1 8 1  ~rum~rkrnal 
r n ~ ~ t x d ~ c r  ob~a~srtl 111 ~ h ~ r  rtlnl! 1 ~ 1  11n1r r t l r ~ t ~ ~ ~ n *  hm wr Irr 
not k 1 1  r r p ~ r ~ c d  I,I~N<III 111 I ~ I C  II~SNIU<I& 01 J u n ~ l r  Iuatun 
'I hr ~111hid1n p r i d u ~ r ~ l  LJII 1% uwd CII~ICI I<* csf~nialc 111 
a l m c  <#I I l l ,  IJ! atid (11 \III<C (I: I, 111~ l c a ~  I ~ ~ I C  $ 8 1  a l l  thr 
lour ~~I~I~IIIII\. ~ n d  1% I~VI kn~tun I O ~ ~ I C ~ U I  ntglcl~ (1 4 0  l'f'lll) 
In IIMNI~ ant1 frril$, thit t l c l ~ i ~ r n ~  \ I\ unl~hr l~ I~I  i~in~rshu~r 14)  

Inaauralc r$tIrnattam ,,I IIII~I a l l a ~ ~ ~ r ~ n  (*tntcnI '1'11, tlunc 
I I I I !I l l l  I r 1 1  , Ill11 A I I 111 

11'111 '1111, 15 In umtru5t u111n t l i q  1ln111r ~ r l  !Il(lp~ n11 
r q m d  h* (andlnh r i# t /  ( I ' # ~ I  and lllpy n ~ l  ' rrplnrd 

h> U u d r i u l  I IWI )  

0-- -  -.A- - 
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\IcI)auld. 3 I l ' W l  t ~ ~ w - ! l n A c d  ~mmunwuhcnt r\u< 

(F.I.IS.4) k ahsx ln  HI ntlrnatwn ~n nstundm~l, I< RI \ \  I 
t ~ n i r r m w ~ l  (nip.. ~~h Inrtllutr llbr lhc \rn,~- \ r d  I rclp 

I'sl IYIV. pp IHl 18'4 In  i l l6tult11 ( .nn i r rn~w~iv .  ..I (.ru.u..: 

Pro'tc4tnf3 a! 18, I~l ,mlmw, I I ~whmp 1) 'J i h t d w  IUh- 

I(RIS4'I ( m l n ,  lndu Patmhcw. \ i' ill: i l l  lnJu 

I C A W  

Cmdbrh. 4 \ ( I .  Smlth.1 I. md 51totwo. \\ l l  i IVMli 4tLl<~rtn 
m ~ m a l m r l ~  J~adrmN d r ~ r l ~ r p m c n ~  113 c < ~ m m m ~ ~ i  ~ r n r i m ~ w ~ ~  

illim 8" ipplwd \ I ~ ~ ~ o ~ ~ ~ ! ~ , ~ I  10, 118; Ih'J 

( a d l w h  \ 4 ( 3  , \ttmwn, \\ l l  and 5nntIt, I 1  ,l'Ih,l \ mtm- 

<lorul mrlbrd\ st rtlrlnxzn HI clclm!on rbl lllr on<ulchtn 12, 

clurmc unmunruur, i.rlln! ,n ippltrd Il~rnnc~i~t~i I. (: 111 

(.hu. l S m d  Lnol. I i I1I7il I'nJuctam 111 snlthc~l, spmrt rtlr- 
[wxtn HI ippiwd a d  f.aznrnmm<m~ae l l ~ , r r 8 + ~ ~ ~ ~ ~ ~ t ~  I \ ,  I I!; I l2h 

I wrl  and .ipnr.ulrurr (hpn,ult*,n a d  I ~nllrd \rr,unr I I'PNli 1 I 0  
f * l d  and \uin~mn P#wr 1). Ill Ill# 

!lcllc. 5 I. 2nd (.hu I \ I I W I )  l 'r!xlt~a~~on and t l i ~ r ~ ~ ~ c r ~ r ~ t ~ o n  
iu l  moncrluna! an t~hx lm crwcrnwtnr ullli nu1~8 ~ l l r l u r ~ n r  
f r d u n d  im~u!rurr l  Imrnmo!c,p, 1. I'il Ihk 
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production of Pol~clonal Antibodies against Orhratoxin A and 1,s 
Detection in Chilies by ELISA 

1ntemat1onal Crop5 R ~ ~ ~ . I ~ ~ I I  III~~II~IIV I,), I\,,. \4,,,,l A,I,I ltttI ,,,, I>,,I .,,,% I,,,,,, 
Andhra pradesh 502 324. India. Srotti\ll ('ruil Hr\c.trtl~ I n \ ~ ~ t t l ~ , .  li!xt,,prfir~,q. !I,,,,,(,., I~II: . l ~ l \  t ,h .,,,,I 

Osmarlla Ulllverh~t\ Ilydt,r.~l,.,tl ,II~,III<,, I~,,,,I, ,I, ',II,I INI; 1,,,ll., 

polyclnnal antibodies wrr?  prof lu~~,( l  fnr OIIII.~IO\~II I IO,\I 11) IIIII., IIII~I 14 lH1lll,l. ,l.l,,l,, .l~l,lll ,,,,, 
@SA) conjugate subcutar~eousl\ at 111i1111111~ \11c,\ 11110.1 1,.,, /(,.II,,,I,I \\IBII,~ IIIIII,..I I ,,I,I,I( r~ll~l,l.:,,,,l 

cuuld be used at a di lut ion r h l ~ n l 1 1 1 ~  1 10011ot1 11, .,I' 111,111,.,1 ll,lllll,.tllll(. l.lll,llll- II,,~,.,I 

immunosorbent assay (LLISAl, and ~ l~ . t l . r tn l  OA 101111.1111.111011~ 111,111 11 I I,,: ,911 1111 ',o.+ 1111~11~11~,111 
binding (Iw) of 014 wab 5 l l ~ / m l .  A l ~ t l l ~ ~ r ~ l n . \  (11d 11111 I~..I~I ~ 1 1 1 1  lloll.l~ll~~,l 11 lll,lll,.lllll 
4-hydroxycoumarin. ~ . - p ~ l ~ l l ) . ~ ~ i l ; l l l l ~ l ~ .  e11ld c ~ f l L ~ t ~ ~ h ~ ~ l  111 01 111111.1111111.1111~11 11, I ll111, \(.l,lr,,l,ll, 
i ~ n n ~ ~ ~ ~ ~ . )  collectrd frurn colnnitsrc~al 111dlk1't\ .IIIII told \Il1I.IJ:I' IIIIII~ it.,\ ,1,.1' ,I,!~~I,.II Itll. lll,..lll 

recoveries from O A . f r ~ r  r h l l l r ~  hptk~11 u1t11 1 ti1IOOr1: 01 (11 111-I hi! 111 I 11111 \,,IIIII~,. ,,, I,. oo I l ( r i  

w i t h  a standard drviatlt1ll o fe  lO'h3 0 1  100 111111 \.tmplr\ t~\t,.<I ! t i  1rt.1~ ~ ~ , ~ ~ ~ ~ l  I,> I ,*kt.nll \ \ I  
/ i d kg  of OA. I n  12 sanlplts\ t h r  OA (1111(~1111.1111111 \.IIIIYI IIOIII 111  III { O ~ C  I,): 1 1 ~  1 i 1  t . l ~ ~ ~ ~ , ~ ~ . t  1 1 ~ ~ 1 1 ~  111 
to 501tpjkg. i n  3 sarnplrs fro111 50 111l0011glk~ i t n~ l  111 1111~. \,111101~. ,I 1 .'(I ,,,. L,. I I,,', ,, l~,,. I ,,,, r , ,  , . ,  ..,., r~,rolrl i n  I r l d ~ a  of U A  i n  r h ~ l ~ r \ .  ;I 111.11111 IIIIII~I~IIII.~~~ 111 ,ooht.,l 1111111, ,I, II,,., 1 1 1 , 1 1 1 ~ 1 ,  .,l,,~ 

I, r lotrworthy that OA roritalllll1,lllrrrl v r l ~ .~ .dv~ l  1111. ~~I . I~ I I I \ \~~~I , ,  1111111 I,,, II~I~II.,,, ,llll.,l,llll,tll,ll 1 1 ~  

than ZO/rg/kg i n  over 2(i'X8 or 1l11, I~I~II kvt \cl~lll~ll~\ 1~\1,.(1 

( ) ( ~ ~ J : J ~ ~ ' ~ ~ J ~  4 ~ ' I J ~ I I I , ,  I 115.1 ll,,!,(~,,,,,,! ,,,t,,~,,,,/ ,,,> ,,,,,, 
I\TKODLITTION J11.1111\111', ~ ~ l l l ~ l l l \ l ~ \ l l ~ l ~  l'lH'11 1 1 , ~  ,,,, i,ll,.,,,, (,( ( ) I  

OchratoxinA (OA) ~ s a  ~ ~ ~ y n ~ t ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ , , ~ ~ , , ~ ~ ~  11~1\ lllll \I.' IY.I,II 1 1  ~W~II(~II 1 <~I~(~.~\ I : , I I I ,~ I ,  ,,I I 11 , , I , ,  1". 

1 1 1 s  I f  A 1 1 1 1 1  1 1 , , / / ,  1 1 1 1 1 , ,  , $ 1  '1~"~'1l11111.11 111 1111.31\111.11 111, 111111l\ .,11111 ,,', 1111,, l,,\'ll 
1'174) I t  has h r r n  rhowrr IIIIII. II~I~IIIIIIU~~( )ll~II,,I,,t,,xI, ll l 'ollltll~l:l.lll\l\ 111111111 ~~ I ' I I~~ I . I~ I I I ' ! .~~~~ I~  Y.V. 0)1wri.a 

rvratrrgcni~. carcinogen~c, 111uta~c-1111 ,IIIII illl 11111111111,, ~ ~ 1 ~ l ~ l [ ! l l \  . l r ~ i l  III.!\.S .,1)1.1 I~~,,I,,.I,\ i1!,,1~,., ,.I ,,I I~I/H 

\ u l ) p ~ e \ ~ ~ ~  agent (Kllilwr (;oodmarl clllrl \,,ltl I O H ~ ,  ,11111 '~11~111 I l l l! ' l I I~IVI.III( ill jlfi 10,.,,. 

0fy.rralest concern f i r  llul~ran llc.,lltll ,, Irrll,lli;,ll.,l ""l""~l"~.\ ~I.II~IIII. I.XII.II\I\I .t.(1111118 111~ ~~.II.)II,,~I .11,11 

loll, ~n an l r r r v r r s~h le  arid fat;,] kldllPV c~I~I.,l,,. ,(.~PII(.,~ ('XIItlII\I\I, 1 111\111~. 1111h1.cl IIIIII!~~!IC~,~,~~,~.I,I .,..,.,\ 
10 as "Halkan Endcmlc N ~ ~ ~ ~ ~ ~ ~ ~ ~ ; ~ ~ ~ ~ ~ ~ ~  ()A 11,,, I,,,,,,, ( 1  1 1',11 1'. ) ? l ~ ~ t ~ ~ r ~ ~ '  u111t .IIII.III~I!~,<. 1111 I,\IIIU,,II!,~. 111, 

foulld to occur ill botls o((llant orla,,, ,,l~,l,~r. ,,', (llllll'llll*lllllll\ 111 1 1 1 l ~ l l f 1 1 ~ 1 1 t ~ ~  !*.I . ~ I I C I  (11 11% ~ V ~ ~ ~ I I I \ I I \  

tisqurs, and in human l,lol)(~ tl,51 ,(,\ I ,,,, lk 
,lllil ~ 1 ~ " ~ ~ ~ l ~ ~ t ~  .?Itti 11 I, \V,'> i'xlDc~ll\!\v l,"II,,ltI, 11,.8,, 

I.hl,rrfcrre, OA of [ \  ,, 1),,1,,11 (,,, 11111(11 .lll.ll\llllll 1111~11t1111~ ( '.Illy l11lI~O1111~~l .~I~IIIIII~III~~ 
for humans I'rov,\lorl,,l ,,,<, I ,,,, 111<111n.t1 IIIIIIIW.II~I\~. I I !',A 1 ~ ~ 1 %  1~1.11 \11t11-\511111\ II\PII 

Illlakl, (PTDI) fur humallr, \(>,, i,,,,,lrl 
II,I I ) \  1~1111111.111011 11, 11,111~\ .1111l HIII..~! lhlc~(g.tti (.I 141 

i{[lalth Organization, ,, 11, nK ()A;kK INIcI, \,,. ICl,l,,l,,, 
"IHt "" """ '''I 1111' l"ll".l I"11" 
(,I,I,IUIIIIIII 111 Ill"), 1,1'-'1.<l ll'ili< 111!,.,I ,,,,tll,,lllll~~, ,~~.10I1\1 

(Hoh l~ r .  1998) I IA .III,I 11~t .t0~,1)~1,~1~ ill .,c, II~(III~.CI ~ < l ~ ~ l l , t . ~ ~ t ~ \ t .  1 1 I\A 
A varlpty of I r~odr  ar r  bu\rrl>rlhlr 11) l n ~ l ~ l ~ x l l l  IIIII ,,,,., 1 ,,,, I(,, ,..,ll , ,,,,, ,,( (,,\ ,,,,~,1~,,, I,, ~,..,,..... 11,~ 

taminatioll, ancl t l i rsc ~nclude \p~rc.\ 'I'll? 111old\ l ~ ~ l l r l l l . ~ l  ($1 ,,,I,~~,I,,~,~, t, , I1~l~.lI1lI,I,lt~~lI) \I, , IIIIIL., III 
from spices are l ~ rednnl innnt lvA~ /~c~f~ ;~ i l l , r~~~~!  / ' ~ ' ~ i r ~ ~ l  ,,,,,,,,,,. ,,,,,11; .,,,, l~.,~,), ,.,llllll(.~ ., * , , i l l $~~ t l t ~c~~~ l  
lrirrn sperips (Flannigan and 11111 1'1701 ( 11111 ~1 ll,l. ll,.ll,ll 1 ~ 1 1 ~ 1  l l f o ( ~ l ~ ~ ~ ~ , g  IO.~!IC,II*I 01 +e111111<.111 
popular spies i n  the Ind ian ~ u l n o ~ ~ t ~ n c r l l  .111d I\ ((IIl 

\umPd by many pt.ol,lf. wtio\cs Il,cornl.\ ;rrv ~wlrnt 1111. 
l"'l!.' 

poverty line. Addition'~lly. ch~ l~r - .  :II? ~ ~ x i l l r r f ~ ' ~ ~  florll 
lndia to n ~ i g ~ l ~ m r I I I R ~ o l J n t r ~ r ~  I 11,. ort~r In;(utro. 

'lA" 'IAi ' '"'I' ''I !lt'l"" 

~ n s  rurrcntly known to o(rur I n  r h l l l f 3  I r l  ~ l l l ~ 1 ~ 1  dr(. \I~ICTI.~. I ~ I I I , , I ~ , ~ I ~ ~  A ~)tl~l.tloal!! A llc-A ~tllll lRitl* 

-- - . . ~ - ~ -  ... 1 ,,.,,,,,I, ,,,,,I l,l,.l, ,,,l,,,\,,,,l I ,*t#rb<l\ l ! " ~ ~ ~ r ~ l > l v l ~  . ~ l l l ~ ~ ~ " ~ ~ l  . tormpndPrrg, ,), , I( H,,,lrli ~,,,,,,,~,,,l KCIAI .,III~ I.vI,I>II l y l .  A1 i ' (~~t l l l lV~+l '  l ) l l l l l l ' l ) l l ' f l k l  

SFic,lrlrl, CREP, I,,trmat,om,l t(,,U",< I, ,,~1,1,, 
10, . , ,D~IN\I~W Y. I ! I~T~. I I I~~~~~~I~ Il:'A' *(.la ~ ~ ~ " ' f ~ ' ~ " ~ ~ " ' " ' ~ ~ ' ~  

l)c,,,,,,,rk All (,fltcf ~ l ~ v j r t v . ~ l ~  'A, f c  ! ~ ' . % ~ t ~ ~ ~ l  gr4<!* 0 1  , 
rn;II D REDDYM.GIAR OR(; 

~,,lmallonR~ cqs ~~~~~h In\l!rtnlr for rlnr k.nll Arid 'c'l'' in'r'' 
prodrutlun Pcllyrlonvl A n t l h u l h  1 o l l l l t o ~ ~ s l f ~  

Tropics a,,nllah~r 1.1~ I:\,+ , rqtsg , t~c  I ~ I ~ w ~  (nf rr8 0 '9Xl11 *.a- lrwl 
: SmrUsh Crop R~searrh In5llt~llC I$‘,A (2c6~ ,,g I,, 2',11 ,,I 01 %t~!!l, 0111 ~IM~I~IuII~ 
5 Drmanla Unlvrnlty 
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bu(lnd rsllnc (PLISI nor cn~u l r~ l l n l  wlllt .,TI qi,.,, \.,lt,rlu ,,I 
rompktr I rcutul5 ad)uvmt RIH! IIIJW IR! t t l ~  14 \ r .  I,..~I,,I~I 
LVl~llc Inlored rdhhll n ~ l u u ~ ~ ~ r u w \ l \  a, r l ~ .  ckr\.ti \t<h. ,,I 
l l r l l l iplr  s l l n  ~llknn(llr11t I l r ~ r n ~ ~ ! l ~ : . ~ l ~ ~ ~ r ~ r  arlc. girru ,\:!It 
lruornplrlc 1:ruurrlr ddlu$nn: ~1ltr.r lour tt~l!tn~t,tir,trait~t .I: 
* ~ v k l \  I~ l l rmnl \  f o l h ~ u ~ ~ i  h\ .I IXX~IC! ,IIIPI IIII~T ~ I Y . L \  :I,, 
r~bIt4~11 w t  bled 811 uwkl! lnlvr\aIt a i ! ~ l  llw IILW ' 1 ~  hay1 I>, 
III~~INI r o n t ~ w t l ~ ~ ~ c  l:l.l5,\ lkm~cn IIU,UYII,~~~ n,.,v Kn,.,, 
uhcn i t  dry1 In Or. I I I ~ ~ 1  n.l\ t ~ ~ l h t v l  'W.I(IIT# nlt\ I$I)~II~III,~YI 
JIHI \Io~'Ftl at M i1n111 ttllll,rd 

M o n l t o r l n ~  A n t l h d g  T l l r n  4n ~ n r l ~ r t r ~  I I I\A 
11~1rr SII~IJI~I 10 III.II IVIK~~I.-II lor dnn!,~~l,,, 11k.s I ,.I *,I I~I~I~II 
n m  UWII ~ l l ~ r ~ ~ l l t ~ ~ ~  l>Iotv ncll, N V I ~  a t k t l t ~ l  n11l1 I $!!I ,,I 
OA 13SA In 0 L %I WXIIL~~II <,U~IIBI~,~IC l ~ t z l l + ~ ~  p l l  (I I* O.IO ,,I 
u r l l  t l lh ln  vt -11 !!I871 ,11711 t ~ ~ t s l n . ~ ~ , ~ !  ~,\~.!t,ifilti II, ., 
r r l ~ I # r r ~ t l o ~  \I~I>W~~I~~II \IVI!+ % v ! t  ~ w ~ I ~ ~ I ~ ~ ~ I Y I  ,$I l, "I I,,, ; 
h h l~ l l r ror r ,  watr r l l l u l ~ ~ l  In I~I~O\I>I~,III I , i~ f lc~,~ l  \.11,1r ,,,,, 
I.IIIIIIIg 0 O!+~I In<*.,> 211 (1'19\ I/ .,,,,Ill : 1 II\,\ t L l i \  I I!\\: 
.lnd 1r.lrl lor 4 5  111111 .11 13; 'I AIIIIU.~~,:I~ ~ l r l t ~ ~ ~ ~ ~ t ~ \  (11  ,I; .,I 
\c~ l t~nrn uwt. nrl<k~l l i e  IIHlel 111 OA .,I C ~ R ~ . I ~ I I . ~ ~ I C ~ I I \  I , I ~ ~ I T ~ ~  
IIOIII IIYI l n ~ i n ~ l  10 lrKl pl: 1111 I.~).II . l r ~ ~ ~ ~ . ~ t ~ ~ ~ l t  liulliiltl~l~iil 
II~IIIII\ ((.AH l~I.1 (OIIIIIN~II,,I~ I,, .tlk.~l~rtv lilttt>jdi,~~.t\< ~ V I I  

,1w,I .,I ,I I IIYX~<IIIIIIIOII I,,ik.I~t 1 ,,,I1I1II .,l,lll"*l,,~\ .tll,,l 11, 'I 
II>O,! /~"~IIIc,~II~~~I\I  ~III~-,~!~,!Iv n.t\ WP,! .A- .) \~,IP.I~,,I~ ,!I I 
!~t&!'!~!l ,~lll~ c t l h l ~ ~ < l  !<I L~<'\~~<,II !all 1 1, ,$I I < K > 4 # >  l ~ ~ ~ l > ~ w ~ , ! l l ! ~ ~  
AlnorI!.~~arn.~\ r<rnrrltvl .$I ,111'~ 11111 14,,..1 UIIII .m I I I \ \  l l l .41 ,  
~t.drlc.l n Ilrr11.h hl!,lllrk.ur I .tlt\j\l~.~lt\ I II~.NIIG(I 

Spincity u l  ~ n t l l d y  lu 1.(11111.11~ I!,( , t l , \ \  ll..l~ll\ll\ 

af t l ~ r  n~ r l l l x~ l \  wllll ~ x l ~ r , ~ l o \ ~ n  ll 11)11111,11111 .I !~\~I!~~x\LII I I  
11)111111. 1 III~PII\I<~I.II~I!II. <11111 I l ! j . ~ I ~ l h ~ ~ ~  10 11 H.1. 1'\.11'1111.11 111 

dc,to~rrn,r~r 1111. ol,tl,rnailt I t>ntl~llotn 11t1 111,1111.111,.1111111 I IN u 
In~ludvtl ~o.~l ir lg ,IIIIICV~> (OA 11\41 11111<11111.1111111 ,81111 1 1 ~  

11pl111~~~8b ~ I l l ~ r l ~n r l  el lla. r ~ l ~ l l l ~ ~ I \  II.I(III~I.II 1o1 ~ ~ v ! ~ l l , ~ l l l , ~ l l ~ l ~  
1111. oy,llnlrllu 111111111111 !rq!8ll#~d 111 11131,1111 1 1 1 ~  1n1.1~111111111 

,(.11,1I1\~lI, n.,\ II~.I,.I~~II~I(.~I I,\ i l o ( \  ill\/il,llt~I111-111 (,11111.\ 111 

IYliiI wllvrr 141, 1111. <.rlllal 110111111I11~ n < ~ l l  ~11111,1111111,:01 ,11111 

III I\ I!u 1.xlirullr>!8 oI Ilbr nvll al l ls~rl l  Iorlli III.II~IYI 1111111 

tl,c \ I<>~W "I !I,,, <,!lll~,,,ll<,,, ,,,,\<,\ 
Collection or ('hlll Samplrr I)! w<I 111111 jn.1, % I  II I 111 

I rr t td Imtn rna~kvt >.lr<l\ ,)!I<I II~I<I \IIII.LKI IIIIII\ .I i lu IUCI 

~I.I)~I r l \ l l ~  g ~ o u $ l ~ g  .11re5 111 1 1 ~  \1.#1$ $11 , l r~~I l~r . !  l '~.t<Iv\ l~ 111 

India ~lan>cl\ 1111. (.unltlr .,~bri K~~.~IILIII.~I~ d ~ r l ~ ~ c l \  1 IIIIII '111 
kg  bag^ ap l~~rrx l~~~.~t t , l \  I kg s ~ ~ ~ p l v r  WI.!'. i11.1un II,~!I~ wi1.1.11 
(xrlrllr A 1ol;ll "I $0 \.1111~1,.\ (10 lllllli III.IILPI \.11111 1811.1 1 1 1  
11mn cold \tor,t~,, I$IIII\) nt,rc ~ ~ , l l ~ ~ ~ l ~ ~ l  ,tr!<l #~.#dt.d 1!811! I l ~ l c , ~  
t ) l r \  ~ t i ~ b  I grSsdr 2 s ~ ~ i 4  fit,uIc < II,IW~I ,m IItc <pn,~l~t\ <,I 
t!W ~ , # l l l ~ ~ ~ l ~ \  l ~ ~ ~ t ~ ~ ~ ~ l l / ~ ~ ~  <,'I xl,l<!< 1 W < ' l < '  01 K~XW!  <ltl,dl!\ 
~l.i\lll~ ILIII\ 111~lurvtl I)(xI< (IIIO\II\ IICUI~ 1111 111\1 111184 L t ~ ~ r l  
ll,al WPII. tlllI>r~kt.r! Ibrlglll rvrl <t~loz~.~l .ubtl . ~ I ~ ~ ~ l ~ l l l ~ I l  IIIV 
h o n ~  {xxl d ~ ~ ~ r ) * r s .  IIIWTI I~,IIII,IK<. .11111 1110111% l,rl(O~. ? 1 1 . ~ 1  
wrnpIv$ of !T~~cII~#III r~u,~I~ lv  ,trul %I,? .krnI <$!,I\ ,? IVN l w t < l >  W V I ~  

~ll,~,ll,,r,.,l (;,Xlc :i <,,,l,{,l,., ,,,l,l,,,,,,~f!  ill\ <Ic!~II.<~!<'~! ,tIl<l 
d$~o lo r rd  lml, 11.11 orrr nhrn unlrul jluf\ nwr. ~nr r l~ . rn~~~ml l \  
wpara~ed fruoi l l t r  praltat, In  IS~~IIII>II 20 ~1111t~1~~111 111 111~1.l 
of rI11It IXIW~PZS were O~IBIIII>~ 1111111 rrlltlI \Iuq15 

P ~ p l r o t l o n  of Chili Samples Inr  ELlSA I h l ( ~ l  1 I t ! / ;  

.urxlr Sanrplrs wr l r  d r l ~ l  ill 10 Y. lot a vl.c.k I'd% wnv 
tl~omughly rnixd. Ulrtr allqtlolr of 50 K ncrr llrdu'll at*! 
amund to a flne urwdrt. of w l l~rh  15 R u.15 l~rruc\<rrl 11~1 
ELlSA 

Ch~l i  Powdm Cumm~rrlally pvallnhlc wmplr, wrrr [nil 
01ad In ZM p, qunnt~tlfi ARcr A l lwmryh nll%trlK 11~8- I 0 u 
\uh samolc. vrrP rlrawn Iron, l.dclt 210 g \.tlnplr. I'.,III ! r K 
quantity (In n~ l r l y  ground lunn) war rxlr,,rlccl In 7', rnl ol n 
mixturn 01 methanol-walcr a d  KC1 (70 39 0 >Xi b) blcndlnp, 
In a Wartng blender l o l l d  lq shaklng lor ?(I r n ~ r ~  Ilr 
extrscl was filtered lhmugh Wllal~nan ho 4 I llllrr p.?rwr sml 
dlluted to I 4 w ~ l h  PBS I BSA lor pmcs51ng Lq I L lSA 

Ind l rcc t  Compc~l t ive  EUSA P r a e d m  Im P r a n s  
In8 Ch l l l  S.mpln 'Ihe prntaol u a  rlmllar lo Ihar lor 
derrrmlnlng antibody sprlliclcy (as d w r l W  abov~) u l lh  I!u 
exq t l on  that OA standarb i n  l W  pL  vulunr rdn(llq fmm 
100 ng/mL to 100 pBlmL wcrc p r q ~ r r d  In a d~ la l n l  rxlrsrl 
horn rhtlles Only chlll sample which dld mi contaln bra 
toxins war uud Thy were r x ~ r a r t d  In mcthaml as dF 

I ' r cd~ rc t l on  o l  Ant l lnn ly  1111 JIII~IIUI~I 11krtl 1111 

IIIII~IIIIIII.#~I~!II #!\I. ,111 .IIIIII,IRI\ 1111.1 131 I I I? 01Il1 14 
wvrks  ,111r.r IIII~II~~I~III ill lltllrlttllliintlc,l1 

O p t i m t ~ m  OA HSA ~~~II~III~II~II~II ILII ( (8n t l t 1~  
l I . I S A  p1i11c.b a n d  Ant l lnn lv  I ) l l u t l o r ~  lo1 I.1.1SA 
0,l I h A  ~OII~,I~,IIV u m  !P\II.,! '81 ~OIIII,IIII~IIII,II, ~,BII~IIIH 
I~,,III 10 IIKIIIII III 1 11~;'1111 11, I l l  l ~ t l r l  I~~lrrb, i l . .  11, OVI. 
~ r~ r l , ~ l u~n , f t ~ r~ l  Ir*l\ ,111 l l A  l l \A IOII)II~I~I. IIIIIII.II~~,I~I,III 

i d  I ,r#'111I w.l\ fll!llrr! III 01. llllllllllllll 1111 IIIIIIIIH 1111. 
I,I,III.\ AIIII\~~IIIII '11 .I l l ~ l t ~ t t t s ~ l  of I I(Hl(Ht0 )I,.IVI. 

I~~III~II~III~ r v w l t \  IIII. IIII\O.\ IIPI ( J A  \ l i ~ l ~ ~ l . ~ ~ r l r  .I( 

il1111.1t~11 I~I~LIIII,II', 111 1111. c ~ ~ ~ ~ ~ l ~ x l y  n r ~ .  r11ow11 111 I.IHIIII. 
I I IIIP~~I 1111111~111011 ttlr\lt.\ w1.1~ ci01~111t.d I I ~  OA 1011 
CITII I;III~III\ I~IIIEIIIK IIIIIII I 11, IIUI 11#tv11. I ~I I IR ((III~II 

 at^ af lllfi~~~~l dnrl ~IIIIIU'IIIIII ill I I(HJ(HHI IIII~I~IOII 
'lvk, ~~l~l~~~ll l l~l l  ~ ~ l l l t ~ ~ l l ~  (11 ()A WH* l ' \ ~ ~ l l l i l ~ ~ t ~  111 in1 Ill 

a! 5 rrghnl. 
S p c l n r l ~ y  o r  An t i s r r um.  10 r l v t r ~ r r r ~ l r ~ ~  t l l r  rr119r 

~IS;I~II~II 111 [IIV : ~ t ~ l l \ f ~ r t ~ r r l  ulI11 CII~JII*(III~ r~~%t~1111ilIt1~ 
IJA 11 W;I\ t l f~11~~1~1l  I0 11'31 It a ~ t i l l l \ t  lK~ l r~~ l11x l l 1  11 
I ~ ~ l r r r l v l j l a l ~ l r ~ ~  I~IIIIII'IIIII 4 I ~ y O r ~ x y  ~~IIITIII~I~I. ;~rltl 
Aflatoxln I<I V.tllr,ll\ ~ l l h r l l m n  of I t r u s  & r l r  uvr.cl 111 
i~.l,lSA IJI,! rlv, s ~ r ~ l l l ~ ~ l ~ ~ ~ ~  ti111 ru~t  r ~ t ~ r t  wIIII i i ~ ~ y  111 tl1i.111 

[ I  IKttrP Ll 
effect o f  C h l l i  Extr8c.t on ELISA. Ihr,  I I I5A 

t t r c ~ v r l t ~ r ~  re1u1rlr11 for Al-151 I.+III~I~III~III [l)#.vl 1.1 ~II , - 
Ir)9'1) dl11 nrll ,I f l n t  glvr atcur,llr r t w l t *  ~ iu r  l a  IIIP 
~nr r r l c r r n r r  of ~ t t h s t a n r n  p r w n l  LII IIIF ~ h l l l  rx t rar t  
lo ronf i rm that I r r ter f f~r rnr r  l r l  I.I.I\A war  t lur to ct1111 
cxrrnrr we cmpar r r l  OA rtandard'c l ~ r r p r r c d  I n  I'RS I 



Flgum 3. Ellrct IIIIIIIII e x ~ r . ~ ~  1111 1111. ~1,1n,l,~rr1 rllrst, 111 0.4 
t~y  I d l r ~ t  ~ r n n p t ~ l ~ v t ~  tl,l\A \l.~n<L~!cl , t t n r -  nvrv l > !q~ t rw l  
lor OA standn~fk ellhrr I r \  ~II~IIII,~, 111 !\\A i'H< I 1.1 <n 111 
WSA I'BS 7 r m t n l n l r ~ ~  7'~mt~ttr.~r,ol NI ar In Ii\A I ' l l \  ! 
ronritlning rt1111 extra11 1.1 

BSA HI~II and u ~ t l i n u t  r l i l l ~  rxtr,rcr IJrt.pnrat~crl~ of r Ill11 
i-xtracl fur r h ~ \  porpow I$ t I t ~ \ c i ~ l a d  111 m .~ t c r~a l%  .lnrl 
method5 Cur\?, w r r r  found tc~ tr ~ n f l u r n [ r d  br sub 
stances present In the c h ~ l l  rxtr.ict 111 the abrr.twr of 
c h ~ l l  extracts nompwif ic ahorpt lon n d \  nu t~ r rd  11 Imlrr 
3) A$ a result I1 was e\scnttdl to pr rpdr r  llir \ldrnlard 
wlutrons of OA in c h l l ~  extract drvotd of O A  

Chill extracts have k n  shown to rontalrl \ ~ r t n l d r ~ r ,  
w h ~ c h  r a n  b lnd to af larox~ns (Shanrha 11~~'31 I t  u d \  
apparent that t w t  ~amp les  rpqutrr prpparatlon I n  
extrans from OA free c h l l l ~ s  to present ~n l r r f r r en r r  
from substances present I n  chiller He met n l t h  a 
similar situatron when lndlrerl  f 1 15A Hnu used for 

<<U,<!$ ,dl!\ ,,"k,, d l l \  
..t!,t(,l< ,t.t.<t 10, .$,,h,,,# ,".,,!,,',,ml 

t"1 
. . 

k ~ $ A s ,  ,,a$ kc!. 

I ! I :I, 4 I1 11, 
4 ,, , ,) 1,' 

1,' ' I  c, 1 0 ,,I 
4 / I  1 . :  , I . *  

l l \ l  I..' , , $ I  

I~~~~~I I . I I I I I~  ,~I:IIIIXII~ III 1 IIIIIV\ (V.II.BI!~II.~\I l 1 l(r.tltI\ 
' \ I ! ll11rtt111,1l., 1)1.0 h .I~III I<I.IIIII 11 \- 
I< IIIIIILII~~I,~III.~I~ IIII.II.I~IIV ill 1114.1111111. 111.11 ( It111 
I.LII.~II\ ~ o l l t ~ # l l ~  . l l l l l \ t l l l l l l . :  1 0 1 1 ~ 1 1  1.111 1111111 111111 r l n v l l  
l ~ ~ l ~ ~ \  $1, I ( *K%#  

H r c o v r r y  nl O A  f r o m  \ l ~ l k r t !  r n t l  N u l u t o l l y  
( ' an l an r l na t rd  ('hlllrr 1 If IVIII tn III.II~IXIII h 4.111 , I (  

Ilrtri ~IIKI.I~III~\ 1111.11 I1 ~ 1 .  .t11<1 ( I111 IrlW1 ( .III,III*II PI 

.,I lrtnn H,~IIIII~II~~III,~ (.I .,I ~ ~ t ~ ~ o  itllttlil ,,+llll IIIIII 
411111 1')'l(>l I l l 1  I I l I H l ~ \ \ l l l & :  111111 .111111)1~1..1 1111 I I I \A 
rrlr.tr IIIIII It1 70'k II~~II.~III,I ( 1~11~~~( .11  I,\ 1 ~I~III.\ ~III!III(~I~ 
In I'lh I K'I\I, '1')'' I#.~o\'.IIv\ 111 %111k1.11 *;IIII~~I-, I III. 
IIII..III IIYO\PIIV\ 1111111 t IIIII ~~~~~~~~~~~8 111.~11111 181 ( lA .q,lkt.,l 
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Phage-displayed peptides that mimic aflatoxin B1 in serolog- 
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(;11en11c~l (n $i~c.rr~t~trc pIa!r\ l \ 1 ~ \ 1  uwl~ 1'110) an11 
JILJIIIIC ~~ l r tn l~ l~ r~ar r  1 1  IINI lMYl IIIIIIIII~II) UJI IIWII I t r  

II~IIIUI~~,-I~I~K\ (\ lrrr uvrp) urrc ~~htrrnrcl Inm k r l p  ZIIIIS CI<I~<I 111r ~)IIA~c \II~I\IIJI< lp ~ r r ~ r ~ ~ p l ~ c r ~ ~ l  ~~II~I~~IIJIc 41 
Inlcrnrl~o~~rl, I)rnmarL I'rl~li~nc. $ e n 1  r t l r r i l  ~ l l c l  rgal 

1 l l l g  1111 ' 1  n11 111411.d a1111 11)\01\~11(< 11 41c 11111 nlh II.J(~ 
ncrr II~IIIII~~ lrnni lllc ~ c c l ~ n r ~ l ~ ~ p r \  (II~N~I IIKI. 111 r~thrr 

-11 an 1.1.1'~\ ~IAII ~ur l r r  r l t r ~  1 1 1  21 1cxn11 Inrqwlrltlnr 
chmrarl\ Hrrc rrrgcnl grrtlr rlr ihc1111c~11i 111111 \rle<~e.tl III~I~I~III~I ~ I I~ I I~~  nevt t l ~ r r ~ ~ ~ c ~ r ~ c ~ l  In I )Y 4 

u~lur~rrop rlrel I I I\! 
Monoclonal antlbodkr for aflrtoxln 01 

\ n f l t x ~ n  I n n l l  J I I I  c I lndlncl  compr(llw ELISA wtlh phap.-dlrplry.d 
r I 'l'h~run~ala I I 1 1 I I I p6ptldW 
111)l 11)0 (here ~r r l rd  \ l \ h  241  lrlnr rrrtlrd YIIII 
afIa111x11i (11, hut 1i01 li2 01 12 11 < Ih11c IIJIIIL~ !id11 

11) (refis rca~trcl nrth aflalox111\ It:, 111 a1111 (12 .  a11t1 $1 411 
101)5 l.\il drd no1 inns react ~ ~ r ~ r r c r a h l ~  n ~ t h  a l l 5  r t l  rhr 
othcr aflatnrmm (Thlrumah I 11 J I  I'WI) I~nn~uno 
pltbul~n\ Herr i~~ncmtr i t rd frtmr ~r\\uc <ulfurr \olxrnatrnl 
err AUIIIL fturd h\ ammrmlalm bulphatr p r rc~p~~a~ l<~n 

(lhrlur and Ianc IYXB) 

Thc nndan phage d~spla~ccl pcptldc I ~ h n n o  ( b h  4 and 
(:)s-6, used 113 the stud, n m  prr~r~dcd h\ ( I  5mllIi 
(Unlvcrsrt) of Mtsrwr~, (olumbra, L54) 13th Ihhrar\ 
ronslsu d id phagc urrylng a snlrnd LOPI 14 gcnc 
that has at IU N-tcrmmus a nntkmlrcd UquCMc In 
whtch Eynonc codor. art four tn atx icrlrm apdn I ~ I C  

~ ~ ~ 1 ~ f l 1 l ~ l l t  111~ ~#~!111~11111~ l ~ l & l l l ~ U ' ~  411 l*~ll~< I!) IIM Ill 

11.194, dtflrrrnt d~lu~~atlir ($1 pl~ryr 1~1111~Ivr 111 ~ ~ r l ~ o ~ r a t ~  
I 8u1111p I~tdllrr ncrr rddctl 11,1111. 1 I.!\\ ~rlalr a1111 IIIIIIII~ICII 
1,5rr111gl1! 11 4 ' ( .  4l1r1 IIICILLIII~, J ~IIIIIII~ ul $4411 a1111 $IUI 

an11 II~UIIW rllaltnc phtnl*l~rt~u ~tnrluyicr r r r  acl$rd rnrl 
thr t.l.154 cu c~miplctrd tIr~111wd An 1n1111rct l.I.lS4 
prrxreltlrr ~nll lar 10 fha! r r l r n ~ r ~ l  1111 aflato~~nh I'l-lr~run~ala 
1)ri1 C I  a1 IWI) nak ux'l klrcrrrt~trc pla~r wrllb urfr 
c < ~ l r d  with 1%) pl 111 phapc J1 III" ml ' 11111 L ~ f l l C l !  

p p f ~ d a  In 02 mrll I ' udsm iitlnmatc. 1111 06. and 
lncuh~lrd rivrmrpht 81 I"(.  'lhc pLtrr crrr warhnl III~ 

hkwkcd a rbruc Iln palmlnv clut~im ulnrrni  h l 4 h  In HI 
/,I n m  ddcd 11, \arwiu ctwrntrat!on% .Al:lIl (0 Ill 118 
ml" rn M1S) 'Ihr mlrtllro r n c  addrel 11) lllr ~ihagr-'wa~rd 
mtcrolrtrc phtc wdlr 1 l %I 111 rrll I) ~ n d  ltw prcprrtumr 
. n c  ~ncuba~cd rc I?(. II* I h Allcr warh~ng kn~r I I ~ $  

urth PBS'I'. tk plrtn acre rrnubtcd w.1111 plat as11 
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' lhc mtmotqxa 24-4 I. 3 (I I, I J 4 I an11 I i f t  I wrrc 
tn t rd In phagr l.l.lS4 at 111" 1111 ' U~~IIK <IIIIIII,~R~ ,,I 

~I~IVCIIIIUI anltlud! rawd ~~ I I I~ I  UI ~~LI,IIIII 111 lhj 
i.~m!u~alr 'l'hr rnultt  tor dlllrrrnt tnlttl~~t,tlm uctc 
~ndet~nptshablr I41r c~aspl r .  A It,urIold ~ l n r r r u  In 
ant~hwli i ~ ~ n c r n m t l ~ n  clccrrard thr I:I I\.\ ICJLIIII~ 
11hta1ncd tn I I1 (rtm 104, 107, 1415 61r I ilh 1,) 114;. 114- 

1145 or 0.44 lor rath n i lmc~ l t l ~ ,  r n l m t ~ ~ r l !  111 l l . l 5 \  
tr\tr. I ~ I ~ I I ~ I I ~  ~ d ~ t a ~ t ~ r ~ l  uunp \I,\h !4 d ~ d  not htntl I,) 
\ l4h li. ancl nrtthcr dal \I411 l i tnlsan[ol*.\ 0,ttJ I ~ ,  

i f .4h  21 
'1;) t rb t  thr r p o h ~ l t r  01 111r nrtnwlt~nl*.\, ~I~I~I IC~!  

~~1m11xt111ir l:l.l5,4 ~I<IIIC utt11 nittlitilo{w\ !4 4 I 
rnd 13 4 1 urlnp the narrrrp~nrl~n$ \I \I* I I~III~ ! 
\I~onr lhr rr\ult.\ I.or hlli allnlq,tolr\, lllr h~ ,~~ ic~ lo~ tn~ r  
I~I~I~I ~ . t \  IIIC tt~cnt <Y~I,WII~I<<, crthcr t u t r t ~  urrc In, 
iimiprtt!l\r III tllc ordrr (3: 112 (11 \\IIII !4 + I 
(Flp l r ) .  I!!, rnd r\pntallc (I ! ,  u r l r  11111111 Iru 111111 

~ ~ I I ~ I \ C  nhrrra\ u11t1 11 4 I ,  thr ~ I ~ l l r t r ~ i i r ~  1~unrv11 
tvtlnh n r t r  l e u  t i i~rLrd 'l'lir 111riltrn tlou\ (the ICBIIII 

t ! l l i~rnt r r t l l tn~ that r r \ ~ ~ l t r d  111 a11 r \ l ln l~t rd <lr'!7 111h)l~ 
lltm 111 h ~ n d l n ~ )  ant1 rlir \ l <q~ -  1,1 lha tursr, r l  !IN 
n ~ d l r n  urrc cal~lllatrcl Iron1 t l ~ r  t l l r s r \  Illtnl 11, ~ h r  ilrta 
1r\rtip ~ h c  I~ rn iu l r  

nhcrr 4 and (. arc t l ~ r  arintpt<~tr\. 21 I\ thr nlnltrn rllnr 

and II s thr JII~W AI thr tltrdlan cl'w 
'l'rhlr I \how% Ihc mull, ' i ' h r ~ .  itbllltrnl thc 11111)rrh 

rlnn\ lrom F I ~  2 that the rtrrtspnr urnllrltlltnl. ah 

ludpcd h i  thc r l t ~ p  111 the Ilirr\. u ~ r  xluh 111. t l t c  

'h<tmrd~qr~ur' rnrlprn. and t11c unLc<t <~I~I~W~II IC~II  x r \  
n l l l l  (i! 

'fhc prpt~dc wqucnccs hdl\a\r<l h i  phapr 1rrm1 the i .A\  4 
and (.wO l lh rar~n clmlaln t!\~clnt rnlJuc\ 1hr1 rrc 
lnrrndcd to i~<ns - l~ t~k ,  MI as 11) crcatr a I(NI~ *trutlurt (11 

r l t hn  frmr r ~ r  ar anilna ri idr Sllrn~~tl~pc phapc umr trcatrcl 
nlth d~th~olhrc~tol, pnor lo hclnlr uud 11, rtnt 1.1.15.4 platn, 
In t~rdcr to prryrnt ~ h r  hrrmar~m of t h ~ \  crmr IlnL Hl th  rII 
clrma tarrd (24-4 1. 24-4-2, 24-6 1, 13-4 I. I i  4 2. li 11 I). 
the rffcifs of d~thiouhmld trntmcnt mcrc to t n i r o u  the 
hlndlnp of thc (nnmpondtnp \ 1 A h  hc hctnrcn tw111eld and 
h\dtdd 

tnlcctlbltt d a dllutr vmplc d mlnurtopr 2) 4 1 mu  
d d  from r h r l  4Uw) cnlonla ml" to abwt Nl 

O l o p s  100pg  l n g  l any  100r1y 

(competing aflatoxin) ml " 

itdonla ml ' h~ ~ r r n l ~ ~ l l f r n  at  20 mJ rm I ,  and u r  
rbdlrhcd h\ larprr drm 41 thcr drnrr rhrn ma* ltlllr 
cl[c<? lm (MI411 bndlnp 15 Ahmud h phayr I I I#A I'hrp 
~ m d u t c d  at 541 mJ LTI ' brund ahnlt W P b  ,d thr am,mnc IS( 

514h lwmnd he untrntrd w n ~ p l n  Ilmdlnp drircrud 111 
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l l ~ ~ u e ~ c r ,  u11h cnlr (81 thc 111r1~c 41,4116 IIICC!, 110 IIII~IOI~!~IC~ 

wcrc 11bta1ncd frrm~ whrr l1111ar\ 'I 111t $1 &II o l d m  I~OI t ttms 
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IPR k') llatr I l l a ~ r  1 toper u n r  r~htalnrd 11, the ~flhrr rut1 \Ih acid lhrv  hall 

rtmllar prrqxrttch trt tlrc II~IIII tn 1.1.15.4 11-16 411 nlltal, 
I0 9k"r IIIP~, r~qm r w ~ d  nluall! mr11 *IIII pAiil'mal ant~hrxlr* 111 J 
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MAb L l h  hl~nunopr xqumc tn mcmunhnnn gmr \ Ill 

24 ("4 4 A N T * ,  l \ ) " ,  : ,, 

(1 lp !I I h c  dlf lc~oirc\ rmunp 111r \Iolwr I l rhlc l I 

rcflcctcd the III~ILTCIII c>tc.nt\ of <fins ~C.ICII\II~ tach $1 \!I 
had ulth hctcrolrqv~u\ aflatorlnr I l h~rumalr l h r ~  n d l  

I W )  r'hw nrrr. 141 (,I ? 11: ~nc l  ( r 2  lor \14l> 24, 2nd 
111 . G I  B2 ? (12 lor \14h 11 Ikuh. 111 r h w  mt\. ( 1 1  
was thc mral slmllar a b t i ~ ~ l n  11, 111 I h l h  huppnlL lhal Ihr 
change Imm a hrc-rncrnhcrcd nnp to a $11 mmrhrrd rlng 
crmratnlnp an cxtn orrprn acrm, xhah dlrltnpulhhn 11 
afla~ortns hrm (I aflatmlns, alrrn thc atcuract 1st the 
mtmlm h\ thr p rp t~dn  I cu  ~han d ~ n ,  the ~hanpc f r ~ m  a 

~IIUMC h n d  to a nnglc kmd. In a dlf lmnr ring nhl<.h 
dr\ttnpunha allrtox~nr Ill and (11 fnm W! and 0 2  

lhc ammo ac~d vqucnm of the mlmntcp pcpl~dcs 
d l f fmd  amon% ~ h c  c L w a  ~mlatcd, rlthouph acm m ~ d u n .  
c s p u ~ a l l ~  a r m t r  lmlrw~ aodr, ncrc abundant \ l4h 24 
mlmorqm cuntalncd cm in m m  trrmlnc rn ldun  and 
MAb 13 mumlnpcr contalnd tnp t t~han  rra~ducn I 'h~r 
rmv rcflm a d c p c  of molcculu m~mtcn h\ thc rlng 

FIQ 3 18t18t )c ,  I*! ulll,rr)ll. ,,I IIII,I,I1~IIIM 1111 

l l l l l k  I ,J,I~<*~,I, ",,.l,,t'. xr , ,  , k , r  ,, , ,I , ,  rd  I,,, 
1Itc I>,,l ,>I !I,, ,~~4",,l",%,,!t *Sf,@ \ I l l  ,138, ~,,,,"Ic, 
,111111.. ,<,,I, 111111~111111,11 11, 111, Ihl, I,,,,, I I1 4 1111 I 

1 ,, I1 \\ I , < # P  I * , ,  ",,,,,Z<# a< ,,I: 48, .It,>",, " ",>",,I 
",~t,'!o~,r,~ r \ lwt$rtMnt ,!cIcI~LI ~I,l!~,~,,! ",l,,P,,< ,. 
l It, t ~ t < l l # , t ~ m ~  U ~ I < W ~ ~ ?  (i lb11 1111tamcI h r ~ t  

~l, l l ,r l l",< "I, k l l l l l , ,  ~"IIIU It,# ~11,1111 Iflllllli ,,ltl 

%lleLnrrn 111 ~IIL rrcrrl~rl~< rrrlltlh rcnfr flzr Ilir r t l~y r l lu l t l l tk  
III the alIa!#n~n ITI,~ICYIII~ 11) +.I~INII~C IIN \141v 14 
l l l l n l ~ ~ l l ~ ~ l l  1w~ltl,lc, urr, u11rrI11t,l I,, 111,*c I<,l \I 419 I 1  
l ' r r~~~nwh l \ ,  t l ~ c  IIIII~~III~ 1u~Ltlh III l l t t  IUU 414In tI11lt1 

dpp rc t~~ l~ l \  dtsp~tr tltt \II~~IILIII ttlc I,IIII~I,~ ~llinatln~r 
gcn 11' nhlch  lit, u r n  r r ~ ~ t l  

Hr Itr natirrc. thr ph2h.r dlr(~lr\ rrrclhc~l ~ t r ~ r l r  p r ~ l r r ~ r r  
t d l r  ICI lulla~c r~rr r~pl r  bndlny llllipr I IIC prcwnt rr41111r 
%h<vn that a l h t v ~ ~ n  \14lm wlc<~ wwfal a p r t ~ t ~ a ~ n ~ a ~ c l ~  
cquallr btrrrtr(rl\ htnd~rrp lwptldcr l111r C,rntrartn u ~ t h  ~ h r  
rcrulta Rhla~ntd h* \uan rr r l  ( I 'W)  wlth n~~rn,rwpcr 
lu,latrJ frcm an unconurilnnl Ilhrarr 1111 444lm rprllhc I l r  

thr tnun dnn\n~ra l rn~t l  I'onnblr, ~ h c  n l l r n ~ t i ~ p  lhon 
authrnr ~ihtalncd IS a muih rtrenlpo h~sdrr l t lrr~ anr rd tu~ r  
prornt ~n thc l~hrar\ uud f ~ n  thc panntrrp: 

I l lnr~r l rn  arc ~ m p r l r n l  human and animal torlrlr. and ur 
(arc murt hc trkrn ti, nrnd dlrrcr cr~nrui dur~ny analrnr 
nK porub1111, of rcplrtnp toxlm In dtarruntlr l~nwrd~i r r r  
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Abstract 

Kvords: ochratoxin A. ~ndlrcct cornpetI11vc I:i.ISA. IIIII.('. black pepper, corlandcr. 

ginger, turmeric 



Introduction 

Ochntosins ;ire a group 01 t11\1z .;ccond.lr! I I I C ~ . I ~ I ~ I I L . \  p ro \ l~ i~11  I,\ it~11.1111 ~ I I I I ~ I  111 111~. 

genera .4$prg/l/1t~ and / ' I ~ ~ I < . I / / I I I ~ I  1 , \ ~ ~ ~ ~ I L ~ ; I I L ~  ( t i  l ~ ~ - ; ,  ('1111 11).'4, I 1.11v IO7.4, 

Stcyn 1971 ) Among lhcn?. ocllralo\l~~ .I I \  t l ~ ~  I I I ( I \ ~  1 1 1 \ 1 ~  I t  11.1, IWCII < I I , I H I I  I , ,  15,. 

ncphrotoxic. I~cp :~ to~o \~c .  tcr;tt(lgcnlc. L . I ICI I I I I~C~I IL .  I I I I I I : I ~ C I I I L  .IIIJ t<r tw .III 

i m ~ n u n ~ ~ s u p p r c s \ ~ ~ c  i1gc111 ~ ~ 1 1 1 ~ w r - (  I IM~C~I I I : I I~  :111tl 51.o11 I ' JX ' J I  111 grl..l~t*\l L . O I I L ~ I I I  101 

humon hcallh IS 115 1111pllc.111on 111 ;III ~rrc\cr\ihlc . I I I ~  I.11:il ~ I J I I C \  I ~ I V ' , I \ C  ~ C I C ~ I C I I  1 1 3  . I \  

"l3:tlhar1 l :ndcn~~c Kcpl~rop~~tl~!" tKr11g11 1'1741 (I:\ II,I> I>CL.II 1<~111i(l I ( )  ttc1111 111 f (~t~t l%,  ( $ 1  

plant orlgin. 11: cdihlc ;~n~ln.il t~ \ \uc>.  ;11it1 111 I~ I I I I~ , I I I  11111h. I ~ I M N I  wr.1 .IIICI I I \ \ I I C \  1 (  1c111n 

c.1 (11 IY05, 

conlaln rclat~vel! 111gIi ( , 5  11g'hg) Ic\cl\ 01 ( I!\ v.crc ( I ) I I I ~ < C  red pq11i~1 I , \~I! ; I I I I ; I  (11 

1098). pap:;rlca and nulnlcg (Vr;~hcl)c\;i 1.1 (11 lllc/U) I 11c I I I O I I I L I \  1~11;1tcil lr(1111 \pltc\ :ire 

predon~~nantly .4\p~*rg1lirr\ ;ind /'c+ni~rllr~rrn \pcclc\ (I.l;uin~ga~i ;rnd I l u ~ .  1')701 , I I I ~  ~ I I C W  

arc implicated in the product~on of  x \crul  m)ct~tohlns 

Spices and condlments are cutcns~\cl! u d  III Or~cnt,~l and l11dl.111 C O O ~ I I I ~  IIIC I I I I ~ \  

record of ochratoxln A ccmtamlnatlon In sp~ccs  from 1nd1.1 I \  I!\ d a c ~ l ~ o n  h! I I I$A III 

c h ~ l l ~ e s  ( Ih tnuna la -k t1  el ul 2000) In thts ppe r .  b c  rcpon the trcuncnLr ol O A  In 



man! samples of four of the nltbif ctrmnionl\ uwt l  splCc.* 111 IIIJIJ. I~;IIIIL~~\ hl;izk 1vp1vr. 

conandcr. ginger iind tunnerlc h! h> th  I- I IS.\ n l J  I II'I ( '  m c t h ~ ~ l \  

Materials and methods 

Ochratoxln !I. ocI~ri t lo\~ri  ,\-li58\ LOIII~I~.IIC, ~(*:II . l t l r l - r , ~ l ~ h ~ ~  lg(~-,, \ l  It t t ~ r l l t ~ p ; ~ ~ ~ . ,  ,, 
nitroplicn!l ph~~sptiitlc, atld hn l r tc  \crtrrn . I ~ ~ L L I I ~ I I ~  ( I { \ . \  I. \\TIC ,111 ~~LIIL.II,~\L.<~ 110111 1 1 1 ~  

Signlit ('hcrnlcal ( ' ( 1  . 41 1 rnrc,. I ' S A  XI lcro l~t~~r  ~I,IIL.\ I\!;I\I \III~ I l ) ~ t ~  ~ L V C  CIIII:IIIIC~I 

from Nuric (Nirlgc YI I I~~ In~crn;t~n~n:~I. I)cn~n;rrL~ I l i l ~ ~ l l r n ~ ~ ; ~ l l i ~ i ~ t \  LI~~OIII~III 11t11ir \'IL~II~I 

l,.l'. U'ateflo\\ri. hlA, 1'S.A ( ' I i l ~ c r ~ ~ l ~ i r r ~ ~ ,  ~ICIL! ,ILL.IIC :IIIJ ~I~~III~~IIII\~IIII~~IL ; tc l t I  \\rrc. 

analytical gradc. accton~tr~lc. rnc t l i a~ i~~ l  .11111 III~UCIIC ~ I C ~ L .  III'I ( pr,ctlc 4 \ 1 1  OIIICI 

chcmlcal\ tvcrt. rcagcnl gr;tdc or chcn~~c;~l l !  purr 

Collection r,/.samplc\ and prrparationjor ELIS.4 

Rlach pepper (26 rdmplc\~ ccrrr.~nder 1 5 0  \.lnlplc\~ plrlpcr I?$ \.ltlrplcrl d ~ ~ ~ d  tur~11crri ( 2 5  

samples) ucre purohaxd Iron1 re1.111 \hop\ 111 '(HI y q t ~ , ~ t ~ t r t ~ r \  11I.1ch pcppcr sritl 

coriander were purchawd .I\ wed\ ,lnd lumlerrc ,rnd g111p~~ wcrc hc~upl~t .I\ p(i\*dcr\ 

Black pepper and corlandcr Irere ground to ,I fine pc\rder in a W drtnp hlrndcr and plnpcr 

and tumenc powden \ccrc wed \\lthout an\ lurthcr grlndlng 5dtnplc\ (11 ?O(l p were 

thoroughly rnlxed and three 15 g \ u b - ~ p l c s  were taken I x h  \uh-wmple was extracted 



Fnni AJJIIIL~\ and c < m r a n ~ ~ n u ~ ~ ~  < 

with 75 nil of a mlxtun. c l c  5 " c  kc'! 111 70"" n~clhanol b! I \ I C I I ~ I I I I ~  I I I  .I 1 L I I I I I ~  ~ I C I I ~ T ~  

I~~xlrnctio~i ~a ! i  f o ~ ~ o \ ~ ~ d  b> shakrng ttlr ;(I 111r1i anJ t i l t r i~~r t~r~ 1111t1ugI1 \ ~ ' I ~ ; I I I I ~ ~ I I ~  \ < I  4 I 

filter papcr. ']he fillnrte \r:ls drlulcd t\\rI-to ~cn.lold 111 1111ti~pli.t1c-trc1ll1*r~.~I \.ll~nc 

containing 0.05"0 f ~ w n  20 and U 1"" h ~ \ n i c  wnilil ,~lhunrrr~ (1'1i5- I Iih \ I  P I I I I I  ($1 

*l.ISA. 

An ind~rect 1.1 IS,A procedure \11111Iirr 10 tlla~ rcportrd t l r r  . I ~ ~ : I I I I \ I I I \  ( Il11rtr111.11it I ) I . \ I  , , I  

(11 10001 and och r~ to \ t r~  !\ ( f I ~ ~ n n l l ; ~ l . ~ - f ) c ~ ~  1,1 [ I /  2000) \\:I\ I I \ C ~  S ~ I C ~ ~ I ~ I I C . ~  pI<t~c \+clI\ 

were coaled w ~ t h  1 pg 1111 01 0.4-1)SA 111 0 2 hl cod~uni c.;~rhon;~tr hl~llcr. 111 l 0 (I  I 150 

j~I!well) obcrnrghr at .to(' Suh\cqucn! step\ mere at 77"t' lor I h i l n l ~ w n l n ~  W;I\ tl~lutcd 

in PBS-7' RSA. hcld for J$  1n1n al V"(' and dddcd In 50 111 \<llunle\ 141  I00 111 111 O A  

standards ranging from ]O(r ng rnl tc~ 100 pg'ml. prcparcd ~n a tl~lutcd ctlracl Irclm \plc.c$ 

that did not contain 0 .4  (\errficd h) 111'1 ( ') Sprcr '.ample\ ucrc crtrrxlctl \ r ~ l h  

methanoi-KCI as descrlkd ahcrte. filtered and ~ s c d  a1 a I I0 dilu~lctn In I'I1S-I IISA. 

except for ,va dllutctl to 1 8 One hundred / A  ol cab wmplc ucrr  d d c d  to 



I I4 

I 15 

116 

117 

I I R  

I19 

I20 

121 

I?? 

wells conulinlng 50 /I{ o: dnllwruln J~lurtrl  I I I ~ l ~ . l N H ~  (1o.11 :~nt~rabb~r  

~~nmunoglohulins ((i/\R Ig(;) corilt~g:t~etI .1Ii,:tl111c ~ I I O ~ ~ ~ ~ ~ . I ~ , I ~ L ~  \\ere t ~ ~ , i  ;I{ 11 I I I I O O  

dilutlon lo dclect r~hh i l  antlhJlc\ ~~ll:~clinl 10 0:\-11S.\ p .~ l l t r t~phc~~ \  l pll~~lrll:~tc \\.I, 

used as  a suhstm~c at I nig rill :\hsc~rh;tncc \\,I> rt*.corJ~.cl .!I JOz 11111 1 \ I , . . )  \\1111 .III 

lil.lSA plate reader ('1 llcrtcl, ' r l~~lt~\L;tn. I . ~ h  \!z~c~li\. I I I ~ ~ ; I I I , ! I  ; I I I C ~  I I I C I I I ~ ; I ~ I O I ~  :I! r0~j111 

tempenturc for 111 

Standi~rd cur\<\ ucrc oh~a~net l  h! p l o ~ t ~ n ~  log,,, \;tlue\ C O I I C C I I I I I I I I ~ I I I  < I ~ ; I I I I \ I  

optical dcns~t! ;II h.~,, '  Ilic colicetltrdllons 01 O \  111 \ , I I I I~I~C\  \ r c ~ c  L ~ ~ I C I I I I I I I ' ~ ~  I I ~ I I I I  ill\. 

standard cur\c\ ;~nd c~prcszcd 111 /rg kp U \ I I I ~  111c I~~r.~rtc~l,t (I . \  iarritclltl.llnlll I I I ~  n111 rn 

sanlplc cutr;rcl * d ~ l u ~ l o n  \ \ I I I I  huflcr . c\tr.l~,ltlvl \ o l \ cn~  \ I I I I I I I ~ C  I I \ C L I  (1111)  \iltillrlc 

\ve~ght ($1 111 order to tcht the rclo\cr\ 0 1  0!1. 15 g \III'.L.\ n c ~ c  I I I I \ C ~  \\1t11 ~ I I I C  t t 1 to 

give concentr;ltlon\ ranglrip Irclnt 1 10 I00 /rg'Lg hp~kccl \ ; ~ r l ~ p l ~ ~  \ \ c ~ c  c\l~;tclctl ;~ntl 

;issayed as lor unkncnvn s;ln~plc\ 

Determination nJ0.4 hy IIPIA ' 

Ckhratoxin A was extracted h) uslng itn adilptatton ol  thc c\lr;1it11~11 prc~icthrrr I I I  lhc 

Technical C'ommittce of f;uropciui Committee li1r Stand;~rJ~/;rt~on r (  I \ ' 1  ( 7 7 < ,  I'I'JX I 

Spice powder samples (50 g) were translirrcd Into a 5 0 0  n ~ l  I'll I c ~ n t I ~ t ~ t r . ~ l l ~ ~ ~ r o  

e~hylenc) container mixed with 200 ml chlorofilrm and 20 nil 0 I \I [~rthc)ph~~\phtrric 

acid. Ih i s  mixture was triturated Tor 3 minutes with the I 'ltra- l urr;ts ( I A ( 2 0  

(Staufen. Cierman~) was fitted with a 1 '1  7-V shaft at 135fX) rpm tri prcducc a \lurr! Aller 
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renlrifugation for 10 mln under 820  g at 5-  lo' (,. lllc cI1h1r~1l,1m~ pll;lw lrilll,~cnr,l 

a 500 ml bake r .  'l'hc rcmalnlng p m  \+:I.\ c\rr;~clrd ; ~ J I I I  I \ I I I I  ' ( ~ i  1111 c.lll,,mt,\"l1 ;ul,l .'(I 

ml clf0.1 M orchophosphor~c 8 1 ~ 1 t t  I hi, c.tl111h111cd i .IlI~~r,~ti\rn~ l)~i;l\~*\ ( L  ; < ( I  till 1 \tt.t{. 

evapomrrd lo dnncss  h! ror.lr! c\apor,Itlon ;I[ iO.Jt1 ( '  Illc r.r\ltlue \I,,\ , l ~ \ \ ~ ~ l \ ~ ~ d  111 

1111 0 r0 .5  M S;lll('Oi and I r~~ls l r r r rJ  10 .I 131 ,111 1'1 1 I c,blll;lln'y ,\flcl 1 0  ~ l l l l l l l l C ,  

ccntrililgarion al 820 31 5-10 ' ( ' .  -711 1111 ,11' ,.1111pl~\ \\isre p:l\\ctl ~ l l r ~ ~ \ ~ ~ l ~  ( ,c l l r ; l l l~ \ l '~  

irnmut~outlin~r! coIun111 (\'IC;IIII I I ) ,  \ \ ' . i t~f l~~\ t l l ,  if.\, I , Y , \ )  ; l ~ ~ , , l ~ ~  1.: 111111,1~~~ 

t jeli~re loadlnp rhc c\tr;ict. rrlc l~cllr;l\c\r I "  ~ L I ~ ~ I I I I I I  \\:I\ C I ~ I I ~ I I I I ~ I ~ C ~  \\1111 1111$ ( 1 1  1111i 

'T~vcnty ml oI'dc-~oni/cd i\.llcr \+;I\ uwd to 1+.1\1i rllc 111~1tlctl I I ~ ~ I ~ ~ L I I ~ < I ; I ~ ~ ~ I ~ I I \  ~ I I ~ I I I I ~ I I  .lltd 

( )A 1lle11 cIuIc(1 \ \ t t I~  11111 11it.lh;111ol ;111d 1111 ~ I ~ - I I I I ~ I I C ~ I  \ + . I I ~ I  ! \ I I I I I I \ ~ I ~ I ~ ~ I I  ,111 I L  :I 

2 0  ml)  uas passed rhrougll rllc c t~ lu~~ l r l  ((1 c o l l c ~ ~  ; r I I  1l1c c l u , ~ ~ c  (hit 1111 \ , I I~ I [ I~V (11 ~ l l c  

clurc irns then lillcrctl rllrc~upli :I 11 J! /in1 ~ i ~ t ~ r i i l i l \ ~ r  iZlillc.\'fi~.Il\' I I t ) ,  I l l  1'1 l ~ ~ l , ~ l \ \ ~ \  

f,'or IfPI ('. 50 111 s:i~~iplc\ \\ere I I I I C C I C ~  h! lull lo1117 I I I I ~ C ~ I I I I ~  I I I V  ~ I ~ I I I I I I ~ I ~ ~ ~ ~ I ~ I ~ I ~ I I ~  

s!srcnl co~lslsrcd 01' ;I I'crh~n-l lmcr I('OJ1j I U I C I , \ I ~  11~1rlrl1 c \~~r \ ' ;~ lh .  1 ' 0 .  1 ' 4 ? 1  

cqn~ppcd wirh a Khcotlync nloticl 71!< 35 Inlrcllon \,ill\c 150 111) tl(llcc~d\nc. I ' I I I ~ I ~ I .  

['A. I'S,i\). ;I KI.-55l flutrrc~ccncc spcctr~~pl~otornctcr d c ~ c r ~ ( i r  iSl11111i(d/11. Ii!i110. J~IPIIIII 

equipped with a 150 \5' wnon 1;11np ( I  ,,., ,, ,.,,, 712 rlrri and I .,,,,,,,,,,,, 40: I I I I I I  ;IIIII  ,I 

Spectra-Physics SI14?'~(I chromalo-cr~lcgralc~r ($;in J(~ci.. ( 4. I S A I  Ihc ~ I I I ; I I \ I I ~ ~ I I  

column ~ . a  an Ily-,prslllM 13115 rr\ .crrd-phnw ( 150 s 4 0 !nil> I d . 1 l~til  p;ifl~~.lc\ 

('rrdctr Anal!tlcal. /l;rrcclc)n;i. Spi11n1 Ihr  column Icfr a1 arllhtcnt lcnipcralurc 

fie mobile phaw was accrt,njtr~lc-walcr-acet~c acrd (45-54.1 v ' \  '\ J rlutcd at a Ilou ralr 

of 1.0 ml,m,n. OA w n  assa!ed b! rneasunng ped hclght at the ccllralorc~n A rctcnllcln 

time and compar,ne it with the rcic\anr calibration cuwc ( 5  polnls, In the range I - 5 np 



of ochntosin krill. r - y ~ w n . J  ,) ucN/l S1,111d,rd s t ~ l t r t ~ t ~ ~ l ~  tor the r:rl~hr;~~ton w r \ c  \\c.ls 

prepared in the mohllc phaw In1111 :I s r t ~ i ,  s o l u ~ t ~ r l  c , ~ ~ ~ t . t ~ ~ l l ~ l g  try: 1111 $11 0 \ 111 

toluene-nce~ic acid ciP) 1 ) 

Results and I)iscussion 

Cbmparitun cqe.sfimafr.t 04014 conc.c,nfrrrtion h~ f.'I.IS~l and llfI.PI.( 

Ihc Oh conlent.; o l  saniplc\ \p~hcd \\11I1 pure 0 4  ucrc cs~~matetl  I>\ I I 14A ;)lid 111'1 ( 

The results shou go(~d ~orrc\pondencc I ahlc 1 I 111'1 ( c\t1111;1tc\ ncrc U I I ~ I I I ~  7 51) ( 1 1  

EI.IISA cstlmatcs. although alu;~! \ Its\ 

Ejject of extracts from ~rrious spice.\ in 13,'IS,4 

The t:I.ISA procedure reported for O A  cstlmallon In c h r l i ~ c ~  i lh~runla ln- l ) r i~  i f /  i r l  

2000) gave a non-spec~fic rcactlon, prcsumahl) duc lo interfcrcncr h \  whstancc* prcwtl! 

in the spice extracts. To confirm that lntcrf'ercncc In I:I.ISA uas  dur to r~lh\tancc\ In 
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spice samples, we compawd 0.4  s~and;~rd\ prcp8n.d In 1'115- 1 llS ,\ \\ 1111 ~ I I O > C  plv~:lr~-t.'l 

In spice extract sholrn h! l(1 IS-\ to iontilll rhc ctlul\:llcnt (11 Ic\s 111;ln 1 0  ,,p 1~ ( 1 4  

Curves were found lo hc ~nllucnccd h! T \ I ~ \ I ~ I I C C I  P W C I ~ I  111 r l ~ l f ~ ~ t ~ i t  \PICC C \ I I ;L I \  

(Figure l ). As a result. 11 \\as e\\cnt~al to prl-p;lrC t L  \~.~tid.~rcl \1111111t111\ ,,I 1 l \ 111 ~ \ 1 1 ~ 1 , 1 ,  

of spices. ( 'hill ic~ li i~\c h e n  > I I O \ ~ I I  I < )  L O I I I ~ I I I I  s ~ I ~ \ t ; i t ~ c ~ . s  111.1t h~ncl 10 ;11l,tto\111\ 

(Shantha. 1909) and iilzo thilt I1itsrlcrC 111 I I I C  L ~ \ I I I I ~ , I I I ~ ~ I ~  I?! I I I L I I I C ~ . I  1 I I \ , \  01 ( I : \  

('l'hlrumala-l)e\~ cr 111 '(I001 llii~s. I < ~ \ I I ~  \tilnd;~rtI~ ncrc p~cpiirctl 111 \li~t.e C \ I I , I ~ . I \  

shown to hc substulit~all\ Ircc ~ r l  ( i,\ 

Recotrv ~JJ 0.4 from ,\piked spire tamp1r.c 

' lo  c o n l i n ~ ~  th;lt thc c\tr;lctlc~n pri~ccdu~c\ ircrc r.flcct~\c. ~ I I I C  0 : Z  \ \ ; I \  inltlc(l I ( *  

pc~\vdcrcd splw s;1111pIes ;IIILI e\tr;ic~~.iI 111 70  " ( t  I I I C I I I ~ I I I O I ~ ~ (  I I < C ~ I ~ C I I C \  fri1111 \.11111lle*~ 

of black pcppcr. ct~r~antlcr and turll,crlt ulnlplcs \\crc grc;llcr I~I ; I I I  ' I 0  " r s  1 I.~lrle 71 

Ilo\rc\cr. recoven  lion^ glngcr \alllplc\ \\;I\ . 00 " O  i1111\ irllc.11 c\rr;l~.l\ \rrrr t l ~ l ~ ~ l r d  H- 

li)ld 

Anolyssb o j  rpicr samples col1t~c;edfrom rc~oil ,\hop.$ 

The results of 0,Z anal!s~s of \plccs ~(illectcd Irorn retall \h11pr ilrc \hc,\r-n III Iilhlc 1 

'firee replicates 01, 126 samples of hlncl pcppct. ctrr~;u~dcr. glngcr I I ~  t u m ~ e r ~ r  \rere 

measured, The sho\\ed that 45 wmplcs ctrntalncd mclrc ttvan I ( I  # ' k g  Oh In 

amounts that ranged up to I 10 1 1 ~ : k &  (1 able 3 ) 



OA conminat ion occumd .II ll~ghcr Ic\cl \  In t\l:ccL. jrppcr. tunncrlk. ;II\J i .~ i r~ ,~n~ lc r  III:III 

i n  ginger. High Is\.cls o f 0 1  ( I I 0  jrl: kg) \\cw Jc rc~ te~ l  III tilnnCrlc. \ \ l l l ih  I\ 11111% 111 [hc 

most \r,idely u s d  spice 111 Indian ~ O ~ L I I ~ ~  

'The prtduction o f (  ) . e l  and Ihc gro\rlll 01 lllc IIII~~I r c \ p o ~ ~ r ~ h l c  ,tw dcpcntlcnt u1wn I i~ t lors  

such 3s te~ip!ral~lrc. hun~Li~t!.  I~~II~L~IIII~ J~IIIII~ II;II\C>IIII~ .IIIL! k ~ ~ ~ ~ i t l ~ ~ ~ ~ ~ ~ ~ ~  ~III~III~ \ror,Ipc 

'The myorit! of spice\ arc produced III courlrrte\ u ~ t h  11op11*1l ~.IIIII.IIC\. \rl11~11 ~:I\III 

gro\rtli o l  the l'11ng1 I '~~ lor~un:~ lc l ! .  ~ n r t l l t J \  II~,II \r,it~IJ I*. \ i~~l ; lh l r  1111 I~~II.II~~II~I \PICC\ 

have 1101 h e n  dc\clopcd Kc :ll\o prc\\rnlc rh;~t I;lcL. 111 \ l l t i i c l c~~ l  \c~rrc~l l :u~cc tl;11.1 1111 1111. 

occurrence o f  O A  in sp~ccs 111 l n d ~ ; ~  c.111 1w :~trrihul'tl 10 tllc ~~II-:I\~III~II~III~~ 111 

incupensi\c diagrlost~c to~) l \  I hc prc\clll \lud\ ~ . l c i ~ r l \  \llo\red 111,it 10111 IIII~)C~I.~;II~I \1)11c\ 

can Il;!rhor 0.4 a! Ic\cl \  k!cind tlio\r prnl l~rtcd h! yr~lhlli. I~e.l l l l~ i ~ c ~ l l l ~ l r ~ l l c \  ( )II~ rrrilll\ 

emplla\i/c the 11ccd lor \unc~l l ;~r~l-c 01 ( ) A  LOI~I;IIIIIII;I~I~I~ 111 \p~ce\ .~nd ' I I I ~ ~ c \ ~  lI1.11 

s[ra(cgics should hc. dcvelc~ped th;ll c,in 1c:ld l o  rtllnlnll/c 111~11 c ~ i r l l : ~ ~ n l n ; ~ t ~ ~ ~ n  

This dtKunicnt is an output horn a prcllecl (K70Xl) I~lrldcd h! rllc I 'li I)cpi~rtr~lcnl 1111 

lntemational rk.velopmcnt t l ) l  11)) IIM the k n e l i ~  01 d c ~ r l o p 1 1 1 ~  ccn~ntr~c\ I h r  \Icrr+ 

expressed are "01 ncccssarll! rho\e 01' 1)l.Il) K.1-1) ;~nd  I )VKH arc %llppbnctl h! 

ICRISAT. MAM financ~al supporl from Ihc Srotl~sh I:xccutlvc Kurd  

Affairs Department. 
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Table I. Dcrcrminalian ojO..l in srlrcrrd spicr samplcc by n/f.'I.l.l.lSJ and /IPI.(' 

()'I L(,ncdniln.illon 

Sarnplc r! pc 1 1 I.\ 2" 111'1 ( ' 

l3lack pepper 4 2  + 1 2  UI) 

flluck pcppcr 10;: i i l  'JN 1 

Ginger 25.3 f (I R 2 :  7 

Ginger 778 + 4 7  71 7 

Turmeric 3'24 t 1 9  20  1 

Turmeric 5 4 0  t_ 1 6  47 4 

' ELIsA values are means o f 3  estimates ?r SI), t IPI.( value\ arc for \lnglc e\tlmarc\ 



ELISA. 

No. C'onccnlr~tion of():\ t O ~ I ~ ~ ~ I I ~ ~ . I ! I O I I  0 1  11 I'~IL.L.III ~ c e ~ ~ t e ~ r ~ c \  $ 1 1  

uscd lor spihlng (jig LgI esrlnl.~~cd ( r ~  L C \  \ I.\ 111 ,p~Lctt ~.ltnIrlc\" 

a Ilach sample was spiked with a known conccntrarlcin 111 ( 1.1. c\lr;tclctl 1 1 1  7 ( 1 " , 4  I I I C ~ ~ I ~ I ~ I I ~  

and assayed. r)ata represent mean of three rcpl~callorl\ t SI) " I)clcrnrrncl! h! Ihc 
f~lmula, detected OA @@/kg) divided h) the ccrnccntrallotl 01 Oh ilwd h r  kplhllly arlll 
multiplied by 100. Values are Means 2 SI) 



343 Table 3. Incidence and range o f 0 4  rn ~elecs~d cprcr tampkc at drcrmrnrd hr rndrwcr 

344 conrpvfifiw ELIS4. 

345 

i ~ ?  Rlach pcppcr lJ20 $4 K I I I  

3 0  

354 ('oriaridcr 2 ( 1 ' 5 ~  40 1 0  1 1 ( I  

155 

356 (iingcr 

357 

358 'I'umieric 

359 

300 

361 SLY t e x ~  for details. 







r c m  I sW&r 
L I e i R A R Y  
DATE DUE 




	00000001.tif
	00000002.tif
	00000003.tif
	00000004.tif
	00000005.tif
	00000006.tif
	00000007.tif
	00000008.tif
	00000009.tif
	00000010.tif
	00000011.tif
	00000012.tif
	00000013.tif
	00000014.tif
	00000015.tif
	00000016.tif
	00000017.tif
	00000018.tif
	00000019.tif
	00000020.tif
	00000021.tif
	00000022.tif
	00000023.tif
	00000024.tif
	00000025.tif
	00000026.tif
	00000027.tif
	00000028.tif
	00000029.tif
	00000030.tif
	00000031.tif
	00000032.tif
	00000033.tif
	00000034.tif
	00000035.tif
	00000036.tif
	00000037.tif
	00000038.tif
	00000039.tif
	00000040.tif
	00000041.tif
	00000042.tif
	00000043.tif
	00000044.tif
	00000045.tif
	00000046.tif
	00000047.tif
	00000048.tif
	00000049.tif
	00000050.tif
	00000051.tif
	00000052.tif
	00000053.tif
	00000054.tif
	00000055.tif
	00000056.tif
	00000057.tif
	00000058.tif
	00000059.tif
	00000060.tif
	00000061.tif
	00000062.tif
	00000063.tif
	00000064.tif
	00000065.tif
	00000066.tif
	00000067.tif
	00000068.tif
	00000069.tif
	00000070.tif
	00000071.tif
	00000072.tif
	00000073.tif
	00000074.tif
	00000075.tif
	00000076.tif
	00000077.tif
	00000078.tif
	00000079.tif
	00000080.tif
	00000081.tif
	00000082.tif
	00000083.tif
	00000084.tif
	00000085.tif
	00000086.tif
	00000087.tif
	00000088.tif
	00000089.tif
	00000090.tif
	00000091.tif
	00000092.tif
	00000093.tif
	00000094.tif
	00000095.tif
	00000096.tif
	00000097.tif
	00000098.tif
	00000099.tif
	00000100.tif
	00000101.tif
	00000102.tif
	00000103.tif
	00000104.tif
	00000105.tif
	00000106.tif
	00000107.tif
	00000108.tif
	00000109.tif
	00000110.tif
	00000111.tif
	00000112.tif
	00000113.tif
	00000114.tif
	00000115.tif
	00000116.tif
	00000117.tif
	00000118.tif
	00000119.tif
	00000120.tif
	00000121.tif
	00000122.tif
	00000123.tif
	00000124.tif
	00000125.tif
	00000126.tif
	00000127.tif
	00000128.tif
	00000129.tif
	00000130.tif
	00000131.tif
	00000132.tif
	00000133.tif
	00000134.tif
	00000135.tif
	00000136.tif
	00000137.tif
	00000138.tif
	00000139.tif
	00000140.tif
	00000141.tif
	00000142.tif
	00000143.tif
	00000144.tif
	00000145.tif
	00000146.tif
	00000147.tif
	00000148.tif
	00000149.tif
	00000150.tif
	00000151.tif
	00000152.tif
	00000153.tif
	00000154.tif
	00000155.tif
	00000156.tif
	00000157.tif
	00000158.tif
	00000159.tif
	00000160.tif
	00000161.tif



