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Studies on practical application of zearalenone ELISA kits
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Abstract : For the extraction and measurement of zearalenone in the corn, bean, wheat and

barley contaminated with Fusarium graminearum , the zearalenone-oxime, zearalenone-oxime

BSA and zearalenone monoclonal antibodies were studied to develop and apply the direct

competitive enzyme linked immunosorbent assay (ELISA). The extraction range of zearalenone
with the monoclonal antibodies produced in this experiment was 10ng to 500ng/g feed and the

50% inhibition value was 50ng/ml. The mean recoveries of zearalenone artificially spiked in the

ground corn were 89%. The specificity of F-2 monoclonal antibody for the analogues was
favorable for the direct competitive ELISA. The result of the experiment showed the zearalenone

in the corn, bean, wheat and barely naturally contaminated with the mold would be suitable for

extraction and measurement with the monoclonal antibodies.

Key words : Enzyme linked immunosorbent assay (ELISA), zearalenone, zearalanone, cross

reaction, monoclonal antibody.
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ol TEY F%o] F43 o] 59 AR Fa7}
AN fEAd ot Agde st HAE
H 28 7b&dl M A3 25 1 gl syt 7%
T 92 g H S ofrloly GE YTFEH Bz
8tod Fusarium graminearum 2] %43 EA A U
3 $L&F2AL 23T AP o)H T FHo] E2
% ZearalenoneS &5 49 o2 @ THAIF
Hol A BT ZF shEol A AAA &4 e
7}A 9.1 9t}’. Zearalenone & A oA AL Qo
AN HAZHE A nE AAH S4do] ag. &
3} zearalenone & ZFo| A @ 2 B-zearalenolZ A 35 o] 1
PAEE SO $H2 RulEo] U oy S
pitt ngo] wEFo] Atz fe] FHHA R FEEY 17
A4 EAE o718 # Qlth 2B E o d KA

N3 FHe] =
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B4 FEUHOE G4 AtEwe] A}
SHEE 2 FEUY o] AHolo HAY. FFA
2 FFE FFo] 54E HFIE YHoEE
TLC*™, GC'™, HPLC"™ ¥ A|£%9 GC-MSD 59
SR A o] doy Be AL g guta W 2
7ke 717 aeln HEAHo] Yasnz Azt R AHA
o2 B FAYE Xz U Bk oy} AR
£ AAted g g3 Z BAot & A7
o ZHo] 7}53EE RIAYO) st o] 45T glo
A B AT dvlEY AHels 2AdHe
2 Hof9lrh
Hof dd dgAEgol o3t HYEH Y(ELISA)
e Wz T Eoj4o] glos X o] FHojuin HY
g A Aol glv FFo] 549 EAYOR 9jate
A HZ ALE o] o] 51 Utk LYol E
olgid A7t o Hud v Jon® AL
B2 AR AN, EHHY MEANE F whgzd
AR Fol g8 FFriRgA Ao ex gtk
AN ME zearalenoned FAs7] Y3 d1dnE
ojgol 2 UAE FA9 I A g APy
direct competitive ELISAY] o} o] 30} A} &\ zearalenoneS
HAGA AR A Hof Hadhs wojth

=]

o W& Jm

ME U Uy

Z-oxime : Z-oxime®] A% Thouvenot'*s] WH & 9
gl 5T} SigmaAl(USA)ZHE 9% zearalenone

50mgell pyridine PNPP(p-nitrophenyl phosphate, disodium)
2mlE o] vortex 2 287 438 A]7] 12, Sigmarl 2 B E
FY3 carboxymethoxylamine 1-ethyl-3(3-dimethylamino-
propyl) 100mg& thA] ol 5E7F vortex2 &S F,
60T FuWFr A 287 SEEAIAA AF & 713
o evaporatordl| A 3Y 7t AZEAZY. 1 BEE so-
dium hydroxide, pH 8.0¢] F %4 25mlE o] thA] vor-
texoll A 5E7H GaA AT SigmaAlUSA)A A 7%
benzene 25mlE 7}ste] S2o) A WEEHA ¥ zearal-
enoneS AAGCH HAH hapten pH 1.0¢] HCIE 7}
Fozn ZAAstd AHEY Aol FAHU 2,
Al ethyl acetate 100mlZ 43}o) ZH F7}2 Yo} hapten
& FE3%h %3 hapten® A2 % TLC(chloroform :
methanol=1:1¢] A4 S& o]&3 & aluminum chloride
in methanol solution 40%(w/v)Z& ¥-A}8 1 hot chamber
(60T)A A FAatal 27 W2 ThA] Fletn 234
B 2 evaporatoro] A 44 A Z 3 T Z-oxime-BSA A Z o
ol &3t & HYAM dxE FAHRY WA 343
o] 2aHALLE 549 BAE WA Yid F
Aezid B5str] g gl Al gt

Z-oxime-BSA : AJ A+l hapten 25mgg dioxane Smlol] &
sjsks1, pH 6.09) F/4 10mlo] Sigmariel A )%
50mge] BSAZ} $Hrdl &3S EFsIG o, 4HE &
3] 9 & Branson ultrasonics(USA)AFS] sonicatorol] A 108
7+ 2gAestAth HCIZ pH 6.0 #A3FHA SigmaAl
of 4] 913t carbodiimide 300mg& 1A|7HESH MM &) &
Fetdth 3 §4S A2oAM 214AMEG AEu Y]
o A ¥r-g 5t} thA 300mg carbodiimideE 712 7}
3te] 484 7HE ot M g3 s th. Z-oxime-BSAE 30% diox-
ane §902 53 AAT F 600gel A 1087 Ay ¥
g & AFAE Hetod FAGr}. Zearalenone-oxime-
BSA £-912 4C9] 21 deionized waterol] A} 3¢ 7t F-A] 5
At 12417t} deionized waterE A st ch ¥4
9] X & PMI10 membrane© 2 1A H Amicon cellef ul-
trafiltrationdt & Z A8k 25 1mg proteino] 1mlof]
FHHEE FHTE 489 milliporeAHUSA)S 0.
45p1 membrane filter2 o] HA}A F3 QT Z AP S o)
Im¥y EHatd FAAZE F,-70T9 YE7d 23
shed ALE3%Th BSAd] Z§HE hapten?] %2 310nme)
FE22A Z2HHAL, 305mme A 22 FE9 BSA
& 3= BSA-hapten®] FH=E u w3t 18
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I protein FE1= Biuret 3§ 0.2 =389t} Z-oxime-
HRP:= Z-oxime-BSA7} whEoj A ujo] Wyia} #ghon,
BSAD] 4] HRPE o] £ 3§t}

Immunization and hybridoma production : Monoclonal
antibody AJ4t-E $)3} o] Z-oxime-BSA conjugate] 1mg/ml
(0.9% normal saline)2 Freund complete adjuvant 1mlel]
SHemulsified)sto] 13 B 9-& HAe Y1, B 4559
booster2A] 1ml Freund complete adjuvant® 3}3}<] )
HH-S AA3Y . Freund complete adjuvantol] §3}€
150pg #Y(Z-oxime-BSA) 0.3mlE FFFAFEA T4
oAl A #4913 85 ¢ Balb/C ¢+ 3vlale] 32 0.2ml
a3 BFUWE 0.1mY Fodtd 14 89 AFH
4% % incomplete adjuvante] §-31%® 150pge) 34 0.3ml
£ 1 HE FJaFAte] AEGAAYG HYE F9
A S oA QMo 4 100u1¥ 23] 3] indirect ELISAZ
Ab®} H(titeE ZH ATt 1 H2 14 wdd ¥
33 wmete bk A Ee 1okl Ao A%
booster= 150pge] Ago] ¥ 0.3ml2} incomplete ad-
juvant7} 4 34 A EFUE HF FAHUT.

HEF YAFAF 3o HE AFYTE 2AEY
hoodjoll Al FH#HOZ spleend %3l hemolysing
bufferZ RBCE A A% 3 200 ¢ filter= o] 3}3} <] spleen
cellsZ 353ttt 349 spleen cellsZ GibcoAl E 5-E
13t DMEM(Dulbecco's modified Eagle's medium) wj %]
o RHAZATH ATCCAHUSA)ZH-E 143 myeloma
cells(SP2/0-Ag 14 mouse myeloma cell line)= 177 ¥)3
X 29) ¥ &2 DMEM wjx]o] E3HQTh ¥ AL}
myeloma | 25 E3E ¥ 600g2 SEIF thA] A E4
9t 2 AX S §8& 37Ty F244 DMEM
vl o) BoeringerAlZ2E F3 05ml¢] 50% PEG
(polyethylene glycol)g-9 & 2852t 7tgk § 22T A
1083 =83] st §FANAL. §EE HEY 5
EE HATH| A of mig 10° AEF2 g43te $9)3)8
AF4LZHE FY& ICR mices A A3 E740 4
A X feeder cells(dx 10%/ml)7} 2+ 96-well feeder plates
ol $A HFHct

ELISA screening for the selection of antibody producing
clones : A ¥ &8 25 5o FALLS B3] 3t
7} plates?] wellsE AA3c}. Z-oxime-BSAZ IFEH
96 well plateso) 4 2} cell lineS2 indirect ELISAZ 7 &
3k 7 platest= 4T A 31F14HS coating(SOng/well)5H

¥, A%EA L Z-oxime-BSAE A AF Y5d
phosphate-buffered saline tween 2022 53] A& 3ch
H|ZAZH solid phase sites®] So]4& sty $)3}d
1% BSA2] PBS £4-8 7z} wello] 748k 37Tl A 24]
TE¢ HEAAT AHF wFE cell linesd] Ffd
50ptE 1 plates?] Z} wellell 7}3 & 37T oA 1A 7H%
oF wh&AIZith 2 plates= THA] A3 ® F goat anti-
mouse peroxidase-labelled Ig G2] 50p17} PBS 10009 o &}
o F& 19 u&2 4= 2 welle] FYHKG 1
platesi= 37T oA 2A]17HE9F uh3- 2171 & SigmaA}ol| A
TU4% 50pge) OPD(O-phenylene-diamine)Z W4 A & 7}
o} 2 plates= 2087 W& H F 450nme] FF T o)A
Z2A3ATh FHEEE Y E cloneE 2 2& ¥y
o2 AHAE AAEAT. A QS 98t Z-oxime-
BSAd| ¥AE YeEly 1 BSAS A& Ebd cell lines
e oz ARAE A

Production of ascitic fluids : Abe] thZAAE ¢35ty
Balb/C mice] &7} 0.5ml Freund incomplete adjuvant
2 393 159 %, PBSY 1x10"/mlZ spleen celln}
myeloma cello] §E= o] vdd FAPA ] F2 hy-
bridoma cells 5ml& Balb/C mice®] E-73 o] thA| F &t
AT 44T A% go| Hol F24Y A B
3)48le] ¢ 0.45pm membrane filterol] o 73} -70C )
B o] $EE YT}

Isotyping of monocional antibody : GibcoAlZ 58 ¢
¥ immunoselect(Gibco. cat, No. 9660SA monoclonal an-
tibody based isotyping system for mouse immunoglobulin)7}
G329 isotypingo] ©] &% St} Coating bufferth
monoclonal rat anti-mouse Ig antibody & wellg 0.1ml¥ +
QPahed 4T A 3F4 coatingdtsith 2+ well& PBS/
Tween 2022 53] A3 = widF A hy-
bridoma cells®] A& HL wellF 0.1mI® F¢3td 37C
AA 14205 WS A2 Z well& ThA] PBS/Tween
2002 53] M#3% F polyclonal rat anti-mouse Ig al-
kaline phosphates®] 0.1mlZ well u}t} $¢) 8} 11 37T o) A
A ZEERE Bh AT, SAIZE Fo 7 wellg ThA|
PBS/Tween 202.2 53] A2 & % SigmarlZHE T3
substrate$] PNPP(p-nitrophenyl phosphate disodium)E& 7}3}
o 3023 A4 WA FFEE ELSA
reader(Bio-Tec. instruments, EL311)2 405nmo)| 4] &3 3}
RS
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Direct competitive ELISA : AJ4H%l g Ao )3} typical
direct competitive ELISA standard curve®] ) 9]= 10ngol
A} 500ng/ml Atol AT}, ¥ & Wame et al '] ¥ & o}
%o,

Determination of specificity : A4l anti-zearalenone2]
crossreaction2 T}2-9] EAEA AFREHJYT F, o
zearalenol, f-zearalenol, zearalanone, a-zearalanol 18| X -
zearalanol %-o]t}.

Recovery of zearalenone spiked in the ground corn :
SR 5ol 8 zearalenoneS 100 A} 500ng7} A
DAEE 2287 1949 EZEAT 19F 1 AR
22 Q. o (Ethanol 80 : Water 20) 20mis} 1A]7HE<t
Z83dnt. A4S 100pE 12 8t PBS-Tweend} 1:
25t} 1:500.2 3]A &t direct competitive ELISAZ 2
Aate] Attt Aarg A kgl A A5 F O zea-
ralenoneS ZA3}7] Y5t o|u] dojA 44 zearalenone
o] FF I NEF Y zearalenoned ¥ w3l 1 gk

& 2Asdh

e

2

Zearalenone-oxime-BSA®} Zearalenone-oxime-HRPE 1t
E7) $1% 99 Zearalenone-oxime®} conjugatest= Thouve-
not ef al'°c) EaF WPE Wz YAy A5L
A7) Yall A Z @ Zearalenone-oxime conjugates® %
A ¢} Zearalenone-oxime-BSA7} | Z 5 4] 31, markerE o)
29 %2 9] Zearalenone-oxime-HRPE. A %3} %t}

Eo]Ao] &2 hybridoma cells®] 3o dAER
3] 5] o] goat-anti-mouse peroxidase-labeled IgGot 313}
AP A G & & A7 Fig 1A 9 Zo] YEPET F2
toxing ¥8]3}= 713 $-& hybridoma cells2 2o 27}
e #3e myeloma £Fo] YA E Fo BFE in-
direct competitive ELISAZ. ZJAMSH A3 Ao] 4 el

|

i e S -1

1 0 100 1000 10000

Fig 1. Reactivity of the monoclonal antibody (MAb) to the
Zearalenone by ten fold serial dilution.

o

Fig 2= zearalenone3} B+ direct ELISAR AAME 2
B} BTN vk 9= 10ng o 2 BB 500ng/ml Ao
% 11, zearalenone] 50% inhibition value:= 50ngS 2 }E}
Wt

120
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Fig 2. Sensitivity of the monoclonal Ab to Zearalenone.

Monoclonal antibody 9] isotyping IgG2a%} £ type light
chain®] subclass® ©]F oAl Table 16 U ENJE anti-
zearalenone ] o] Ad(specificity)2 Z A3} crossreaction
o A zearalenone, a-zearalenol, f-zearalenol, zearalanone, a-

zearalanol 0 f-zearalanolol| A} a-zearalenold} zearalenone &

Table 1. Cross reactivity of zearalenone analogue

Mycotoxin Cros reactvity(%)*
B Zearalenone 100
a-zearalenol 91
B-zcaralenol 21
Zearalenone 125
a-zearalenone 43
Bzearalenone 8

* (50% inhibition of toxin concentration / 50% inhibition of detected mycotoxin)
x100.

Table 2. Recovery of Zearalenone from artificially added ground

com
T-anralcnonc Detected amount(ng/g) Recovered amount

(ng/g) (60ng~2,000ng) %)

50 45 90%

100 92 92%

200 178 89%

400 360 90%

500 445 89%

* Each sample was infected in three parallel experiments and then
extracted and assayed by three replications.
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91%9}+ 125%9] 4H2-& ey A| 9t o-zearalanol 43% 1
2| 1 p-zearalenol#} f-zearalanol2 21%<} 8% Y et}

94 0 zearalenoned F7FEFT B ¢4 A
zearalenone$] 34§ & Table 20} A 9} o] 90%E Lhe}
o

&

Zearalenone-oxime conjugatess= Thouvenot et al 0] u}
WL g8 HyYgsle AAEY ol Zearalenone, pyridine L
carboxymethoxylamine-2 Thouvenot ef al '°0] A} & AR
oo B o] 2850w, &7t of2f 4 sonicator
g o8 AL A2 & ARt o] 59 AFHE A
E 60T A 243 A g7|7} o] & H U olef &

& Thouvenot et al °9) W3 zol7 AUt 28z
HCI(pH 1.0)& crystalg &A3t=d Ao, 4=
+ vacuum evaporatero] A o] £ A Th. o] 23 WY o R
%A 9] zearalenone-oxime conjugatesZ A M3} T}

B AYoja AAE zearalenone-oxime zearalenone-
oxime-BSAZ A Z&=u] A}2ETh Dioxane 5midj
50mge] BSA7} &F ¥ 10mle] FF<(pH 6.0)2 713819
25mg2] zearalenone-oxime2 &3 ¥ o 4A3 L E &
7] 918t sonicator7} o] & ATt EF T Ao & BF
9] dut ZF 4 o4l deionized water7} AFE-H ATh A4
¥ zearalenone-oxime-BSA conjugate 9} zearalenone-oxime-
HRP conjugates= zearalenone 73 &g 9§+ ELISAd) o] &
3 A3 EolAo| &-& protein conjugatesH Th A 2
3 2847 5L Bud AFAEP S oy Aol
Aoy AFd A Aol & AAE + AU

& A ¢ isotyping°l M 1gG, IgG,., 18Gan, 18G5, IgM, IgA,
x and £ chains7} W ¥ ¥ monoclonal antibody-based iso-
typing system$ o]&Fct. £ AP FoJZ anti-
Zearalenone®] monoclonal antibody® IgG,, 24 A-typed)
light chaing 7}A 31 Q1 RO Y} 088 A3
E e d71Asy B fAE AT

Monoclonal antibody AJAFS $)3le] THE (A 4804 7
9] Hybridoma cells 7}-&d] 35¢] Hybridoma cello] 5o]
ol £ FAE AT F& FAE Agd ol f
8}7] 3t} HojAo] 714 ¥ cell-lineS Balb/C mice
2700l 98 F 2498 AaA 2 249 AY
Z7E Fig 194 B33 Qleh Fig 1o)X 9] 334

%&2 718 L hybridoma cellg 343 welle] 45
& 9AEZE HE A5 Z2HE Yeh F1 Ak

748 e $4urg& et hybridoma cellsS of
wjFate] F o EFWe Fste] Aol He Eye
indirect competitive ELISA test W] 0.2 So|A & wiz}t
& zARAOH, 1 e $FEA AAE EA
o] o3l zearalenone?] direct competitive ELISAS] ¥ £
A& el = Fig 2914 Yebd # Z¥H-E 3 9= 10ng9]
A 500ng/mld &, zearalenone FX 2] 50% inhibition
values S00go. 2 ¥ AHo)A Yol B4 FAEE
9539,

ANH OS2 zearalenoned T3t 28 w9 &vf
A& methanol t] A1 ethanol(ethanol 80 : water 20*& A&
o] & ATNE GYorE 22843 FEYo]
94 pEsA ATk Sol4e 2War) AP ani
zearalenone®} cross reactivity A]gdlA JEd A
Table 13} 2t} Table 19A] a-zearalenol, p-zearalenol,
zearalanone, a-zearalanol @ p-zearalanold} anti-zearalenone
7o waEHL oA a-zearalenoli} zearalanoneS 90% 9
EolAg YelWl oy p-zearalenold} f-zearalanolS 20%
ALE u$ e EolA4 L el o, a-zearalanol e
69%<] Sol4S et olel@ ATE e Aol
£ Qley dE aFAEe] R 239 MeadL
S04 qlE AolE AHsA g,

Zearalenoned UYHOE TF FHEFTolA
AdE FAE o] &3t zearalenoned T AJE
Table 2¢] HdF+ vie} vl 3831 zearalenoned] 3
FE> 89%% o F93 F& AHXE Jdehlth ol
@ Aoe e a7AEY was oe Folzt AR
I:]_24,27.

2 Aol M dojzl &9 enzyme tracere] @72 ¢
A& 4743H7] 931 polystylene platess] EH ) &4
g val EAA oW 67)9 ol FE3A o 8E
a 9lth. =% enzyme labelled toxins= ammonium sulfate
Eofof wel HHHFOEA 67]Y o] A FH3HA o] &
& 5 Qo o] @ A9 ZH= zearalenoned] FE Y
2 2Re0d goz 489 4 Ao ¥F A7
oxin®] $&& FUA FL Sol4E ¥ T2
FHAIE S0 Moz Aol PsHES 588 ol
= Q77988 Hoz Aau,

X
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B A YoM+ zearalenoned] ELISAE o] &
Aokl A7 E A3 e 2 4RE 9
zearalenone-oxime 2] protein conjugate’} | =
o] 244 zearalenone-oxime-BSA7} A %25 ¢ on, #g
o] ol Z-oxime-HRP: A Z At} o] 2|3l protein
conjugates 2 74557} H2 %2 9 antizearalenone 2] mono-
clonal antibodies® A AM3}o] zearalenoned] AL ¢33
FLkisE A2 ¢ A= 7€) HAD

= U

1. Hart LP, Braselton WE, Stebbins TC. Production of
zearalenone and deoxynivalenol in commercial sweet
corn. Plant Dis , 66:1133-1135, 1982.

2. Shotwell OL, Goulden ML, Bennett GA, et al . Survey
of 1975 wheat and soybeans for zearalenone, aflatoxin
and ochratoxin. J Assoc Offic Anal Chem, 60: 778-
783, 1977.

3. Hidy PH, Baldwin RS, Greasham RL, et al. Zearalenone

: production and biological ac-
tivities. Adv Appl Microbiol , 22:59-82, 1977.

4. Stob M, Baldwin RS, Tuite J, et al . Isolation of an an-
abolic, utetrotrophic compound from com infected
with Gibberella zeae. Nature , 196:1318, 1962.

5. Mirocha CJ, Pathre SV, Robison TS. Comparative

metabolism of zearalenone and transmission into bo-

and some derivatives

10.

11.

12.

13.

14.

15.

16.

- 302 -

vine milk. Food Cosmet Toxicol , 19:25-30, 1981.

. Hagler WM, Danki GY, Horath L, et al. Transmission

of zearalenone and its metabolites into ruminant milk.
Acta Vet Acad Sci Hung , 28:209-216, 1980.

. Mirocha CJ, Christensen CM, Nelson GH. F-2(zearalenone)

estrogenic mycotoxin from Fusarium. Microbial Tox-
ins, 7:107-138, 1971.

. Swanson SP, Corley RA, White DG, et al. Rapid thin

layer chromatographic method for determination of
zearalenone and zearalenol in grains and animal feeds.
J Assoc Offic Anal Chem , 65:580-582, 1984.

. Gimeno A. Rapid thin layer chromatographic determina-

tion of zearalenone in corn, sorghum, and wheat. J As-
soc Offic Anal Chem , 66:565-569, 1983.

Association of official analytical chemists. Book of
Methods, 14th ed. AOAC, Washington, D.C. Sec, 26:
124-126. 132.

Thouvenot DR, Morfin RF. Quantitation of zearalenone
by gas-liquid chromatography on capillary glass columns.
J Chromatogr , 170:165-170, 1979.

Hold CL, Nony CR, Bowman MC. Trace analysis and/
or zearalenol in animal chow by high pressure liquid
chromatography and gas-liquid chromatography. J As-
soc Offic Anal Chem , 60:272-278, 1977.

Devries JW, Chang HL. Comparison of rapid high
pressure liquid chromatographic CB method for de-
termination of aflatoxins in corn and pleanuts. J
AOAC, 67:597-600, 1984.

Toshitsugu Tanaka, Akihiko Hasegawa, Susumu Yama-
moto, et al. Worldwide contamination of cereals by
the Fusarium Mycotixins. Nivalenol, Deoxynivalenol
and zearalenone. Survey of 19 countries. J Agric
Food chem , 36:979-983, 1988.

Scott PM, Panalaks T, Kanhere S, et al. Determina-
tion of zearalenone in cornfleakes and other com bas-
ed foods by thin layer chromatography, high pressure
liquid chromatography and gas-liquid chromatography.
J Assoc Offic Anal Chem , 61:593-600, 1978.
Thouvenot D, Morgin RF. A radioimmunoassay for
zearalenone and zearalenol in human serum. : pro-

duction, properties, and use of porcine antibodies. Ap-



17.

18.

19.

20.

21.

22.

plied and Enviromental Microviology, Jan. 16-23,
1983.

Pestka JJ, Yaguan Li, Chu FS, et al/. Comparison of
radioimmunoassay and enzyme-linked immunosorbent
assay for determining aflatoxins in milks. J AOAC,
64:294-301, 1981.

Usleber E, Renz V, Martlbauer E, er al. Studies on
the application of enzyme immunoassays for the Fusar-
ium-mycotoxins Deoxynivalenol, 3-acetyldeoxynivalenol
and zearalenone. J Vet Med , B39:617-627, 1992,

Juan IA, Mohamed MA, Pestka JJ. Detection of
zearalenone by tandem immunoaffinity-enzyme-linked
immunosorbent assay and its application to milk. J
Food Protection , 53:577-580, 1990.

Macdougald OA, Thulin AJ, Pestka IJ. Determination
of zearalenone and related metabolites in porcine
urine by modified enzyme-linked immunosorbent as-
say. J Assoc Off Anal Chem , 73:65-68, 1990.

Dixon DE, Wamer RL, Ram BP, et al. Hybridoma
cell line production of a specific monoclonal antibody
to the mycotoxin zearalenone and a-zearalenol. J As-
soc Offic Anal Chem , 35:122-126, 1987.

Liu MT, Ram BP, Hart LP, et a!. Indirect enzyme link-

23.

24,

25.

26.

27.

ed immunosorbent assay for the mycotoxin zearalenone.
Appl Environ Microviol , 50: 332-336, 1985.

Reiko Teshima, Masako Kawase, Touichi Tanaka, et
al . Production and characterization of a specific mono-
clonal antibody against mycotoxin zearalenone. J Agr
Food Chem , 38:1616-1622, 1990.

Iidiko Barna-vetro, Agnes Gyongyosi and Laszlo Sorti.
Monoclonal antibody-based enzyme-linked im-
munosorbent assay of Fusarium T-2 and zearalenone
toxins in cereals. Applied and Enviromental micro-
biology , Feb:729-731, 1994.

Jeung KH, Chung DH, Kim SY. Development of en-
zyme linked immunosorbent assay for determination
of zearalenone in animal feeds. Kor J Food Hygiene,
6:111-117, 1991.

Pestka JJ, Liu MT, Knudson BK, ef a!/. Immunization
of swine for production if antibody against zearalenone.
J Food protection , 48:953-957, 1985.

Wamer R, Ram BP, Hart LP, et al. Screening for
zearalenone in com by competitive direct enzyme-linked
immunosorbent assay. J Agr Food Chem, 34:714-717,
1986.

- 303 -



