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& 2asPY] Qe A4S BAIS B oheh Az 247

sol dasiriir & 4= Qlrt,
THolss fHeEo dey Ol%ﬂ% B2 thin layer
chromatography (TLC)®H FAHIEAH (ELISA)olTt,

TLCHZ FEol54E H30R i@“ 22 AolstA ot &
A ogA Ik F& ARESH Wioiglont 2t high-
performance liquid chromatography (HPLC)¥# o2 &
o] tiAlEIRIE, e, HlEe] AA &1L e AEE S
B34 9l o SRHEA = densitometer & Aw3lat 4>
Ae AHE AYBE A3 FHol=42] viable
screening technique S 2 AMFE|LL Qi) $HH BAHAR
A2 1970-80 Aol ego s ol thgh A AYato) 7153k
A ol Wt A Elo] & PO RA 2 AFedd o of
=1 B B0l A7 S0 vl EA3IsIAL E3] (AOAC)
O] 758 -2 ELISA test kit7} Al#Elo] 01851 e},
& ‘31 AR oR AuE o ARrtE 1 e Sl
Zof| 313] ofgd ¥ oot WHEAL Sl WiRolT)
é l A AhgEE AEntE1eu 2 HPLCH R
A aflatoxin (AF), zearalenone (ZEN), ochratoxin(OC),
fumonisin (F) 52 ¥ AE7|5, deoxynivalenol
(DON)2 A&AAE7|E ol-83hH, T-2 toxin® 2
trichothecenesi~= gas chromatography ™ (GC) 2= &
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Fig. 1. Immunoassay formats.
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(mycotoxin—protein conjugate) FEHO|

h—ﬁﬁfﬂ‘ﬁol (Fig. 1). o] F 71| v =2
S APE A BE8h 2lo| ot fid w4
“Jsl7) o] 4%1” TFY aAp) glona o) it
£ 201 B AR s Aol Bastek o
2 T4 =0JE]= Hlol 2AllA FopllA 2 7]
5-7—‘4939*&5]% [&oltt (Fig. 2).

ALA (sensor)= EATYAFE R HE] AR S 717 El= 245}
o 1 SRS =5h 0 a3l AlTa Wilsks A
(device) 2 A1, E3] Hlo] Q414 (biosensor)= =3t
2} 90 BA tA BR710] WRSolA] Lehb A7 (BRI
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Fig. 2. Schematic illustration of the immunoassay in microtiter
plate (bulk) and immunoassay (micro).
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technologles)a
5 lateral flow ¥ dlpSthk dev1ces, fluorescence
polarization, microbead assays, capillary electrophoretic

immunoassaysE& 54102 7«3k} gt

Il. T2 HE1Y

=S-L o=

A, AMT} 7|1& (evanescent wave technologies)

1. Fiber Optic Devices (H&S AtX)
210 0ol 7h0. TAs| ZAJEIH 2T 21510

°E
o] ol Bslo] 49 Bol Hnfer :LEM e
4

_L>£'

UF= 241} (evanescent wave)®] FEE ARl @7 Hrt.
AR} B Ak Yol fa) Selo] =t -2 oA v
AR o) A S ol 1B R0 28E
Ho| FAE, Aol 5] Aake HH=rh= Ho|c}, Adluto)
T Aot 9k Moo WEH o 2RE] Ao v)g)
Sto] WAL gasket, olefgt ARE olgstol FHA-AAIE
A|7Ek 1 et BAJo] AS FHolA MGl E B 2

=2d 10
2 370) 7% 4B BA=E (115}

A
,1__1__

A,

U

A E

%

leowb-} of3) %

”*74 Fo —r?%xﬂﬂ
ol —‘jr&fﬂ_’ Zolo] A= =AY 2k
fumonisin B (FBi—FL)¥} 23 Algof| STt S4E
23} A3k Feb 19R) 92 Fe A B3 F2l=7] 28]
7R Frk, ATER] GBS A ASE | Kol AlAsH

23ty SsiabAict (fluorophore) RS 2A3it) o)A
FBi~FL2| g0 23 F4dol Z2lslo]l gt HE7|=2 4
GEQ7] giRoly o AXE olBslo] o Q= FEF
AR 8B Yol A& 4= )3l o] AdlollA migkealt &
2323 40 2250 AR 2 o|gslgiey)| wEke glef

S 20| ol vetE 55 SIS W A A= R

ob&tt, Immunoaffinity columng AH831 FRi2 555}

W EA e g glou Bk EEgto | Algto] AA
AQEI=AEC) Glolsln), 30, AF WY A2 73, Fo}
Y AF 22 HEE 4 e Ao A g2 7
2 AFFAP T ATEA 445 B30l Q= el 5

= S7HIAH AFQ] B3R EAE AP 08 it 4 Q)
oH(F&] A4 wAat vlw 3M uA 2] AR
A 2FolEAE HETITh= A, o] 8= 2 ng
aflatoxin Bi (AFB1)/mL®) HEIHE A deh

o dtof| avilt elE o[ 831A] il AFBiS HEd k=54
Mo Al (fluorescence—based immunosensor) 7} 231
E|%+=t, AFBi~bovine serum albumin (BSA) Z&HA|
(conjugate)”}+ 2ol ZRE 7442 FARo] AA =Sl

2. Surface Plasmon Resonance (SPR, 28 Zzt

== 39)

sl i) S8 E T2 o

3% 17
W SR 3y

d =50nm I

Light (1)

L

Fig. 3. Schematic of a Surface Plasmon Resonance (SPR)
Biosensor.
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(SPR)OT™ 7L ef= vhgath ), SPR- whdulbge] Hgs
Wo| ZEgo| b2 £ uf2o] AAHeA Akt E ) A
of) Y= F<4% (gold foil) RS sl Eziel A Lol
o} # Zapamo| A3l (coupling)Q) Lo A7Ich
(Fig. 9. o] THEARL AW2A0] Aol ofs] Gk vl
oul GIARKEE 45 (9592 0) T 28k B
1Al ¥hg3HA| Hle), Aol QRlat 8150 AEEATALE
Ao mulo] AL vl Al

¢

R
©

S AT BE AL Tolx] el 27} vz
SImA 27151 FARS T4 9lek, T2mE SPR Al
HpAMY EAo| HRE S olgat o) BAS o)1) i
% przie] WSk E v 1 WSS 7IAjslo] A8
ApS 245t 2= oltk olefst SPR Y2iS ogstH ekt Al
sfa} B2 Ajoje] AgolLt Halel 2o AsfakA WSS 2
wzto) wishz 7l 4 Qlon e TR ABRH AN B8
3

3= QA Elet, o] gk HetE o83t 4A|7F1990 At & A
1] Biacore ABAWIIA 7HE5E BlAcore AlAdo]H 1
ng/mm?e| 2SI &S 4= Qlo] EARFC 2= 180 Da
O] MEA} ol M7 T 2s pM 27K S5
3= qlet ESt grating© U HH waveguide S 018310
2|5t 2 gAY =5 glol® SPR WAkE = 4
qlo} o] 54] THH &7 RS AEA AR 4= glok,

SAS HLIGA 9218 o[ 83t A0 2 2o |%

)
B
=
8 4

4 W Fo B4 — T AT A (chip) Selo) ]

o} FgolE4 £o| Aol dislo] ZAsA Het, E okE
e Tgolsh Eo] A7t ] o) FalEo] v L.
2249 4= 9lt} SPR HAEAHS F3 AFB,, DON, ZEN,
ochratoxin A (OCA), F 0] £4151L Qlct oS 59, AFB
2 gollojji] Alxje] mrdef FalE AFBi-BSASH -8 U
AFBi7He] ZAAS o]83lo] SPR HeRAH o R A2wQ)
o}, AFB 2222 AlAo] W] Aol FAF gk 10871 5l
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Gt 5 o] YAE A s FE7 | AMEHES ARYA
717] 913 1 M ethanolamine/20% (v/v) acetonitrile2 &
AR AeARe-S Wfeich A2l AEHYE 3-98 ng
AFBi/mL= ELISACA AR & 570] aAflE o) of 71zt
SRl gk 4= Gl

F1H, SPR HSRA 2 /A A AR8-& &) o
20 213127 =2 AL = antibody fragment A8S
Qfel) o] 7[e2 o83 = Q=T A= =T, AFB-BSA| 2
USK=single—chain antibody f: fagment (scFv)&414
Sh=tl) AT Schve= 73782 SPR AR 0 = S7gsh,
HEE AFBLE= G 785 9F 50 nM =0t & JAF
SCFVvE TRFZEUS) AFB A290 o1 8019S uf, A&
+ phosphate—buffered saline®] A = 3-195 ng
AFB/mLol L HFFEENH= 0.75-48 ng
AFBy/mLoI3ith, ojet o] ZEFEENAY AETAPL
T W2 0| R 5% /v) MEhE-2 AR 3| wZo el ALk
] o]9} Z-8- FAo] AFR 2] ELISA B-4oflA = whiehctar oF
24 oick

SPR WYEAHOZ DONS #H&317] 93] DON-
biotin Z23AE o83 A7t B uwlch AAE U £58
= AlAo F£UAI717] Aoll E7] o2& A (rabbit
polyclonal antibody)2} 2341712 0o gt 22} 112
7¥ee 24 Hk3ol 5Hll F7el o HE HE WP s
B ARSI, SR vl Webk AR A2 104,
EAAZE 5Eo] A8t DON 2482 Uefl 50-500
ng/g 2 spiked & AT Bat 104 £15%% L HEs d
$1=130-10,000 ng DON/mLo|9ich, 012} 7S SPR 54
$10) Avi= 0 g% Wo] GC-MS Et= HPLC-UV 24 A3}
o Fo] A 3S UEict

E3E AlA] FHol B2k DON-casein ZH1E 0183}
DON& #418h= SPR A4 o] Hw|3it, o] 749,
A Ag A 3 AEHE 6 M guanidine chloride2 AHA
Sl Al =g eol &4 glo] 5003] oo 71ssiet of B
HO aeetonitrile/water2 2% W 20 DONS H&5h=
o o} 8= oH, Alm FAbge B RSER] 9oL DON &4

ot

=

0

i



g MMl FA S8
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[z g § €

of chet e 28| Ss) S0 AEE 221 T 2o
so S|4Vt Wastt Fdeuss
DON/mLO, 2ok HPLC-MS-MSekofel
ek

SPR& 0183191 4714 330|525 SAlol E4961= 71e

o] o BnEQict AlA HHL Az o 2 oA 4719
flow cellZ =0 Qlct, Yo AAF3HSPR 43 opxbz

A2 AlZE Aol 2¢817] Kol FgolEd: Bo| Aot &
Sholglar, Al ol Fgolsa-thilal AFE 1447
= WAl srFolEa AAHE F2AFTH (DONS d9=
DON-BSA ZFA|E 1), Al&+=90% acetonitrile® &
231991 552 solid phase extraction column ©-& &
Ay, 71 3 ofufelS- 10uH BjAdslar £-4 Zof| 4712] A
o} 3315190t (DON, ZEN, AFB;, FBy), o] 412 A4 24y
AEE 2551 255 ofufjof] Alsiak 4= Qi
AF7HR] 7135t SPR 457} th2A) Bl E A
B3 A7 HAEQled|, AHA0R HHolEAE HES)
7] $43ll antibody—modified surface S 018351 F& 1
B3It} Fi= AF 812 B9t 22 ThE 10| S T) 8| 1E
A (721 E8)o] =] o] o] BPHo] )53}, &, T
EF A ) A=Y, o] o, F HESAR=50 ng
FBi/mLoH 102 Y12 S40] 7Fs3tct, oleidh &l e
H9] e WA Hkgoln g A3 Fegolsae] Ejet
]

[e)ie} O
HIgRtehe 2t} S AR itk Aol

il

B. Lateral flow devices % dipstick devices

o] A= FHOIEA: FES Yol QIR AlzEol
o2, 738 AT |ES}L JARY] FgolEas
A HEShe 474 4318 AAjolt, o] A 32 AXE ¥
AagntE Ty AYW (immunochromatographic
test)Oet R}, FBolEA B4 7| E T Yol a9l
FolEAe] EAfego)] A= 7] 22X e 1Ewt
= g9y AYA Ao s $3Ent Membrane—based
flow—through immunoassayS ©-83F 438 Axj=
aflatoxin Mi (AFM1) E40] = £+ A A

=

[eXKe)
TS

i
Q.
i

o ojgElol4 fick FUH WS 2 Fuksto] 2]
ghohol] AT SR 0] /o] B 712w

7b Basity ol Fejel AERE enzyme-linked
immunofiltration assay, ELIFA)2} ahw, Hojl £
3= 0C%} T-2 toxin #HZol Hig flow-through
membrane immunoassay” =S

Lateral flow devicetr 320 Uk 74 goz s 2rf=
o] ELIFAS} th= 11 AJoke] R0 (4 Fim A I
EAYE] (enzymatic, labeled liposomes, colloidal
gold)oll whet T3t 5 08 whs &= Qlct. Lateral flow
ELISAQ} Zo] AARAE ARSH= A= AF, OC, T-2
toxin, ZEN 2480 & Ajs] 1 gk

Lateral flow device®}-8-ASHdipstick assay+ <255
E THURE 3 AZoA FB B4 ol AleEdied] HeE
1= 40-60 ng FBi/g 02 B =it} o] hHe A &
F 819} dhorseradish peroxidase FA7 2R F 71
9] test strip tracer AR 2EE-E T3t Hofl B3} ot
o, Al 2 713 27} 3PS AR F 7FR] Ao veRdtt 3
horseradish peroxidaseA+e- 94 tizto]al,
Adof] Ao Zragho2a A} FAARRS Sk 1A Y&
29 =W o3t dipstick WA oA AFB, T-2
toxin, 3—acetyl-DON, roridin A, ZEN 52|t} #30]
4 HEO ARSEIQIT

T = AEE Yt ateral flow device= 4444
2 stripoll SAAWES2 2= 752 RSk A A

EXE A& 08 WHE ot &

HAE £017] 84 colloidal gold
conjugate E=liposome?] o187 sAJo] ¢IFtE]aL it
Lateral flow deviceZ ©]-&3% AFB1 f&A] AF-
modified liposome2- o8-8} L A= thaat et &,
AF E0]| A7 H2E strip2 AFBiof lnZA|7 )L o]o] 3
A liposome (FFIAAQ) sulforhodamine BE T
= 71elo] SAIet AAYA O 2 AR & Resioict, WM
= AFB =553t phafeliate] veh BRI 195
= 298} HAEH= 20 ng AFB/mLe)al 42419

v o™

Oft

£ &

il
|

%
=
5
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S

74L& oF 2,000 ng/mLeltt, o] ZHE Edf lateral
flow 2404 H|a4A FA)F o] g8 49 AR EE0]
7Fsslth= 2ol U5 E Sk

Lateral flow 2 dipstick 245 x| 2] golA] wjizo
TEolEA A48 i MY vlEas] HXE Tt
= 7 AR e Qi

C. Fluorescence Polarization and Time—Resolved
Fluorescence (W&l Al2sH &)

Z1o]) fluorescence polarization (FP) immunoassay
(g W BA)7} AR, DON, F, ZENS 233t uke &
FolEar A4S el A=Al vt (Fig, 4). ShollA] il o
2 AlMe} ge] gy HeEAe -‘lowoﬂ*i ﬁﬁo}lﬂ %
A&

g 1 e sjisla e YRl slig
%—01 BRL 271417 el Fgol sl et 3
tracereh ARAIC, 2|22 By wol
A0l ELISA o] ©del 1-34) 2l v)
H 22 e glo] g2l ol vl ARa} B4E 2

uZt'
)
Of

Y 1x oo
S
) rlo

T

Light
Detector

Figh level
of measured |
fluorescence

AbAg-fluorescein

fotate sfowly in solution

Fig. 4. Measurement of large complex using fluorescence,
rotation and polarized light in Fluorescence Polarization
Immunoassay (FPIA).
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BT UGS o8 AR mR7 R = 21
gk a2k tracere) Ago) Wasrolr}, o] BAH S Adke
(kinetic assay)olLt HHEAAS] 24 (batch E=
equilibration assay)& 08s}o] AJgYEj=r| Yukdloz &
5ol

A7} vlmRAtA o Heldha= Qi) & PAl/tracer/E50
S AgkAe] Aglo] HHo| Tl AQElE A }O]

g HARAY 7P F83E 8911, ol e eh= A
7k Al A/ tracer /380154 AR Aol whe 1EoflA] 15
B712] tiofstct, DON—fluorescein tracers 831
2 57 TI7FSHA| DON-S #4151 o | 7id=]gl ot BA9A)
2] Bol] LEsh] xR Bl AlRE EARE 7
Sof EA-o] Uit 1oy thE 70| Al /tracer 28-S
o83} ), Fol B mEEn BE L (1) TRISHE

Ao} 7k, 188 2 A3t PAl/tracerg o88h= 0]
RS g WA JolA a5k} FEEy
& Hr oA ARGSE 4= Q= A8 ] TS
7Fs31A| 817 whiEell wEolsA HES St A =7
solet &= Sl
' Hog WA H T} T AR (time-resolved, TR)
H B (fluorescence immunoassay, FIA)S
fluorescence lifetime?) £44E 0|85t} of7julrgolA|
o] £9E & FYPaEL FEEAe THol vt o2
g 2e POl flyorescence lifetime, &
europium-< background fluorescence @ ¥4 tjo]]
EAeh=of 2 YEAE o Aok 182 europium
2 t|Z 9le] background fluorescence®t 782
ik, ol2fdt E448 TR-FIA¢| o]8ate 2o bovine
urine®|A] zeranol¥t a—zearalenol& 24381%ct 4
Yele 71EA o2 HAA ELISAE o831, WA &
IgGE microtiter welloll ZHBIIL 0|0 Fzearalenol F
A, zeranol—ovalbumin—europium ZTAE A2
B3kt o] 7lee] S s Alko] well FEHO| 52 Q
o2 A7yest @ArE Bex] ol wle- vk Bhole}
+ Addl, A&+ bovine urinelA 1.3 ng

zeranol/mL % 5.6 ng a—zearalenol/mLe|3iTt,



D. Microbead Assays

Immunoaffinity column (IAC)-S L HRE 350|=
& AR AR HAof o} gElo] gt 7P B8] ARgs)=
R THelEl it FAPE 2] bead | FHE]
o] Aol HpIR|=Aolch T A7 FEES Ho| 7
S FEolEAE AR FAE T iR THEES A
Ae}, ojoid G =E F7MA HAETAIE A
SN FBolEAE AT ol o, WS- S &
Folsae FEAEE] o] FFAETIE HEEY, &
S5 545 25T AAsle] 71718 A0l o8 o Qi
Microbead assay+=3P49] 71712 G4 @ &S ZF 43
SI=1AC assay ] Sao|ct,

Z|2o] hand—held microbead sensor”}F AF 248 $13}
AEEI. o] FR= AAIE 4P FE A4 =&
AF A7 affinity coumn o2 $713, Alar 23S
B} ARCL SIS 3 ol HPS AT 07 M|Zst
I/ ER REAA FEHE7IE AR AFE A4S
AF9] 33412 C15-Cl6 o|z-age] EAjod ol et - 1l
Hah, AFBo7F AFBiEC} ] 344S ok AR A2rkE
T1efjg] BAol|A] C15-C16 ol52EE ol 8alo] o w3
Ao FEAE AAdst7] Y8l bromine, iodine,
trifluoroacetic acid®} WhHE-A]7]7|% gto}, Al H-&
affinity column> F3HE71Z BA617] Aol B 745}
A7l e WES- -84 AMESIE AF microbead sensor®)
HEH= 258Nl 0.1-50 ng/mL=E =it 717]
9500 mLY AHS 858 4= glom] ¢ 1003 £40]
7hsslct, 22 @AIE o83t affinity column®] AR
EAHE = =Y, column @] F2AME, $FA|9] WHA/AHAY, 3
o] a2 831E0) YAE o83t affinity column®]
Arrgel FEke vl

FAFor e 3o ] F2R affinity column- 73482
Aol ol 8t AR B ) I FgolEAE 7k
Ao HET= Alofu, 3A sieo] Py zloletd Ailgad
= =7d0] k. AFBrE A&V | Y8l microbeadE ©]

83 A5 1AC Al@Hol ATt §9L sequential

E)id

3]

ity

SOz 458 AN FA S Il%l.%l’é’}l

injection immunoassay (SIIA)oJt}, o] WS- ARSHT
X, A& A 9 A= AR B2 gHo] A8 F|9)r)
ShARE Ao ZEN B2E4o thisiA 3= glen) A
237} 5 ng/mLoIRITh, SIIAY fi4-2) Hhe-S- o] 83lod 4=
e e Sl o) W 77 A% g HET ) ol 84
z27) 2F]of| W} bead= AFBi-BSAE ZHE 1! alkaline
phosphatase® BAJE 23} Al o83}, Al 32/3]4
of| 154, EA10) 10+ 719 R =1L AFB R4 HE3
A=0.2 ng/mL, AZoA=4 ng AFBi/go|itt.

o2} 252 FIIA (flow—injection immunoassay) oA

microbead T4l antigen—tagged liposomes O3t
o] flow—injection liposome immuno—analysis
(FILIA)o[th, o] A4S SapapollA] F 240l Alekfo] £Eo.
™ ELISAHIR A2 3 e Fsieot fHERich &
AR 1180, HE= FIIA W =2= 0.1 ng,
HPLC—fluorescence B0 2+=2 5 ngolict.

E. Capillary Electrophoretic Immunoassays
(EME T7|1FS HIARAMH)

OO -1
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Fig. 5. Schematic of a Capillary Electrophoretic Immunoassay.
In this format, antibody(Y) is combined with sample and a flu-
orescence-labeled mycotoxin (tracer: m).
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