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W E I - 9510 18+ #32 H : 963 H27H

EES

BRSO 5 HR O ] 2 Rl R R RORE - R RS R AR N B R R SUBREC # DL s B E R B
(Aflatoxin By, AFB; ) Fyi@JEMR R R EIERGE - KL - SR GRS SR S R AR L2 -
A B T IR ET A (immunoaffinity column) #ALGFENC AR AT R B =UE R B8 (Liquid
chromatography/tandem mass spectrometry, LC/MS/MS) - ZgFEH B TR MOoEE N =mEHR
ST A = BNV UMs i E i (Triple quadrupole mass spectrometer ) 2P0 i M Jie i
(Turbolon Spray source) fEIEHEFHUR MMM B ER - BAS TR S B R - S EREB
73.52% ~ HEIE B,y (Aflatoxin By , AFB2) 80.70% ~ w485 G1 (Aflatoxin Gy , AFGy) 81.62%
DU w38 #3Gy (Aflatoxin Gy , AFG,) 87.28% » HEEAREL (coefficient of variation, CV ) #Hil#
r1R26.43%%9.20% 2 [H] - PURE R < AH IR (LOD, S/N=3) £40.06~0.11 ng/mL - PYfHE%E
FBROERMR (LOQ, S/N=10) $50.25~0.69 ng/mL - EIE VI EBFT R LCVITIRI.I3%E
5.63%;2 [t o AT AT HE R G RHLER 23 AT -

FRSER - BURL » mARER - IR ERE - WO AT AR U R -

s

FHHERZEEBE AR 1960 FER M A T NERREE TG RFCER - EEOE A HEZE
ROCCHIERT - mHERN AR EEZHBNEREE (Aspergillus) WEHE (4. flavus) K
FERHE (A parasiticus) 38 RITEE BT LRI KRR A AEY) (secondary metabolites) - i %M
HREOCHBA LI R R ARARINAESEY) > Wan ¥ AFB) ~ AFB, ~ AFGIRAFG, ([E1) >
BREET > Glfkth » WARBHANESER RN T - 5MERAABEENITES (hepatoxin) Kk
By (carcinogen) - HEHERAIEIR ~ F3E ~ R EAHAIRHSAEIR - & R EEE R RIERE K A
BHIRRCREE - HEE S SRS RS TEHER - BIEYEMENT 0 (International

(D) 1rBbeRE B T el 5 13599% -
(2) TRt e aE AR A -
(3) @FAfF# > E-mail : mainlian@mail.tlri.gov.tw °
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Agency for Research on Cancer, IARC) AFBE fygroup | EEY) » MAFB2 ~ AFG K AFGE Ry
group 2BH[REEUEY) (IARC, 1993) - BYRETEHA HRERE FATAEA =SSR UAFBIKS » {5
A g i B Y AR RER B V] B AR B HYAF Gy ©

Hijg 1 34715 (Thin-layer chromatography, TLC) MR HIERFERT A0 - LEESS
TR S ~ R & H (Holcomb ef al., 1992; Le Tutour ef al., 1984 ) - FEZE R B FHE
B (Liquid chromatography, LC) ERfHIERTT » Bk SR8 5 2 ba I B s R vAH g i i
WAHE ARG & 8 B HIIZS (Fluorescence detector) @34 {5 HI i han il B B0 7 32 19 73 AT ase s
K]y EL A S AT BB R B RS SO HI2S (Blesa ef al., 2003; Garcia-Villanova et al.,
2004; Holcomb and Thompson., 1991; Nilufer and Boyacioglu, 2002; Reif and Metzger, 1995; Stroka
et al., 2001) - B 7 BAREOGAE M 2R AEHAGIR - H B NS5k © 1. AR EE R B =R
(Trifluoroacetic acid, TFA) ; 2. B2 ISR ERE ( SOMERRA - i) 5 3. B B Ies
i K obra cell » RRRALSTEAEA IR B #8 ABIFEH - BEUEEMUE (Kussak er al., 1995) - &
38 2e 2 BEAI 0 1 B B e I S A

(b) i () Pt

1. EE AR LEAERE ¢ (2)AFB) 5 (b)AFB; ; (¢)AFG ; (d)AFG;
Fig. 1. Structures of aflatoxins : (a)AFB; ; (b)AFB: ; (c)AFG; ; (d)AFG;

BE 25 B Al o AT AT R - W A T R R R AR IR R B T IR B AR SE T
TRORE G BT 8 BV SR TR BRSBTS R T R I H i B B0 0 4 (Blesa et al., 2003;
Edinboro and Karnes, 2005; Schatzki and Haddon, 2002; Sorensen and Elbak., 2005; Ventura et al.,
2004; Walton ez al., 2001) - [ E48R R EH R LC/MS/MS BA G L &Y MEZETS AT £ A ~ &
BN - BB DUR T [R]R E MR EL E RS ES -

EEA R AT HE e S AR - SR JEEES AR - KERETRERI K ~ 18
EEGZEMERGR ) AW A L Z G RAET R - HA R ERAFB SRR 5
— R ERFHEHEM, (Aflatoxin My, AFM;) > AP EEHAFM (R - FRA S 228 LU
PN TAR KB Bt - IRIBLEDRHR A B & B PR A SN 22 - ARG B (o P SR 22 IR B A A ol A L
KR ERER » DILC/MS/M Skl s 80 4 R0 & & - 07— E5aBEA kel /5% - AEsgaRh B R4
2o

MEERTTIE

>

—
p=i1]

3

- PR EET]

R EEN BT (Supelco Co.) HEREHEREHNR - FLAFB) ~ AFB, ~ AFG XAFG;
& FIB B (Benzene, CHg) / ZJiF (Acetonitrile, CH;CN) = 98/ 22 {RIKH » #E8 F%3 1 g/mL
(ppm)  FEASHEGEGE LA RETFAEACARRE S » BLREH AR 5100 ng/mL (ppb) - HREEES

i
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HHERAHIE - 59— SRS SAR AR HERIC R 1 (Methanol, CHsOH) - JRIERAFBIRAFGI#
I pg/mL > AFBy . AFG2% 0.3 pg/mL > [ H EUART > AT A EARIC B S AR BECRHNE -

I MS/MSZ % E

AWFFEZMS/MSESciex APT 3000 ESI-MS/MSZE i = B\ VUM & 34% (Applied
Biosystems, Foster City, CA, USA) - ILERZSELE TSR Romimle it I8 - Bt Isii s s e 1
420 °C » RSER M (Curtain gas) KhifE5EES (Collision gas) ZMHEMEZRR (99.999%) -
% H [ ERG ] (Multiple reaction monitoring, MRM ) F DAHISE REBIEF- Sl S e 1% o B+ - DAL
FURE 0 7 FR N S A [ 3 - S R )~ TR BRI -

¥ 3 ug/mL w=EE RN LIE0.1 % HEE (Formic acid, FA) ZCH;OH #if#Rk 100 ng/mL »
AT mLyER S DUESTER 10 1 L/ming: ABEFEEEE T - $i=Declustering Potential (DP)
Focusing Potential (FP) ~ Entrance Potential (EP) -~ Collision Cell Exit Potential (CXP) -
Nebulizer Gas (NEB) - Curtain Gas (CUR) -~ Collision Gas (CAD) -~ IonSpray Voltage (IS) £
BB T2 UGBS R Y - 7l K HAfERESR (Collision Energy, CE) 228 -

L ARG AT A el i e

WAEIE HT 2 BAH (mobile phase) HEMEE AT E Agilent 1100 series pump > & Zorbax
SB-C18 column (5 g m, 4.6X150 mm) - EH:HEHIRFRAEAERF30 C - BAHRERL © EhFH A J50.1%
FAZH:0 ; #j#HB%50.1% FAZCH;OH ° 34T Z BB SIS » R Fs350 1 L/min » AR SLEST
B Ry 10 L -

& | WAHRE AT AT B R R L AR

Table 1. Mobile phase gradient program was used for the aflatoxins analysis by LC

Time (min) 0 0.5 5 10 11 15
Mobile phase A (%)! 50 50 0 0 50 50
Mobile phase B (%)? 50 50 100 100 50 50

' H,0 + 0.1% formic acid.
2 CH3;0H + 0.1% formic acid.

IV. B B AR

R R IE SRR D CHO HAR R B e i AR IR - AFBIRAFG, © 1.5+3.0+6.0
12.0 ~ 20.0 ng/mL > AFB,JtAFG2 : 0.45~0.90 ~ 1.80 ~ 3.60 ~ 6.0 ng/mL - fr iR &A% = 55.00
ng/mL °

B

V. B R AR T

2B ZRAFME CNS4090 (1997) EHfiL > HUbEAL2S ¢ Tpn2.5 ¢ &fb#h (NaCl) - LI100
mL 80% CH;OHZERY » =i THEREFE 1508 - Fl Whatman 45T AR RT3 E - R 20 mLLUKE &
2100 mL > 36 BFEREAE AR (GF) HIMEIE o R E Y20 mLEHE 7 - WHIER 10
mLEREHFEA - PAL drop/siZ Wiy (A HE - FFRI10 mL =R ERFEF/KP$E (1 drop/s) =K > &k
PI2 mL CH;OHEA drop/s Z Ft s Sz b EAL o TP AE H - IRV _EBEHIER -

s
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VL #51E ~ [BIECR e R A Ml E

I i AR B A AR B FIREE  FEEHLC/MS/MSIEMIS SR - FIRERIGARIEEES - IS
RO (AFBRAFG% 1 pg/mL » AFByRAFG:& 0.3 pg/mL) 0.5 mLiIA2S gfilfeeh »
WRIB R AR R B BT » FRESE G s AT LALC/M S/M SRR T » HERIEIKR - oS
5.00 ng/mL fA—KA (Intra-day ) DILC/MS/MSHEITESK » DU Z{EAE R (Inter-day ) HIE11K >
Frfafs A E BRI s TR B R S B B -

AR R

L SRR NS BT - TR T B RTHBEE

AFBHIAFB, LUK AF G ELAF Goff 53 F RV RS F2 » RIFFRATHE HZMS/M Sy = B =
POt E RS o BNE 2 IRy R AR A AT R R - WERHEEE (1) RS (L
B g S (2) fefsED s (3) Sl TERER 5 (4) BT (precursor ion) BERGEL T
(product ion) BFE TS —E&E (Unit mass) TR (5) H—MEk S BiUE S ae e &
(6) BHENHEREEE (> 1999) - HEErbry =02 SR (electrospray) HEIA R
AR AT EHATIEER (positive charge) » REMET Ry (M+H) " SEEFTAS
BT REBE T 1% A TEE RO B - SO R T AR 2P AT 2 T (1812) o WdkEa dny ik
T HaEE AR ¢ (1) HREE TR TR TR AR B 0 (2) TRETRYRE D
JEE R R AR -

FHEEDP ~ FP ~ EP R CXPEZYIEHD SR FRE (K2) » WWHIIBNEB=11 - CUR=S8 -
CAD=8 ~ IS=5000% 2 Bi{H Foife 7 I e FEBE T LI 2 80 - #5HHERBE CE2 UG B i i T 7918
T B R e o R 1 B 2 AR L (R2) -

* 2 B ERES ST 2

Table 2. Instrument parameters of mass spectrometry

Compound  Precursor  Product Declustering Focusing Collision  Collision cell exit
ion (m/z)  ion (m/z) potential (V) potential (V)  energy (V) potential (V)

Aflatoxin B, 313 285 70 370 32.6 8.0
313 269 70 370 432 18.1
Aflatoxin B, 315 287 68 380 36.8 8.1
315 259 68 380 42 17.2
Aflatoxin G, 329 243 74 370 36.7 16.1
329 311 74 370 30.8 9.1
Aflatoxin G, 331 313 53 380 35.9 9.1

331 245 53 380 42 6.8
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Fig. 2. Mass spectrometry of Aflatoxins : (a) Aflatoxin B, ; (b) Aflatoxin B; ; (c¢) Aflatoxin G,
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! (a) Aflatoxin B; ; (b) Aflatoxin B, ; (c¢) Aflatoxin G; ; (d) Aflatoxin G; °

(d) Aflatoxin G °
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II. LC/MS/MS$1 550 7 34 43 A% 6E

AWFSRLLHAE (reverse phase) fOfg Mk B s 853 - [R5EERHH.0/CH;0H = 50/50:2 8
FELLB i s 5 55 - (HE MR R S AIZs IR R 1555 88 HLERBRM B (peak width) 3WE > R
R RS AT R L B R R O R IR S B A  RIL Bh AR ER DB B =X o5 e
HHFEER o S LAH20/CH;OH=50/50.7 EifH /7 B e B &3 » 0.5 8 IICH;OH ELf » 54558
CH;OHELHI Ry 100% - FEE BhFERRIE: Y Rt w40 2 32 DO b HH A A 0 i 2E B 2SR, » Dy
T RARTE 104385 PN SE R o 0T HAR IR B BT A /N - B/ 120.2~0.5 minZ i > HC 3 BT HAEUE R
Ventura et al. (2004) Z 3% E (0.5~0.8 min) -

IR = A R R LB AE RS R [F 23 A A TR 9 TRe T 21 58 (B0 2% BRI F Sy AFGo ~
AFGi ~ AFB: ~ AFBy o B T #i k8 s Ak R 5L - Al A F GBI AF GiHILUR AF B2EEAF B[ .2
R R LeFr R ([B3) - (HIUHM SRR o BEaite (m/z) A (R2) - K]
FEEHMRMERIPYF 2R - {5326 NS4S 2 M - 368w B e s (R
3) o ARBERIE LGRS & 0 DA E AR A o F5 2 s - MK s
R RFE 2R - TRIAEMERE - 55 B A MY E S BIHR RER 5 BB irafst s
B Rg TEGRE S E R SR ERHE ST B -

1. BRI E R T

T SR P R R ] 55 0.45~20.00 ng/mL » HARME (r) 3#£0.999 (R4) - LRI F5.00 ng/
mL > JA[FE—HH#ETSKHE » CVIE (Intra-day) {£3.33%E5.55% » 3= HHETIIXHE > CV
{H (Inter-day ) 1£4.34%725.63% (33) - Garcia-Villanova et al. (2004 ) DU SGEHIZ5AaHIPYFE
BRI R o FTSAEENR 72 552.23%~5.69% » BEURR R E R R s B S R EE B A RIF A EE
RABEN: - IR (IR (LOD, S/N = 3) %0.06-0.19 ng/mL (34) -+ PUREMGH

2% 3. BRI LC/MS/MS 2 8 FLLREI(CV)
Table 3. The coefficient of variation (CV) for aflatoxins detected by LC/MS/MS

Aflatoxins
CV (%) - ; , .
Aflatoxin B, Aflatoxin B, Aflatoxin G, Aflatoxin G,
Intra-day * (n=5) 3.73 3.54 5.55 3.33
Inter-day ® (n=11) 5.63 434 4.76 4.44

* CV value obtained at one day.
% CV value obtained from three different days.

7 4. HHIEH RN LC/MS/MS.ZHRME ~ {HHIRRFR(S/N = 3)Bd g FiRfR(S/N = 10)
Table 4. Linearity, limit of determination (LOD, S/N=3) and limit of quantitation (LOQ, S/N=10) for
aflatoxins measured by LC/MS/MS

Aflatoxins Linearity (r) LOD (ng/mL) LOQ (ng/mL)
Aflatoxin B, 0.996~0.999 0.07 0.20
Aflatoxin B, 0.997~0.999 0.06 0.22
Aflatoxin G, 0.997~0.999 0.11 0.37

Aflatoxin G, 0.997~0.999 0.19 0.69
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SE RGN (LOQ, S/N = 10) $50.20~0.69 ng/mL » HHAFGZ f{l5R i 5Y » KL E]E R &7
0.69 ng/mL (5R4) - Blesa eral. (2003 ) LUK /#0038 K B — B R EIRR R R - &
etk 2 LODE0.08~1.45 ng/mL » LOQ%0.25~5.00 ng/mL » BE—E i 2 LOD}y1.35~3.80 ng/
mL > LOQ}%4.00~12.00 ng/mL  A3{EE 2 LOD K LOQE & A Blesa et al. (2003) ilEarpin otits
SBE—HFHEEZLOD KLOQ - i HAGEELOQK R B BR Bl e M i [l hs (A HE (AFBi=2 ppb) -

IV, [EIECRENERS R

Blesa et al. (2003) LICI8 #YIBRIF-1E RIS - 2Rt bEi > ZEHGALIEE T TR
HAIR Ty 78%~86% - Ventura et al. (2004) DIFEFHZEHGE LML R EE R - IRy
77.6%~110.4% o A ER DL RIER M EFERAL TP - I ERECIEER (AFBIKAFGI# 1
rg/mL > AFByJZAFGo# 0.3 pg/mL) 0.5 mLyEHIG2S giafetrh  JIE B HG W R B R BTRH R A
HHERE R BIEE - WHITIORHEE (n=10) - PYREEHEEREISERNIRT3.52%F 87.28%.2
il > CVIE/TY6.43%2E9.20% [/ (£5) - BA R HEERNEIER -

5. FRE RIS ERAR i Z [BIHGR (n=10)

Table 5. Recovery of four different aflatoxins from spiked feed samples, n=10

Compound Recovery (%) (Mean £ SD) CV (%)
Aflatoxin B, 73.52 = 4.73 6.43
Aflatoxin B, 80.70 = 7.42 9.20
Aflatoxin G, 81.62 £ 6.04 7.39
Aflatoxin G, 87.28 £ 8.00 9.16
=A
Y=1=1c3

LC/MS/MSHERR s E Rt RA R BERUE ~ ST ~ SERT AR TR ENE B35 E
B AR AT AR T R EE D B TR B LB SE A - YR T E AR AT
AE © SIYMMRM AR s R R AR 2 THE - WA G HEREMATYc 80 - et ER B2
—IERIES o BB SR BN B YR S E LA e E AR 2 > LC/MS/MS 2 RAFAIE HIS
PREAER RN RE S (S - T HANGAER AL AR EE S BREUE L C/MS/MS ZAE I FR R A TRAF Y 7
Bk o RAK S H R R 2 T EATERE BELC/MS/MSHEFT - 2 —TH 1T BRI 1 -

ZE R

B RIS AEHE CNS4090 © 1997 - i rh i M -
ZRIRER © 1999 - PR (KEEEMHEA S P UE R - RHREES- B il sig - Rad
i &k pp. 99 -
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Determination of aflatoxins in feeds by liquid
chromatography tandem mass spectrometry'’
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Abstract

Most feeds are formulated with cereals and grains. Aflatoxins occur widely in cereals and grains.
Aflatoxin B (AFB;) is well known as the most toxic of this class of mycotoxins. So, it is necessary to
determine the amount of aflatoxins in feeds. In this experiment, we coupled the method of immunoaffinity
column clean-up with liquid chromatography/tandem mass spectrometry (LC/MS/MS) to produce a sensitive
and selective approach for the analysis of aflatoxins. A triple-quadruple mass spectrometry using a Turbolon
Spray source operating in the positive ion mode was used to detect aflatoxins. Recoveries of the full analytical
procedure were 73.52% for aflatoxin B, 80.70% for aflatoxin B, 81.62% for aflatoxin G; and 87.28% for
aflatoxin Ga, respectively, with the coefficient of variation (CV) values ranging from 6.43% to 9.20%. The
limits of detection (LOD, S/N = 3) ranged from 0.06 to 0.11 ng/mL for the four aflatoxins. The limits of
quantification (LOQ, S/N = 10) ranged from 0.25 to 0.69 ng/mL for the four aflatoxins. The CV values for
the four aflatoxins were from 3.33% to 5.63%. We concluded therefore that this method can be applied to the

analysis of aflatoxins in feeds.

Key words: Feeds, Aflatoxins, Immunoaffinity column, Liquid chromatography / tandem mass

spectrometry.
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