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= 58 55 £ (aflatoxin, AF)E —EEfERHEML A
MEZENEBEE WA EY  SHEHE
Aspergillus flavus Kt A. parasiticus Ry e 5855 2 1) F 5
AR - HEREHEUEB, B, G KG, - EME
,%Erﬁjfﬁ’@ B lE - BUR e R R HIHE 1

1o (R R R 2 oy g PR R - =

Lﬁi,—ﬁ\% 0B T 220 55 R A B e T
ZJEpE

ErHEAEMTEEEERRCEN ] aEE
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» ERERAREE DAL BH(-20 °C) TR RTT ©

© {REREAET IR

CRERMEENL RN S HEHER
AFB, * AFB, * AFG, * AFG, BB 4 Bk
8.~ S5 B Vicam/\ 7] AflaTest-PEFE o

()= R A g AT 25 (High performance liquid
chromatograph) : H A Hitachi/\ & #E2
L-2300& 7 ~ & X f# H 85 (Fluorescence
detector) * L-2300 H Bk i o 28 - BUBE
H A {1 FHitachiZ\ 7] Z EZChrom Elite X e

EEAEE T E T © B H ANacalai/s 7184585
ZCosmosil 5C18-MS (5 um > 4.6 mm X
150 mm)&EFE -

LR ESEE - KB Aura TN FELE S
KRC 25-25¢ (LR RS -

()= RO FH T 1T B 5 3 (Liquid chromatograph/
tandem mass spectrometer, LC/MS/MS) : =
Waters Corporation (Milford, MA, US.A)ZE
b MR HEE AT (Ultra performance liquid
chromatograph, UPLC):#&Micromass Quattro
Premier 8 35 » Bt I DR 5 B U it 5 (I 1
EAET - 0 DAMassLynx R ES 78 K 1T 88
R H o

(NIEHPEFRE @ Acquity UPLC®BEH C18 (1.7 um,
M%2.1 mm X 50 mm) > Waters Corporation
(Milford, MA, U.S.A.) °

(-)z=%83 FAFB, * AFB, * AFG, * AFG,fZ1EL,
(Aflatoxin Mix Kit-M) 53 B{Supelco/\ F]:Z
v R OE R F B2 IS R AFB, 1 pg/
mL » AFB, 0.3 pg/mL » AFG, 1 pg/mL ~ AFG,
0.3 pg/mL - FIIFLL50% B B A W b R 22
TZRE -

C)FFEE ~ ZHERLCHk - T H 5 f R A1 B Lab-
Scan/AH] - WEER SN - B E I R AL
SRR BTl - W E SEEMerck /A F] © Tween

2055 FE kAR HEH 3£ Sigma/s F] © Adventec
JEAR » EH1€150 mm » B HZAToyo Roshi
Kaisha, Ltd..Z 5 » 0.22 umJEfE(Nylon, 47
mm) B ChromTechZ & il °

9~ 737k

(2% Tween 200 ¥ 1% 77 1 fid 2
FEHINa,HPO,-12H,0 10.0 g  NaH,PO,-H,0
1.9 g/zNaCl 8.5 g * IAAZEBET7K900 mL
20 mL Tween 20 » FIZEEET7KZE 1,000
mL °

(CZEE R L
ST MR & AR 100 gERR A - FREY
EERE R i 525 ¢ 0 MBHEME - BRI
PRER - A 80% R EZVA R 100 mL » 15,000
rpmiZ)E 2578 7%  DAAdvantecEAKETE - HY
TEH4A mLIIAZ2% Tween 20,7 B 1% ENA
W20 mL » D73 $8 1 mL2 7 s g
FVERE » DLEBET/K 10 mLiG¥E2 % » Hhis
AV ERE 1 mL DA LIR/FD 2 3 S i o 28 R
o RN E S B XE 2 B eI EE
o DLEBET K ERZE2 mL > fEERE

E)E R 2 RHlE
K e U R AT AR50 ul > 3 e A
EARAHE T - 2R T YR E T A
FEHT - HhAG I A E A YR T 158 e o2 i B ey
ML Rz - AR 3R Sk iR g

HAHEE 3R & & (ppb)

BT R R ppb) =

(ng/mL)

V IR AR AR E A 2 #E T (mL)

M : BUER AT 2 s & (g)

HPLC§# 4

JEHTEFE © Cosmosil 5C18-MS * 5 pm » NTE
4.6 mm X 150 mm

LS & ¢ 50 pL
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A
FEBTHAE © 45% FIERAT » 1.0 mL/min

BRI E : KRC 25250 LB K eSS
SOEEIES © WEE IR R360 nm » FENY K
F5440 nm
(e Hh AR B
N AR VR L RO > A5 0% FR B 7K 7 T v 1
RS TEIERE » 7 AHPLC » B =5 =0
M T e B O P oy AT R A
(mEA E N ERRADL)
5 5 AT A R i — R YRR R - DA
ERCEAHE AT & 1T A SR & DARE 43 ik g
HENSR/HEEHEL(S/N ratio) I, - DLEERF &' S/N
> 32 AR IRE A R AR (E I ARR -
(N7 EE TR FR(MDL)
U &5 85 32 2 Bt ~ AR B i fy
Rl i - ININ=ERERITELEE - 6
HIRE RIDLZ 1~565% » 4RIY ~ J5EC) &
& IR~ JTEETFLIEE S 3K - frfe
W IEAETTS/NELEIG - FFES/IN > 32 KR
&R MDL -
(Bl
AN & 555 32 2 Bk~ SRR R i i
¥ Ryl EE'E - INIIAFB, » AFB, » AFG,
AFG.fii F » Mk ~ J7EC) B fER R - ER
M~ TEE T - MERE SRR
TR - FHIRLA100% BRI -
(e R I AT SR E R R (LC/MS/MS)HERE
AR AT R
1. EHEFE : Acquity UPLC®BEH C18 (1.7
pm, A€2.1 mm X 50 mm) °
2. IEEIFEAE R
HERET 7K K LB - BEREIMEE R
AR R RS AR — -
3. ERIGHE A E R
Bt 5 PR B B L B Tt (electron spray
ionization, EST){EHIIEBET » &L E
JEAE A = (multiple reaction monitoring,
MRM)ETT{EH] » MRME ] B T4
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*
Mobile phase
Time Flow rate — .
(min) (mL/min) Deionized Water  Acetonitrile
(%) (%)
0.0 0.3 95 5
2.0 0.3 95 5
6.0 0.3 50 50
6.5 0.3 50 50
7.0 0.3 95 5
10.0 0.3 95 5

R~ BEHHERT MRMIER Z RS

Aflatoxin Precursor Product ion Cone

Collision

ion (m/z) (m/z) Voltage energy (V)
241 50 37
AFB, 313
285 50 23
259 50 30
AFB, 315
287 50 26
243 40 25
AFG, 329
283 40 25
245 50 30
AFG, 331
257 50 30
FE R

KHEME2ERE LT EREE
EY S HARFHEENPERERGE TR,
PP 222 - i DL80% FREE ALY » YR & 2%
Tween 2027 W ERFEEIA W% - DA BAIMEE 1
b R EITE R B DUER RO
JERL Gt E SRR = EE - I EAR
Frimke0 & F i 2 iak - =W ERR
e P LA AT B RS (LC/MS/MS)ERT -

— AL R BRI AR S

#&70.2~10 ppb AFB,  0.1~6 ppb AFB,
0.2~10 ppb AFG, }20.1~6 ppb AFG, » % LA50 pLiF
AHPLC » fEHBRACERIE - DIESLE N
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T {18 1) B8 2 3R U5 e 1 e B 26 1 P i

FRIEHRRR - FTS ZAHBRFRE KHR0.995 » BURHR
PERAPR AT -

= inBERl IR BREY

S2ERENEFEAREFERMTEEE
Fotnky o SEBMERER - ErEREEIR
INAZ BT /KR - 2IREIR - DI R
e - SOt e ZE R 22 R 58 2= FH2E -

[ g =R

NE - BEHAZLETE  EHE2%

Tween 20,2 Bk B A BRI - IR &)
SEERVEME > AT EREAREHEGERE - fEHPLC

TR EREAOE —(B) - BRI AE
=~ {RARERR

DI b K FEFR S AFB, »~ AFB, * AFG,
AFG, 2 & (E R ADL) » 3 5150.2 ~ 0.1 »
0.2520.1 ppb ; TEERIK ~ B EAMUR Ko i fs

100

100

751

50 -

FLU

25 -

100

754

504

FLU

254

A
é L75
<
‘
0 2 4 6 8 10 12
Minutes
100
B g
75
50 3
w
o [ 25
o
ES
f/\X-— 0
0 2 4 6 8 10 12

B —

(A) ZEEHIZH T » AFB, ~ AFG,: 4 ppb;AFB, *
AFG,: 1.2 ppb (B) Rt RE e H H 8B R 9.2
ppb (AFB, 8.9 ppb, AFB, 0.3 ppb) Z &4 ¢ L&
R 2 B REEEE

= EERRAPERBRZFMEER

Aflatoxin Spike Level Recovery (%)"
(ppb) Chilli Pepper Curry

AFB, 10 88.9 (4.8) 94.9 (7.1) 96.0(7.2)

1 93.9(8.2) 953 (6.1) 97.4(6.4)

AFB, 3 88.7(4.0) 85.2(8.2) 87.4(6.5)
0.3 96.6 (6.0) 90.6 (8.6) 88.8 (8.5)

AFG, 10 89.8 (4.3) 94.3(9.3) 89.1(4.8)

1 94.4(3.9) 91.3(9.6) 91.1(5.1)

AFG, 3 78.8(8.9) 72.3(6.7) 72.6(6.0)

0.3 7713 (7.4) 76.4(7.3) 74.0 (8.5)

a: average of triplicate
b: value in parenthesis is coefficient of variation (%)

=V - RS ERERREA T ERZ ZEIE

Concentration (ppb) Acceptable Range (%)
<1.0 50-120
1-10 70-110
> 10 80-110

HHAFB, * AFB, * AFG, N AFG,.Z /5 i {8 Hll # R
(MDL)}350.2 ppb °

F BEEBERZAMNELEER

WA & B2 2 B ~ B R
kg o IINEHIERE ZAFB, » AFB, » AFG, [
AFG, * RVY ~ 7L BRERAE - ARG B
FERANFTR = o BRI ~ AR R Ry H s
AFB, K. AFG, 10 ppb:Z [E13888.9% ~ 96.0% ;
NIIAFB, ~ AFG, 1 ppbJZAFB, * AFG, 3 ppb .Z[f]
W# F572.3% ~ 97.4% 5 INIIAFB, K AFG, 0.3 ppb
ZEIET4.0% ~ 96.6% ; YIFRF SR 2 HR &
s Ry

A~ RERER

ARTGRE A ofEl R i A4 = i Bh 2 Bl fl R T
B WaEdt » 21kt > 290 > ZFd &
I R BRI - MR IR BE 601 - ELE AR
22 > BREE 120 - SRR 117 ~ fErBi v R e
B30 ARTL o ROAWTFEFR L 2 B AL
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TP AEES 2&1545”‘%@*”‘8189322%
AEERMTEBEREETE  SYEEMEE
REA AT HEERHRZIREEYER10 ppb"?
TLVHIE - FERRe0taiEt - B 12t h
HMER 0 WEMEZHHENT1R0.2~9.2 ppbZ
i+ AR R R - ipisEEE S - 22
fFEtk g - HolF(27.3%) i =MHE
% R0.2~9.2 ppb » EHRURS 11 i1
(9.0%) > M E 1.6 ppb 5 WK 13404 H S
(38.5%) » M Hi & $50.2~0.3 ppb * BRSBTS
B RmHEREEE > R/ - DiaHESESR
EEESNT - 12 BRI =EEE - B
10fF &R HHAFB, » 2{F# H AFB, X AFB, ° f&H
= R R = L BRI i B (AFB, 8.9 ppb
AFB, 0.3 ppb) Z HPLCIEZEANE — + & &0k iHE
M FE BT DAMRMAR A7 15 18 3% 40 18 — & &

A BARNTIEZEFERAFPEEESR
FREZAE 2 LEER
HEEEEETERER S ERELE - £
GBI REFEELEE R CREEE - FIES]
EFAE N30 ppb  EH KRB 5
B RIRER] 520 ppb s MEIEEE] EME S
N EBHEB RES 1S5 ppb s HART E =
FEB,EE 10 ppb s B MFEIEE] Ed =
ZPR&E 510 ppb » =HEFZB, S5 ppb"” - FEIH]
EIE @#&Wlﬁﬂ:ﬁﬁﬂiﬁblol)pb(m mkRt -

T« FRAEEBAINEGAEERLEER

Russell (2004) 37 P 5L W 8 T € BhbRUE &
77 %08 H B R 2 BREAEAEY 5 Reddy (2001)7H2E]
FETEHMET - B%RIHM s S E
FZ & EiEE30 ppb!"”;EHH(2005) ~ FEEH(2004)
&ﬁﬂ@%ﬂ&?@%@%@ﬁﬁm%ﬁW%F

s NERRTHNE20%" ~ 6.5%" ~ 10.5% K
18. 2%<2” HEE(2006) FHA T ER FERHE LS8
B G B PREEED s L HH(2005)FE

IR

\
A

F] oF]
N

EZHT BERSETHEE - FZE [ TBEBEES ] www.angle.com.tw

121

& - FRHEEREEHEE ARG

el

xRt

BRI AR

B FEML TRy SR

2t 4 2 2 2 2 12
2t 5 3 2 0 2 12
2 3 1 2 0 2 8
PRERR 4 2 2 0 2 10
=T 4 2 2 0 2 10
ZrE 2 2 1 0 3 8
& i 22 12 11 2 13 60

x> MEEFERGTEESRS EWAKBR

LA i ?Hﬂ %/\/\
*Eﬂﬁg*i*g {#;&

i E(%)

AR R HE

(ppb)
Ry 22 6 (27.3) 0.2~9.2
wEE 12 0 ND
AR 11 1(9.1) 1.6
16 2 0 ND
MRy 13 5(38.5) 0.2~0.3
& i 60 12 (20.0) 0.2~9.2

ND: not detected

=t BEEIEEFERAPZERERREFE

- [REAZHE (ppb)
B+B,+G+G, B,
EE 20
B 10 5
HA - 10
B 15 15
ElpE 30
R 20
[E3ELE 10 5
=8 10

BRI, & EREE R
(2006)FAETHEMUHELY, - LS E  RE
(2008) & X Hi B 11 5

W B R =R R
BELEREY

ERFHEE
HHR
2009 FEFH X3

mnfRERe0( - I GIRE -

E8.3%"Y  EHRE

E2M8(3.2%) 8
TEABUR W fry
EHESTEEE
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981008035 AFB1 MRMof 11 channels, ES+
4.36 313>285

1003 3.332e+003
O/ ]
¢ 492 78 610650
0=

I T T T T T T T e e e e Min

981008035 AFB1 MRMof 11 channels, ES+
436 313>241

100 2.109e+003
0,
"1 043 322 502 573620 9.89
0 S——— —— — .

R R T L e R e Min

100 200 = 300 = 400 = 500 .~ 600 = 700 .~ 800 900

981008030 AFB2 MRMof 11 channels ES+

414 315>259

100 - 1.098e+003
% 149 202 520 R K8 8.12

—— .

- min

981008030 AFB2 MRMof 11 channels ES+

413 315>287

1005 52 1.2786+003

] 22 340 588
"1 033 < 52553 7% 662

e Mmin

981008035 AFGH MRMof 11 channels ES+

416 3205243

1 2.220e+003
"1 045 3% 360 4% 589 g2

T T T T T T e T e Min

981008035 AFG1 MRMof 11 channels,ES+
415 329>283
1.437¢+003

T T T T T T T T e e e e Min
1.00 200 300 400 500 6.00 700 800 9.00
981008031 MRVlof 11 channels ES+
32 R 331>257
1 1.161e+003

890

T T T T T T e Min

981008031 R MRMof 11 channels ES+
391 331>245
412 1.265e+003

{an s 684 770 s

T T T T T T e e e Min

1.00 200 300 400 500 6.00 700 800 9.00
B = - HEE RIS (AFB, ~ AFG,: 1.0 ppbs AFB,: 0.6 ppb; AFG,: 1.5 ppb) £ MRM &3 T 2 B AT & 5
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981008036 AFB1 MRMof 11 channels, ES+
4.35 313>285
100 1.002e+004
Yo
572

T T T I e e e e e e Min
981008036 AFB1 MRMof 11 channels, ES+
435 313>241

100 7.545¢+003
0,
% 585

R[]

981008036 AFB2 MRMof 11 channels,ES+
315>259
8.554e+002

9.83

min

981008036 AFB2 VRMof 11 channels ES+

412 315>287
1 322 8.0226+002

942

min

1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00

981008036 VRMof 11 channels, ES+
494 329>243
1.161e+003

min

981008036 VRMof 11 channels, ES+

495 3205263
331 409 447 5" 932 8.830e+002

min
1.00 2.00 3.00 400 5.00 6.00 7.00 8.00 9.00

981008036 MRMof 11 channels,ES+
320 331>257
1.402e+003

3.83 _4.02 5_149‘41 ?-87

6.74 825
min

981008036 MRMof 11 channels,ES+
320 331>245
6.074e+002

813 933

224 ;.57 659 749

114 180

min

1.00 200 3.00 400 500 6.00 7.00 8.00 9.00
B = « S iaEEia =503 % (AFB, 8.9 ppb; AFB, 0.3 ppb) 5% MRM 1& X T 2 EHTE L
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N\~ mRERZERETG

RIZEBFDAE R - — (LG B H & E
ETIEANE @ HERKEAL2 ng/kghd B .2 =58
FHEB, © [HFEAEPE - FEEEI4RKE AL pg/kg
B EM B HEB, » HENRSHEREA0.66 mgs
WERB,  ERREATY ZES - WL KIER
FEAR - KB 14FEEE - B RIS
JBIER® o AR & 5 G & i = R BRI H s
FEF 9.2 ng/kg » HPEHMHEEB, 2 &89
ng/kg - EHEF| IR GIEIE - FEERGES H
FFT41A THIK - WHORT B 2 B B E R 5T
7. Ca(International Agency for Research on Cancer,
IARC)EL R 19874 % & 58 52 R 5 Ry — h BUE V)
Y H EARHIE & H Al 2 5 R (tolerable daily
intake, TDI) * HUEMKIFFAO/WHORE R FH & B 111
{%(As Low As Reasonably Achievable, ALARA)JF
A - flemt=Eaia RIEER RS ZE5H ]
ERZHEC o R RES R E R B R AR
BEE ] - A el R AR I - MERE R R AR -

i
ARHFFELA80% H B Ry b 88 2 UK » W&
Tween 2027 WEER#% E VAT % - DLRIEHIAIEE R
b BRI E R B - DB
JERC & Ot E R A i = M R - 0T[5 B A
fEAFB, * AFB, * AFG, X AFG, * {EH M ~ i
TRk Ko P Ay 2 A S PR & 93 1 s AFB, 0.2 ppb
AFB, 0.2 ppb * AFG, 0.2 ppb * AFG, 0.2 ppb ; £
FREURY ~ BB S e Ay < VS el R 5723 %
~97.4% - R GHERNE FEE 60t - H
12fFke = EER e H#EE 1 120.2~9.2 ppb
U eaRBEEREFZEMERE N ZREEEL
ppb * BUREHECIEEE Tk  ERAFEEREE
Mo R RERHERIFR - 198 [FURBE X R 7 ER

5o BB ERE -
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Survey of Aflatoxin in Spices Marketed in Taiwan

MING-TZAI CHEN, HSIAO-PING FU AND JIIN-FUNG SHYU

Eastern Regional Office, Northern Center for Regional Administration

ABSTRACT

A survey of aflatoxin content in marketed spices was conducted by the Bureau of Food and Drug Analysis.
Sixty samples including 22 chilli powder, 12 chilli paste, 11 pepper, 2 sichuan pepper and 13 curry samples were
collected by the local health officials from retailers from May to July in 2009. Samples were extracted with
80% methanol. The extracts were diluted with 2% Tween 20 in phosphate buffer, and then passed through an
immunoaffinity column. Aflatoxins were separated by Cosmosil C18-MS column, and then derivatized with in-
line post-column photochemical derivatization (PCD) to determine levels of aflatoxin B,, B,, G,, and G, in spices.
The results indicated that the average recoveries from chilli, pepper and curry samples spiked with standard
aflatoxins ranged from 72.3% to 97.4%. The detection limits of aflatoxins in chilli, pepper, and curry samples
were all 0.2 ppb. Aflatoxins were detected in twelve samples (20% of incidence) including 6 chilli powder, 1
white pepper, and 5 curry samples. The contamination levels ranged from 0.2 ppb to 9.2 ppb as total aflatoxin.
The aflatoxin levels in spices were all in compliance with the regulatory limits (10 ppb) of total aflatoxin in

spices set in Taiwan.
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