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B OE: Bm & —F S0 7% - BT ISk (high performance liquid chromatography-tandem mass
spectrometry, HPLC-MS/MSYE W5 R ik h i i B/ R M, I iE. 753% PR W R RAREUS, 5.0
B, RIS MycoSep™226 AflaZon+Multifunctional b ALk, 7ELR SN R E M, R E IR G
KF LC-MS/MS A7 SR #8383 M, 76 0.05~5.0 pg/L L N SC R RAT, HOCRECKT 0.995;
TE 0.02, 0.05 1 0.10 pg/L EANAE 4 ENA A 89.02%~118.85%, MIXHHRE(R22/N T 7.06%(n=6), &8RN
0.06 pg/kg, L& AN, WER . REL S-S TINEY Yk e ST R M.
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Determination of aflatoxin M; in milk and milk powder by isotope internal
standard-high performance liquid chromatography-tandem
mass spectrometry

HUA Yu, GAO He-Yang, NIE Xing-Na, ZHOU Jing, ZHANG Da-Wei"

(Romer Labs Analitacai Serice (Wuxi) Co., Ltd, Wuxi 214101, China)

ABSTRACT: Objective To establish a method for determination of aflatoxin M, in milk and milk powder by isotope
internal standard-high performance liquid chromatography—tandem mass spectrometry (HPLC-MS/MS). Methods
After the sample was extracted with methanol solution, it was centrifuged in a centrifuge, and the supernatant was
purified with a MycoSep ™ 226 AflaZon + Multifunctional purification column, and then separated and detected by
LC-MS/MS with isotope internal standard. Results Aflatoxin M; had a good linear relationship in the range of
0.05-5.0 g/L, and the correlation coefficient was greater than 0.995. The recoveries at the addition levels of 0.02,
0.05 and 0.10 pg/L were 89.02%—118.85%, the relative standard deviations were less than 7.06% (n=6), and the limit
of quantification was 0.06 pg/kg. Conclusion This method is rapid, accurate and sensitive, and is suitable for the
determination of aflatoxin M, in milk and milk powder.
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B8 77 K (aflatoxin, AF)/& v il 23 A1 27 A= it 2
BRI A R A AR =t e o A RN B 2
e i i 8 8 % BI(AFB)) B VERE, 76 1993 4EH)
Bl AT AR 20 2 BRdss A WF LA A o 1 S B T
R R M(AFM )2 HFL SRS e T i ih & R
B(AFB) W RHETEAR N A4, RT3 T
Ik, . WEIRIT, HAT S AFBL AL R A B0 T,
TE 2003 4E [F) R L T AR 41 20 [ PRos i A s LA A A2 0 1
KEuEPIR . Rk, KEDAFT 1989 4£ 6 A 1 HIF
XL R i S R My 3T TIRES N T
0.5 pg/kg, FHXTAHSERRIESEAT T R g+,

H FAS I A= 3 Je g5k h B B R My S R TTE &
w2 3 Y B B R % 3 (enzyme  linked
immunosorbent assay, ELISA)m\ WO R | A
BT I VO AR L R s Tk e b 2, R 2
ELSIA R, HEZHML R, 5 RN
PE; ARG AT AP SR E B, K th B E S BRE #
RUOBORE (335 - ER IR BT R MR . ik, AU, AFEAETR
s RS R S B K  EAAE AL R, FETR AT
), X B R T LRSS ek E 2

A5 F F MycoSep™226 AflaZon+Multifunctional 14+
Ak A A B 4 2% AN AE (immunoaffinity  chromatography
column, IAC #E)XTHE S IEATRTANRE, R R R bR T
LR IR, HESL T RO AR £ 35 - AR R BT 5 % (high
performance liquid chromatography-tandem mass spectrometry,
HPLC-MS/MS)ME W) S Wiky rh 8t R R My BTk, R
REE T B ER My BRI PP B, BORISR%E 1 RiAL
BRI, ] DU 25 5 S R il ARSI . [RIEEBXoRAE A5
RGN 256 2 30 B ANTE— AL, R Sl T VS VRS B A7 At X IR
DL, ARSI i OV VR I Rl RS 48 R 1 3], XAl
SR ARG I S A ) MERA VEEA T RIS, A S T b R E Y RIS
Whrh B A AR R My 10 & PR T Se IRl

2 MB5EREE

2.1 X5

Agilent 1290-Sciex QTRAP 5500 15 R4 AH {4 3% - HR I
FITTEAN (36 F ZHE AR W) R 36 [F SCIEX 2\ A); Milli-Q #2k
IRAX (i FE B v 5 PN 7] ); BSA2202S-CW 4 K- (1l
EFEZ AW AR, 3-15 BOHLEERE SIGMA A F]); AR
Romer Evap ™ (1 F] Romer Labs 24 7).

HEE, 2. 2. BERER(Eisal, FEER A ),
AR R M, (Aflatoxin M,, 0.501 pg/mL), ¥HHIHETFE
M, [Alfi; Z AAR(U-[13C17]-Aflatoxin M, 0.507 pg/mL).
MycoSep™226 b AT (F ] Romer Labs 23 Fl).

RS A VER PR WHRIRE S A FAPAS 4241,
2.2 FRERREH

B B 50 mL Z 5 50 mL #aliK T+
150 mL BEEIHEH, FIMA 5 mL ZERIRSI&H -

WG E M Ardeih 2k e sk EESEEM,
FREWRE 50 pg/L, RSB AW RRE R R, WA
0.01, 0.05. 0.10, 0.50, 1.00, 2.00. 5.00 pg/L.

AFM, IR MNbs: JoH 2% AFM, BEGR B 2
50 ng/L, SRJG PR BBOE BARFR S 5 pg/L.

23 HEmBILIE

ORAEFNIRFE R

B HAAAE IRE L [ BRI, PRSI .

@

WA BRI gCRSHE 0.01 g)fbIRIRSIIS TS
AAREA T 50 mL B0, MERTIA 10 mL FESAW, 78
439%%% 30 min, 4000 r/min B5.0x, 10 min, B34 A,

Wk RES: PRI 1 gCRE B2 0.01 @) WIkHA T 50 mL &
DT, IIA 4 mL 50°CHUK, WA FEHERFMA 10 mL B
W, Fo43¥E% 30 min, 4000 r/min #5.0>, 10 min, B FIEW
M.

®@#Hk

BT B S R FIAE TAC R Ak ad FRRE B A K,
KIGEM LI R R, ALK F Romer Labs 2 L RE L AE
HATHAL B 8 mL B5.0 L3 T MycoSep™226 PR3 1
B, 1l MycoSep™226 b fE, B 2 mL LI FE 50°C T
ZEWREET, H 0.5 mL MR, 0.22 um SRR IE,
WA RV T R P DL A R
24 HHEGE-BHKRIERMY

(1) A&

“Ki#73% Phenomenox Gemini HPLC Cg ffi#:(4.6 mmx
150 mm, 5 pm), FiE 40 °C, ## 0.5 mL/min; PEFER
10 uL, WA A 7 2 mmol Z BRI 0.5% 2 FR/K A ;
TREHAH B K75 2 mmol ZEREE Y 0.5% R Y TP v i
BRI A a2 1 PR .

®1 BERRER

Table 1 Gradient elution program

At [f1] /min 0 1 14 15 15.1 16 20

WA B/% 10 10 97 97 10 10 10

(2) Bt

P 2ROV IR, B U RS L
ESI(+), BF I 550°C; KAFK: 30.0 psi; RIS
&, MBS 4500 V; Gasl: 55 psi; Gas2: 65 psi; HAth
[ S LR 2.
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31 RIERH AR e 75t @i s 7xf . EfEdE . AN

FE I &EEE R My MR R AR AL A e R M . Rl B A5 A (LIRS RO ER 2), 1531 2 S W )
HEVR, AT IR ST 500, 7E1E 8 FBUF AT a4 (multiple reaction monitoring, MRM) {4358, WK 1. 2

®2 PulEH

Table 2 Mass spectrometer condition

BB T TET TRE R R] SRR T e LN A B HLE Hi A il 55 EEETi|

(M) (M) /min N A% EENEAY /ms
273.000 12.45 AFM]1 - P 90.0 10 35 14 30
329.000
259.000 12.45 AFMI1 - S 90.0 10 35 14 30
346.000 288.100 12.45 AFM1 - IS 90.0 10 35 16 30
12.45
5.0e4 wh&EHEEMIL
4.0e4
172}
& 3.0e4
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Fig.l Total ion flow diagram of aflatoxin M1 and isotopic internal standard

12.45
5.0c4 # i B Z MM

3 & /cps
(3]
&
'

5000.0, L
0.0 1.0 20 30 40 50 60 70 80 9.0 100 110 120 13.0 140 150 160 17.0 18.0 19.0 20.0

[ E] /min

12.47

2.0c4 A MR
1.8¢e4
1.6e4
1.4e4
1.2¢4]
1.0e4
8000.0
6000.0
4000.0

2000.0

6 . "

0.
00 10 20 30 40 50 60 70 80 9.0 100 11.0 12.0 13.0 140 150 16.0 17.0 18.0 19.0 20.0
5B /min
B2 &SR M1 RIEACER bR 2 RO I ik

Fig.2 Multiple reaction monitoring chromatogram of aflatoxin M1and 1sotope internal standard
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3.2 RIREERHMKL

ARSZHG R MycoSep™226 b FE, BHL S S G A
FE TAC ¥ B R 1 h A8 45 426 28 2 min, KK T AL
R, [ IS WIRRE B R A FAPAS #F & T04339QC #EAT
W, TR BRI ER e AL, BARIE S R, WA 3;
WEEMEGMESG RS IEBRMEETET, WA
MycoSep™226 b S S5 FikE TAC ¥k FL il Sb 2
SEATIATHY, RS WL 3. 4.
33 ERYMN

FeE TSSO, (2 - i 2 5 ) N R ot i T
RS s A 1) (T v s R T A AR i e A
MycoSep™226 bt & EMAN IAC HF, ¥ ibERE SR
I14) e 550 7 S 2 A 2 58 1), T AR — R R B A A ik
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MycoSep™22614+k,

0 o Uladed el ]
00 10 20 30 40 50 60 70 80

SRIEBRIE RN o H WA IR B AR M 2 . BRI
o o T 2 B o) B B 2 ), TE MR SRR AR 2, RN 2 N AR
5 BtaA A R 08 T, FEA AT DLSE AT bRt
JBTRUNE o R EE2% BE 3 W] 57 3 B A A B B, L AT
THBRIE T8, PRCAE B ML 7R 2R 5 s = (v B 1 TR
AR MFRRIAT .
34 FHERZMTEE &R

% 2.2.1 ZEART 3 d 2 BIECH] 7 A R B 9 A
o5 20 EHL, AALES B s hl bR el 26, ZRPEM e R
BN 0.9997~0.9998, WL 5. LIEM:H A 3(SIN=3)i14&
K PR (limit of detection, LOD)y 0.02 pg/kg, LA{EME
A 10(SIN=10)iT% & & R (limit of quantitation, LOQ)N
0.06 pg/kg.

12.49
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Fig.3 MRM chromatograms of FAPAS milk powder cleaned up with MycoSep™226 and IAC

3 FAPAS #f T04339QC HiEiRE
Table 3 FAPAS T04339QC sample report

EIE RS FE HWHER 1B/ Xa 1Z|<2 JEH L Kiva E =R
T04339QC Wik &G RER M1 0.0342 0.0192-0.0492 ng/kg 61
% 4 FAPAS MR HIE
Table 4 Inspection data of FAPAS samples

HHFE B8/ (ng/kg) MR/ (ng/kg) el i % /%1 0.0342 1) FIE (ng/kg) A A O 22 /%
0.035 102.3
0.035 102.3
0.030 87.72

HHEER M1 0.0192~0.0492 0.029 84.80 0.033 8.80

0.036 105.3
0.032 93.57
0.036 105.3




1982 1% A T R A

81

3.5 EWERKEZREXE

FEAS VAR R R, 435IFE 0.02., 0.05 F10.10 pg/L
3 AT AT ARS8, AN 6 SFAT. -5 ml
W TE 84.88%~128.75%, AHXIARHE (R 2Z (relative standard
deviation, RSD)HN 2.08%~5.14%; 5k BISCRTE 85.64%~
120.14%, RSD Jy 4.40%~7.06%, V£ 6. 7. [HIER5H;
1 B A R L SR

3.6 AFERE

PR T A S 4 SR 5 A 0 2 06 0 RN A —
il T BV Rz i SRR S A ORI R i R R A

W, XA~ A AT R 2 il 2R W BAL v S Ak — e AR A, DT
ISR M, RIS RS R, FE2S A RE
SRR FIIA 0.02., 0.05 #10.10 pg/kg AFMI, R4S 8%
W%, 52 d g a2 B Mycosep226 1 COIAC1005 ¥
b EHL. AECHE AT LR S Mycosep226  #+ Ak A1
COIACI1005(IAC A1)XF 25 %A B i 52 m, (HiA VRad 72
YEMBEER M, 0 EISCRA A Y R M REm, T H A
W, WA, FEREINVE R B WEE ST, AT REIEAT Rl
FRAE SRR . FE B TR TH4E, & Mycosep226
HALEAE S AR I A s RSD BB /N Fad TAC HAR A2
o VRANEHE W2 8.

x5 ETE3 RESIEHN 3 FioEhk
Table 5 Standard curves prepared in different 3 days

3 Hr H TWRER 2 Dy i P (@)
2019-1-21 Y=1.74X 0.9997
2019-1-23 W EE R Ml Y=1.82X 0.9998
2019-2-15 Y=1.54X 0.9998
®6 SRR PHEIKERE RSD &
Table 6 Average recoveries and RSDs of milk samples
n AP bR L5
HHAER
2 A4 1+0.02 pg/kg EIEH/% 2 4 13+0.05 pg/kg EIEH/% 25 4 P1+0.10 pg/kg 1A /%
117.50 105.00 84.88
118.13 102.75 91.75
110.00 100.25 85.63
#H A EE Ml
128.75 104.50 9225
117.50 103.25 89.25
121.25 106.50 90.38
SESE /% 118.85 103.71 89.02
RSD/% 5.14 2.08 3.50
®7 IR THEKRERR RSD &
Table 7 Average recoveries and RSDs of milk powder samples
N WA AR S 56
HHAER - -
25 FI#3+0.02 pg/kg TR/ % 25 FI#3+0.05 pg/kg TR/ % 25 FHY+0.10 pg/kg IR /%
115.32 95.52 92.56
120.14 102.32 88.97
i 116.42 106.78 91.22
AR M1
109.85 110.21 85.64
105.78 98.75 97.65
98.86 103.49 90.18
SHIME/ % 111.06 102.85 91.04
RSD/% 7.06 5.16 4.40
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Table 8 Average recoveries and RSDs of frozen milk samples

25 4R+ 0.02 pg/kg IR /%

25 400+ 0.05 pg/kg /%

25 540,10 pg/kg IR /Y%

b Micosep  HIEFMAE IAC  F{bH: Micosep  FBEFEMAE IAC ¥ fbAl Micosep  Htf% S AIE TAC

226 1005 226 1005 226 1005

76.25 88.20 63.00 73.08 53.13 58.38

HIEER M1 85.00 70.00 64.25 62.16 54.00 65.24
83.13 82.60 64.75 67.76 53.38 59.64

ERIE % 81.46 80.27 64. 00 67.67 53.50 61.09
RSD/% 5.97 11.61 1.94 8.07 0.34 5.98

3.7 SCRREESAET (70 Beltfh, EPT, B ISl v e S LT LA B ¢

Xof 3 B SEBRAE S AR W S R AT RN S, IR
MM EER M.
®

AT 1EFET Mycosep226 AL AE R AL £ A L K [6) {7
K NARE AL IE R A, #ES T —Fh S 4 005 B 0803 () A
ORE- TR FHR, Ak A B R R L Dl . HERR S
TR, MR M S TR B 57 shom i, B m TR
MK, (R XRS5 3 i it e A v VR IS e iR A T T
WIS, 58T 2 AR, A ST YR
H B T R AR ML T —ASBrniR R, B B

SE 3k
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