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Abstract; A method for the determination of aflatoxin B, and M,in milk powder was established by QuEChERS
combied with high performance liquid chromatography tandem mass spectrometry ( HPLC — MS/MS). Milk
powder was redissolved with water, extracted with acetonitrile, and the extract was purified by octadecyl bonded

silica gel and anhydrous magnesium sulfate. The samples were separated by InetSustain — C 3 (2.1 mm x 150 mm,
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3 wm) using ammonium acetate solution — methanol as mobile phase, and eluted in a gradient manner. Then

detected by electrospray positive ion multiple and monitored by multiple reaction mode, and quantified by

matrix — added external standard method. The results demonstrated that the concentrations of AFB, and AFM, in

milk powder were in the range of 0. 08 ~20 pg/kg, and the correlation coefficient (r) was higher than 0. 999.

The limit of detection were 0. 02 pg/kg for AFM,and 0. 05 pg/kg for AFB,, and the limit of quantification were

0.05 pg/kg. At 1,5 and 10 times of the limit of quantitation, the average recoveries were 91.5% ~100.7%.

This method is convenient, efficient, reproducible and accurate, which can provide technical reference for daily

detection of aflatoxin in milk powder.

Key words: milk powder; aflatoxin B, and M, ; QuEChERS; high performance liquid chromatography — tandem

mass spectrometry
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BRI 3 > 25 B D) AT R A 000 4 DA AR it 2 Jo v
ok, BRI 0 FLA o i R ST
ZAETAE AFM, IO 5E 1, st S0 G 0 A f
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A]) ;C (2. 1 mm x 150 mm,3 pm) (_FIEHURRH
PR s AR (i), 255 Fisher A H]) HHEE LM .
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1.2 & Milli - Q BTk A&4E#S (3L Millipore
AW sms205 du BUAEE PRV (H oz —, Lifg
HERAE) — FER ZAXER A ) ) s HITS0R B AL ()R
WAL DAUNES A F]) ;STM — 18 — 14 RIS df 4 ([ g
=HEP R A BRA ) ; VORTEX -5 RURAER %4,
(I T HAR DU RA S S A PR AR ) 5STV - 100 B %
EITER Gt (BUN AL A IR F]) ;DC - 24 -
RT B 24 (7K INFAGEIAR (i 22 1% SE R R ey
AIRAF]) ;KQ - 700DV B P RS (LAY
PATBRAE]) sHPLC — MS 8045 7 =5 4% i A (53 — £
HRBOEAL ( H AR AT

1.3 FR&ckiE Ibatin@ iR I r LR AR A, 1k
PEOC A B AR B HL LTS SO T R
H A AV AR IR RS AV E 28 AR

1.4 AREERES FPOREHR 3 meg/L () AFB, 5
AFM, FRAEFT 1 mL F 10 mL 22PN, R BT
FER ARE T AR} 300 pg/L, 477 T - 18 CHH
TREREE T A AR (0 B Fd B rp T B
ft T 2R, DT T R R 2 ARG

1.5 H&araE

15,1 H&mpRR FRE2 g LB (K82
0.001 g)F 25 mL &E.08 W3 mL BAi/KEE, W
BE 1 min, 10 mL & K5 $2HL, &% 10 min, & 75
10 min, 10 000 r/min &5.{» 8 min,

1.5.2 #&Fh WEARLHRZES —HA4¢
TOKBRIREERN 1 g SALENES LA P IR E 1 min, IR
#£ 10 min, 10000 r/min £5.0> 8 min, HLAH 5
Z 5 40 mg C,  F1450 mg TR FREREE B0, IR
Ji€ 1 min #%7% 10 min, 10000 r/min &.0> 8 min, &#P
FEHWT 40 C TFTRRET, 1 mL W46 5 sh A E
25,18 0.22 pum A HLAHIERE, FE0

1.6 BUHE &M

1.6.1 & i %1 InentSustain — C, {0 3% kE
(2.1 mm x 150 mm,3 wm); #ifk:28 °C; i & .
0.2 ml/min; #FFE .5 pl; A : A 5 5 mmol/L
CTREE By W RS IS5 B FEVE IR AR ) :0 ~ 5 min,
30% ~100% B;5 ~5.5 min,100% B;5.5 ~6 min,
30% B;6 ~9 min,30% B,

1.6.2  Fridtr g &1 (electrosprayionization,
ESI) ; 250 Wil (multi — reactionmonitoring , MRM ) # 2 ;
EE RS F AL A8 . 3 L/ming T8 48 i & .
10.0 L/min; il 4% #% i 5. 10 L/min; # 1 & JE .
300 °C;#EMHLE 4.0 kV; Hfl T RAES BN 1,

£1 AFM, 5 AFB, HIRIEHTEMESH

Tab 1 Mass spectrometric parameters for M, and B,

=N BEEy T TET M RE R PR
&Y .
(m/z) (m/z) /eV /min
AFM, 329.15  229.20 % /273.2 -35.0 6.7
AFB, 312.27  241.10 * /269.0 -35.0 7.1

# B BT

1.7 HEJRETEAMr & SRE6 42 ¢ PIHEFL
HEE R A 2 0. 001 g) T 204 1, 403 A
AFB, I AFM, BIARAE T AR, [ b v o ok 2 40
125 0.08.0.5.1.5.10.20 wg/kg, 24 1.4 TWif1.5
TR AL EE, T 1.6 WA R, LA 1S AFB, F
AFM, S IR A AL B BT 0 o o vk 5 Ay A
LY I 1| 2y B2 DR 164 o A 1| o B i mwa == 18
1.8 HAEAE  ABF5EEIE R Excel #l Origin
8.5 HATHURALTE

1.9 JFREREEHEE SRABERNE, 735
HERRFRIAS FIFLARES: 2 g JRASIN— & (RFR A e it 2
FE I AFM, 5 AFB, &2 55518 0.05,
0.25.0.50 pg/kg =AEVREE % AR FTARIE 7
DA EHEATINE ,— H AR EE 2R 0 RN ik
BL6 A TATRES A TN , R MIAES d, FEIC RS MR
P A RICR A A AR RER 2 (RSD) .
2 HRS5H

2.1 BIGAWEST SRR AR - BRI
12 W B e P A TN S R A S Aar N, 28 1 [l I 51
B H AR I BOR o i 5 2 R BA B
MIRRTEE , B R BT R C (I, ik +5
e O T AR 20 B 25 1, AR 9 3 F v 4 B | o bR
THTFR A e JRE AL | LA AR s b 1 | Ab PR AR 1Y
InertSustain — C, (2. 1 mm x 150 mm,3 pm) , K,
ARMFTERE RV AT 4B ok o M A A 3 B A A
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Z., SRR W -5 mmol/L 2R BV WO
SN FH 23 B RO N R U b, AR T S A
G3Te, R T BCHRORR € 15 (R) VE IOA% 1 O S £ A
AT OEAL, B8 T 1. 6 T B BE Ve I 41, 7
28 CHFLA 2.0 mL/min F4 30 5E A AR, & 1b
H5 we/L WHE KR AFB, 5 AFM, {3k,
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FA 15 [A]/min

El1 AFB, 5 AFM, # HPLC -MS/MS El(RERE 5 pg/L)
(a) FEEREIEE; (b) b EIEH BIEE
Fig1 HPLC -MS/MS chromatogram of
AFB,and AFM, (5 pg/L)
(a) Isocratic elution chromatogram;

(b) Gradient elution chromatogram
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Fig 3 Characteristic ion chromatogram

(a) M, (b) B,

2.3 REB T EWAM A AFB, Fl AFM, )8 T
P+, BE b, Kb, ZEARYE ZLRk AE 5 I S
o A B R ELAR A R AE T, 1B Y B JO 7
LB 1 2 7 3R NI 2R ARt B T rh BRI Ok [R] B
AR sl S X SR A Y AR IR, AR N A2 S
ik, AR NG O - K (Vv =4:1) &
JiE -0. 1% WERIRW (V: V =85:15) | FH s i —
K(V:V=4:1) HEE-0.1% FRER(V: V=
85: 15) 43 I FR LR AF it v 2 it 25 75 20T e
ISR S50 WL 4a, 16 5 pe/kg ITRINTRAKE T,
CIEER . X R 2Pk, 45 R
Kl 4b, 0 10 mL SR SR A i

2.4 FAFTAMMA AR QuEChERS Hi &b ¥4
AR, ESEH 4 g JoK MgSO, F11 g NaCl iy 26w) 24
ik B G SR C g (PSA FITE K B R 85 43l Ak FL7L
53 308 2ok RO 6 R A R %) P ke 2 S [ 3 A v
MG, 165 neg/kg B T, ffH 20,40 .60 mg
[ PSA . C,s 53531 5 450 mg Jo/K 6 B BE 4 A v Ak 3L
FRE S TR ISR G R LR 5, % € H ik,
Cs 7E 40 mg B 1P A &7, 24 & KT 60 mg B,
MISCRARL, X PSA FHELAL, 45 R WoRFEE PSA
FH (1S 220 SR AR 56% ~ 62% 3t il N I

3 I AR e, Z et — ik JoK e R B A
S5 R R IAE 300 mg LA K 600 mg ¥ B 1
L 450 mg 1Y [ CRAR, PR I A B 98 e 4 SR T
40 mg C, F1450 mg Jo/KBREREE A FL R H AFB, F1
AFM, By 22, ISR A (B 5)

100 OAFB, BAFM,

D
=)

e
o
=]

it/ L/ /it /s
HEK 1%9 8- 2 2K 1% H iz-
K LR
BGRR
()

paje——=——uu
E] ;

= 40 —— AFM,

o 5 T 10 15
ZMi (L)
(b)
E4 REGEXIM D AFM, 5 AFB, B R0
(a) Bz, Bk FES - FER/K, ZHE . 25K R - 2Rk
STEEMM; (b) ZEAEXERERNZ N
Fig 4 Recoveries of AFM, and AFB, in milk powder
with different extraction solvents
(a) Influence of methanol , methanol water formic
acid — methanol water ,acetonitrile,acetonitrile water .
formic acid — acetonitrile water on recovery rate

(b) Influence of acetonitrile dosage on recovery

2.5 B FUBMEE RN R R A A R
RN, A —E R L X AR oA o i B R
R R A 0, R RO, 5 A% E
Y AT P AR RE SO PR T 2 — R A5 2 15
W23 1 P 700 AR (L 8 e T B A A i
JGRC F AR 7 s R 3 e i 7 0 TR AR ) L
(ERVPA ™, — o2 2o 43 591 223 1 25 11 128 790 4 o
AR E RS IR VA R A A v 26, EE AP
PRI R LLAERTPAN ', AR FESS A 2 g %
SRR PER AR AR IR BT A AE R N IE
I, 2% B0 25 S o, 45 RO SR 3 B R S
i, A (1) B BdiE gk 2 s,
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128 @AFB, @ AFM, F2 ERMBITHEER(n=3)
j\:r 60- Tab 2 Evaluation results of matrix effect(n =3)
= 40 S
0{ f Al ERINSOTE ETEMNLR
0 W . My . VESS.S
0 2 4
o0, PSA+450 mg MgSO, A7 13k (me) AFB, Y =29881.3x -267.392 Y =26833.4x -37.7876 —10.2%
s 307 AFM, Y =24888.2x —395.472 Y =20976.5x —395.472 -15.7%
% 601
= 40
E b 4 N A P A
" i AR Ss B AFB, 3B K — 10. 2%
2 4 Yy N w2] o
€, +450 mg MgSO_ it i ik (me) AFM, FEFUN R —15.7% , RUIFLB FL L% AFB,
o] 55 ARM, G 45 SR B Oy
% 0] R HOR R R SN 2 it
=40 , .
20 i g 2.6 HMXARRGE  LLLT LRI IR
0 50 600 bR MR R FLR th AFB, 55 AFM, (928 it
MgSO, i 7l I (mg) N . s S N NN
5 WHFIFEXIMT AFB, 5 AFM, KA, LA G AL HE Ty 1 0 A B AR A AR
B2 B0 (n =3) E,éﬁ%%‘:{% AFB, 5 AFM, T£ 0.08 ~20 ug/kg?ﬁ@
Fig 5 Effect of adsorbent quality on recovery rate of WELMERR, DL3 A5 EWR I (S/N) N Hiz R ,10
AFB, and AFM, in milk powder(n =3) A M L ( S/N) e R, ULER 3, K BRI T

e FRRUER IR - ZBACTF 0. 999 , 32 B AR )7 3 R 4 i
N SRR AR : :
AR ) z( I REIZER ‘1)“00 () e, 70 JH T 9GBSt A

#3 ZLHHF AFB, 5 AFM, MZ&ERAAFRE WHRRESR

Tab 3 Linear regression equation,detection limit and quantitative limit of AFB, and AFM, in milk powder

b B S e B R
L& BV ;
et /(pgkg™)  /(pg-kg™') PR /(pgkg™)  /(pg-kg™h)
AFB, 5 0.08 ~20 Y =26833. 4x - 37.7876 0.9999 0.03 0.05
AFM, 5 0.08 ~20 Y =20976. Sx - 395. 472 0.9995 0.02 0.05
2.7 WHEFEXE MHABRAMEIAHITH R4 EHENBZELIRER
Fil, e B e m AR A 1 A5.5 A5 10 £% Tab 4 Accuracy and precision of the method
IR AR T T BRI E gy R AR (n=6) e

/(pg-ke™)  EMcR/% itk RSD/%  RSD/%

SRR UL 4, FUBY T ARM, 29 R £
91.5% ~100.7% ZIa] AR IRHEMZELE 3. 8% ~9.6%

0.05 91.592.2.96.8 6.6.,7.3.3.8 8.7

AFM, 025  99.6.96.6.92.1 4.57.2.8.5 7.9

¥ I 7AN L M7 AT Y 3% -
ZIa) s FUR T AFB, B9 U0 R A 91. 7% 0.50  100.7.95.9.92.1 8.75.06.2 9.6
99. 8% Z 1w} , MIXHBRAE e 2 7E 3. 2% ~9.3% Z [l 0.05  95.194.8091.7 566.13.9 7.4
PRI T R P RLAF AFB, 0.25  94.295.798.5 3.2526.7 5.4

0.50 99.8.92.8.91.9 6.2.7.74.1 9.3
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2.8 JEAE SN HEARTTERH TR LA
AFB, LAS AFM, B BT, 38 XA B R
(L S AN R 1 ST A A 5 AN L3k 8106 A )
IR H A, BT AFB, FRAERESS & (0 A E
FE R 0.672 £0.0119 pg/kg, BE J1¥F En 25 K
0. 113 pg/kg; AFM, J5 35 #E 38 & (5 S AS 1 € N
0.811 + 0. 0108 pg/kg, BE 71 3T & 43 1 22 K
0.173 peg/kg, AT ME LW E 3 W, 3
WEESCEYEAS . AFB, Kl R 0. 558 pe/kg, K
MR dg T HEN S I Z (Hh - 1.0;AFM,
KB R 0. 711 png/ke, TH5E ZHHA 1.6, 1213/
T 2.0, FRUIKI S5 R J i A5 AL UEIIA D A
K AFBL A1 AFM, RIS, B 6 Sk As I BT
FERER B AFB, FI AFM, 22 57 Wil (o i ]

40 000
L}é 30 000 AFM,|
20000 ' AFB
Z10000

-
1 2 3 4 5 6 7 8

» 15 BRI l‘rﬂE/ min

Ele IL#MRIEHSTR AFB, #1 AFM, £ MRM i &
Fig 6 MRM chromatogram of AFB, and AFM, in milk

powder quality control samples

3 iR EINE

3.1 &bkt E T TR EIEMITEA I
Jo F e A 2R ARG DU Bt R R LA 2l
LT B sh A R A HLAR, DAOKE' B 28 b R v
W R AT IS A T S AR AR b R
DA i o i B 0 2 0 s, 4 i (LR ARG T 11
W, ARBFIE T 5 pe/L W () AFB, Al
AFM, R A PR R IRAE N5 5 H EEW R A HLAR T 1
CREAT Ry, 85 R R I NG BARA ARG I $ BB RAR
FEWRDEE i v 23 36 B R SCR A 2 . ARBIFGE IR X He
TKFN5 mmol/L LR KX 0. 1% W R U AR I A7)
18 DX A1), 2 30 K ABCE sh AR B, T A5 €0 i i T3 i 43
S AR i R AR, A B R S 5 AN RE AT R 3 0
TE LA 40 v 17 (5 A B S 8 g ] & TR e 2%
FRVA VRO B AH B AN A 43 B R ) 7 A A 38 g
e, (O W W TR Ao A R RR 5 IR BV I T s

Wi, FEAE Tl B — 5 mmol/L SR % (1:1) 25
TR RIS YO 58 0% o 7/ 0 323 B, 45 SR 3R WA 1
1.6 TR AR BE VR A5 1 RE AR AR I M AR 4 43 5, S 1
8 min PR 0% Bl SO0 AL T I Sl AR U W%
THAE1.0.2.0.3.0 mL/min R HE FH5009) (615 1%
WA |+ e ) R 0 335 A R 1) AR Ak, 25 2R B Ui
A 2.0 mL/min i 2 5% AN EK  [FIRHE AL AE
TR 25 28 CCHF AFB, 5 AFM, FEAS S50 13 FF fi 55,
G, 1 A A A e AR A RN 5 AT AR
3.2 BETASMA ENSMOTIEHGEE TR
ESipubinea kit i 2 DT W )
TR A B 7 > B AT ROK IR A
RO ARBRDR IR B R Y, T &
IKIEAE 2.5% ~5% Z ), Rl ih & 5 2 S IRIUE
VT FE 5l ASBIFFEAE i B Ji e 43 e K R 1
R, ZF B O - K (Vv =
4:1) O -0.1% WRRAEW (V: V =85:15) HIBE,
HIEE - K (V:V=4:1) B -0. 1% W RE R
(V:V=85:15) 43 il S B A it v B it 25 5 R 1Y
IS S 90 Y RS UL B b 20 W s
MG I R 5 St A WOE 2, &b 2 i
FHE R 10 mL LB IEFLH 5L AFB, 5 AFM,
FYFEHR RN 85% ~100%

3.3 A MR RER T R R
AIRZ | R 2809090 % B i e B i L — 14 fi T
P RE 138 10 S 3 RRE IR AT Ak 2 (H G328 5%
FEH A B 5 HLA PR U RR ), 10 55 2O/ AF TR 5 1Y
MRIREREE v | 78 P47 A Ak B v Ak i 75 1 48 K R i)
], o — % U B0 AR A8 BOE 2 AP R E R 2k T
R K ) 4 W) B, QuEChERS ( quick easy
cheap , effective rugged and safe ) FoARANE J s ML R
st A BB O 2R g B s AR
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