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& (ultra performance liquid chromatography-tandem mass spectrometry, UPLC-MS/MS )R 346 Ml 3 K 3y 7 5 il
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BRSSP T LLE, RS @i b o B A OSSR 2 5 ST o P75 1 A RO
HEAT UPLC-MS/MS H:l] o XA SRS 2GR A et . 788 A 2 TBGE T (Y 96 B 25 TR R e T4, (RIS L g
WH . BROREMTEFE A 200 pL/h, HERRE K 300 pl/h, AEBGEIE SR 200 pm i =AHZ AR S
F B AEIBOSCR S HL AL PR (E) S FESR AR T A TS5 6 WK, AHXIARUE R 22 (relative standard deviation,
RSD) W 5.6%, ith F X # G # £ B, WABUE N 96.8%, o HiFRH 0.05 pg/kg, RTALINE[E Y 15 min &8 =
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Detection of aflatoxin B, in corn oil by microfluidic chip liquid-liquid
extraction combined with ultra performance liquid
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for rapid detection of aflatoxin B, in corn oil by ultra performance
liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) based on the advantages of liquid-liquid

extraction technology based on three-phase laminar flow microfluidic chip in sample pre-processing. Methods Two
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types of chips with dual and triple channel inlets were designed, and the sample solution containing aflatoxin B, and
the extractant methanol solution were introduced into the chip for liquid-liquid extraction, and the solution formed a
single and double stable laminar flow interface on the chip channel. The resulting extract was detected by
UPLC-MS/MS. The flow rate of the sample solution and the extractant and the width of the chip extraction channel
were investigated, and the 2 chips were compared simultaneously. Results The three-phase laminar flow
microfluidic chips with 200 um extraction channel width at a flow rate of 200 pL/h for sample solution and 300 pL/h
for methanol had better extraction effect and shorter pre-processing time. The relative standard deviation (RSD) was
5.6% in 6 parallel experiments at the optimal conditions, the extraction rate of aflatoxin B, by the chip was 96.8%,
the limit of detection was 0.05 pg/kg, and the pretreatment time was 15 min. Conclusion The three-phase laminar
flow microfluidic chip shows higher extraction rate and shorter extraction time for aflatoxin B; than the double-Y
laminar flow microfluidic chip, and provides a reference for the detection of other food contaminants.

KEY WORDS: microfluidic chip; liquid-liquid extraction; aflatoxin B,; ultra performance liquid chromatography-tandem

mass spectrometry; corn oil
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#5575 Z (aflatoxins, AFTs) & H1 2 i1 55 4 (Aspergillus
flavus) sl 77 4E i1 25 (Aspergillus parasiticus)35 il 25 J& E # =
A 1 — 21 B DA G AT i LB R g =it Bl
Mk, EABY) 20 ZFh AFTs, 4 17 Fistwnne™, &
WA H I EEE B, (AFB)). HMIHEBHEHE B, (AFBy). #
& HR G (AFG)). #Hli&EHR G, (AFG) K &R
M, (AFM )1 i E 35 % M, (AFM,) . 38 F Bro@ SE i ss ALAs
(International Agency for Research on Cancer, IARC)# 4%,
AFTs B 80R/ERMAFRE, Hd AFB, RS RGR, 3
INEN T R8Pt BT B RTAAO A =05 2R 5o
THARANEETE LR AFTs, FFAASY | A6 FAE D)0 G5
R SY IR AFTs (75 Yt DR ot S5 45 i ) W A B
X AFTs 4 7k B bRt . B MUEAEAE Y AFB,
M i A KR 2 pgkg, A EE T B R (AFB+
AFB,+AFG+AFG,) i 55 2 2K F- 4 ng/ke™ . 61 GB
2761— 2017 { B i EREZE Sih ERERRE)
X E KM AELE T AFB) B3R R A 7K R 20 pg/kg; XT
TR KR NERY) T AFB, iRE 2K R 5 nglkg.
F 425 1 5 22 )R FH 4 JRURS: 43 BT D AN ], BT b i 182 8 2
SIAFAE B AR KM 22 S0

BT EMAEMBERMIEE L | WA, HIl, 18
AFTs HERRAG I AL RE o, SRR S 2B AT AT AL B -2 08 Tilf
Ab PR TR AT SCENT B AR B . B AR AfL, W s
AN v A R AR TS LA A B A A
(liquid-liquid extraction, LLE)®' . [& 4§ % B (solid phase
extraction, SPE)!'” QuEChERS :!"12H1 658 35 F1 2 AT
(immunoaffinity column, IAC)!* ", LLE #:fE i, (HAHL
ERITEFERR, BirWiEkiZ; SPE fil IAC HIALESE

PESEGT | B ARRCR I, EREERZ: . A RIRBL.
Wi B SRS R A S (microfluidic chip) X AT FR A th
Ji 5250 % (lab-on-a-chip), 5 F R IRGEIE . U E ST
REFBIF B R I TEROK S LN o B 0 2 28R U/ MR
AL FIEEHEALN ™ RO o B WA T4 L SRR
FE/D | VA o RE A A5, AT [ ok S ERE R AR
AR . REAR SO0 ORE A B PRGN S5 T R, B
A il AT A B ) A3 BT A 25 22 AL BR[R) B 1A 7, T AERR
o F I PR X 22 Sl A T DR A A A I ) B A
LLE JE A8 il 725 WRORIAE BRI 43 531 AN 5] P38 1A 1T iE AGES
A, WRRAE T TE FAHE, T8 AR AE RS E 2 I KA AR AE)
oY% AR E J2 T OK A AR K AR R, B Ewh r B
PRI B R AR, SR A IOR Tz ARG
SEELE AR ZE S 43 B . O i LLE AR SR T 1%
4t LLE H$ORTEBRAE DA HLEFNEFER . LM BArY) 5
FRM S, SRS R B A A 2y A L,
TR i LLE BRI HA BRI . BARYR8 sl i B4
F 53 B RS A U i, T I A A A AL R (], PR R
TRORASI Kl AFB 42408 T HLZ

HHT, b AFTs B0 Jr ik 20 3 S0 ek
(high performance liquid chromatography, HPLC)®* %) ¥ AH
£ % - 53 B i 3% 75 (liquid  chromatography-tandem mass
spectrometry, LC-MS/MS)*® | [ BX 4 28 W Fff 3% (enzyme
linked immunosorbent assay, ELISA)?"4%  HPLC 246l A [7]
FEanH AFTs s IR iE, BT AFTs 7R AP INsk B &
WHE /N, FTLLHPLC 3l 5 5 5 2 R B 3y 45 610
FH, DASRE oI ) R AEE . ELISA FEIN 2 B i 2t B BH
B HERUR R . RS R R RO - o
BE i 33 7% (ultra performance liquid chromatography-tandem
mass spectrometry, UPLC-MS/MS)Z54 T {6155 & 24 ALk 1Y



%510 3]

FET, S BORTSE R B S S R R ORG-SR I SO A I K P B B T R By 297

AR B RE T TR B I R e R N R AR R, b
TR SRR B ), AR A I KR, Bk Ok N B B
E A BRI

AR BIF 5 00 T AR s e, AR RO AR R
LLE $ AR i b B F v vl B RS e 2 T S I A e v, 32
W3 25 BRI T ) AFBy, 138 e ] 2 B 8 v V8 VT K
SO 3 3 B BE A A R BRI BT B, A5 B A o
B, RIS AFB, (I 2 3R Rl T B BT Ak
PR A, RN 454 UPLC-MS/MS #4175 & 07, S
AFB, BIBRE AN 57 4h, ASHFSE 5 78 MR Ak B S [ 01 (] i
Ay T HG P AR R S R, A RO B R AR R
Ky AFB, AP, Wrl b B P AT RM
I Ah PR AR T L

1 MR5RE

1.1 Ml KF5EE
MR AT T P REY R A, FEA R 1 L.
AFB, FrifEfh (2 98%, dbatd 2 R A BRA F);
L, WIR. ZiE(@ifkal, 22EPBER CH/RA ),
Waters-Xevo-TQ-MS 8 i S AH € 1% - — 21 DURR T 5
7L, Waters ACQUITY UPLC BEH Cg &3 41(100 mmx

2.1 mm, 1.7 pm, 3%[E Waters A ]); AFB, %% 3£ FIAE(3 mL,

REFEIRI AR R A A, Milli-Q 285 F /KR A fs
(22/H Millipore /A 7]); SPLab06 £ %% Sk Vi T 5% (22 H R 2
A A BRZA ]

1.2 LWHE

1.2.1 &R #E

Z: IR 3CHR[29-30], &I Y BZRAMRES A L=
FHZ TR A (B D)o b, 2 3GEE L O
5.0 mm, FEEEH 100 pm, FEPGHEIE PR 20.0 mm. 3
TN ) 2 B T8 S8 B2 A0 e, 435024 200,300,400 pm, %
BUR B TR 40 mmo o0 PR 09 ERE DRI RE D 4856 H
4% 1.0 mm A/ L,

122 AR H &

AFB, bR il £ KW E AN 1| mg/mL 1
AFB, F5 HEVA T 4390 F P ik BE AR R, 1 % T o VA B 0 )
1.0, 5.0, 10.0, 25.0, 50.0 ng/mL MFRUEIRR -

a —>
A RO C HHn

AR W
o\ /

& HHmi o‘\
A d"“& ZN - R

B A D HFEA

123 MR &

B 50 pL 100 pg/mL AFB,, HIAZ] 10 mL £ FH i ik
PR 30 min, 193N FTEVESE Ny 500 ng/mL (] AFB, FEiil .
124 SR eFTAE

S TE LLE Myl B2, TR . 2 BES5 A HLE R o
PRI A J5 25 IR AR E IS 00, (452 It S i 2 e At
B35 S s TCIR T MU TR . 4387 I R AT 68 B T BILI 51
B VA A6 38 0 % I {6 3 U R E Y R BK BTN E], F3
1€ LLE i BB ih 8 BN S 2 I A0, R gk bt s
RIS R ARG AR L T B R AR A 0

Rt ASBIF 9T A6 SE 50 H0 0 i FA TR AL R4 4k
FKIELL 200 pL/h TR ks i, 7E RBEE T & A AT
fZefi)a, AR TR, BEEXAL 20 min, BIW %
FEAOIR A% T 20 M A R S A A T I
1.2.5 AL H 4 LLE

R 2 Bi7R, FERLY s B R = AR RS A ERE /L
BYIE F 5 TS 16.0 mm, AM% 0.9, 42 0.4 mm BYHEHE
TR BRI N . AR5 RS ARAGL
TP BARERCE, HAE TSN B2 10 mL FEA R
AT 10 mL PR A ERINFE S o TR AT TP, 7EE
ISR Eh T 43 BRSO 5 ARE SR AE TBOR (B TR, Tl
SEI I SN SRR A AP R B T . 2ETRGE T (191571 55)
FEPAR S A S TR AR E A2 ST, AR b I TR
e AR PGE T J5 R0 B H AR 0 3 43 B MACE 2 BRI PR o
B 100 pL ZEORBIAFRE L, JFiEtT UPLC-MS/MS #illf,
1.2.6 #ZR&A8E 5B HR ST

(O

F B2 AR [3 1)1 E S 45X, Waters ACQUITY UPLC
BEH Cg f43%#E(100 mmx2.1 mm, 1.7 pm). Jh4H 0.1%H
f5(A); ZI5B); Fik: 0.3 mL/min; #FRERE: 5 pl; FEME
MEE: 15°C; kR 35°C; #EEEVEIIA%F: 0~1.0 min, 15% B;
1.0~1.5 min, 15%~95% B; 1.5~1.8 min, 95% B; 1.8~3.0 min,
95%~15% B; 3.0~5.0 min, 15% B,

QiS4

RS GRBLIRE S, B TR RS TR
(electrospray ionization, EST"); B F IR 150°C; EME
1.5 kV; #EFLA 30 Vv, R HI AR 350°C, 2R
AU 650 L/hr; Kl Jr=C: 225 b M (multiple reaction
monitoring, MRM)#& 2, .

b —>
A BEFREN D AN

e 9A< 20 mm - / R

Bi ] > rr— > B
ZEBUGATE
FH A "’é§ “n HE
C RN F HFED

Hra AAY BUZFAORES A b A =MZR MR E S A, FHE.
B 1 iR LLE RER

Fig.1

Schematic diagrams of microfluidic chip LLE
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Fig.2 Sketch diagrams of the extraction process and overall equipment of microfluidic chip

1.3 HUBRALIE

Bt FAAMR I EAT A i, AR SR VA TG R AT
Je, WSS A BURGE 7 UPLC-MS/MS 1 Masslynx %X
T b R A TR AL B

2 HER5HH

2.1 FERRSHRIBRRENRN

P T A B A b A R 2 Ml e ) AR M A AR R
P E I B A BUSUR . AFERTI CAE SR, SRR
BLIRET (<100 wL/hy, FRIMGHAR) T BECKAR), PiAR%
ARSI AR S R 3 PO BB BB R 2 3, AR A
R Z (M JCkE T LLE . 4 R T TR (>400 pL/h), HH
TR, ARG R BENKERA 2 om
BB DL, (A5 H A A o s B el e, DA
KA LFERRE ST P B AFB o AR IR RIS LU
TR BRSSP B AN 74, AN S5
LLE R, BRI, AN RE A RO 2 5 2 78 200 uL/h;
FH IS T 43 )78 2 400, 300, 200 pl/h, FF R EEERTRE A T T
"% AFB, #17 LLE, WEZBURK)G, 454 UPLC-MS/MS #
ARG

WY BUZ MRS LLE & 1 = A 2 7o 45
LLE ;th fr o, RSN 400 pL/h 32 # B RS 200 puL/h.,
MO E TN 400 pm BF, AFB, ZEEE 45K
57.6%. 63.2%F1 64.8%; 57.0%. 65.0%F 68.8%, 4its
i 3H 58 B2 Ry 300 pm B, AFB, ZEBURSMIN 64.4% . 67.2%
1 72.0%; 69.6% .69.6%F1 88.0%., 24365 F- 3 18 % i >4 200 pm
Wf, AFB, 2BURM910 66.0%. 68.4%7F1 82.0%; 88.0%.
96.8%7F1 93.6%. Z5 R W/R, TERIRIE LLE &SR, M0
Pl R A T B FE AN AR MR LT, Bl I 104 FAAIK,
AFB, ZEBCRZE WK . 02 th THUE s RIS, H RS
T AE S 38 T R A5 B S ARG, (A5 R K Y S )
XPRESR Y AFB, A TAERL, 50 Y B2 SO A
FAE, A2 R R A TR R A R
JE WS, P RL =2 AR S R i A B 2
(RIS X RE AV P ) AFBy BEFT AR, ARIORTHE &, A5
Bt B0 7E 200 pum A9 = ARZ R RGR BSOS AP, B R

W 300 pL/h FEAEE) 200 uL/h, AFB, ZEBUEARZE AR, H
R TR TR, AR (AR . SOAS I T R A
VWA 200 uL/h, HEEGLHE A 300 wL/h £E 40 F 2
FE ) Foe e A WU K
22 DRBIERERSD

TR AE TG A A R R R A G SR N R 2 —
WIS MZEEET 200, 300, 400 pm 3 FhACHGHE 1E T8 155
A AR, 20 o VA VI I T R P T Y [ S AN
FITEOLT, BEZE 0 A 1E 55 5 400 pm Z#i4E 46 %) 200 pm,
AFB, (BRI EFF . JGE A Y B2 st
M2 =B RAMRAS R, ZEIGE B 58 A, 2RISR
A, (HFERTHIREGT TAE S A B, 5 R 2K G 18 58 B ol A5
(<200 pm), VG5 G0 I B A0 RE R A 2 A R s
Y RE A S AN Z A Rk SR, TR %5 5 &
O A 25 IR RS 0, DT 5 S0P ARV WOTC T
TE R T8 B AR E B2 . BRI ST HEHE 200 pm 8
T BEFEAE A R R AR U d A A T
23 FHAENZMTEEREHR

AR H B R EE N 1.0, 5.0, 10.0, 25.0. 50.0 pg/L
B AFB FRUEFTR, UL AFB, R B (ng/L) AR AR BR(X),
DL e T AU AR (Y), eihilbndEdi <k, 13504 i
Y=485.169X+175.600, 1 0.5~50.0 pg/L JEFE PN 4 KT 2edt:
KF, HXKFRECH 0.9998 . DL S/N=3 HE 45 H FR 4 0.05 pg/kg;
SIN=10 3 E R 0.15 pg/kg, HIILATAL, A7 246

JE R, AR ORI T AFB, #EATRE BRI
24 ZHERERENY BEAFEIEE

TEAH [R5 VR A (Rl BB SEE T, 5 Y )23
S A, SRR ORI A A TR g
1o PR = AH 2 IR SO 42 00 A2 T R P I AR (] XA i
IR AFB, JE172EHL, BT = AR 2R A0R B A a2
PORA W R . FF HIEWAERLY BRI = M2 Wi 28 A
T 1A BN RO AR 1 2 T I, B = A2
TR P ZEB Rl 2ot . S5 AR RUR, AR RO
RS PRI R K 15 min, ALY 2R MO O
HIF AL IS AT S 30 min.
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TR RRIE R 200 pl/h, FA IR 300 pl/h
B, F 200 pm 3838 Y8R A2 UREOE AT AFB, it
TIAEEL, A 6 SR, KA R AL B 4 UPLC-MS/MS
S, 25N, AFB, BYAH X A5 HE (W 22 (relative standard
deviation, RSD)J 5.6%, th i AU R EBME R AT .
2.6 SEFREEMFREIYL

OB 8 20 FoRmEE M, DMK, H . ™ 3 FASFEK
(2, 10, 20 pg/kg) MRS HIMA AFB,, #E1 7R 5 EE
BOASIN AN RS2 B b o FE = MUZ TR P8 A el 4%
T X AFB #FAT2EHL, B SCH 6 IR, FFIAE R ZEBOR
% UPLC-MS/MS #5:il o I#5 E KM H 4 AFB, S FICR
1E 91.56%~97.73%2 [fi], RSDs 7£ 4.63%~7.84%2Z [d] . [HIIK
FROMEE 5T MBI Y A ZE5R o R HL LLE miiAb B 7k
A3 EFA] HFE 15 min,

Z I/ GB 5009.22—2016 { &L EZmE B
HMERER B EM G HERNE Y iy e R AT A 3
B, XHINAREY AFB, (2. 10, 20 pg/kg)i#4T UPLC-MS/MS
o G B S R AL P 5 1 A AL BB ) 75 22 40 min, £
HFRR 0.04 pg/kg. FIBCRAE 88.45%~94.50%, AHFFAT
FENT TR IR A 15 min. K H R 0.05 pgkg. [E
WCRLE 91.56%~97.73%, ZERFR, =AHZHMmES R
A% T RS ATACERR 1], ELPG A vk AR BRI R0
B2, FHMRE TR LLE $ARE T O BT se
FESL Y AFB, .

3 4

AR5 ) I 1 48 1 PR R AR 4 88 e T T B A
A LLE i AR454 UPLC-MS/MS ¥l £k AFB,, 3F
o R VA TR AR OGR) HECES R A L R R R G Y
FERE SRR, FUH =HZRMRE S A LLE 78
FEWGETE b AT s AR 2 A E i s, SR Y A
V2 R4S S P A LR 9k v G 328 S R A 3 1k
FEXF bl o ARS8 T 1 5 1 ELAT A Ak R4 5 B
Ab 3 1R 5 K A ALV R FE A SR A, REAE T AR AL h
AFB, P .
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