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¥ E: BW @7 QuEChERS 454 i m R0RAH (0,35 - #3166 BT 3% 7 (ultra. performance liquid chromatography
-tandem mass spectrometry, UPLC-MS/MS)& Al 4 P J HAH 4 rp L s sk B i vk B AR E
HIEE-1%52407K (2:8, V:V)BAEHRIRUS, 1] QUEChERS i35 &15t1k, UPLC-MS/MS Kill, A5 E 5t 4047 .
R BT 0.5~20.0 ng/mL i A BT I N LM R A, ZPERICRECN 0.9996; K i BR N
1.0~2.0 pg/kg, ERFRA 3.0~6.0 png/kg; ELWMEEARTE 7 Fh A= Py 2H 21 b 2438 B Ry JE o 55 4400z, 72 i e i ot
BN IR, A 75.45%, TR I BN AN . SR R NARLIE T, B BT A SR 4 [
WOR Ty 101%~111%; 3 A B ZK B35 F AN 89.71%~103.94%, AH X 47 #E I 22 (relative  standard
deviation, RSD)Jy 0.95%~6.58%. £&i® 1%y ik REUE S . W% EELT . MERREE S . ATALFRET(E, AT LME N
e AR 2R [ vt g B %) PRI v

X#i7): QUEChERS; = 0 AH 3 - R I BT 1 v, bk, 2 PR S L2 4

Simultaneous determination of baquiloprim residues in beef and its tissues
by QuEChERS-ultra performance liquid chromatography-tandem
mass spectrometry
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ABSTRACT: Objective To establish a method for the determination the residues of baquiloprim in beef and its
tissues by QUuEChERS combined with ultra performance liquid chromatography-tandem mass spectrometry
(UPLC-MS/MS). Methods After ultrasonic extraction with methanol-1% ammonia (2:8, V:V), the sample was purified
using QUEChERS kit, detected by UPLC-MS/MS, which quantified by internal standard method. Results The linear
relationship of baquiloprim exhibited excellent correlation within the mass concentration range of 0.5-20.0 ng/mL, with
a coefficient of 0.9996. The limits of detection ranged from 1.0 to 2.0 pg/kg, while the limits of quantitation ranged
from 3.0 to 6.0 pg/kg. Baquiloprim showed matrix attenuating effect in all the 7 types of beef tissues, and the
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strongest matrix effect was found in the bovine liver with 75.45%, while the matrix effect was not obvious in the

other matrices. The recoveries of baquiloprim in all matrices were 101%—111% after isotope internal standard

correction; the average recoveries of the 3 spiked levels were 89.71%—-103.94% with the relative standard

deviations (RSD) of 0.95%—6.58%. Conclusion This method is sensitive, precise, accurate and easy to use, and can

be used as a rapid method for the determination of baquiloprim residues in beef and its tissues.

KEY WORDS: QuEChERS; ultra performance liquid chromatography-tandem mass spectrometry; baquiloprim;

beef and its tissues
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£ W 3 bR (baquiloprim, BQP)J2: — & M2 i Ji il it 1%
FEPERRIR, BEAZ IR — S IR 5 DU SR, AT RE
Wrdli i DNA P& O A pidiEdE, A 5 =HET
WS IE (trimethoprim, TMPYFIU AT EITE MY, SAESE T
SR TMP - — H1 % g (diaveridine, DVD)#H L, BQP
APURTE)T . MRS WA, AR N BT T
& TMP /9 4015, H BHTH AR LA 258k, ROBGRE, 9
Fr2etd; BQP ALK, M TMP JBRix Ha . MBikd
PEH TMP X, JTEHRRIREEE, FHLIC TMP X N ZE WA

M, T LREE, Bk gyt A Bir 2 EER
AR R RN 2 — o ISR A B R sk
FAAFBU T DATPAR O A A RR T A XU, Sk i 2 3
B B 22 4 PR PR U RO S0, ORMME DG S 2 11, 4
Bl S 2 5k B B AR HEAS KT 58 38

] P A0 ol Tk JHg 245 0y Jo 0 48 280 A A iy 1k E A R
PR O R R A ey A TAT L
o e U B kA MY R ROR AR 3 2 (high
performance liquid chromatography, HPLC)!'> ™31 VB0 (33- 5
1% (liquid chromatography-massspectrometry, LC-MS)!4 18]
AR5 i BT IR 22 S 2 Tk
PIRe ;D6 o R M PR A 22 I A4 e )2
Brid: RBEERAR, MELASEBUR 5400, G WA — b
Wi, AR M AE RIFSS . HPLC 19 R AU LK,
FEPR TR AR, B AL A AT B4 B i R B T
o LC-MS HA RS . PRt arS0im, 1em i
FL IR EAR B A BT Sk b, ST 8% B AL S W 0 TR Ay
BT, SRR 28R B A BT A vk

QuEChERS (quick. easy. cheap. effective. rugged.
safe) J& — i T A 77 Ko 0 i) b s A A R R .
QuEChERS Jy I B . KA B0 R UERA B i . 35 1)
JUFE T oA B . R R | SR T A
{12021

GB 31650—2019 { &M & EFRE &8k
RIRER PR ) vhX i e 24 G AT AT 24 b frle — PP 4 e ke P
A ISR R, TR AR 2 & 7 i v R e 2

) (sulfonamides, SAs) 15 & 5% B P & (maximum  residue
limits, MRLs) A543 0.1 mg/kg, T4 RGH TMP & 1A
L 0.05 mg/kg, WREAPY . HAR | BG4 45 E R 8 IX
B T RUR . - TR B B LR AR MRLs(FR 1),
{EL R AT G T B 48 7 it e ECL g bR 3 i Ak A
D RIS, T P ) ECL e bR A T % B R A [
FhRifE

AT F LA 700 itk e 184 55 51) B b Oy 2 B ST X 42,
AT — T AL R A R R P O A R e AT ARG SR
f) QUEChERS i &b HR 4% 4 8 w8 s0BOHH €633 - Hf BK T i 1%,
NI R RS R BB AR SRy, B IRS BB

il i B 2 A A

F1 zFER&T BQP i MRLs
Table 1 BQP MRLs in animal-derived foods

[E R AIX Yyl MRLs/(ng/kg) T DA
10 Jg W5
300 JF I
* 150 (=33
) 30 5
40 Hg W5
# 50 JHF U
50 (5113
150 JIg W5
10 (=33
P * 300 JFF I
30 W5
HA 1 40 ]

1 MR5ERZE

1.1 w5
2 PR B L2 2 45 S 56 R AR A ST B A I A U T 28 0TS
T R H P E Bk Hiiyy ., Wi, FREAEmEE,
FEE(fGital, 5E Sigma W), ZME(@igal,
ERFIRAFA);, FRR(GIGLE, EEFER R /R
o), CRRER(E A, i iSSR0 BR AN FD;
20K, LR 2R ZahER (b al, dbat E 24 E A
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FIA PR ); BQP(4LE 99.4%) . BQP-Dg(4lE 99.6%)(H M
I B AR B A B2 Wl o
1.2 UFE5E%

1290-6460C Hi J = %30k A €6 135 - 9 1 Jo 3 156 R AY
Agilent ZORBAX Eclipse Plus C g ffi#1:(2.1 mmx50 mm,
1.8 pm)(3E [ ZHEAE A Hl); TG20KR-D #5388 R 25 O AL (K
VP ARIE LI ER A PR ), KYJT-3A ZWAX b 45 A}
HA RN H); XS205 FUHL TP (et 0.1 mg, Fir Mg
FERIZ 8], WH-2 IR e de (I P AR )
Cleanert MAS-Q b4 (K H G SEARBHE AT B F);
Cig BEMIZEEA: (500 mg/6 mL, HEIIE & 4 Yk A A
Fl); MCX [ AHZEBUHE (60 mg/3 mL, 3E[E Waters 23 H]);
HLB [EAHZEHUGE(60 mg/3 mL, LA FEAWRHEA RA
#]); Purelab classic #H4li7/K R4 (15 E ELGA 2~ A]).

1.3 RiRECH

BQP FR#Ef# 57 (1.0 mg/mL): #EFIFRIEL 10.0 mg BQP,
B EZ % 10 mL.

BQP-Dg FRiEME4 (0.1 mg/mL): AEFHFI 1.0 mg
BQP-Dg, ffiFHHIBEZSZ 10 mL. ARAERE ST AEAE S50 R
2~8 °C, {17t 6 A~ -

BQP #rifEf# I (1000 ng/mL): WEEARIERE £ 0.1 mL,
AW BEEZS 2 100 mL,

BQP-Dg #7 4 f# W (1000 ng/mL): W& IURR 1E % 4% i
0.1 mL, {fiHHEEZZE 10 mL. SRAES A S0
2~8 °C, {R1FIE) 1 4-H .

14 HEmALE

FREL 2.0 g(REH0 %] 0.1 mg)¥5 TTAf i 25 50 mL ¥RHE.0
B, MEFINA 50 uL PARERAERE T, WA 10 mL 1%%
K-FEE(2:8, V:V), IRHEIRS] 2 min, #75$2H 10 min,
12000 t/min #5.0> 2 min, B _E3EWZE 10 mL B0 & H .

QuEChERS Fib#Ry:: WL 35 1 mL 2 Cleanert
MAS-Q ¥k, BAER T 2 min, 12000 t/min 25.0> 2 min,
it 0.22 pm JEIRFLUERE, R R BORAH (R - B T Y
M5

W AHZE BT AL H: AR 5 mL HEE . 5 mL /K364

AHEEEUFE(C 5, MCX, HLB), SRAFFEARIRIE, IR 1 mL,

IR E ARG, B E 10 mL B0, i 0.22 um
Je e A LB, LR = OB (135 - FR IR B i S 7
1.5 ottt

JUE S5 W25 2 F I (electrospray ionization, ESI)
FHIEE T ST E 4000 V; B JRIRE
350 °C; FALSE 11 L/ming S5 SE F7 40 psi; $13H07
AR £ 5 0 Wi (multiple reaction monitoring, MRM),
HAbFESHOLE 2.

%2 BQP. BQP-D¢H] MRM £
Table 2 MRM parameters for BQP and BQP-Dg

W TRERE BT 7T WA REEREE

/min (m'2) (m'2) % %
171.1% 29

EmEdAk 2,128 309.1 135
266.1 33
296.9% 20

B EIR-Ds  2.108 315.2 130
173.1 20

s R T
ik 44 Agilent ZORBAX Eclipse Plus Cg A1
(2.1 mmx50 mm, 1.8 pm); FshAH A & 5 mmol/L ZFR%%,
TLEhAH B IR, il 0.4 mL/min, #FFERE 1 pL, BREEUE
JRFRF WL 3,
®3 BeMRHEGENBERRER
Table 3 Gradient programs of mobile phase of ultra
performance liquid chromatography

Fisf 6] /min Al% B/%
0.00 95 5
1.00 50 50
2.00 10 90
3.00 10 90
4.00 95 5
6.00 95 5

1.6 J3iEIEIE

AW E A TEAL ST AR . e PR v
W . F 2 M LBV (matrix effect, ME)SEUEAT 206
TE o 3 3k A BRI R 3 55 R ) e A v o 11
i o7 R PEAY ME; 38 [ 4 FRE i 8 075 D0 4 okt 4 5
ffi%5 LOD 1 LOQ, PME S5 M L(SIN)K 3 B Ay A8l v
FEAEA LOD, SN 2 10 B RN BEVE & LOD; il 2 [ 23
FURE RS I 3 N A B (b 0 A 7 s DS 56,
B E LM 6 Uk, TEAS 73k IR T 1 IOk 255
1.7 #HIEAIE

SCREAR 3 AR, AR (- B SOR S Y
¥4 1 Quantitative Analysis (Version B.07.01)#K k47
AhFE | PNARTEEE =0T, Microsoft Excel 2016 #4481t
BrBcie; Origin 2021 FEAT TG4 38,

2 HRED

2.1 BEHREEIE-BERFIEEFHRK

i S AEAL: BQP Al BQP-Dy 4375 -NH, % [ (&
1), S0P, & T ESIHE T o BT R EE ) 500 ng/mL
PRI I AR RS, 76 BSIHEEU T b e, Ik
A, AR [MHH] ME T8, ERBEE T AR5,
i T B LB Rl #E BE & (collision engrgy, CE), 3K
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P78, IO L A s PSR 1, A O R
B RUENE B o AR LR A B B A e A
MRM FeJy, #EAT M AIE fHT o

N
pc” e,

# 1 BQP Ml BQP-D¢ 43 T-45 M=

Fig.1 Molecular structure formulas of BQP and BQP-D¢

WA 1 2% RO I Sl AR A0 B2 R I P vl RE 2
IONEE 7DD HT R & NG =i NIV g sy A
A 140 160

120 3152 >173.1 140 315.2 ->296.9
100 ™ 1(2)8
B g0 bl
80
60 60
40 40
01 2 3 4 56 01 2 3 4 5 6
4 B s} 7] /min £ B st 8] /min
500 500 1> 266.1
>
200 309.1-> 171.1 400 309.1->266.
’5%300 gmo
= 200 = 200
100 100
0 0
01 2 3 4 5 6 01 2 3 4 5 6
A4 B4 s ] /min 4 83 it ] /min
C 180 200
140
= 120 = 140
2 100 B 100
80 80
0 s
40 10
01 2 3 4 5 6 01 2 3 4 56
R BA B5F ] /min £ B 5} 1] /min
700
ggg 309.1-> 1711 600 309.1 -> 266.1
500 500
2 200 = 400
300 = 300
200 200
100 100
0 0
01 2 3 45 6 0 1 2 3 4 5 6
- ER 15} ] fmin 15 £ 1sf 1] /miin

B3 H AR B R, ARBFIT 4% 5 T E-5 mmol/L
LIR%EE . -5 mmol/L ZR%EL . HE(0.1%H iR)-5 mmol/L
W% . ZH5(0.1%M 2)-5 mmol/L Z R4 4 i sh ik
R, GRTEWE 20 BT NG, P ESOR s A,
BQP i f 47 S shAl i A B RIS, BQP 9 H it [h]
AT, ELm R, FRZ%, -5 mmol/L ZBREZAY TR
BIFHIR R .
2.2 EEUAFIMLK

A BERITAE W . R E S 7 FhEER A+ BQP Y
AN Ty %, T B — B4R O SRR T T, M
PIARAS B A I ISR . AR 1 e 58 T 1 i 2 5k B
R 6 FHAR ORI 20 . IR BUCR, LR E R
3R, GERILIE 3. WANAFIZES A L 2R E R R BGCR
TR ZES, A 5 FILTrh, W R BRI
F NG, EHEER 57%~87%., I, w8 RN

BQP 1Y = ZRBEAF]
B %(1)8 3152>1731 110 315.2 ->296.9
90 90
g0 s 80
B 70 = 10
60 =60
50 50
0 40
30
0 1 2 3 4 5 6 01 2 3 4 5 6
1 B B[] /min 1 B B5F 18] /min
350 350
300 309.1->171.1 300 309.1 ->266.1
250
# 500 250
o8 = 200
= 150 E 150
100 100
50 50
0 0
01 2 3 4 5 6 01 2 3 4 5 6
1483 it ] /min A4 B3 st ] /min

&)
—_
N
S

180
140 3152->173.1 160 315.2->296.9

140

120

% 100

=80

60

40

SRAE
—_—
2N ON
Soooo

01 2 3 4 5 6 01 2 3 4 5 6
£ 3 B 8] /min £ 53 B[] /min
600 309.1 > 171.1 288 309.1 -> 266.1
500
400 400
# 300 = 300
200 = 200
100 100
0 . 0
01 2 3 4 5 6 01 2 3 4 5 6
B4 5 ] /min R B4 ] /min

A, B, C. DA SMREFEIAA A FEL0.1%H #R)-5 mmol/L Z % . ZJE(0.1%H iR)-5 mmol/L Z.FR%%
FH -5 mmol/L /%% . ZJiE-5 mmol/L ZR%%; 315.2->296.9 Jy BQP-De & 1 5 ¥, 315.2->173.1 2y BQP-Dg & 1 15 1
309.1->171.1 24 BQP E = &1, 309.1->266.1 iy BQP EME T
% 2 BQP #il BQP-Dg MRM {& i [4]
Fig.2 MRM chromatograms of BQP and BQP-Ds
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Fig.3 Influences of different extraction solvents on the recovery

R R R IE, A HLIET AR NS Y L K

1% EREY | 1%% 7K. 0.1 mol/L Na,EDTAP”, 0.1 mol/L
Na,EDTA-McLlvaine 2% il *8%5, A7 B [l . 45
G AT X HRP ek, AR E S FEE T FE(1%A
7K) B EE-7K(8:2, V:V) I EE-1%Z 7K (8:2, V:V) , FHE-0.1 mol/L
Na,EDTA-McLlvaine %% ¥ ¥ (8:2, V:V). H E-0.1 mol/L
Na,EDTA (8:2, V:V)EHBGRAFMFLIBUHER, 4R E 4 fF
Ne HIEE-ZK(8:2, VIV)FEARIF . A 3 T b i M AR F
50%; H£-0.1 mol/L Na,EDTA-McLlvaine Z% it i (8:2,
V:V), HIE-0.1 mol/L Na,EDTA (8:2, V:W)TEEH M, 4 fi:
ISR A EDSCRAR T 40%; HEE-1%20K (2:8, VIV)FIST T
HoAbAR IO A P IBCECRE H m, 7E 7 AT PS4 [Tl
BN 75%~93%. FIL, ¥ BE-1%ZK2:8, VIV)TERHZEL
45811 1B DY S 2 S e

Bl FFELK (8:2, V1)

B I (1%%0K)

120 -3 HEE-1%5%0K (8:2, V:V)

B F#£-0.1 mol/L Na,EDTA-McLIvaineZZ 1% (8:2, V:V)

Lo | == 0.1 mol/L Na,EDTA (8:2, V:¥)

80 - & (L |

/%
3

40

20

0
CREL i o S D 7B S S S
SEFTRE
K4 RBGER L

Fig. 4 Optimization of extraction solvents

23 BHEEREE
I P AL B A2 T - [ AR (3 I, e e e

Wt L Rk R Ay SRS BT AR R 3 4 | 4r B Analifh
AR SR BEAM TR AR, k32 18 P TR 2 5k B A 201
QuEChERS 2 7£ 43 L[ A1 4% HURE Ay b TF % p i b R AR
JEH 5 E AR ZE IS . QUEChERS (O IEHTE THRE S 2 HL
BUREREUS, 5% I ZE QuEChERS ¥, ek
Wi\ B, IR RS RV AT_E ML AT, AbBEE AR, %
PRrE . E RS R, AR, MR 2 1 R S A 255k
A % B 2R BRI

AFFLLET 3 FhEIAHZERGH(Cl5, MCX, HLB)Y5
QuEChERS i G iy I o8, 25 WLIE 5. Crg FEAEAR T
A T I R AR IEDSCRAR T 60%; MCX AETEA A A= RE
W RHSCRAR T 60%; HLB FEFEA-AF . AR 0 FE 5 Y [R1I
FALT 50%; QuUEChERS 51 £ i ISR AL T3 3 Fif 1A
WAL, 76 7 FIIEFR A SRR T 75%. Bk,
QuEChERS R &b BRI A R A2 19 Ak 5 1

120 (- [ QUEChERS

18
CIMCX
100 - T HLB

80

60

[T /%

40

20

0
LT T I S B O
BT GES
S 4 DAL B SR B

Fig.5 Recoveries of the 4 kinds of different pretreatment processes

24 J3EWE
241 KMWEHE. AER, EER

TE£ 0.5, 1.0, 2.0, 5.0, 10.0., 20.0 ng/mL i &k EE
BN IARAEM 2, NARYITEW Sy 5.0 ng/mL, 4N 4
Fis, HKRREN 0.9996, F A% 7 Fh3EFE AR H R
1.0~2.0 pg/kg, EREFRN 3.0~6.0 pg/kg., WL # 1 iR E
MU X BQP i i 5% B A Lk, T Lo R EE S i)
J A B b SR B S R
242 KR mIRH

TR R 285 YR A 0 - B I T 2 A 3R T A0 (matrix
effect, ME)/ZH8 H 3L 51 7 A9 237 H 443 CE BARIL & 4)
5 BAnAb G155 G a2 BT S B0 8 1 5 o il i 4
U231 A5 SR FH 06 B L A1 72 (ME/ %= E AR 43 490 7 ik
5 v o 7 {5 F4) W T R AR 43 BT 0 A s 7R o £
FR A TET B 100%) PEAT 7 Fh L Hh 9 MEPY,
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Table 4 Linear ranges, limits of detection and limits of quantitation
5 LM LiEESES 4 LM E/(ng/mL) K HBR/(pg/kg) E IR/ (ng/kg)
EREL L5 5.0
It 1.0 3.0
44 1.0 3.0
4 Y=1.912484X+0.042523 0.9996 0.5~20.0 1.5 5.0
A B 2.0 6.0
4 1.0 3.0
R 1.0 3.0

24 ME>100%F0, BN FETTHE RS ; 24 ME<100%
i, FEFNILFRES AN ; ME=100%, WIATE7EELR T4
P4 TN 80%<ME<120%H, 20 ME ANBH; 4
ME>120%5§, ME<80%, %4 M3l H 4058 1 ME.

TEA R B LA 2 FIRR S PR N 5 pg/kg YR BE (A BR 1

BIARME . TRRES AT S, MR SRR T, T DG O bR o
TP ARG AE A (3 R A A SR,
WIMNFRYIBREAR ME, 2[R0 R AR IE S, BQP 7T A
FERTH g ER R T, G55 101%~111%(& 7).

120
YR, & 1%%K-FEEQS8, V)l s B,
QuEChERS ##| &k, UPLC-MS/MS #:illl, PbRik< & 100
T, EREWE 3 K, FEERIEM SR ME 6 pis, B
M ARAE 7 FhAR LR SR B O S A, A A 80
o3 TR B MR, ME S 75.45%, fE b 3R R 5 o
80%<ME<90%, F¥H ME N~EHE 4§
FAIK MEs (05 a6 UIb b BLAfF | it o 40
100
20
80 0
AEm B R B A o E
s 60 TR
[sa]
w0 P07 RN BQP MES BB E A
Fig.7 Correction for MEs of BQP by isotopic internal standards
20 243 K EBNEE
o TELE A B HL A 2028 (AR S P o SIS I 3 N EE(S
e ST B O R o I o 7/ 1 S TN 10, 50 pg/kg)K-FtrfEYI T, A HEELZMIL 6 &,
AN FRILE 5. FHEER 89.71%~103.94%, HFHXTHRHE
6 RFILEH BQP ) MEs T 224 0.95%~6.58% o M JE2 AV e 1471 A S 3 H
Fig.6 MEs of BQP in different matrix samples LioRlIIE 5
#z5 MAREERETRERE
Table 5 Recoveries with added standard and relative standard deviations
5 ng/kg 10 pg/kg 50 pg/kg
ER % AR 22 % AR 22 % AR bR
/% % /%
HE 100.75 5.42 100.71 1.16 98.26 2.42
N 99.21 0.95 98.55 6.27 98.12 1.94
R 97.49 6.50 100.29 2.46 101.37 3.42
L8] 93.21 5.42 94.88 4.56 99.00 2.06
4 91.01 4.40 103.94 6.06 100.19 2.60
LSV 100.17 6.58 98.09 5.99 98.10 2.23
45 89.71 3.17 94.92 2.03 95.79 5.12
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244  KIFH AR

B IETZ T 0 A, ARSI R T X IR
J& 4B AT RAR MY 50 M AF S AT A0, SEBRAE S PATI E
3, A 2 EEA ST BQP, 20584 12.83 pug/ke;
AP 21.55 pgikg, Hor, A+ JFBHMAR R BQP R EALT
1 PR EZAHLIX BQP ik A4k B 2k, 4N FH
PERESRAESR | A ORI R T . Ao 2 SR Al vk
HERR =L, REfS PR S8 R AL AR A Y BQP 4R A L r,
A W Tk — 20 50 3t 2 it FR ARG Fn gk BR BR AR of

3 4 1

AR 53 A R T e S B A 1 R s 3 A Bl = R S A
W bR fE S5 m @8, JF & T — FP Bt T QuEChERS %5 &
UPLC-MS/MS M58 4~ A K Fi4H 419 BQP 5k B Y-k 46
ik, ZOTEELMTER . RS BEE. EEHSH
153 RIFRIIIE, 2 10 mL 1%% /K-H(2:8, V:V)IEREL
Al QUEChERS X7 &k, nI LIAT R B8R4 A K LA 4
TR, & 2R, BRI AR R G Al ik A
LSRR, BB, L T 7 2 RE 0 78 S B 18] P 78 B
AE PR ERE AL POETAL BE, AT RIVE A2 A K A 4 BQP
B B ik 1) PRSI 7k

SE Bk
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