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Rapid determination of 28 antibiotic residues in meat by QuEChERS ultra
performance liquid chromatography-tandem mass spectrometry
LI Xiao-jing, YU Hong, PENG Rong-fei, GAN Ping-sheng, LI Zhi-feng
(Guangzhou Center for Disease Control and Prevention, Guangdong Guangzhou 510440, China)

Abstract: Objective A method was developed for the simultaneous determination of 20 sulfonamides and 8 quinolones
antibiotic residues in meat by QuEChERS and ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-
MS/MS). Methods The analytes were extracted with 1% formic acid acetonitrile and cleaned up with dispersive-solid
phase extraction. The target analytes were separated by Waters C,; column with gradient elution. The analytes were
detected by tandem quadrupole mass spectrometry after positive electrospray ionization by multiple reaction monitoring
(MRM). External standard method was used to determine the results. Results The correlation coefficients of 28

antibiotics ranged from 0.997 5 to 0. 999 6 in the linear range. The limits of detection were 0. 17-0.91 wg/kg (S/N=3).
The recoveries of sulfonamides and quinolones were 70.9% to 115.2% and 71.3% -112.3% respectively. The RSDs of

—747—

sulfonamides and quinolones were 2. 8% -15.9% and 2. 5% -14.6% (n=6) . Conclusion The method was effective,

rapid, sensitive, and suitable for the monitoring of multi-antibiotic residues in animal derived foods.

Key words; Meat; antibiotics residues; QuEChERS;

spectrometry ; food safety; detection
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1 #HRE5FE
L1 RS

Waters UPLC-TQMS Xevo™ it8 &5 2% Wi AH 0 1% - 52
I A (A PR %5 B TR ) L ACQUITY UPLC™
BEH C (2.1 mm x 100 mm,1.7 pm) &% H
EE Waters, 2 WAL, B0 ML, #7 B IE B 28, 2
AL,

bt A &R bn ME . BEOBR R O AR MR IE
(C16990550) fisk fi&e 8 Mk % ( C16990300 ) | fis Jiie 52 1k W
(C16990100) ik fre [] H 4 1% WE ( C16998180)) | fith Jiig
AR (C16998150) | fitf e — H i g ( C16996500 ) | fiff
Jiie g W (C16998100) | fisf itz FH K& mi 1 ( C16995100)
ik Jie 1% WE ( C16990500) | fisk itz 19 ik ( C17000200 ) sk frie
nHEiE (C17000100) ik e 24 g e ( 17000080 ) | fith Jii 2
¥ (€16990600) . fiff filz s WE B ( 16990000 ) | fiff il 7 Ik
(C16988800) fiffk fiiz S Wi m ( C17000450) | fifk fiie — H 3
S IE (16996500 ) | fitk i I ( C16990680) | fiff itz HH 15
-k (C16998000 ) . fiiff iz — FF mk ( C16998200) | BBl b
A (C13170000) . 3 75 ¥ &2 (C11668500) | 3% %L Vb &2
(C15648000) . — i ¥ & ( C12627000) | vb i vb &
(C16908000 ) , B [t ¥ & ( C15742000 ) | ik 3 > &
(C11960500) JBRAF- V0 (C14755000) 20 [ £ [F Dr.
Ehrenstorfer GmbH, 4li f£ 44 )¢ F 98% , H iR \H . 4
5 18R i 2, 7K g MAQ 8 4l 7K, HAl 500 o 73 A
afi , N-TN B S W BER) (PSA) (/o e B 5 1k JIE
W R ) (C18) 240 [ 55 [ Agilent, JE 7K B R B , T AL
UEREE(0.22 pum)
1.2 Jrik
1201 FRufEys W i il &

G3  FRIBGE 1 1) 5 P A F AR & T 10.0 ml
I, 50% £ 7K W WO i OF € 25, e LA
i ) — FY SR E 315 mg/ Tl i S AL 18 230 mg/T. |

fiek i S A W8 330 mg/ L ik i [] HY 480 % E 157 mg/ L
figks i FHY 480 A 8 252 mg/ L i Jiie — WY 5 BE 301 mg/ L,
fisk itz FP W Ik 290 mg/ L i iz P RE 8 0 269 mg/L itk
JHe s E 128 mg/ L fifk il WE e 374 mg/ L Tk i nik WE
289 mg/ L Jifk Bl A nitme 230 mg/L i i £ 3 119 mg/L,
ik g s E IR 217 mg/L il Bl R BBk 220 mg/ L il e
WEMe 283 mg/L il fiie — WP L 5 R WE 197 mg/L il iz
WK 337 mg/L ik i FH g — Wk 257 mg/ L Jih g — Y s
116 mg/L B ) 2 220 mg/L FRH I £ 248 mg/L,
WU A 226 mg/L, VDAL 161 mg/L Vo hrvh 2
176 mg/L B B 253 mg/L AU B 448 mg/L
FRER VD &L 338 mg/L (bR HEAE 25 W . HERA RS B iR
28 FhL A RAE & W45 1.00 ml, ¥ F [ — 100 ml
HaT, OIS TR B AR W . Bl )
AR SR ER W B T 4 CukA T ROL IR £, R
o Ror I 25K, 28 1 RE i BT R A b T AR
HIES LR/

1.2.2 FF g4k 2

FRECA ZEAE G 5. 00 g, & T 50 ml 2.0,
A 20 ml 1% R WA 1 g EALEN 2 g TCK B
FREE A3 HE B 5 min,5 000 r/min &5.0 5 min, " BY
FIE W 10 ml F .0 1, %% QuEChERS ¥ 4k Ky
(800 mg Jo/K B iR % F1 300 mg C18) Al A | i #2 Bt
WA, AEE 1 min, T 5 000 r/min B.0> 5 min, B0 5
HEFE S ml iR ZEIXE T ,40 CTARRK 2RI
TLmA T ml ZHE-K (129, V/V) B, IR &
1 min, 32 0.22 pm GALIERE S, T & 280 A 6035 -
HR I T 3% (UPLC-MS/MS) AL F 4317
1.2.3 {8850

i 2 1 . % | Waters ACQUITY UPLC BEH
COiEH (2.1 mm x100 mm,1.7 pm) ;#7730 C,
PERERE 25 C, EAEARFR 10 wl, Fi# 0. 4 ml/min,
TENAH A R 0. 1% WRRE W, By S ; #6 B2 Uk IR 72
JF#:0 ~0.5 min A %% 95%,0.5 ~7.0 min A [
95% F& % 5% ,7.0 ~7.01 min A f 5% F+ & 95% ,
7.01 ~7.5 min A {#3595%

T S s U7 5 LT 25 ESTIE B 7R,
BB R 3.0 kV, B 7R 150 C, LEHS
JiE 750 L/h, KB AR BE 450 °C, #E £L R WO i
O 50 L/h 22 B iy Wil ( MRMD) 800 5 | 2% 24T
A E R B N S X AL H R AR R fE
i LR 1, MRM 3 & D& 1,

2 BHR5H5%
2.1 JshH R e #E
IR T O -7K - K 205 -0. 1% H iR
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Table 1  Tandem MS parameters for analytes
Sk 2 ﬁé%.é’ﬂu‘ BT FET HEfLE mifERE
[ /min /(m/z)  /(m/z) JE/V  f/eV
i e — Y g e 2.12 279.1 186.1* ,92.0 32 16,30
itk e e s 1 3.67 284.9 156.0%,108.0 24 16,26
TiB i T 4 s i 3.56 281.1 156.0* ,126.0 35 15,24
e PP 4k 326 281.1 126.0%,92.0 35 15,30
Tkl ] — P AR mERE 4,31 311.0 156.0% ,92.0 26 16,26
T i Y e 3.89 254.0 156.0% ,92.1 24 16,26
it frie FR e s i 2.83 265.0 156.0* ,92.0 28 16,30
ik i s 2.17 251.0 156.0" ,108.0 24 16,25
Tl i o e 2.51 256.0 156.0* ,92.0 22 14,26
ifk Jiie i e 2,62 250.0 156.0% ,92.0 26 16,28
it g — Y S W e 312 279.1 124.1" ,186.1 25 20,16
Tk i s iR 4.31 301.3 156.0% ,108.1 25 18,25
il 3 — P e 3.04  268.2 156.1% ,92.1 26 16,25
it e I 0.67 215.1 156.0* ,108.1 24 16,22
i i S R ek 4.03 268.0 92.0%, 156.1 22 28,13
Tk 2 3.77 311.0 156.0* ,92.0 28 15,32
ik e AR Tt 4.24 277.0 156.0* ,108.0 14 10,22
i i P e e 3.26 271.0 156.0% ,92.0 19 15,30
it e o e 4.37 315.0 131.0* ,92.0 32 42,54
ik e ik 1 4.26 284.9 156.0°,92.0 26 16,26
Bisb 2 2,74 360.1 316.2% ,245.0 32 18,26
EINNY = 2.64 332.1 231.0% ,245.0 42 34,24
WD B 2.60 320.1 276.2* ,233.0 32 20,22
TR E 2.97 400.0 356.0* ,298.9 32 19,28
FUZ ALY 2.93 386.0 298.9* 341.9 36 28,20
RBIL R 2.82 396.4 295.1* ,352.3 27 22,17
Uy R0y 2.70 358.2 340.2* 314.1 34 20,25
JRORTD B 2.50 363.1 320.0%,72.0 24 15,21
H:ox HEEET

P B A G 22 B 0 2 3R B o B A i g e o 4
RFW], AR S AR P AN I R e 2SR R
e TR0 52 i 4t e, T EL P M- A 0 3 A I e S BT AR
F R . MR 0. 1% By F R K I N 2
A DA VR T Sl AR v A ) 25 i e 2 4 AR AR e Y
Pyt EL e 5w, IR 1E T S 6 0. 1% A
BN
2.2 RBUF AR

o3 FE AT PR AR LR 3 B ORI 2 4R B
PSR b 2 BB B0 AR 2 00 3R BOROR . i il
AR A B, R R v PRI R T N 2R A A
BORAR BEFT 23 73 B, TR Wi 1 4 ORCGR o T A0 9K
PRICLE B8 A 4R OO 4, AR i L R R .
1, A 6 fie 28 L 2 HK R O 5

2.3 PRSI Ak

WAt THEE CIE 1% W LI 3 Fh
PO B AR R PR ICR . R, &
G2 H BT RE 1 Beom, 2k 1% W R ) hy 42
BRI 52 o 85 /0 3 HOROR B by, I b, e A ik
P19 WL 26 1E R S BGRAF]
2.4 Hib SRR

QuEChERS J7 ik % H g # 4k 7l C18 [ PSA  f4
ALK B (GCB) FITC/K B AR EE . Hrp C18 F 2k
BRFAE it T B8 i T RN AR BT, PSA 3 B A L
B i 5 TR FNOBE 2 2% i, GCB 35 % 22 BR M W vb 0 i
GRGRIT, TK IR LK. BT AR
RN S e R R RGN IS4,
ARG 4 5 5 58 T C18 [PSA FIJC /K ik R B i) ¥4 Ak
BOR . Al & B PSA TE W BT A% 1 1Y [m] B X H AR
Wyt A W B G 2 v i I 2 B A R ORI R
AT PSA AL 551, 0o, Xl B 5T
C18 FIJC/K B MR 26 0 FH = , 45 SR R W, 24 C18 Mz [
R 300 mg . T K B R B i 800 mg B}, £ 41 43 1Y
RS- =
2.5 FEFRIE
2.5. 1 J5 kSt Y AR s PR

R T R R BT AR A R A o R i, AR IR
S FH 35 J5 DG TC A o oty 2 ok X A it v Y 2h R
A7 &, FHDAHRIH 2 B0 52 o R &9 &R
A RARE M 2R 1. 2.2 Jr B3R UG 15 3] 25 AR G i
W, HIZ VS W2 R B TR & A 1 TR R, TE 1 B &
A e ) L BT VT T &R A TR B b R T R, 4 N R AT
UPLC-MS/MS 73 #rill 5 , DL HIH0 Az 28 W BE A 1 4
P , WA T AR A A A A 2 o A o il 2, 3 5 Il )3 7 R
ARG R, SR B, BARY)TE — 2 BT i Wk i 3
BN, R PE R RGP, ARG RE(r) 9 0.997 5 ~
0.999 6, IKHEFMEIL(S/N) =3 THRE I KPER
K B (LOD) 4 0. 17 ~ 0. 83 pg/kg,S/N =10 5
ERR(LOQ) 7y 0.6 ~2.9 pe/ke; Wi lil K50 E R
LOD 7 0.25 ~0.91 pg/kg,LOQ H7 0.8 ~2.9 ng/kg,
FHRNEK 2,
2.5.2 J5 ik ny R RIRG %

25 AR it vh 43 0 S I AS [R) & TR A s oE T W
JC R HRIR =S R EE K B I BR AR B A AR 2K PR
TIAE 6 IR, e R Ak 19 300 J7 vk o 45 Fh i A= &R
259 ) IR (o= 6) FIRE X AR E I 25 (RSD) |, 45
L2 3. SRR i i 2R Bt AR R YT 34 [l SOR TR
70.9% ~115.2% ,RSD } 2.8% ~ 15.9% ; Vs i il
Ky E WA 71.3% ~112.3% ,RSD K
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Table 2 Linear ranges, regression equations, correlation coefficients (r), limits of detection ( LODs)

and limits of quantification (LOQs) of the 28 antibiotics

AR LPEE/ (pg/L) M AHE R Er LOD/(pg/kg)  LOQ/(pg/kg)
it iz ) — P 4 s 3.15~63.0 y =94560. 1x +28701. 6 0.997 5 0.21 0.7
it iz S M 2.30 ~46.0 y =12378. 4x +15295. 4 0.999 2 0.73 2.5
i iz Wk 1 3.30 ~66.0 y =40195. 3x +23706. 4 0.998 1 0. 46 1.6
itk e i) Y 4 1.57 ~31. 4 y =17853. 2x +394. 8 0.999 0 0. 62 2.2
it iz TP 4 IRk B 2.37 ~47.4 y =154673x +89356. 2 0.999 4 0.17 0.6
itk e — Y g g 3.01 ~60.2 y =136783x +67210. 4 0.998 9 0.25 0.8
ik Ji P I e 2.90 ~58.0 y =45832. 4x +38752.7 0.999 5 0.63 2.4
itk e Y S 5 e 2.69 ~53.8 y =53641. 6x +24800. 3 0.998 3 0.72 2.7
Tk Ji s 1.28 ~25.6 y =44891. 3x +2899. 3 0.997 9 0.59 1.9
itk Jile g e 3.74 ~74.8 y =53487. 2x +17221.6 0.998 9 0.78 2.7
itk e i 2.89 ~57.8 y =57124. 5x +14941.7 0.997 9 0.82 2.9
i frie — Y S 1.97 ~39.4 y =95491. 6x +25631. 4 0.998 2 0.42 1.5
it i s W B 2.17 ~43.4 y =35394. 6x +3578. 3 0.999 3 0.53 1.8
it iz — Y 1.16 ~23.2 y =34307. 8x +6216. 6 0.999 6 0. 67 2.2
itk e I 3.37 ~67.4 y =105570x +93929 0.999 1 0.25 0.8
it JHie S5 I e 2.83 ~56.6 y =57823. 5x +76940. 2 0.998 6 0.51 1.8
it it 2 ¢ 1.19 ~23.8 y =179751x +31751.0 0.998 1 0.34 1.3
it i 2 ik 2.20 ~44.0 y = 65480. 2x +58930. 6 0.998 5 0.58 1.9
it e Y WOE — e 2.57 ~51.4 y =50248. 4x +28025. 2 0.999 3 0.63 2.5
Tk P 2 i e 2.30 ~46.0 y =20761. 4x +2167.2 0.999 6 0.83 2.7
Bk g 2.20 ~44.0 y =32807. 6x +24721.5 0.998 4 0.25 0.8
WNT R 2.48 ~49.6 y =15784.2x +1573. 1 0.998 8 0.74 2.9
R R 2.26 ~45.2 y =87943. 5x +7536. 4 0.999 3 0.43 1.6
ZRYE 1.61 ~32.2 y =176349x +4591. 5 0.999 5 0.26 0.8
Wy 2 1.76 ~35.2 y =72578x +74591.2 0.999 1 0.58 1.9
buy TRUY 4.48 ~89.6 y =14024. 5x +3147. 4 0.998 4 0.91 2.5
BV R 2.53~50.6 y =32314. 6x +43786. 4 0.997 8 0.53 2.0
FRORVD R 3.38 ~67.6 y =21876. 6x +71622. 4 0.999 1 0.75 2.6
3 28 PP AR FAS LM AR K RE 1 - 35 [l i 38 KA X bR AR 22 (n = 6)
Table 3 Average recoveries and RSDs of 28 antibiotic in pork, chicken and beef
A A XA R A X 1A
Sk % WIRE "ok RsD R RSD | BUEE BIRE ok RsD BCE RSD
/(pg/kg) /(pg/kg)
/% /% /% /% /% /% /% /%
5.04 86.7 11.7  72.8 5.8 2.05 110. 1 7.3 97.6 8.7
it i i) — P 4 W i 20.2 75.4 121  81.9 11.2 Tif g s 8.20 103.7 4.9  103.4 7.9
50. 4 82.7 7.4 79.2 7.5 20.5 95.3  10.2 95.3  10.6
3.68 81.7 6.9 71.9 8.6 5.98 107.1  12.9  102.8 4.8
itk e S it 1 14.7 92. 4 9.1 115.2 7.9 it i W e 23.9 109. 4 7.6 97.3 2.9
36.8 85.6 8.7 102.5 8.1 59.8 76.5 8.2 87.6  13.9
5.28 94.8 9.7 102.7  10.4 4.62 91.5 11.8 81.9  13.4
it e G ik 1R 21.1 85.2 14.6 101.6 11.0 il i i e 18.5 97.2 13.4 95.7 10.7
52.8 76.3  10.8  95.2 9.4 46.2 103.5 9.5 87.3 9.6
2.51  101.9 11.7  73.9  13.2 3.15 86. 3 3.8 105.3  11.5
it iz [F) Y 4 e 10.0 100.3 8.2  86.9 8.1 itk e — F S5 s 12.6 75.1 4.7  112.4 4.8
25.1 90. 5 7.9 92.1 11.7 31.5 73.1 9.2 106.2 9.3
3.79 71.9 9.4 111.9 7.3 3.47 79.1 8.4 94.9 4.1
it Jee Y 42 s 12 15.2 85.3 8.1 102.7 8.9 it g s W Ik 13.9 84.7 7.1 86. 1 5.3
37.9 90. 4 7.6 96.5 10.2 34.7 71.8 9.3 102.7 8.2
4.82 80.7 10.2  74.7 .7 1.86 101.8  12.0 81.9 7.7
it i — VY s 19.3 105.2 8.1 71.9 4.8 Tith i — V) s 7. 44 92.6 9.2 80.2  11.2
48.2 102.7 9.7 78.3 10.3 18.6 85.3 7.9 93.8  14.1
4. 64 80. 6 7.9  83.4 4.9 5.39 90.7 9.7 1049  10.4
i i Y LG s 18.6 82.7 10.6  87.1 .6 itk iz JIK 21.6 82.7 8.2  102.1 11.9
46. 4 90.1 10.3  90.2 7.1 53.9 103.4 10.3 98.3 6.3
4.30 71.7 .8 79.6 11.3 4.53 100. 2 4.6 102.7 7.3
it frle Y A s e 17.2 72.9 8.4 103.5 15.9 it iz 5 T s 18.1 89.3 .4 94.2 6.9
43.0 89. 1 7.9 102.7  13.2 45.3 96.1 10.3 90.5 9.1
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ZgR3
A X A X
B & IR MR RSD R RSD ENACE 3 Ak I g 2R RSD Wl RSD
Ikl o e g /% /(ng/ke) /% /% /% /%
1.90 105.8 10.4  79.5 10.7 3.62 91.7 11.9 101.9 4.9
T e 25 7. 60 109.2 8.2 73.6 8.9 Wi B 14.5 102. 1 7.4 106. 2 10.2
19.0 96.3 4.6 84.1 7.3 36.2 86. 4 8.6 87. 4 9.3
3.52 102.1 7.5 71.9 7.9 2.58 76.3 7.1 73.6 4.7
itk e 5 Tk 14.1 101.9 9.2 101.7 8.1 TR R 10.3 80.5 6.5 81.2 8.2
35.2 82.6 11.3  84.7 9.3 25.8 93.6 4.7 94.6 9.3
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