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Simultaneous determination of eleven quinolones drug residues in poultry products
by ultra performance liquid chromatography-electrospray ionization tandem
quadrupole mass spectrometry with isotope-labelled internal standards
LIU Bo-lin, XIE Ji-an, ZHAO Zi-wei, WANG Xiu-li, SHAN Xiao-mei

Anhui Hefei 230601, China)

(Anhui Provincial Center for Disease Control and Prevention,

Abstract; Objective A method for the determination of eleven quinolones drug residues in chicken and egg by the ultra
performance liquid chromatography-electrospray ionization tandem quadrupole mass spectrometry ( UPLC-ESI-MS/MS) was
established. Methods The analytes in chicken and egg were extracted by 1% acetic acid-acetonitrile, and the fat were
separated by centrifugation and extraction using hexane. The eleven analytes were separated by the mobile phase of
10 mmol/L ammonium acetate ( contain 0.1% formic acid) -methanol on gradient elution. The identifications were
achieved by electrospray ionization in positive mode ( ESI + ) using multiple reaction monitoring ( MRM ). The
quantifications were performed by the matrix matched isotope-labelled internal standards. Results The calibration curves
of the eleven analytes showed a good linearity in the range of 0.05-50.0 wg/L with R* above 0.997 4. Recoveries were
between 82.4% and 104.3% with RSD less than 15.0% . The limits of detection were 0.05-0. 10 wg/kg. Conclusion
The method had the advantages of simple pretreatment and low matrix effects, which was suitable for the rapid, high-
throughput quantitative analysis of quinolones drug residues in poultry food.

Key words: Ultra performance liquid chromatography-electrospray ionization tandem quadrupole mass spectrometry;

quinolones; egg; chicken; isotope-labelled internal standards; veterinary drug residues; food contaminants; detection
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W (HPLC) 3£ 77 |15 200 5385 - £ J% S5 3% ( HPLC-
MS/MS) " HPLC-MS/MS H A7 3k # k5 | R
THRE 725 5 A A, AR M T T K AR A0 T I B R
VBT ARG I v g R 2 5% B T bR o T R
VAR 1,38 - 5 6 R % (LC-MS/MS) ¥/ (A 2 M
O7 ¥R AN R B E R, N bR A E IR B IR
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BN o (DN AR 21 B S VAN G ik =958 &1 R
- I 5 3% (UPLC-MS/MS) i [l i 46 W 85 2% £ b
LT R R 2 25 W B B B kL% R IR A
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b it T LA B W AT IR] — [R5 22 74 b i O 19
R TE i 22 % 1) 3L, A3 2000 1 T 35 S LT B Ak 1) S
RS AR T ORE S 7E B AL 4 5 AR P 1
B4R, R B T 43 7 380 %, AR AE T R T 45 S g
YA 3 B Rt ek v s TR 2K 2 W 5 B bR
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1 #R5FEE
L1 A5

ACQUITY™ UPLC # & JE W A o i {X . ZEVO
TQ MS ERHK B3 1 . 8010G A% it 4 5T A8 ¥ 1 F 36 [
Waters , Milli-Q 4 /K R4, Wi IR 21 4% o

L1 Ff s 5 B 2 4 o 9 T : SR 1D B (CAS:
82419-36-1) $5 4 1P A (CAS:70458-92-3) i 1
A (CAS:70458-96-7) ¥R 14 10 & ( CAS: 85721-33-
1) 3% & (CAS:98079-51-7) ik b & ( CAS:
119478-55-6) AU VP 12 (CAS:91296-86-5) | K&tk Vb
K (CAS:93106-60-6) . 4 FF M5 ( CAS:42835-25-6) .
TR (CAS: 14698-29-4) Vb Hi vb & ( CAS:98105-
99-8) ¥y A & [E Dr. Ehrenstorfer; 11 F [&] i & N 5
WY R A S 2 -D, (CAS:117314791-5) 550
-D, (CAS: 1228182-51-1) | i % b B-D, ( CAS:
1015856-57-1) ¥R ¥0 &2 -D, (CAS:1130050-359) |
%3 ¥ B-D; (CHO21-25) | ik ¥ £-D, ( CAS:
1217683-55-0) W4 70 5-D, (CAS:1173021-89-0) .
MERR-D (CAS:1189890-98-9) ¥y [ & R @AM ,
B b B-D, (CAS: 1173021-92-5) | vb $ir ¥ B -D,
(CAS:1352879-52-7) ¥y { 7% [E Dr. Ehrenstorfer,
S ME-"C, (CAS:1185049-09-5, 25 [ TRC) ; HI iz |
R N E K LR AR Y R ik 4l
L2 Jrik
1201 BRifEys i i il &

i HEA 5 TR 3 1) Bk BB o5 1) A HE ) Bt A [

SR WA B, T BE T %, 0T 25 2 20 B, BC
% 100 g/ ml 9 45 o fiff 25 W, B DG PR A7 T - 20 C
VKA o

TR A bR e TAE W : 53 00 HE A% I A b v i 45 TR
10 wl # % 10 ml 28 &t ifrf, A 5% W B /K 5 i (&
0.1% W) W B = ZI & IR 5, B il A% 100 ng/ml [y
TRE PR HE TAE ;40 i HE A RS B L 3A [R) 467 28 N A A v
it 10 wl B % 10 ml i, FH 5% B K %
W(H 0.1% W iR ) # B = 2 B, IR 5, Bd il B
100 ng/ml PIR & W HR TAEWR , LECHA .

T Y 25 370 o7 FH A+ 4 i) v i B B R TR A b v
T /E % W (100 ng/ml) 5,.10,50, 100, 200, 500 .
1 .000.5 000 wl # % 10 ml 54, A 500 wl 18
G WAR TAEW, 1 5% W B KE W (% 0.1% W i)
ERZEZE, BCH 8 0.05.0.1,0.5,1.0,2.0.5.0,
10.0.50. 0 wg/L (45 5 51 0 o
1.2.2  Ff AT Ab 3

X PR il 28 155 o 4 U9 R ALY S e, Y
Pad o s A Y A e A TS T AR AR,
mE EAE AL, — B T, s —h TR,
T -20 CHMTIRAF. WEMNRETRGHY
ANB AN, INEEAE SR, — M T 08, 5
— TR, T -20 C &0 FIRAE .

HEFAPREL 2.0 g (KE A 2 0. 01 g) 3 Joi A i i
T 50 ml HZERE LA IMA S0 pl WA RIEEN
b TAEV, W BEIR 21, M A 10 ml 1% 2, & 2, i
(1:100, V/V), % BHE 1 min, #8 75 ¥ 2 B 10 min,
4 °C 10 000 r/min Z.0> 5 min, B FIEWR T 9 — 15
OE T FREB Y EE R R, A I IR R B
WL IMA 5.0 g TL/KBRER4N,4 °C 10 000 r/min &0
5 min [FECEVEWR T 40 CTHFAIR T #ER M A
1.0 ml 5% HU KR (& 0. 1% R , T8 IEdR % K
fRFe B Y, ¥ % B D Ja (4 °C 10 000 t/min B .0
5 min) B E R, FEINMA 2.0 ml F 2%, RiERS
30 s, /R % 15 ml HZEE.0 4 H,5 000 r/min 5.0
5 min, 5% L2, FIRRAARLZ 0,45 pm JEREE T 8, fit
UPLC-MS/MS | %2 ,
1.2.3  fUgssc1F

UPLC: {& % #F & Waters AcquityTM UPLC BEH
C #E (2.1 mm x 100 mm, 1.7 pm) 45 i& 40 °C ,#E 5%
FWE 10 C, #F AR 10 ul, W34 A R
10 mmol/LZRE (& 0.1% HER) .sh Al B A H
P, R 0.3 ml/min B BE GRS E LR 1,

B3 s B U5 S 55 B 1 R (EST) |, H B A
S EST+ & 0 77 =X 2 5 W i (MRM) |, & 210 45
HLE 3.8 kV, B IR 150 °C, B o 50 <R
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# 1 UPLC M B i i 4 - 500 °C, i X & 800 L/h, filf ## X i &=
Table 1  UPLC gradient elution condition 0. 13 ml/min, 5% 08 F  F 5 F &5 6
fif ]/ min W/ (ml/min) WA A/ % WAl B/ % Tﬁﬁgﬁ\%ﬁ}LEﬁEﬂ%‘% 2.
0. 00 0.30 90.0 10.0 B .
4.50 0.30 60. 0 40.0 124 s Wi 50
7.00 0.30 5.0 95.0 I3 PR ERC L 28 1 35 50 1 B A i 2.0 g ORG
8. 00 0.30 5.0 95.0 F0.01g) T3 450 ml B.LEF, 04 1.0.5.0
8.50 0.30 90.0 10-0 F110.0 pg/kg WEEGRAN 11 B 35 B R 5 br E TAE
9.50 0.30 90.0 10.0 .
W, ARIBOEBRIA] 1. 2.2 #E AR AT AL B,
F 2 11 Fh w2 25 ) K IR 0 3R A AR 9 B3 40 BT S 4
Table 2 MS-MS conditions for the analysis of eleven compounds and internal standards
(ERIEY] £ B 15 8]/ min BB T/ (m/z2) FEF/(m/z) il 3 B /e V HEFLHLE/V
AR B 3.94 362.3 318.3% /261.2 20/26 46
HHEV R -D, 3.93 365.3 261.2* 28 48
L TRU g 3.98 334.3 233.2/290.3/316.3 " 26/18/22 48
HE Wb R -Dy 3.97 339.3 238.2/295.3 " 26/18 46
W R 4.11 320.3 276.2/302.3 " /233.2 18/22/24 50
Wi B -Ds 4.09 325.3 281.3/307.3 % /238.2 18/20/26 50
WNT R 4.27 332.3 245.2/288.3/314.3 " 24/17/20 48
WP R -Dy 4.24 340. 4 249.2* 26 48
ey R 4.39 358.3 340.3 " /96. 1 26/25 44
KRV E-D, 4.41 361.3 343.3% 85.2 24/40 50
Bigib B 4.42 360. 4 316.4 % /245.2/342. 3 20/26/22 44
R B Dy 4.39 365. 4 245.2* 28 44
RV E 4.55 352.3 265.2% /308.3/237. 1 24/18/34 52
KRV B-Dy 4.53 357.3 270.2* /313.3/238. 1 26/18/34 52
WD B 4.76 400. 3 356.4 % /299.2/382.3 20/28/25 46
WD B-Dy 4.75 403.3 359.4* /299.2/385. 3 20/30/25 46
LRI 4,89 386.3 342.3/299.3/368.3 " 20/28/22 44
WL B -Dg 4.87 394.3 350.4/303.3/376.4 ¢ 20/30/24 46
s iR 5.90 262.2 244.2% /216. 1 20/28 34
R -Ds 5.88 267.2 249.2* /161.1/217.2 20/36/30 34
oL s 6.69 262.2 244.2* /202.1/216. 1 18/32/30 34
S - Gy 6. 69 265.2 247.1* /205. 1 18/32 34

2 EL gy

2 GERE5HH
2.1 GRshAH R

AR T 0. 1% H R 7K -2 iF .5 mmol/L Z,
MR (% 0.1% H R )-Z M5 .0. 1% H R K-F B
0. 1% W 7K -H BE N5 (40: 60, V/V) 5 mmol/L Z,
2% (% 0.1% W) -H B 10 mmol/L 2 & 8 (%
0. 1% W R ) - B BE4E 6 AU sl AH A 22 % 43 85 1 52
ISR R T L S A A pHL (X s T R 2K 25 4 £
Gy B ROR B ELAT B 5, iR 4Kk U 3l A
11 nds 15 T 285 25 W) AN e 76 4 43 15, L v 5 R s TR
WS TR JU T S () — B[] ) 06, o A/ 1) B R 92 11 O
A pH (H , AN REHE & Fr D0 9 43 B R, iR e 4t
BT 45 E B 0 R I PR T TR v
HH R T R R ), FE R & it 0. 1% B, 11 R
TR 2 2 W ) U R R e R, G Y R A, W AR
JUFAAE ik 0. 1% B R 7K o 7K AHH o Jim A Ha fif
T LR AEARFR AT 3 B FE T4 N ok T T

WA (R WA TS, ] AR AT RS FR R 4 19 € 335 0 5 53 Ah, IE B
TR, 5 A LG, B s e S Ak o 1, 1Y e 1
SR, B R EUE IR ] 10 mmol/L LR 82 (%
0. 1% W2 ) -H B A S it s AR, 6 1 A B 2 1%
Jid, ST 1L o IR B0 58 42 0 B, B IR AR B
XFFRIELF (UL 1) .
2.2 Kb A A

GB/T 20366—2006 5l 4 5 7 fifs v M Vs 1 2 5%
RBEAO W VA €0 - R R TR )R 2% Y R
CREEEEL, MG A, E & be R, o e L o R 2
FEsGB/T 21312—2007 sh ¥ I 14 & v 14 Fhods i
R 24 % B G D0 7 1 AR -/ I i)
% 0.1 mol/L EDTA-Mcllvaine( EDTA & Z, — %P4
B8 — 4N, Mcllvaine 2}y 0.1 mol/L ¥ R IE WK 5
0.2 mol/ Lu iR & — NI W AR & 22 vhv il ) 2% i TR
PEIC, HLB FE Al o Al 50 7 B br BE Al B, X0 A i
R AL FRIEAT 0 AL, 93 5 5 56 T O E 1% SR Z N
(1:100, V/V) . 0.1 mol/L EDTA-Mcllvaine £ i}t
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209:16‘ 138779
0 | Rl A T T A R T b ol B B LA B 0 ML IR L B L T T ML
2.0 25 3.0 35 4.0 45 5.0 3.0 35 4.0 4.5 5.0 55
100F W 100F o e
BRYE-D, 99561 MRUED, ]
U L L L L L Ly L e L e 0 trrrrere T "1””1”"w“'L”'r"""'T"'""T""""r"'
200 25 30 35 40 45 50 3.0 35 4.0 45 5.0 55
100 1% 100
HmY R o Yh 477 _
182411 B R 185444
i LA L L L L s L L L L L 0 b T T T T T T T T T
200 25 30 35 40 45 50 3.0 35 4.0 4.5 5.0 55
100 e 100
Wb = D _ YED 475
WY E-D, {1688 MR B-D, S
0 0
LA IR ALY I LAY LAY L L IS L LA RN LARAN L T T T T T T T T T
200 25 30 35 40 45 50 3.0 35 4.0 4.5 5.0 55
100 100
. . o e S NS 489 _
2 RS R 134540‘ @ YD R 138847‘
gé( 0k T LRI IR LA LN B AR DAL AR B 0 ' M R B
r 25 3.0 35 40 45 50 & 3.0 35 4.0 45 5.0 55
= 1001 o %001 W
RRYE 124049 § Wl DRV E-D,
() e ‘ e a— 0 W,,XI,TT,‘
2.5 3.0 35 4.0 45 5.0 40 45 50 55 60 65 7.0
100 100 591
15 <
FAPED, mﬂ-. B 313715.
O+ T T T T T T r T T 0 e
25 3.0 35 40 45 5.0 40 45 50 55 60 65 7.0
100 100 58
NN 4“0 ! -
ERD B %] BIER-D, 43192&‘
0 e 0 M
2.5 3.0 35 4.0 45 5.0 40 45 50 55 60 65 7.0
100 100 669
sy i _ 3 -
[ By s B TRE-0C, i
0"[ LA QARES REAEI ALEN RLEAN LEZEY LEALE LA 0 LR R AR R LN LR AR AN AR RN AL LA RN R
25 3.0 35 40 45 5.0 40 45 50 55 60 65 7.0
100 . 0 1001 669 _
[ KRB ED, Wl il 3 510739'
U nnas s A na sy anan saans AR o U s L e e LA LA LA R e AR
25 3.0 35 40 4.5 5.0 40 45 50 55 60 65 7.0
{/min t/min
L L1 s 345 B s VE ) J5T B[R] 67 28 P b 1 €8 335 1l (R BB 5. 0 ng/ml)
Figure 1  Chromatograms of eleven quinolones drug residues and isotope-labelled internal standards

W .55 0. Imol/L EDTA-Mcllvaine 2% 1 4 Ff
P IO TR 1 B OO . A5 OR WoR, SR 0.1 mol/L
EDTA-Mecllvaine 2 iz W 4 HBORE 5 B, 45 BOU 748 ik
HEW, 22 £, 5 3 28 HLB A, 0] 28 oh % W fim A
NG UUTE B, B8 B AR TN, B 2 R 3
i, DUVE U SCR BT B4 ] HLB A Al i, $2 3
WA BB LR IR O NG & &, o BB, O 4h,
WY R WL G Y TR O E M A SR A
T 15 DU 0 5 e A 2 BOR B2 0 iR, A i 56
AL T SR i, R 1% 09 SR, 75 U 4
A bR e R B s R, SR 1% 2B N
(1:100,V/V) #EATHEE

S IEPE R P R A e A M) [ 1
AN e 25 R A v, H QB e, iF 2 T
Pl we g B ok g e EE T, N T KB

A=A
=

FLRH A RR W7 28 TR, R R Y VR B 0 BR IR
e <Y (AT N N =0 TR R R N NN N L R
LR BN R . B R, INAE C 5l
WA BE B 25 AR RN R 5 R 25 g 24 ot , R R B 0 5
TE O RE I e ¥ Ak 20 BR AR 45 G e A 280k 25 B A
s AN EORT: N[ s e 7 7/
2.3 AN T B

FE I ] UPLC-MS/MS ] 5 J& 57 52 24 4 it )
JBT 38 5T 43 AT 0 T Ak L A e e s
RE ™ TR A B R HERR PR L AR IR G B 8 T R
BRI XoF A T T 285 24 W ) ), LA B PR A R ROV AR
N BCH S, 0 ng/ml BTR A bR v AR W, U 5E H:
WETH AR A A5 LD 46 i s AR R 50, B 5. 0 ng/ml
HTR & b E AR WD e e TET AR R B B BT A%
ME(% ) =B/A x100% *° | Hitp ME > 100% 4 % i

e
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BRI , ME < 100% & 4 il 2 ' % 3 ]
LAt B S 3 OB R AL & W0 7 AF — 5 10 S5
SN, A7 BRI 1L b A I ) 00 2 AR OE
NE 1L 2.2 R R AR B B 7 v AT A B A A o
e, M TRES WA O R BE 09 A, AT > T
o it 2 T 00 R B AR 7 B R A TR B
I 0 B A P o

223 11 Flds G 25 245 W 1 Stk O R AH DG R L

ez H B B 3 S5 35K
Table 3 Linear equation, correlation coefficient, LOD

and matrix effect for eleven compounds

—— ~ ~
o eI e /Z”M t“/ 'l‘i) e
ARV E  y=0.3812x +0.0101  0.999 4 0.05 146
BRIV R y=0.3683x +0.0134  0.999 5 0.05 154
R R y=0.2482x+0.0055  0.999 4 0.05 173
RNV R y=2.1680x+0. 1152 0.997 4 0.10 152
KPP E y=0.0961x +0.0312  0.999 6 0.05 94
BikV R y=1.0080x +0.0663  0.999 0 0.10 110
WEVWRE  y=0.2235x+0.0102  0.999 7 0.05 163
WIS y=0.1648x +0.0036  0.999 9 0.05 125
YRR y=0.2718x+0.0130  0.999 7 0.05 88
s i y=0.1432x +0.0094  0.999 8 0.05 147
I y=0.1794x +0. 0157  0.999 7 0.05 139

2.4 LRVEXF A HHBR RS 9 A )i R

BEIUI P 25 1R &, A KT E 2 80 5 R
HEL. 2.2 K T A B TR EAT b BE AL E L
I Py e T ALy ) N AR AR, RV (v, pg/L) K
REAR AR, 22 A o il 2, 75 B0 R eI T Oy R (L3R
3) 4% FR U W I W BE AE 005 ~50. 0 pe/L 1 Bl A
SRR RPN RIE XL R, LR R =
0.997 4,

TN 0. 05 wg/ke v FBE I, 4% 737 00 40 066 1) 125 MR 1
(S/N)BIRT 3, Hofs e Jo b i R s R BR s SUH
TE A5 FHAR 54 171 Wi 25 1A 1 AR 22 4% FF R, TT LAAG
B RE ST B AR AL S W ARk T AT ik
(9 EREBR A 0.5 pe/ke, %Wk BE T B9 U I AL R A5
RS 45 i i 2 (RSD) ¥ i % W & GB/T 27404—
2008 ¢ 925 % Ak 7 LS 12 0 AL AR ) 2 A A
HBR

[ Ak 36 2002 4F 235 5 A 45 o B A o
B SRV Ry B R M 10.0 pg/kg, R IEER
HEFRAESEAT AR IR 0, % 5% 07 W T R S LA
WIARHEBRAE , FREL 2.0 g (HE#H 5] 0. 01 g) BAPERE &,
RN A AR TR W, 0 A% K S 4» B1GA E 1.0,
5.0 fil 10.0 pg/kg, AR A N AR T 1E W, #% &
1. 2.2 A AL B85 i A7 AR B, 1 LI SE |, AR B
IACEHEAT 3 WOEATIN A . 45 93k 4 B, [k
KILE K 82.4% ~ 104.3% , RSD L Bl N 1.0%

~14.6%

4 FESL RO P vE R S BR B 0 A [l ke K
W (n=3)
Table 4 Recoveries and the relative standard deviation

of eleven analytes in the actual samples

i i 7
5 e 1.0 pg/kg 5.0 pg/kg 10.0 wg/kg
) Ay
Z R g RSD g RSD  Inlfx  RSD

/% /% /% /% /% /%

AEVE 97.3 2.6 99.2 3.4 943 9.3
BRVE 915 6.4 100.6 4.7 101.7 2.4
WRPE 1025 1.0 951 6.6 97.8 1.5
WNT R 86.7 7.2 82.4 7.3 98.9 3.1
KEY R 93.2 146 103.4 3.2 98.7 8.2
NE BEDRE 83.7 3.6 96.8 88 87.2 6.0
BRIV E 99.0 3.5 103.9 3.0 90.8 7.0
WD B 85.3 11.4 89.9 7.0 84.8 3.2
YR TRLS 87.3 6.7 8.5 83 853 2.7
0 R 96.5 1.4 97.4 56 102.5 3.0
IR g 104.3 2.2 103.1 1.4 101.8 1.3
AHEVE 1002 5.2 959 55 97.2 2.7
BRVYE 930 3.0 103.4 50 101.0 3.2
R A 97.5 10.7 100.4 2.7 102.7 4.1
W E 99.0 5.0 8.2 83 9.5 9.4
KBV R 935 13.6  98.5 3.2 101.6 6.0
R BiEDE 98.8 9.1 98.8 4.8 9.7 8.6
RV E 95.2 6.8 97.4 1.2 100.7 1.5
WHIPE  89.7 7.0 86.9 3.8 8.7 2.4
WY E 980 4.5 937 57 87.9 3.6
TR 96.8 1.5 100.1 1.4 101.5 1.1
EES 95.8 1.6 101.1 1.5 99.4 2.4

2.5 SEPRAE I E

f AR 7 3 4 S5 00 X P 5 R, A5 OR R
BLRE S PR B v B VRV B IR VD B R
BYRE, KRS H B R, TPk 2T
10% [ XAk 6. 8% (6/88) , 85K 8.8% (7/80) ],
SN 175 ~42.9 we/ke, B H AL #2002 4F
235 SO o R AR O

3 NG

AR L TSR A 11 s 3 R 26 5K
Kl () UPLC-MS/MS 3 M7 J7 25 . dl i X} UPLC Z&f4F
FIRE ff H A B2 F AR AL, R 1% 2 1R &
(12100, V/V) & BUORE i, ¥ R 5.0 5 1F © e i i R
AoV A RIS 2R PN A 125 e 2 5 Jo 800, A8 74 D7 125 Y
R E RS 5 X RE 6 2 1 2 5k B o0 A
Ko ARTTIERE T AL PR B I AR R Ol A
R ity B PRI E

2% 3Tk

D1 AW, b 75 25, R0 UK, 45 OO 0 - £ 206 R o 0 2
SPIALUT 16 Tk IS 2 R E ()], (i, 2007,25
(4) :491-495.
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