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i ZE:BHM HIIPBERLZPIARATERMEND(RRTEZ, EAVE KAV E ARV E BEY R,
IR R ERER,ATE)RG A SARAMEEEMN K, FiE A EDTA-Mcllvaine 2% # 75 i 42 B¢, PEP-2 B
A8 2 U 4 AL, ZORBAX C (4.6 mm x250 mm,5 pm) 4 & , 5% bt m B4l SRk 2 5. BR KRV E,EE
BR, AT vk B ) AR O S R E 30 ~360 pe/L, A5 A E 15 ~180 peg/L G B KM X & RAF, AKX R 439 >0.99,
BRIV E ARV E, BV E, R B EIRA 2 negke, AR ZGHIRA 0.5 ne/ke, AR B BB,
R R A 8 pe/ke, BAUA S WM EL TT.6% ~98.3% 2 18] A0ttt £ 4 2.8% ~9.4% , £it
HEBRAER G EA AR EEGS A RLEFR DN B BLRRA LRGN GE L,

KEI Aok, HARMELE; TARMNE,; IV RRES; EHRY; R B4

&4 2S5 R155;5859. 84 XEkPREAD A X EHE.1004-8456(2014)05-0460-05
DOI:10. 13590/j. cjth. 2014. 05. 013

R

Simultaneous determination of 8 fluoroquinolones residues in animal derived food by SPE-HPLC-FLD
GONG Xiao-ming, YU Jin-ling, SUN Jun, WAN Jin, CUI Xiao-na, GAO Yan
(Weifang Entry Exit Inspection and Quarantine Bureau, Shandong Weifang 261041, China)

Abstract; Objective A high performance liquid chromatographic method was developed for determination of
8 fluoroquinolones residues in animal derived food ( including marbofloxacin, ciprofloxacin, danofloxacin, norfloxacin,
enrofloxacin, difloxacin, oxolinic acid, and flumequine). Methods The sample residues were extracted by EDTA-
Mcllvaine buffer, purifid with PEP-2 solid-phase extrction column, seperated by ZORBAX C, (5 wm, 4.6 mm X
250 mm) and quanlified by external standard calibration curves. Results Marbofloxacin, oxolinic acid, and flumequine
in 30-360 pg/L, and the remaining five drugs in 15-180 wg/L linear relationship is good, the correlation coefficient is
greater than 0. 99. The detection limit ( including norfloxacin, ciprofloxacin, enrofloxacin, difloxacin) is 2 wg/kg, the
detection limit of danofloxacin is 0.5 pg/kg, the detection limit of marbofloxacin, oxolinic acid and flumequine is
8 peg/kg, the recoveries are between 77.6% -98.3% , the relative standard deviations are between 2.77% -9.35% .

Conclusion The method was simple, high accuracy and precision, less harmful to human body and could be satisfied with
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diffirent substrate test.

Key words: Fluoroquinolones; high performance liquid chromatography; fluorescence detector; animal derived food;

veterinary drug residue; food safety
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MR HBEE GRS N TES
FIK = 32 0l b, R AR 70 B U R R T
BGARYE ERYEM R RS, Ak
WIAE S DA A I 8 05, 3 3 26 T AR 3, K B 4y
DUJE 26 5 e HE M, % B — s R R R
BB, DRI A AT R A G Y R e 1 R 2
251 BY BE 42 A2 1)

R, o 90 1 15 T 26 24 0 0% B ARG I 7 3, — iR
A5 TR RV R B VT I P A I L A
1025 5/ 15 —14—2008 { 3 4y Y51k £ i o 950 1 375 T
SRR R AGI E OR A ) T H R
F 43 W B 2% 25 W) 3k 4T 4 BT GB/T 21312—2007
CE T £ b 14 Tl 5 I 25 4 B RO W v
VA € 18- R/ T ) U A R 86 T T AR
BRIIE 5 5 AE Pl TS 28 5 5 A 00 R s, R IE
GREMH ., RS % sk AL G A
Tk, SR B BE 0 J0 RN P B K B S T — A g
5] s RG0S 6 950 s 6 28 22 % A 194 728 0V A € 3
(HPLC) . Jo PR 75 1 1T X it 10 A7 A HILASE B 6 4
W, AR ARG, 5 TRT B, o B RORS RS T R
B IR £ o T 2 2 0 ) R B M R
(AR i N 2

1 #R5EFE
L1 FZAE 5

AR €5 A (FC A 20 U 4% , A5 . 1260, 36
F Agilent ) 5 [ AH %< AL (28 [ Supelco) . #5 #EH)
S5t PR PR 7 B (CAS:115550-35-1) (i 970 & (CAS:
70458-96-7) AN Vb 2 (CAS:85721-33-1) ik RV
A (CAS:112398-08-0) , B i b & ( CAS:93106-60-
6) . "V E (CAS:91296-86-5) | WE s i ( CAS:
14698-29-4) . 5 F 5 ( CAS: 42835-25-6) , 4l fif =
99% , ¥y B 3£ [# Sigma,

SN WA 83 Al (55 [ Fisher) , VR 7 5
M TR — S0 A A A Al (R R 8 BR A K A AT
FRAT), 2 WD R 4l ksl WK
W 5% KWL W R K VW : 0. 2% KA W . T T &
TR0, 2 mol/L, BRI T1. 63 g WEER A 4N, H
KB e 255 1000 ml, AP RIE WL :0. 1 mol/L,
FREC21.01 g FP 2R, /K 5 %, 2 25 %) 1 000 ml,
Mecllvaine 2% w1 000 ml 0. 1 mol/L #7152

WS 625 ml 0.2 mol/L B2 & —4HIE IR &, &b
BEAT FH R ol S A AR T PH (3] (4.0 £0.05) .
EDTA-Mcllvaine £ w5 ¥ : 0. 1 mol/L, # HL 60.5 ¢
RV 2R 4 A 1 625 ml Mcllvaine 2% %
W iR A L A

1.2 ik

1201 RES R Ab 3

PRILZ 5.0 ¢ 5 i XA (R #{H 0. 01 g) A
50 ml B8N, WA 25 ml EDTA-Mcllvaine 2% #f
W, A AL BT 2 min A 10 min DL R
WETAE S 25 . B AR BUEH 25 ml, B R M
P U o

PEP-2 [& A0 € BOH: , fff FIBF A 6 ml HEEE 6 ml
AKE AL B B R O W 20 ml L2 ml/min [
A, SRR, 9 ml 5% WS K U TR
U, IR GE VK /N R Bl T, 6 ml RV T I 4R
VR . VR B T A WAL, 40 CHELE T,
1 ml K- (78:22, V/V) ¥ WOV e 1 ik Wit
0.2 pm JEREEHE HPLC I %E .

1.2.2  FrufEds el

o VA A 5 YA 1 T S - o R B BURR A V0 2 L AR
WEARVE AHRPE BGVE . ZH DA,
WE R R e 4% 10. 0 mg, 705 JH C ¥, & T
8 /4~ 100 ml gt P O E X 22,
WS 100. 0 g/ ml (%% W AT AE 7KAH 0 ~4 C AR
fF6 1),

P o v T YA T < 43 S B LA b 8 b o A
WA 1.0 ml, BT 10 ml F1 100 ml A3 (4 28 B,
FH G R 2 20 B2, We B2 43 53 24 10,0 AT 1.0 pg/ml
(Pl 32 0 R PT AE VKA O ~ 4 C o il R A7 3 A H
M1AH) .

RA WM TAER A BCH : H 1.0 wg/ml 47 o h
B Y TC )RR PR VD 2 TE 0 R, R ME 30.0,60. 0,
120. 0,180. 0 ,240. 0 .360. 0 wg/L 2 %R & 5 1 %
W, H 4y 5 R 25 Hl 15.0.30.0,60.0.90.0,
120.0.180. 0 pg/L Z 5 IR A b5 o 75 W, ¥ i W« 7K -
CNE(78:22,V/V) B B 45 (5 24 HATID) o
1.2.3 XA

0, % F . ZORBAX C, (4.6 mm x 250 mm),
5 pm) s FEVR 40 °C P shAH BRI VR A (0. 2% H R
KWL ,B -2 (1:1,V/V) ;7 #0. 8 ml/min;
Ko DU 5% Ry OGRS I 4550 ~ 21,6 min, ¥k kK
275 nm, & HHF K 450 nm;21. 6 ~28 min, & KK
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320 nm, & B4 365 nm, FEEEE S ul,

2 HR5HH
2.1 FBHAHB L

SR A T 2K 2 ) A TR T K VA R R DL TR
KAFTE , HoA g RS Bl pH {224k, W 8 A Y pH {E
23 %0 0 1 I 2 2 W) AE ik AR B Y g B AR B
PRI 0.2% WERAK I pH {9 (4 £0.2) ,
P2 oy F A i 8, 22 0. 2% W R K it A HL
S 7 B AN R LG ok gEAT R . 43 9 0.2% W T
K- EE(78:22,V/V) ,0.2% W R /K- I (78: 22,
V/V),0.2% W R K-( FEE-20E) (78:22,V/V)1E A
TRENAE FEAT R, 45 5 0. 2% B R K-( HH -2 1)
(78:22, V/V) 4K FAE R i 2l AR, 6 B2 Uk I, 06 0F 2R
B, B, oy T AW, BEREUEIR AR T W3R 1,

F BV

Table 1  Elution of mobile phase for separation of 8 quinolones
Eff rﬂ/miﬂ VA VR
0 75 25
6 75 25
6.5 78 22
15 78 22
15.5 40 60
25 40 60
25.5 75 25

eV, :0.2% WKV : HEE-Z 5 (1:1,V/V)
2.2 PR

R4 45 A8 (0 AN [R) v i T 2 25 9 — M 0 0 A
IR 18 B 14y e 7 T 2 245 0 (446 R0 o 1 9 s 7 T 25 24
W) RS 7 WIR 15 AN 118 W48 s T 25 245 4 (a9 s T e
M) o PRI 2 s i T S 24 0 O TR AR 1 L R 1
PECHERRAT 22 5, IR 45 8 57 ME T TR 2R 25 ) 2 5k B
K7 i ke T — B R AE D o RRAE TRV D
B WHDE KR E B R R SR
W I A g T T s R G P A A TR M s W 04 2L A
ANTR 2 6T | WK W 28 s o T 1) e AR i R i K 5
B K 275 F 450 nm T R 1 s 3 TR 1Y B £E
KWK 5 & B il K A 320 Fi 365 nm., AR 3R F A
HE SRR R AT R G, R e D8 K 2 G A T 4 2 AT A DU
REfT 8 i wds o T 2 A o S AR A5 R4 09 43 B R R B
JE, Bk ses Rk, WE 1 TR
2.3 FRIGEH LAk B

BRI R WAL G, R e & A
FILAREL I TIRME B . 24 pH A <4 5%
=9 B, BWEIE IR 2K 259 5 % T & KA, EDTA-
Mecllvaine 28 W pH {H 290 (4 £0.2) , £ HUH 4
W B B R T XN 4 2 B SR R S . AR
R LT LR 1k 2 5 F1 EDTA-Mecllvaine Sy $i Bt
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Figure 1

PR T Il RO S w4 R 3% W], A EDTA-
Mellvaine 2 i 412 IS 9 1] e 32 B 2 v T AR Ak
CNE 2 O [l e %, IA kg A 3 38 R A G AL A )
EDTA-Mecllvaine 2% vhif 1 0 42 B, 4 52 50 N B Y
L Al B 8 B/
2.4 AR A

YR E MR Z AR, 2 E AR
7 BT 68 3R AR F AL AN R BEAT A, AN
JAE RTE 1 A I i EL X (0 35 AT 0, I A
TePE Gl i AL X B IR k. o B ST
C o #E VHLB AL A1 PEP-2 ¥ A FE X 52 56 1] i % 1) 52
Wi o S5 R BT, PEP-2 AL AL Y ] Ui R 0] W o 1 G
MO WIAE o P22 i 8 U, £ O HE O B A 2 2B i
TURL R IR MUK S, B A /DRE 238 84 1,
M A PR e 4R BURA 0.2 pm 2T 2 4K 0
8, MU 10 ml 985 B S BOR S PEP-2 #E, 75 i FE vt
P PR 2 (9 15 TR (5% WK ) Yk 451 22 2 (1 2%
Jt, AN R R Il e R 2 o A O A T Ah PR A
WO ST, i AR R, HPLC 40 M7 45 2R th B R 2% R
TR, WL 2,
0.225
0.200
0.175
0.150
0.125
0.100

0.075
0.050

0 5 10 15 20 25
t/min

8 quinolones standard HPLC chromatogram
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Figure 2 Add chicken tissue recovery spectra
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T AR a] SR E A5 R, 00R T DG IC A GE
LEHEAT R A II T, (A T T AR I U LA A R
(1 75 5 AL 25 A, DT B AR ity v 3 i 200 12 X 9 e
4% 24 ) s e s (9 B 0T ORI 2% BT R
CRE g R P e 1) R A, X AR i R AT O 2 A AR
PR, B SO AN 22 3 Wi I 45 28 o AR [) 1) i Ak
BUTTE S HE b 0 500 A RORT €83 - A BB 3% (LC-MS/
M) i 5 2% 80AH €038 2 06 K ) 4% ( HPLC-FLD ) £
I 235 2R e BT 52 5 o5 i K (8 G PR T
AN R B UE T o AR D5 5 O R I 4% BT A 3
B E D, R E

2.6 JrESEZECR IR
2.6.1  ZRMEE A OC R KRR A PR
FRER Vb B, W s iR, R H v C ] 30.0.,60.0
120. 0,180. 0.240. 0 .360. 0 wg/1. ZFIE A Fr eI ,
H A5 Fh2h B el 15.0.30.0,60.0,90.0,120.0,
180. 0 pg/L RINEA PR UER IR, 7 iR 638 25 F AR
P8l o Wk B 5 A B I T AR AT ek Il 2 R
PP R . DA 3 AR MR L (S/N) 1158 3% 07
SE SN ZH L b 8 b 8L T R 25 24 1 ) A s FR
0.5 ~8 pg/kg, LA 10 f5{EMELL (S/N) THE %07 k1
RPN 2 ~25 ng/kg, SFSEILER 2,

K28 FHMEEZE Y M TS TR A S AR B A R PR

Table 2 8 kinds of quinolones loq, detection limit and linear equation

259 LA/ (neg/L) LT R AH G R AL o PR/ (g/kg) FE IR/ (neg/ke)
RG-S B 30 ~360 y=5.16 x10 "'x +8.76 x 10 ~* 0.999 8 25
IR R 15 ~ 180 y=1.72 x10%x +4. 44 x10 72 0.999 2 7
BN R 15 ~180 y=1.71 x10%x +4. 19 x 10 72 0. 999 2 7
KR E 15 ~ 180 y=9.37 x10%x +2.09 x 10 2 0. 999 0.5 2
B & 15 ~ 180 y=2.95x10%x +1.83 x10 2 0.999 2 7
ZRUE 15 ~ 180 y=2.36 x10%x +1.51 x10 7! 0. 998 2 7
TIEE s i 30 ~360 y=4.64 x10%x +1.31 x10 2 0.998 8 25
S FR g 30 ~360 y=7.23x10%x +1.68 x10 2 0.998 8 25
2.6.2 [ FIRG %
3 Ihgg

TE FH 900506 36 IE 5 A AN B 9 s T 2K 25 W
PR g 25 FRE i, O 43 S8 o 8 i 96T nds 4% 1) 2 s o
VW, BRI 3 AU AR E 6
k. 725 g 2 FHRER P A 10.0 pg/L B RRAR YD
AL WEMETR R MR AE VA WA 15 .30 .60 wl, fHERE A
3 RN AL gr i VR BB EE 4 B Ok 30.0. 60.0,
120.0 wg/kg, HAy 5 FhE2S FIFE S AN 10,0 png/L
M)A EVS IR 7.5 .15 30wl fii B o 45 41 45 1 ik
JEBABE 430 R 15.0.30.0.,60. 0 pg/kg, Il 75 8 s
T A 28 25 ) 76 XS TR 21 20 B S 2 R Ry 77, 6%
~98.3% AT br HE 22 (RSD) M 2.8% ~9.4% ,
R %5 B R AT, R BZ 5 A AR e Mol F IR AF, IRl
RAE R T [ X 3l R e v TR 2K 25 ) vk
R0 LK
2.7 SEBREE SR

SR AR D7 %t 315 R i HE R, b 4 4
FEYIE A (F) 27 0 K i b 2 2 0y, & i
4 670. 0 F1480.0 pg/kg, # R 7.4% , WHT 4,
K i SRV B RGA S B Ly, S ok 43.7 A
31.9 pe/kg, K % 14.3% , X A K 2k 5 178
0 G 61 0y, XY I 42y, A I 45 SR 35/ F 0 i
R TR T HUE R S R R E . H R T R
B, 32 7 ¥ T i s i ) 24 247 40 e B 1 00 O A 00 AT A
S HER .

L4 0.1 mol/L EDTA-Mcllvaine 25 i W& AE M &
W), PEP-2 AL kE #E17¥ 4k, ZORBAX C (4. 6 mm
x250 mm,5 pum) 43 E , HPLC-FLD & & ¥ i h ¥ I
1 hh R 8 A g T 2 2 ), AT AR AR R Rl
T AR TR PR, 3 T R BT Y LT, o A R AN R A
B KRR el A LR, — B LA
F T4 AE 5L B A fd g, 0 HL O ik A s PR 4 48 AR e
i 6 JE ] DA A/ X S s D 255 24 0 A D 1) A DG R

5% 3k
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[ 2] e R SR 500 bk B G 30 A SR, b I 5%y i
GIZE 5y 23 GB/T 21312—2007 S Rk & b 14 Bl 3%
T 245 ) 2% B8 ARG 5 % L VRO 8 T - R T/ R (ST dbEt
[ A ot A, 2007

(3] MBRAR. 3P 11 o g5l s 375 I 25 22 3 B 1Y oo 0RO 0, 135 G
M. a3 ,2009,27(2) :206-208.

[ 4] ARAWY, Bk, sk @AM, 5. KA @ 0BOAR 635 1 W) i 6
TR 250 [ T]. 4% ,2003,21(5) :503-506.
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WU RO AH T - HR IR B v A [T ] op [ A2 ,2008, 27(11) :1141-1146.
42(11) :16-19. [ 9] e, mfs, 2RBE, 4. UPLC/MS/MS Ml 5E shi 2H 4 b 4 Fhig
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Tl BSCROAH £1 - DU AT - A I () Joi 5% 92 () P 000
YA R 31 B -2 IR P 5]

i E.BH EIZH AP 3L A B A 8 & AR A & - AT -6 AT B 1A R 3% (HPLC-Q-TOF-MS) # 3 7
k. ik HRZ2RNHBREe/FARREES M, THRR, ODS—CIS\ZJ Je-N-v Sk mE Je 4y R (PSA) Ao R K AR
BR 4% % AL R 4% 5 , A Poroshell 120 EC-C ;4 (2. 1 mm x 150 mm,2.7 wm) % & , A ZH-0. 1% F B KSR AE A % 3
MBATHE R, AR FES T (ESI+) @ BHEX#ATHR, /\%ﬂ%ﬁ¢%~ﬁ&é\:}a:}mu%)ﬂ% kR EF S
M Az B AR (IDA)KBO_RARETREATERAIE, ER 31 s Hheh R (LOD) 4 0.01 ~
5 pe/kg, T FMR(LOQ) A 0.1 ~10 pg/ke, Fr A AL LOQ ~100 ng/kg LB A, &A% R r > 0.99, FA&.
%3 /\imichJrT,é@kJﬁ S A A e % h 39.0% ~151.5% ,RSD < 15% (n=5), &i& #HEH e
f ik RAEH,ESTHAT B-THRBSI NG HELEZNE,
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Determination of 31 B-agonists in pork by high performance liquid
chromatography-Q-time of flight mass spectrometry
LIU Chang, CHEN Yan, LI Xiao-wen, QIN Feng, WANG Ke
(Shanghai Institute for Food and Drug Control, Shanghai 201203, China)

Abstract: Objective A novel analytical method was developed for the determination of 31 B-agonists in pork by high
performance liquid chromatography-Q-time of fight mass spectrometry. Methods The analytes were extracted from the samples
using acetonitrile. After cleaning up with ODS-C,;, PSA and MgSO,, samples were analyzed by HPLC-Q-TOF-MS using an
electrospray interface in positive ionization mode. Gradient elution on a Poroshell C; column (2.1 mm x 150 mm, 2.7 pm)
allowed to resolve 31 target compounds and 9 internal standards in a total chromatographic run time of 27 min. Results The
regression coefficients (r) for the calibration curves (LOQ-100 wg/kg) were above 0.99. The LODs for 31 validated compounds
were from 0. 01-5 pg/kg. The recoveries were in the range of 39.0% -151.5% with RSD <15% (n =5). Conclusion The
results indicated that the method was simple, rapid, sensitive and suitable for the determination of B-agonists in pork.

Key words: High performance liquid chromatography; time of flight mass spectrometry; B-agonist; pork; clenbuterol;

illegal drug; food safety
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