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Abstract: Fluoroquinolones, a group of synthetic antibiotics, are widely used in the prevention and control of livestock
diseases. If overused, fluoroquinolones will pose a threat to peoples’ health. Therefore, it is of great significance to establish
an efficient detection method for monitoring fluoroquinolones residues in animal-derived food. In this paper, we introduce
readers to the types and toxicity of fluoroquinolones, and present a detailed review of recent progress in the development
of detection methods for fluoroquinolones residues in animal-derived food. It is expected that this review can provide a
reference for the monitoring of fluoroquinolones residues in animal-derived food.

Keywords: fluoroquinolones; veterinary drug residues; food; quality and safety; detection methods
DOI:10.7506/rlyj1001-8123-20210618-176
HEGr 5 TS207.3

G130k K

BT R, ARG, TG, S SR £ it o R SIS 24 A V2RI T HE R ()], PISEBIETL, 2022, 36(1): 56-62.
DOI:10.7506/rlyj1001-8123-20210618-176.  http://www.rlyj.net.cn

DUAN Ningxin, ZOU Yuting, GU Feiyan, et al. Recent progress in analytical methods for detection of fluoroquinolone
residues in food of animal origin[J]. Meat Research, 2022, 36(1): 56-62. DOI:10.7506/rlyj1001-8123-20210618-176.
http://www.rlyj.net.cn

kbR ERD: A WEYS: 1001-8123 (2022) 01-0056-07

S U T 2 2 ) L RR AR SR 2 ) . R R
M2, FEPEE . PR AR A
JEE . T2 RAEFAC, LR Z A S, B
V2R FH 18 DA sk B R A O B VR Y. B IR
IR i RN, 5 243 H R B R A Il RS
Rtthe N T IR S AR R, WA S [ B

Wk H 1. 2021-06-18

2 B B R e, B TR T A R R T 2R 2
Ytk B B R30~1 900 pg/ke™. FRIEGB 31650—2019
(B E R RS 2R KRR E) Xtz
P B R RO T R T ORIk R, mil, B
WP RAEAAL ER KR B IR #9100 pg/kg, ik
D AR R R B KR B PR 8200 pg/kg, WiV A

BEWH: JHRBEHEFEENBESHEARE SR ETH (2021B1212040013)
BAEERN: BT (1998—)  (ORCID: 0000-0003-1874-3251) , &, Wi-LWEFRA, W7 M N fh2e 2R,

E-mail: 2764593228 @qq.com

S SEE R BB (1980—) (ORCID: 0000-0003-1896-4580) , %, #3%, tH-1, WIR TR NBSILFE S5 &M 24

K. E-mail: xiao0692@ 163.com



FEAXTRREFHRBPRK

BEST

2022, Vol. 36, No. 1 57

CHINA MEAT RESEARCH CENTER MEAT RESEARCH #?%Ei@ ﬁ
TEXS PRI 1) fpe KR B B 5910 pgrkg,  SRME VR RAE 5K &7 229

SRHIAE AL LR FL IS W R IR rb Al P SO U R K 25 ) T PR i) fifk el
BESAEAETL P MY SR SR 25 )z A 2 0

AR BATEESER, ROV EANTRIR B Y] BE & FF 847
fET Al S AL 43R, JF AT RE S S50 24 18 PR ) A JiE B
L. DRI, T SR i v g U TR 24 ) i R
AT I AT B

1 meERERRGYIR SR

R ERGE R EY, BEKESEIUE
A, T HBCREIE AW . St A T R s 2
(RIS TR DR 25 W v v B, 5 LRt e ] T 3h il
SRR U I 25 24 ) TR D B T 20 A SO AR AR B A 41k v
A R ORI R TR SR S R S IR R AR £
Mo FES5H b, FTA AR 90 M Ui 5% 24 W) R A B A W U
B A% SR O hL & 1 AN e S TR S 25 T 4
4 A BIREEERERIRA Y, R, B
B2 URGERR A VE AT B F2AAEIEHREY R B
BB E RWE R BRI E . TR AR
WA FIMRAERFBE2AR LR RN, X i a R4
MREPE AL, BRI R, EERDE. AfbE
Aeiavb A, AR REI LR, B E. =iy
B, EpRAAAMD RS H R W R 2 20
AL 2 A0 R B SR IR T o

Rl EAFEEMEBMNLEARRLMR

Table1 Chemical names and structural formulae of common
fluoroquinolones
AR AR feifk {3510

1-Cyclopropyl-7-(4- r ‘ OH
T ethylpiperazin-1-yl)-6-fluoro-
BiD R 4-0x0-1,4-dihydro-quinoline-3- ENR ﬁN N

carboxylic acid

F
1-Cyclopropyl-6-fluoro-4-oxo- ‘ OH
IR T-(piperazin-1-yl)-14-dihydro-  CIP
quinoline-3-carboxylic acid N N
1-Ethyl-6-fluoro-4-oxo-T- F oH
WERIDE  piperazin-1-yl-1H-quinoline-3-  NOR ‘
carboxylicacid N N
0
1-Ethyl-6-ftuoro-7- F
Ty (4methylpiperazin-1-yl)- OH
BRVE 4oxo-1 4-dihydroquinoline-3- PEF |
N N

carboxylic acid

iy

3-Quinolinecarboxylic acid, - E
cyclopropyl-6-fluoro-1,4- OH
DR dhydro (15495 methy - DAN |
2,5-diazabicyclo[2.2.1]hept-2- N N
yll-4-0x0 ) A
- H

‘ OH
6-Fluoro-1-(4-fluorophenyl)- N N

WEIDE  7-d-methylpiperazin-1-yl)}4-  DIF
oxoquinoline-3-carboxylic acid

6-Fluoro-1-(4-
ShE fluorophenyl)-1,4-dihydro-
hhib R . .
UHDRE 4-0x0-7-(1-piperazinyl)-3- SFX HN J
quinolinecarboxylic acid
F
0 0
F
6,8-Difluoro-1-(2- ‘ OH
eyl fluoroethyl)-1,4-dihydro-7-(4-
oy
IR methylpiperazino)-4-oxo-3- FLE ﬁ N N
quinolinecarboxylic acid N Q b H
F
0 0
F
1-Ethyl-6-fuoro-1 4-dihydro- o oH
it E  d-oxo-T-(I-piperazinyl)-1.8-  EX ‘ P

naphthyridine-3-carboxylic acid h N N

2 FERmRAMNEREE

WIE RS Z5 W) — KPR, AT AE
MG BRI R T IR TE 5 A T 20 T e . JRvE
Vi 255 245 40 308 1o 0 DN AT e T o 2 22 PR e T R =2
PR A P8 B 3 AR B MR e K IR 2 P 1
S, TR T E S SOR K AA ST . B A
A AN G VAL, ST MR EROR, R
Aex @& R E KRR (HA RN
SN T B SR, R G R AR B T s TR IR
T RN B R A SR 20 SR K, IR B
MAEMIT 25 PE R RIS, B EIORNIR T BOR 2 2 2R
Wiy, T AT e T B 24K AR SR T R B
G, G U I ) B PR AR KR B R TR A Eh P
K. KEINVLREZY, IwKIGT RS IHELE Y



58 2022, Vol. 36, No. 1

Ltk

BT

MEAT RESEARCH

P EAXTRREFTHRPIRL
CHINA MEAT RESEARCH CENTER

MIBCZHZA ., B BRI OG TR, U 4l B (4 55T
ANHR AR 23 /B 375 AR 100 3 128 A 5 A G e ¥ T ) B 58 T
FIPgBE) ™0 K R VR A Rl AR I B B S0
NI RA RN, 05K S m I EL, W
A 51 R G BOR B R, A R G 5] R A
LA SO NAR IR R S8 22 7 A R R

3 BEIEERAYORDURCTT R

3.1 [EFEFEHEL

[i5] AH 25 HUE R o0 AT 4k i B B [ AH 78 UORE I 2
R B, SR A ANRE R oy B ok, JRE
YA B A T AT i B e A AR R NS SR [ Ui 4 A
Yo A AEEUE —Fh Tz B PR SR, T
ik ER . REESM GRS LSRN
LIRAVK 4N, SRIGBIR 2 B, @ — o AL
[E6] AH 2% HY AT A EE 5 v, 1% VR B R L EE ) B T
fe, T i e RICURE T - B TR O A N vk K £ Y 2R
AR R, R R N0.3~1.5 ng/kg, EERN
1.5~5.0 pgrkg, FEa P INAR B H94.37%~102.82%
Bagheri5!"*R FH — 4k & J& A HUHE 34 Sy — Bl g 2k it e
Al AFURE P BRI R 2. R R, 4
SIEANAELEX AP E . MR EMERDERLGR
UF (AR HLRE 77, 5] B BTG T8 VA YR Xe 3G A s A P 9 ot T
PR AT, 5 i SR FH e R A % - B R T %o B2 1)
HAsdA T o, SBANHEREGIRES.
R KA PSR, 3T T AR 2 B 1 2L Y
VAR &
32 [H-EEH

[i] - 5 2 E vk 1) P 2 ) A ] A ok w9 R 9 1 )
R/ T HAp, ZREREERE . I EB.
JohnstonZ4" Ui ] 2, fi5 351 3R L 23 b SR B M, ) 3R
B0 I RE R B B8 22 A X SR BRI AT Ab 3, AR R i
A 5 OB € - B I T 1S V23 [R] B 40 i £ L o A £
f R 8 P TR IR SR R TR R 2R 250, SRR, FTE
SIS T RIEFRIECE, E 8RS ngkg (AR
WE N0 ng/kg) , MR A1~3 pe/kg. AHLLIR-
%, W -REERGE R LA BOR it 5 TR v e,
AORE TR B R, 48 s 2 T B TR UL 6
3.3 O HUR-EEEL

I3 B -V AR B — b R = o T A & ) Y
BT R AR, Bl TR [ 3 R 2 A ML
EAMTENAL G E, FAR SRR R SEHU
(R A . 23 B -V B U R — Tl g PR 79 2 X
Tk, SHAOTT B, AR KK, Moemas™
BN WO - AR U v, T XS R R 3R H6 il

S U TS 25, AT R R - R R AR T 2 X
I3 O - A BB U AT e b . 5 SRR, TR
N, kR R N83% ~102%, iR N5.3~
18.5 pg/kg. TsaiZ"FHF R 7 —FR Gk, kAT b
B B R IR A7 B GREY, AR TE
LNE-1.5% =T L FR-FACEN R S, @it 2 BOR - A
B AL, 5 AR B TA) 2 3 23 ok B T Ji e el A f b ke
BEATRLI o b7V B AR SSAE AN /b B S A 7 R AT
SERIFLAN E 4.
3.4 PEFENT

o PE SR A E T & — PP Pk o & vk, BRI
YU PR B B AR NI iR, R¥FFILG GRe ), B
li] 7 7E [ AR SRR R b o Bl JLAE, SR FZE T
o 396 R M AR A L R T R & B RR B A T TR T B
Yang Yamei%$O 28 T — PO BUR A R A 7 1%, BL
it flg 2 P Ay 2 S o) 6 — oIT PR B 0] Tl i 25 245 0 1) 5
AR VR YU, X R S 6 MR A
X G TE 31 %~ 112% ;33— 5 {8 Bk Y 28 55 Al
JENT S TR 2 B 4 R R AL A ZE 4 r A 13 s i i 2K
6 PRSP AE 2, 5 R FH VR il - R I VR R AT
. g5 FERY, NAF19 FitAdE R ERR RN
0.5~3.0 pg/kg, MPREENT2.6%~107.6%. BLIEA
PR 28 J2 BT 325 5 AU A FH — Tl b 4 P40 £ 35 92 53 1 J2 AT AH
b, s LRI S B2 A M se 1Y, T ke
N AR
3.5 ArHEFHAEEL

e A AEE:, PR AQuEChERS (quick, easy,
cheap, effective, rugged, safe) , J&20035HEH A —Fh ik
LA, BRMY. ARk RAeRREECTIEY, WM
WEEI A R B2 P E LB, BT, i E A 2R
O T s IR v & R R AR 2 S 2 R 2 iR R oy
Hr. Lombardo-Agiii%5™ F| F§ QUEChERS-# i 2 A
it - B PR T Y S R R T8 A FH e i T SR 24
Gy L W T R R R S M AT VRAG, SRR
W, L& BALAES min iy 58 &, Xt TR —Hite 4
FEd, BEANNE AR CEFEFE AR AN 40 min.
T A A N7 T D[R] A o AR WA S AR B AR L
W R4 R U R R T Tk, RH
QuEChERSYAHFATHE M AT AL HE, £ UK 4R- OG- /KR
(1:84:15, V/V) #2H, Discovery®DSC- 181t 75
1, v RCTROR - 5 R TG R S AT RS, i R
BE-0.1% B A4 RAE IR sh ARG B FR 20 3E4T B B2 e it
2 N WA SR o 2 AT A R R A B R I
B R EE . Hu KaiZ5 @it i o migs & O, K&
FABM I U S =R RL T 505 T BRAA 1,3,5- — H kit
() 2R = Ty 12, 5- 28 B AR S B, 1) 5% VR A5 A P i



FEAXTRREFHRBPRK
CHINA MEAT RESEARCH CENTER

BEST

MEAT RESEARCH

2022, Vol. 36, No. 1 59

Eikib

I A NE ZRE AR, 33— R B AR 43 s A
REEUARE, 87— s B0 52 6 b AR BAZ RIS 75 AN
WA I TR . SRR, BE BRI sh FA
SV 5 R 21 25 0 (R0 0 [ UAC %643 1) S 95.8 % ~ 1052 % il
94.5%~105.8%. 5[EFHAEHGEAH b, F9 HE A AL UL 1)
Fase Ry, itk 7RIS DI, BANEFEE D,
[ B AT AR A e el i
3.6 ArELHIE AHAEEL

43 BT R B A Do B A R v L SR BT LB I
NEGA BRI B8 T, @diie. k%% 07 0%
R0 H AR BT EORE B T KR R R I N 1R B 75
WK 93 BT IR B AR Ok o T A D [ A
REEUHE A, 43 HOT A 2 K IR B 51 23 30380 o 2 o B
FLREHC R B R AN H FR A 22 18] (25 U fid A R
TS BEANEEARE . VakhZEPO5E T 1554 B A 2
Wiy, EHZERAS, KNSR IGEN E 43
R R B 25, RHCe . Tb' . SO 5Zr-Fe-C
Tl P 20 DKL - 25 4 T A T S T AR A EOR L, 7K AN
REENEH Z IR RGN B0 h, MIfifE
A L35 o rp o O A 2 R O R I O VR R 2R 25 . 1R T
DAY B i A R RE, 2 il o 25 SR 0 S T
3.7 I SRR AL

R s I A 2 HUAE SR R I S M A S 2 B 5) AT
IR BB AR T BRI 2 4y, MR S0 R AN R 2R AT
RE B G AR BRI, HA SR T B
I A7, PRBOE AR N A%, Shen Jingyu2s ¥ [ #8
I S A RE UL SR S N R i b B AR 2, @it
e RIS E, AL IE TR AR ZE IS A, XS AR
R ISR 2 R R R R, 1K FT70%~87%, 1%
AUACERH R TE T e — D R s e, (AT 5 A .

4  FEBRERLDEIRNT A

4.1  ERCEAR RS

TR AR A i v 2 ARy R &R B sk IR AR R T B
A, AR A SN S E e R A EAER, BTt
BER &AL OV R G 7 2 57, Rk, #4195
SEM Z B AE R JIASTE, AT SEBL /3 o 1 ROBAH (3
VERN— R B BA, BEMRH. R, aTH
W 2 %8s, B ZNAT MR 2 MEEY
()78 PR E B T 4 B i e ARl BRZ54k 1. BRERIR
AT, 810255 A 15 -14—2008" 152, 3
W B W R T TR SIS 24 W R B TR D T v D R G AR
k. 7 7k T CHR) P v S € - 2K G I 2% it
EHIE R S R . R VD R A B D B3 R SR
25 5% B AT, 3 PR (RS D PR 24141500 pg/L,

PAL it o B b (BT 0028 9 82.0% ~105.6% . Yu Hu%ER
I 25 I [ A 43 5 o A € 4 A R R I A A
0% [F) B 000 o A AH 2 S0 i A 2 L A 2R R DY PR R 3K
e, I INFR R N80.6%~103.1%, i HEA
0.007~0.034 pg/kg.

42 PRAH -

WA T - BRI R 25 A T (B 10 43 85 A8 R0 50 1 2
PERE ST, RO Ab A AT SRS AE L O 1 T R
BN SRR R EAE LG, O R - S R
B WA SOE R BRI, BhAh, 5 EIE-
JRRERAR B, TRORE - R R A 4 B AN A
RS E A B W B R T R TR R A B
EREEYH ST — R 5 SR R R R 259
Bk B B fIQUEChERS-JR AR (1 il- B3 e iy, 45 SR,
BRI AR A PR 3.0 ng/kg,  5E R 4.0 ng/kg,
InbR W% 61.0%~105.2%. Tian Hongzhe!™ 8 7. 1 K il
AP AR BT R 29 Pl 255 B 1WA (- 5
vk, %7V E IR N300~1 450 ug/L, IndwEIRE N
T1%~107%, BT SERRAE S AR AR 255k B R e
43 RESHTHEAR
43.1  FEER G

Pl B 2 v 08 0 B R S AR I e R MR A A R I
() R AL SR AT M5 5, Az W v 0A 3 v R B
B BREK G v n] s EAT AR J P, F TR IR R E
BEREY RS R AR VE A RN TR, o —
Tt S5 T OR B B A 14D 100 4 5 4 B IEG S e W B2, T
AV Sk BV B AR, KR 94.323 pg/L, %
AT R N THUE A Ik g IR, PPUR S ik
EECRIEEE . Tiang JingiangZE PR vb v vb i@ i
B 0 AR Bk v A R A 8 JE AV e DR, R i 40 e
GHARA R R R ERR, R SR
st R A U T 24 ) R T ) S A I R S vk, SRR
B, RS b R v B R 0,002 pg/L. AR
DRI BT B BT O JEAE, W BRI A B AR IO BT
J 5 A BT R S EEAT AR B, SRR bR PR e
FFIR S RV I s A L. XS PR o DAY AT ) e i T
B. S5, ZIEEMRA~0.15 pg/L, InksEERA
70.0%~121.5%.

432  WERICRNF R RIS HTIE

P R B A 32 BT A R B & A R
22 R IR TR R B T 8 RIS RO i &
GuR R R I e N, TR buik. B P
JE L WS TR I AR o L Jie S U T G50 U4 I
AT DA 5 R R AR R 26 B R B 2 T A RO R
N, S S T 2 3 o U 2R A A R R A
RGN E T7iE, K 4 BN 8 5 A 3 BV i LR



60 2022, Vol. 36, No. 1

Ltk

BT

MEAT RESEARCH

P EAXTRREFTHRPIRL
CHINA MEAT RESEARCH CENTER

VR, R R 1 H P IAR ENRCE N 93.6% ~107.4%
H 18] A0 bz [0 %9 92.98% ~102.30%, A IR A
1X10* pmol/L, 2RI RG5> T ENBE AR NI A8
S U T 2 24 0 TR DN R B R R R B PR AR BB KR A
Tao XiaoqiZ5 g v — P36 T- s 1] 45 1 BERAL S R Ob e 4
(BRI S v, T f SRR b ) U Tk B, 5
G L ERTINEAR L, A0 R GBI G e W P i35 42
T RPN RS, WD RN R N0.2 pg/L, FR
PRID AN B D B A HE PRI F-0.2 pg/L.
433 k& RsEENTiE

I A 465 938 2 AT V2 A g AR S A )L DR B A A LA
. BRI S Rk & bR PR Ss & . dksing
Fo WA B e R AT, AT AR W 5% ) I 4 R,
PR A 4 G 28 J2 A9 T AR 50 I [ P SR A 45 L, i PG
G 5 B AT A AR RIS AL I FE . Zhu YanZ5
B 1 — P RS I R UL PR 12 o g e R A
R T B AR I R B % R AT IR AR S, S TR S
[ 58 FEAH R AT 4 M LBt JEi s e, SR AR AE T,
IR BN S R 0 B AR PR 25 ng/L, oAt ng
T I AR R 50 ng/L, 1275 1 AT AR g i i 1 3
PR B P R R R 2R B i T . ByzovaZg
FIFH R AR BT 1) 2% e AR S DR R Y, B E R
(G JZE BT E 7735, IR S AR e i AURLE T R A Bt
LI AR Al fh 1) G g2 BREE (1 slRE SR BUAR, X H 15 A Rk
HREERS, HARW B Z%75En 1T R
AW 5P AT A R G 1 i 4% o
434 BRI EE

DI A T B 2 5 B AR T 1 % A i,
BRI LR MR, 2 — e R 8Os F
B, HAERmrEE. mlEER. STHMERERS.
Hu GaoshuangZ5"JF & 7 — R T 56 Mgl Kohi 1 15
FeABERAR, A S IR B G U B 2
LELRW, BT R IR AT X 10 ug/L, AR
W BRI E AT R IR [ 2 N 82.37 %~ 132.22%,
27 VR SV U I S e R = A I B G IR KA B, HoAk
HRIET L, T AR AT ] T AL BB T BB EAT AT, RER. K
TP AL TSN IR PTV B UR S PO ER AR IL R
VO BT HUARARI,  H T — b 1R 2 RO S SR AT
i, ATFNEEFRPHRRD R, Bl RE%4Y
BRH, =R/ T0.96 pg/kg.
4.4 LRI

A TR A5 2 A T 0 1 s 2 P A 2 S R R 1
MV S 5 F AN e (5 5 BB (S S AT R
56, R B R A b, A R vk A R R
RBEE S AN Rl a7 B T 4% A
Song Yinpan®5P G i HL AT AT BRI 9 K 45 4 10 A AR WL

SRERANVAEL, FHEETZE B YL — il e B
Wivb B A R E AR AR B, RV BRI R N
2X 10 "pg/L. Liu Xiuying% ™ A ) A0 1 Bk 1D &
TE G AR [ 7E 7E b e g R ORI R T, A O A SR
WE S ERREEY, #— PR ST s AR
HENGR AR SR E ST RE, BREEDEE
B ENRCR A EFIZEFLI o ZIE BLAR- 5 T ED I R A /40K
WRLR &L K RG] AN 2B PR BG5S 8, A
() AR it R LV D B TR bR [T 2 O 87.05% ~ 96.24%
K PR SE B R 2> ) 8 0.04. 0.12 pg/L. ZALEK %
PEREMEL . B S, BRet R &M,
Wang MinghuaZ5™°151,3,6,8- I (4- FF i 3 5 35 ) EE AT = R 4
8k I P B AT A SR RN, AR A A LR R,
S EET N A WU G — P F b 2l AR A B, AT
RTINSV B2 MU R AT m R U, T
PR EVD S R AR ) A4 X 1075, 6.07X107° pg/L,
BIbR ENA 245 5 999.5% ~103.0% F1101.0% ~ 112.4% .
FH AL BRI Fa AL AL AR, 1% Fl AL A S O AR R A
e 5 Ak A I 7 VA A S G, AR IRV S AW
) R AP AN B K B

5 & &

TRV R R LA WAL E R AEWRI R
) T T AR IT K& e . (RIS S IR 1
A it P SR T R S P AE 2RI R BB AR AR R
A, TR 2 PR AR A 0 P B TNt Y o 3 R AR R B IR 2
Kt — N E Kb . FREEXFRHEGB 31650—2019
(frih s E AR i TP 2 KR R IR ) X AN
i PR TR A R AR R E TR KRR R, R,
BT R A I A U R A 2 0 B A U ke
TREEZNIEE S S A EEEZE . Hil, &P
WS T R A R 2 R ) v T B R O A R VA
WS R AT RS . T s
A it SR v U A 2 24 4 1) Bk B AR R o R T ) R
PR, EIN E BT R A ALEE v BE S R H RR A
VAT A R AR s 4R . BE A B RO RGBT A R
AWTHBLAUR R, JER M H RS &R, DL
SRR D B Y AR L AU SR, #E DR
R R U T 2R 2 R I ) B L AR E MR, T
R v R RS A U 4 AN 2 A 5 A 9T LA I 2 R

2%k

[11  GHORBANI M, AGHAMOHAMMADHASSAN M, CHAMSAZ
M, et al. Dispersive solid phase microextraction[J]. TrAC Trends
in Analytical Chemistry, 2019, 118: 793-809. DOI:10.1016/
j.trac.2019.07.012.



FEAXTRREFHRBPRK
CHINA MEAT RESEARCH CENTER

BEST

MEAT RESEARCH

2022, Vol. 36, No. I~ 61
Lk

[2]

[3]

[4]

[3]

[6]

71

[8]

[9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

HAIN E, ADEJUMO H, ANGER B, et al. Advances in antimicrobial
activity analysis of fluoroquinolone, macrolide, sulfonamide, and
tetracycline antibiotics for environmental applications through
improved bacteria selection[J]. Journal of Hazardous Materials, 2021,
415: 125686. DOI:10.1016/j.jhazmat.2021.125686.

MADIKIZELA L M, NOMNGONGO P N, PAKADEV E. Synthesis
of molecularly imprinted polymers for extraction of fluoroquinolones in
environmental, food and biological samples[J]. Journal of Pharmaceutical and
Biomedical Analysis, 2022, 208: 114447. DOI:10.1016/j.,jpba.2021.114447.
TUREL I. The interactions of metal ions with quinolone antibacterial
agents[J]. Coordination Chemistry Reviews, 2002, 232(1/2): 27-47.
DOI:10.1016/S0010-8545(02)00027-9.

The European Medicines Agency. Commission regulation (EU)
(2010) No0.37/2010 of 22 December 2009 on pharmacologically active
substances and their classification regarding maximum residue limits
in foodstuffs of animal origin[S]. 2009-12-22.

Codex Alimentarius Commission (CAC). Codex alimentarius
international food standards: maximum residue limits (MRLs) and
risk management recommendations (RMRs) for residues of veterinary
drugs in foods: CX/MRL 2-2018[S]. CAC, 2018.

GOUVEA R, SANTOS F D, AQUINO M D, et al. Fluoroquinolones
in industrial poultry production, bacterial resistance and food residues:
a review[J]. Revista Brasileira de Ciéncia Avicola, 2015, 17(1): 1-10.
DOI:10.1590/1516-635x17011-10.

PANG Guofang. Fluoroquinolone[M]//Analytical methods for food
safety by mass spectrometry. Salt Lake City: Academic Press, 2018:
375-410. DOI:10.1016/B978-0-12-814165-6.00011-7.

MARTINEZ M, MCDERMOTT P, WALKER R. Pharmacology of
the fluoroquinolones: a perspective for the use in domestic animals[J].
Veterinary Journal, 2006, 172(1): 10-28. DOI:10.1016/j.tvj1.2005.07.010.
WIDIYANTI P M, SUDARWANTO M B, SUDARNIKAE, et al. The use
of enrofloxacin antibiotic as a veterinary drug and its residual hazards on
public health[J]. Indonesian Bulletin of Animal and Veterinary Sciences,
2019, 29(2): 75. DOI:10.14334/wartazoa.v29i2.2015.

B0, SRR 2R R a0 SR D]. & &Rk, 2018,
14(12): 43.

M. B TS 2k AR N EE SR []. £ MR, 2020,
11(28): 46-47. DOI:10.19345/j.cnki.1674-7909.2020.28.026.

AT RIRE A ARG ER BASI HRE S AT AL BEEOR D], i 4
Fil, 2020, 33: 172-173. DOI:10.16043/j.cnki.cfs.2020.33.114.
RIS, TRAETT, A5 TR 2 BRI ] R A - i O
T - IR 5 VA I8 7 i DU 2R SR G T T S 245 490 5 B 0],
ik, 2021, 39(6): 624-632. DOI1:10.3724/SP.J.1123.2020.12026.
BAGHERI N, LAWATI H, SHARJI N, et al. Magnetic zinc based
2D-metal organic framework as an efficient adsorbent for simultaneous
determination of fluoroquinolones using 3D printed microchip and
liquid chromatography tandem mass spectrometry[J]. Talanta, 2021,
224:121796. DOI:10.1016/j.talanta.2020.121796.

JOHNSTON L, MACKAY L, CROFT M. Determination of quinolones
and fluoroquinolones in fish tissue and seafood by high-performance
liquid chromatography with electrospray ionisation tandem mass
spectrometric detection[J]. Journal of Chromatography A, 2002,
982(1): 97-109. DOI:10.1016/S0021-9673(02)01407-3.

WANG Qiangfei, CHEN Renji, SHATNER W, et al. State-of-the-
art on the technique of dispersive liquid-liquid microextraction[J].
Ultrasonics Sonochemistry, 2019, 51: 369-377. DOI:10.1016/
j-ultsonch.2018.08.010.

MOEMA D, NINDI M M, DUBE S. Development of a dispersive
liquid-liquid microextraction method for the determination of

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

311

[32]

fluoroquinolones in chicken liver by high performance liquid
chromatography[J]. Analytica Chimica Acta, 2012, 730: 80-86.
DOI:10.1016/j.aca.2011.11.036.

TSAI W H, CHUANG H Y, CHEN H H, et al. Application of
dispersive liquid-liquid microextraction and dispersive micro-
solid-phase extraction for the determination of quinolones in swine
muscle by high-performance liquid chromatography with diode-
array detection[J]. Analytica Chimica Acta, 2009, 656(1/2): 56-62.
DOI:10.1016/j.aca.2009.10.008.

YANG Yamei, WANG Yadan, NIU Rui, et al. Preparation and
characterization of chitosan microparticles for immunoaffinity extraction
and determination of enrofloxacin[J]. International Journal of Biological
Macromolecules, 2016, 93: 783-788. DOI:10.1016/j.chroma.2008.08.116.
LI Cun, WANG Zhanhui, CAO Xingyuan, et al. Development
of an immunoaffinity column method using broad-specificity
monoclonal antibodies for simultaneous extraction and cleanup of
quinolone and sulfonamide antibiotics in animal muscle tissues[J].
Journal of Chromatography A, 2008, 1209(1/2): 1-9. DOI:10.1016/
j.chroma.2008.08.116.

ARIAS O D, LUCAS J, BATISTA-ANDRADE J A, et al. Chitosan
from shrimp shells: a renewable sorbent applied to the clean-up step
of the QUEChERS method in order to determine multi-residues of
veterinary drugs in different types of milk[J]. Food Chemistry, 2018,
240: 1243-1253. DOI:10.1016/j.foodchem.2017.08.041.
LOMBARDO-AGUI M, GARCIA-CAMPANA A M, GAMIZ-
GRACIA L, et al. Determination of quinolones of veterinary use in bee
products by ultra-high performance liquid chromatography-tandem
mass spectrometry using a QUEChERS extraction procedure[J].
Talanta, 2012, 93: 193-199. DOI:10.1016/j.talanta.2012.02.011.
FEEL, HHTF, KR, 45, QuEChERS- i 0BUHH (- o i e
VIR AN 2 IR T i 15 i v AR SR AT 30 R 350 R & ). W
FHIFFE, 2020, 34(3): 51-57. DOL:10.7506/r1yj1001-8123-20200131-023.
HU Kai, SHI Yanmei, ZHU Weixia, et al. Facile synthesis of magnetic
sulfonated covalent organic framework composites for simultaneous
dispersive solid-phase extraction and determination of B-agonists and
fluoroquinolones in food samples[J]. Food Chemistry, 2020, 339:
128079. DOI:10.1016/j.foodchem.2020.128079.

VAKH C, POCHIVALOV A, KORONKIEWICZ S, et al.
A chemiluminescence method for screening of fluoroquinolones
in milk samples based on a multi-pumping flow system[J]. Food
Chemistry, 2019, 270: 10-16. DOI:10.1016/j.foodchem.2018.07.073.
Wik . I S PR A RBOR B 7 5 R D], 3 TR, 2021,
50(1): 55-57. DOI:10.14029/j.cnki.issn1004-0935.2021.01.016.

SHEN Jingyu, KIM M R, LEE C J, et al. Supercritical fluid extraction
of the fluoroquinolones norfloxacin and ofloxacin from orally treated-
chicken breast muscles[J]. Analytica Chimica Acta, 2004, 513(2): 451-455.
DOI:10.1016/j.aca.2004.02.065.

o R B 24 it M 2 T S P B b R TR SR 2 R R
RO iz 510255 /4 #5-14—2008[S]. Jbat: o E Ak
htt, 2008.

TFHET, SR, T, &5 K0 b O T R 28 25 Wk B R DI
AW T[] 5 H S 4EER, 2020, 36(11): 3-4. DOI:10.3969/
j.issn.1673-4092.2020.11.002.

TOLDRA F, REIG M. Methods for rapid detection of chemical
and veterinary drug residues in animal foods[J]. Trends in Food
Science and Technology, 2006, 17(9): 482-489. DOI:10.1016/
.tifs.2006.02.002.

T3 7K I, Wiz, SRRRH. o RO C AR I S P 1= it v 3 R i
W R S 2 T BRI AU 0], P2, 2019(11): 44-47.



62 2022, Vol. 36, No. 1 P RWF5E e
#%ﬂiﬁ E MEAT RESEARCH CHINA MEAT RESEARCH CENTER

[33] YU Hu, MU Hui, HU Yinmei. Determination of fluoroquinolones, sulfonamides in foods[J]. Nano Research, 2017, 10(8): 2833-2844.
sulfonamides, and tetracyclines multiresidues simultaneously in DOI:10.1007/s12274-017-1490-x.
porcine tissue by MSPD and HPLC-DAD[J]. Journal of Pharmaceutical [46] ZHU Yan, LI Lin, WANG Zhanhui, et al. Development of an
Analysis, 2012, 2(1): 76-81. DOI:10.1016/j.jpha.2011.09.007. immunochromatography strip for the rapid detection of 12

[34] HER, ZH, R, 2. QUEChERS-JRAR (O o 1565 3 5k il 72 sh fluoroquinolones in chicken muscle and liver[J]. Journal of Agricultural
RV Fr i b v U R 2 B R D). VO B A R 2k A, 2019(6): 1-5. and Food Chemistry, 2008, 56(14): 5469-5474. DOI:10.1021/

[35] TIAN Hongzhe. Determination of chloramphenicol, enrofloxacin j£800274f.
and 29 pesticides residues in bovine milk by liquid chromatography- [47] BYZOVA N A, SMIRNOVA N I, ZHERDEV AV, et al. Rapid
tandem mass spectrometry[J]. Chemosphere, 2011, 83(3): 349-355. immunochromatographic assay for ofloxacin in animal original
DOI:10.1016/j.chemosphere.2010.12.016. foodstuffs using native antisera labeled by colloidal gold[J]. Talanta,

[36] LIU Long, ZHANG Aihong, WANG Xinghe. A sensitive and simple 2014, 119: 125-132. DOI:10.1016/j.talanta.2013.10.054.
enzyme-linked immunosorbent assay using polymer as carrier[J]. [48] SHEN Xing, CHEN Jiahong, LU Shuwei, et al. Fluorescence
Biological and Pharmaceutical Bulletin, 2020, 43(5): 757-761. polarization immunoassay for determination of enrofloxacin in pork
DOI:10.1248/bpb.b20-00048. liver and chicken[J]. Molecules, 2019, 24(24): 4462. DOI:10.3390/

[37]1 WMl ddh, RALER, S5, BRI S W AR A I S P U L A molecules24244462.

RAE BAR )], iR, 2017, 38(8): 239-243. DOI:10.7506/ [49] HU Gaoshuang, SHENG Wei, ZHANG Yan, et al. A novel
spkx1002-6630-201708037. and sensitive fluorescence immunoassay for the detection of

[38] JIANG Jingiang, ZHANG Haitang, WANG Ziliang. Multiresidue fluoroquinolones in animal-derived foods using upconversion
determination of sarafloxacin, difloxacin, norfloxacin, and pefloxacin nanoparticles as labels[J]. Analytical and Bioanalytical Chemistry,
in fish using an enzyme-linked immunosorbent assay[J]. Procedia 2015, 407(28): 8487-8496. DOI:10.1007/s00216-015-8996-4.
Environmental Sciences, 2011, 8(1): 301-306. DOI:10.1016/ [50] X4k, M ThT, SR, 5. I 23 P08 S 55 AT 8 R R AR 4
j.proenv.2011.10.048. R R IS 0], £ TR, 2020, 41(18): 239-243; 251.

[39] ARl =20 BEARSUR BLHETE S ELIS AR I £ b i 40 U DOI:10.13386/j.issn1002-0306.2020.18.038.

KW 2 TR R I]. &R, 2015, 36(24): 265-269. DOI:10.7506/ [51] FARIALV D, LISBOA T P, CAMPOS N D S, et al. Electrochemical
spkx1002-6630-201524049. methods for the determination of antibiotic residues in milk: a critical

[40]  AR&EIH, BXCRIEE, TR 42Ot M. dbat: 42 Tk iR review[J]. Analytica Chimica Acta, 2021, 1173: 338569. DOI:10.1016/
£, 2008: 9. j.aca.2021.338569.

[41]  ZUE, B, B, 5. (05 k6l G e il A4 W b 3 i i [52] CAPOFERRI D, ALVAREZ-DIDUK R, CARLO M D, et al.
FRZSZ59[0). & s ik 78 51 &, 2013, 34(16): 78-81. DOI:10.3969/ Electrochromic molecular imprinting sensor for visual and
j.issn.1005-6521.2013.16.022. smartphone-based detections[J]. Analytical Chemistry, 2018, 90(9):

[42] LI Jie, LU Siying, XIANG Jianxing, et al. Class-specific determination 5850-5856. DOI:10.1021/acs.analchem.8b00389.
of fluoroquinolones based on a novel chemiluminescence system [53] SONG Yinpan, XU Miaoran, LIU Xiao, et al. A label-free enrofloxacin
with molecularly imprinted polymers[J]. Food Chemistry, 2019, 298: electrochemical aptasensor constructed by a semiconducting CoNi-
125066. DOI:10.1016/j.foodchem.2019.125066. based metal-organic framework (MOF)[J]. Electrochimica Acta, 2021,

[43] TAO Xiaoqi, CHEN Min, JIANG Haiyang, et al. Chemiluminescence 368: 137609. DOI:10.1016/J.ELECTACTA.2020.137609.
competitive indirect enzyme immunoassay for 20 fluoroquinolone [54] LIU Xiuying, REN Jing, SU Lihong, et al. Novel hybrid probe based
residues in fish and shrimp based on a single-chain variable on double recognition of aptamer-molecularly imprinted polymer
fragment[J]. Analytical and Bioanalytical Chemistry, 2013, 405(23): grafted on upconversion nanoparticles for enrofloxacin sensing[J].
7477-7484. DOI:10.1007/s00216-013-7174-9. Biosensors and Bioelectronics, 2017, 87: 203-208. DOI:10.1016/

[44]  BEWI, SRPCE, FMER, 5. B G S 2 M BOR T2 £ iRl j-bi0s.2016.08.051.

FORAE R A dr[d]. R E A, 2021(5): 111. DOI1:10.3969/ [55] WANG Minghua, HU Mengyao, LIU Jiameng, et al. Covalent organic
j.issn.1000-1085.2021.05.055. framework-based electrochemical aptasensors for the ultrasensitive

[45] CHEN Yanni, LIU Liqiang, XU Liguan, et al. Gold detection of antibiotics[J]. Biosensors and Bioelectronics, 2019, 132:

immunochromatographic sensor for the rapid detection of twenty-six

8-16. DOI:10.1016/j.bios.2019.02.040.





