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OE BEE A A BTEOR H g R B PR AR O ) DR MR E AT R B A 4
WA . AT BT LR B 2 6% (Surface-enhanced  Raman  spectroscopy, SERS) AR &56 H W &
Ry PR T AR BRI G, JEN T B BORIH AT ) 2GR 2 RhET IS DU A: R D BRI YD R
PRI T FIIA TR T 5 AT E XS P (3 R GG . 2 R 500G R i i LR VD BEFBRIN T B 45
R, SR 1 ORI 61 - R BT (High-performance liquid chromatography-tandem mass spectrometry,
HPLC-MS/MS) AR LG, AT @7 19 SERS Jr 123 58 PEER (7T A R4 E 2 FhES AL s LA 3R ) o o Bl &
(RZEAE 8.2%~14.4%EFEN) . R & (el TR R LR 100 ng/L KSFE ), AT B & s il 2R . 4
WFFEHEEN I SERS R v S5 IR . 4R E bR , T T S BRRE it b s Ty R 28 25 ) F) DRl 7 A

KA MEVRISHTA R KGRER; RIS EOLRE; ATk

WSS 2 (Quinolones, QNs ) JE—264 itk K25, INHHL i AMIG . Tkt bt
V2 BT DR | A SRR R I T R e 45 Lol A SR B A Y VSR 0 U AT AR
M7, QNs Ml S BOLAE S Y IR & 5 b R B AR B IR0 R U . SRR RON ARSI AEAR R S
BLBI0] Hdp Ri#Evh 2 (Enrofloxacin, ENR) FIFR AT (Ciprofloxacin, CIP) g 2 Fh UL A s BH 241 A4
R, W T ohiEE b, X, 2 ER A LU E BRI s A 1F 7 & S gR i QNs 254, Bl
an, REFEEITLAS IR ENR, H-H e HAE 0T & H sl 41 U] & o i i K5% B (Maximum - residue
limit, MRL) 4y 100 p/kg "5 BRELBR G 34 15 2 it e 8 FhnsiARZS 2500 MRLFEIEL A 30~800 pfke''™;
e [ [ 58 B i 22 A HE GB/T 31650-2019 HRHUE S IR £ dh FP AR S 25 %) ENR 1 CTP Z A e K
SREE RN 100 pg/kg o JREEMETRERE 25 R VERNE BT A AR A A RIK A S R 2 4
8y e 2H B, U 3 BT ARSI SIS R 2 —

FH T MU IR 2 25 ) B AR B R AR 22 TR 1 AR 00 i o 2B a0 Ar . G o B RO 3 i 5
WA SRS FEH (Gas chromatography-mass  spectrometry, GC-MS) . WA (2,33 - i Bk
H (Liquid chromatography-mass spectrometry , LC-MS ) F1 = 50 AH €613 - 58 B¢ 5 15 B FH (High-performance
liquid chromatography-tandem mass spectrometry, HPLC-MS/MS ) 553 (4 1% %) 5 b DR - o R | =i
BRI AT SERE TS 2032 R, P, HPLC-MS/MS J7 vk PR AR 28 we/kg ZKF-BOAG H BE ), A S22
FRUEEVERE BT HOR , I AR GB/T 21312-2007 iR 11023 9RTHT , 33086 )7 B 7E S BrAE Al v
JIFE T AL L PR B A%  FERH (RTIREU NI ) E LA 2 98 & /A L0 2 TOAE S ) v I RO A 5K

PRI T 2T (Surface-enhanced Raman spectroscopy, SERS )4 AR PR H £ & AU +8 80 (5 B ATm]
BT R 5 FLUY  © SO IR R T VE RS BT A TR0 Bl 2481k SERS JER Y &
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J& BRI SCBL TR OAE 2 A0S R A DRI SRT R A 2R R P B QNs MR
R AR B A B AR 4 O ELIURRARE i 4R 00 5% 4003 308 7 mg/keg AT LA R
YRR O BER o SCHRIGE A DU RE 75 5 BR T It i, 1 At X SIE BRI B9 T IR o ) 3 A P s el
EJLIRIN

ARHFFE LA S rh 2 Rl iR s R 247042 2 ENR FI CIP O HAR /7 M8 T —Fh LT SERS HiAR 1Y
PRI 77 . 456 B BWFA R SERS-FO306 MEifEiZShrA: R AL S RTAL R £, 5 min PIRITT 58 BT
X AR S e/kg OKF-1G 2 R RS ST A R PGETfiA . 5 2 HRAE Y SERS FriEHH L, A7 k36
FL e RO PGH R 9 M B BT RE T, T R B R PO (1 K

1 SCIGESY

1.1 XSE5RF

B&W TeK $i7 6 TEAL (B&W TeK JEHL R (1) B R/AF] )5 UV-1780 EAMr e (H A
Shimadzu 23 w] ) 5 S-4800 4941 FiL 5 345 ( H 8 Hitachi 24 H]) .

ENR I CIP bR i (465 =98.0% , [ e AR A FRAF] ) s ik HC1. & HNOs;, AgNOs,
Nal, NaBr, NaCl Fll NaF (4if =99.0% , FE 258 R IbAR R A BRA R ) 5 —/KFF IR =40 (4l =99.0%,
PUBE AL T AR A FRZAF] ) 5 SERS-F0306 METAHHZSHT A ZFE it i b B & (T 32 G0 AL A BRI B R
A7 CRBR R, BT RGO B BRA ) o 5250 K Ak (R = 18.2 MQrem) , H
Direct-Q 3UV 47K &%t (3£ E Merck Millipore 22 7)) il #1521

FH0.01 mol/L. NaOH YA # 1.00 g/l ENR F1 CIP FRiEREAT , MG HURAE , BERR 3 > EHTi
file E/KH M HCI-H HNOs (3:1, VIV)FLLBIR-GTCH] . S50 P FH BN 28 T /KR 30 min /&, DA
LK
1.2 ZWHE
1.2.1 SRAKHKITF(AgNPs)HIH FFRAE

15 FH 25 L AR AT A R 30 ks il % B H P PR R 49 KR F- (Silver nanoparticles, AgNPs) 14 44 K ki -
(Gold nanoparticles AUNPS)W"WO

i I HL - B.43005% (Scanning electron microscope, SEM )X} AgNPs Fll AuNPs #4753 10E , 48 11 HokE
RO NG, 43R AgNPs Fll AuNPs 47T 9 M PATHER B OGS . RiAR 2 A 18 0 R —4F R A2 At
FE I O H RO SR BT S1~84) .
1.2.2 SERS#&

B 1.5 mL AgNPs T B0, L 5000 r/min B0 5 min, 25 FIEWRE , A 300 WL H4liK ., ¥
% AgNPs I S FRF AT 1 mol/L JCHLER AT 4% 50 wl. 200 L A1 50 wL BARFUIA 96 FLAR H1 78
SHIRA AT SERS Rl . AR & 0615 AR I R 785 nm, BOETI R 320 mW, LEE B R
100 wm, BRI 2 s, FAMKRECH 10 1R,
1.2.3 BRFRLEFISERSH

5 TR PR i p R 1D T o A S e S, A M T 37, X PRRE R R 2H 28 HPLC-MS/MS
56 A T A AL AR R I5 e XS WL AL SR o BORE &) i 5 45 B FE 3 B F -8 C TR RIRAE . SERS K
DB, B R S 21T 3 4P AT 5550

SERS-F0306 MET# IS B A 24 A B0 & A HR 2D B8 . FREX 1.00 g RGP FR AT A
3.0 mL $2EGR A #E A PR 2 min LIRECHFRY, B 1.0 mL L3R ZRR 24850, FnA 200 plL
WiRER] B, IR¥% 10 s JEHRE T2 14 200 wL _LIEWEERS 235 @B, FEIA 1.0 mLIRG 7] CJR IR
G157, BL200 WL IRAWAEHR SERS REIA W -
1.2.4 ENRFCIPREZAS &L

SR Z e RE 08T ENR A1 CIP IR AZS 5 H, A BAn . B ENR S FAERA S H I &
H X HH Ay CIP 3 FERGAP I EEN Xy, SN B, BB EI & & Y A4 A )y #A7 A W]
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(G323, 2w
Y = AX,+BX,+C (1)
SRy AT HME ST TREAKE , BN S 8 & iy SRR Y BT . SRV Irfh Q,
RV AP ] AR fie A7 5 ) R Ak Ry oK Q i e/ IMEL )i

0= (5-7) @
i=1

A, i i f /N RS TSR AR . SRS/ Q E)E AR ATUNE , nl R A#A53] A A1 B AUME, BI AR i
ENR Fl CIP ZEIR A S S .

2 H#ER5VWR

2.1 ENR5SCIPHIEMEES T
2.1.1 TFEESH

B 1A 2 5ILA 1 wg/l ENR Fl 1 g/l CIP 2 HAR53F, LA 1 mol/L Nal kAR5 SERS 4]
BT ENR 1 CIP 43 F AL # 45/ AR 5 AL, ARG #3440 — D WR IR PR A — > ME MR R 31 (8] 1A 4
), i — B TR 2 RS AR 5 B A AL (WL RROSCRS S5 BT S5) o S 1Y T A
W 53300 F 737 H1 788 em™ (ENR)/ 781 em ™ (CIP) (EAAUE I & UL s T SUR S RF(F 3 S1), 3 2%
SANTE TWRGEFR b AR 242100 3 (ENR) U T &5 (CIP) , TS5 2 Flv— B30 o r 2 1 e iy
MR SR KA T ARk, W1 737 55 781 em ™ (788 em ™ )&k, 1347 55 1398 em™ AbAHXHIESR (58 55 25 4L

S SEE M T 2 04T SERS AT 025 5, I 1B 45 T 1100~1300 em™ X [AI N 2 Fi43F- SERS i
K Rl R T 4 LR A I 9 SERS %181, 1267 em ™ IEAE 1 wg/L CIP 1 SERS 3% K] DL i 14 F
AFAE, MAE 1 wg/L ENR Y SERS 3 HI7E R 1253 em™ RYJE IR, 7E55 LB A /Y SERS 1
1124, 1253, 1267 Fi1 1278 cm™ %5 SERS 1504 B AH X7 S 5% B/ T ENR Fl CIP Z ], T at £ o0k [
IA53HT a1, ENR F CIP 43 FAEIR A AT B 5 H o 5298 65%M1 35%. CAMFGT R i sr Tl
TR SR A N (8%) 5 W B2 I VE T ALz Ff T AgNPs T2, PRI, ENR b L0 B 5 0 i DR ] R 24
R IR RS T30 L3 (ENR)BUR SR F (CIP) J& , 18/ T 43 T W B 21 AgNPs 1 B 9 25 ] 37 B,
AT R T ENR BOAIXT R 25

1.0 4
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FEl1 (A) L AgNPs SRS H 2 i (SERS) LK, 1 mol/L Nal A EHNAY 1 ne/L BV A (ENR)
FIFRYD AL (CIP) 9 SERS JEEIRI(B)ENR , CIP LK — #1912 1 IRG AL 1100~1300 em ™ EH A
JHCK SERS %A

Fig.1  (A) Surface-enhanced Raman spectroscopy (SERS) anaylsis of 1 pg/L enrofloxacin (ENR) and ciprofloxacin
(CIP) with 1 mol/L. Nal as agglomerating agent and silver nanoparticles (AgNPs) as SERS substrate; (B) The enlarged
part from 1100 cm™ to 1300 em™ of Fig. (A), where the SERS spectra of ENR and CIP mixed solution is a reference
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WFFE W], A 25 SERS JEJE f B PERESZ 1AW pH B0 FISRFIFE (TOHLER) . 9kus i 5 A 5
FUR AR e B L R B3 2 BARA T 00 T4 M & LR A8 A, HEAE SERS J2E 8 28 1 A W% B A4
TR Bt 2 % AR R Y 38 A2 FERRPERREE | ENR A CIP 43 T-45 4 tP i —COOH 5L P g 85
A F—CO0 o BURT, o TR S i T, 5 SR Ag NPs A BLHEF , ANFIF 20 F e L3R 8 1 ik
BT BRI T SERS {5 5885 . B pH (AR ZE RrE , T LIWEEE 4> 7 SERS {5 5 B &5k, [
I, 747 em™" AbAFAIE 6 10 R X7 22 5 BE R0/ | W 7 B 28 737 em ™ by 790 em™ MENNER BRIE RS =
788 em Ah (MLHL RO S A B S6) . pH = 2.0 i}, ENR il CIP () SERS {55 555t
FHOCWFFR A SRR, AR . FHES 75 HARS> T3X =3 78 SERS LI SR M 1 58 4 202 B4 TR 1)
PRI R AE T ARG T 004G 5 75 RO S A3 0 #90 FL P A5 B 0 1 B s Tl A A0 5 AR
S T1E SERS Ji 5 38 T BLHEWE I , A Ifi 530 25 R 4 SERS A6 L 1 pe/L ENR I CIP RFSEXT 4, 4%
SR Nal, NaBr, NaCl il NaF X 4 FOGHLERAE R A1), i8 i 788 em ™' Ab4RAEIE (ENR)BE 781 em ™' &b
RHAF I (CIP ) 4 I — fk U4 BE TEA 5 Z2 B 85 7% SERS Baam R 09/ Fl (FB TG S35 BRI S7) .
2RI X FRHERE (1 /L) (& 2) R (1 mg/L) (L FRRCSCS S 3705 8 S5) ) ENR A1 CIP,
I Fll Br #° AgNPs Fil AuNPs (e AE: A1 55, I H LA AgNPs RFEER A H b5 SERS {5 5 A58 T
AuNPs, *FF AgNPs,7E Br 5 CI” {E N BIRFIZ/F T, ENR [ SERS {5538 T CIP. XJ T AuNPs, 7E /5
W ENR 8 CIP 450 T, DA F 8l T BIERFIET , i Woige 25X 4~ 7319 SERS /55 ENR 5 CIP 73+
TE AuNPs 5 AgNPs K1 _EE S 2R Re 2R Bbr 1 L&Y Au BIESAERAU BT Ag.

0.8~

e
o
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Raman intensity/a.u.
Raman intensity/a.u.

0.2

A s O
Ype Fasg = S 5
regatin o < AN
ag €n, ¢

&2 1 mol/L AR B FITE AuNPs Fl AgNPs FEJEZ T (A)1 pg/L ENR(LA 788 em™ b N JH—1k
) FI(B)1 pg/L CIP(LA 781em ™ 4b A IH—Akif ) 1) SERS S8 R X L &
Fig.2 SERS intensity histograms of 1 wg/L (A) ENR (peak at 788 cm™) and (B) CIP (peak at 781 cm™) on gold

nanoparticles (AuNPs) and AgNPs surfaces respectively, using different agglomerating agents at concentration
of 1 mol/L

TER IS SERS Al /R SERS JEJE ) AgNPs 7 TCAHLER A R FIVE R K SERS #4424
AgNPs V& FERE RIS, —J7 T, AJHBEOCEEEN SERS $4 5 485t bl 2 3 , XPASH = A= BB ;. 55—
T, AgNPs W& B2 i B AR E AR o A 3R T B 55 B2, R Tl I8 D0 T 43 F ZE PR XA E R s IX
SRR B e TG 2 25 S DRUTADRE AR o3 1 A TGS RE SR XM A 7= A= N 5] o 7P B Rl 7
JEi% 2 MR ILRE R T AR AE— e AgNPs ¥ 7 (Rt il A4k AgNPs 1 T ¥ B2, 3545 7 0%
RECE PRI ENR F1 CIP #Y5AE 5514 (WL HL RS SCREF EET S8 A S9) .

2.1.2 EENH

A& 3 Al B2 v B T, ENR AT CIP (9 SERS 13 R AE I 25 Ak Fa 34 A 45— 30, (R hir 2
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5T A IE MR . T ARG R IR B R 0.1 /L (e A HE MR BT A Sl i e R 1 AL FEL - Pl
G SZHHF B S10) 7 0.1~1000 pg/L i FE A, HAR G REIE 0 A (555 08 R B e 3 P s i S22 20 e ekt
WGBTS, DL 788 em ' AMFHIEIE (ENR)HI 781 em™ AMFAEIA (CIP) AR ], 4 H bR
3T BEARIS Y SERS 17 HEEASF A Langmuir IR S . MR H AR > b 0dsm B 5k B 40
KZ I, WS A 73 7E ng/L B GOKF- A AT 5t 404 (O ROCs S RHE B B S11 Ak S2).

15.0
B ol
ees oo o
RS 12.5F G=r= <+
2 8% 172 3 - o
No gg e ‘ 1] 2 ? & T g
2 i il -4 = T png/L
% %4
é f\ 4 1 1 10000 \)L Vi | 1 1 1 " 11 1 10000
> 11 oo = 75, i ro
=1 'E [ 1 1 > H i : i !
g L i i\ : : @ | ; Vil 100.0
b4 ! A L VitV 11 R i
- o g II Y 11100.0 fg 5.0 ! 1 : ! TR :
% [ [ ATk 1 % i \ : i
g M A d1I00  § 2sp LA WA 100
=4 A : oA 1 A (1)(1) a‘z : () 1 LN (T : 1 ! 0-1
1 , :
L 1 1 : L 1 i ) 0.0 O'OIII L '."I:' ! 0.0
400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
Raman shift/cm ! Raman shift/cm !

13 (A) ENR FI(B) CIP 7> THIW AR SERS 15
Fig. 3 Concentration dependent SERS spectra of (A) ENR and (B) CIP

2.2 TGEHEREN

HH, ENR A CIP IR AW (ic 2 ERCP) (4 SR 224 1 5% B2 br i e A T3P0 20 rh o g 2k
W2 0 A B R Ko ST R E ST RGN 735, 25 SERS-FO306 Mg i B4t A 20 iy Ak 2
IRF B, %5 RIS KL, (3 P2 A RES, al . a2, a3 F12 B &3S PIRES, b1, b2)H i ERCP & T
THRH A

Xt ERCP 15 B AOMS ARE fh 24T ERCP AR IS5 . €] 4A S RiTALBEJS ERCP(ENR:CIP =1:1)
JIER RS PAVRE S (e AP SERS 311, SR ] ENR 1 CIP 364 BB ARG 737 om™' VR0 E RE0G 1551 T 4%
PEFEFEA 0.01~1.00 mg/kg A9 52 EARE TAEMIZE (W F RSO SCRHME B S12) o T & Bl 838
PRRE S A TE R B AR TR VR N 50, T A o 22350 G i A B, s B 20 355 47 SERS M, i L
FERE IR B, AR UE T AR M2 N UE T3 T8 BT . An1&] 4B Fi7R  FERE A al F1 a3 9 SERS %
Pl ] B G R ER 5 737 em™ bR ERCP RRAFIE , EAH X 2 AMFE S AT REZE A & 1 B AR I A in 173 2 Rt
A WRIEEAA ) TAEZ T LIS A E], al Al a3 H ERCPIRIE /514 (1.45 £ 0.14) mg/kg Al
(4.99 + 0.37) mg/kg, MAEHAT 3 MEER a2, b1 b2 AP RKH ERCP(F 1) NIy i al SE 1k, Xt
X5 G RE SR A HPLC-MS/MS J5 v HEATINK 2 N 1 Frzs A5 al #1 a3 BHIE, Hidy 3 6 BAE. 45
SR, X 2 RO LA BT — B E M TRE ST, SERS I RIS S HPLC-MS/MS J7 ¥k 5 1 — 34, 1
HIRZE<15%, RWIET SERS BRI YA ik R . et . i abrl 5.



402 I = 851 %

T ©
737
—~ _ 2.0
= =)
ol g 19
2 2
2 mgkg 2
*qé 1.00 E L0
=
s 2F
% :
~ 0.50
0.10
0.05
0 i QN Y T 1710.01 0.0 1 1 1 1 1 L L
200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
Raman shift/cm ! Raman shift/cm !

P4 (A)Jks ENR Al CIP(ERCP) ARSI IEAE it R (B) T RS A AT RE At ) SERS ]
Fig.4 SERS spectra of (A) chicken samples spiked with ENR and CIP (ERCP) (n=3) and (B) commercial

chicken samples

K1 RS ARE S P ERCPE A4

Table 1  Detection result of ERCP in commercial chicken samples

LRIIESE S
Pa=N=N 327
B Detection result/(mg/kg) S R 22 CEhEs
Sampl Quantitative error/ Recovery/
amples R A T v v
SERS (n=3) HPLC-MS/MS
A al
. I% S 1.45+0.14 1.34 8.2 90.7
Silky chicken meat al
B39 a2
ND ND - -
Silky chicken meat a2
5351 a3
4.99 £0.37 5.83 14.4 92.8
Silky chicken meat a3 *
FIAMG A bl
ND ND - -
Plain chicken meat bl
ZAG A b2
FZMA b \D \D B B

Plain chicken meat b2

TE: “ND” FoRsRfiih, 8RR As 1k S HPLC-MS/MShE 120 5 22 22 () 4 56 (B AR 7 125 (40 R 1
Note: “ND” means not detected. The quantitative error is the absolute value of the difference between measured value of this method and that of high

performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) standard method divided by that of the standard method.

3 #Fig

ST T —FPIET AgNPs (M TERRZETTAE 2 (ENR F1 CIP) BLIZHLs SERS Kl Jr vk, — &b 1 i
RAG e BES N 0.1 pg/Lo G54 A EMFA B pl A AT &, Sl 1 X8 URE S b AR 1R B 254 ENR AN
CTP (74P e 8 A0 S P A0 RT3 e A AT, A AR 2R MRS R R 0.01~1.00 mg/kg. 55250 % i Y
HPLC-MS/MS FRifETT A0 L, B e P4 3 i B — 30, 8 R R 25 <15% . AT 2 22 & i IR
SRR IR N T R 2 Y i SR A UL T — Rl 2t , AT AR —Fh RO R 5 S0 56 AR A I vk
N, T R TR S B RE 1] A I 22 i 2 R F AR A R B Pk BE
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Fast Detection of Trace Enrofloxacin and Ciprofloxacin in
Chicken Meat by Surface-enhanced Raman Spectroscopy

XU Jing", ZHENG Hong"', XIE Li-Fang', LIN Wei-Qi’, GAO Jing’, XIE Ze-Zhong’,
CHEN Hong-Ju*, ZENG Yong-Ming*, LIU Guo-Kun"', TIAN Zhong-Qun’
'(State Key Laboratory of Marine Environmental Science, College of the Environment and Ecology,
Xiamen University, Xiamen 361102, China)
*(State Key Laboratory of Physical Chemistry of Solid Surface, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, China)
3(Market and Quality Supervision Commission of Xiamen Municipality, Xiamen 361000, China)
(Xiamen Perser Nano Technology Co. Ltd., Xiamen 361000, China)

Abstract With the increasing public concern on food quality, especially the zero-tolerance of illegal additives,
the rapid qualitative and quantitative analysis of trace banned substances in food is in a prosperity stage in the field
of food safety. Here, by combining with a self-developed rapid pretreatment kit, an on-site, rapid and sensitive
detection strategy for trace antibiotics such as enrofloxacin and ciprofloxacin, two typical abused antibiotics in
livestock and other industries, by surface-enhanced Raman spectroscopy (SERS) technique was developed. The
abused quinolones residues in chicken meat (3 kinds of silky chicken meat and 2 kinds of plain chicken meat) were
successfully screened by the developed SERS method, which showed an accurate qualification and a reliable
quantitation in comparison with that by standard high performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS) technique. The proposed SERS-based strategy may provide a practical and simple
method for rapid detection of other quinolones in real samples.
Keywords Quinolone antibiotics; Chicken sample; Surface-enhanced Raman spectroscopy; Detection method
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