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Rapid detection of enrofloxacin and ciprofloxacin in milk by Raman spectroscopy based on
detection probability model
CAO Chen', ZHAO Chaomin', ZHANG Runhe', WANG Min', DENG Xiaojun',
YU Yongai*, JIANG Chenzhou®
(1. Technical Center for Animal, Plant and Food Inspection and Quarantine of Shanghai Customs,
Shanghai 200135, China;2. Shanghai Oceanhood Technology Co. , Ltd, Shanghai 201299, China;
3. Shanghai Anpel Laboratory Technology Co. , Ltd, Shanghai 201609, China)

Abstract: Objective To establish a rapid detection method for enrofloxacin and ciprofloxacin in milk products by
surface enhanced Raman spectroscopy. Methods Five percent acetic acid was used for extraction and dichloromthane
was used for liquid-liquid distribution and purification. The parameters including addition amount of colloidal silver,
extraction solution and coagulant were determined by single factor experiment. Results Raman characteristic shifts of
enrofloxacin and ciprofloxacin were (736+5)cem™, (785+5)cem™, (1 345+5)em™ and (1 395+5)cem™. According to the
position and intensity of probability of detection model, the detection limit of enrofloxacin and ciprofloxacin in milk was
50 pg/kg. Conclusion The method is simple in pretreatment, the detection is fast and the result is accurate. It only takes
25 min from sample pretreatment to the result issuing. It can be used for the rapid on-site qualitative determination of

enrofloxacin and ciprofloxacin in milk.
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31650—2019C & il % 4> [ S8 b e & v 55 2 e K
BRI R e T R R AR H RV A R
(Allowable daily intake, ADI) : 0~6.2 wg/kg'BW, 7F
A o B E RO VD B RN N U R 2 AN A5 i
100 wg/kg'", H AT 4= 45 v R v B 114 3 SRR
FHE T 50 we/kgo  H ETED Al rb M T IR 2 25 ) 6 N
Tk 2, T BN SR SE g R R i A A
R VR €8 T 3 2RI 3 S IR T AT Horh
TOORH 0 1% 125 A ARG Y BRSE FEL R 2~5 pg/kg, WA (53
FR IG5 95 0 19 A6 Hh B S LR 0. 025~0. 3 pg/kg, fH
I 2 G I T 925 i A B A R A X Ry A2 R A D AR IS
B A
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1 #REAE
L1 FEAE 55

i 4% A h = 63 (SEED 3000, | i N >t i
B A BR A F)) 5 B .0 Ml (Eppendorf 5810R, 78 [E
Eppendorf 23 7], e K E O J1 20 913xg) ;iR E IR A
(VORTEX-GENIE2, 2 [# Scientific Industries 2\ &) ) ;
IR % 4% (Elmasonic P, 1% [E Elma 23 &) ) ;15 5§ H
F W (JEM-1400, H AR RN 24t ) 5 5 40-7]
WAy 66 T (Uv-2600, H A B HEA D .

E P S | I A7 N o | G 3 (2
JCH B R R A2 BER (1 mol /L BLAL#F 5 1%
TR, LB ) 5 B v B AR e i (CAS 5 :93106-
60-6) ; F I Vb B b fE S (CAS %5:93107-08-5) ; £ 1R
(Ortral) o DL As o i Boaon ¥ 8 122 3% A A .
1.2 SEE Uik
2.1 HRGUKKL T 105 K

LY K KD T2 % Frens ¥4 ™. ¥ 100 mL
1 mmol /L il 2 B ¥ YN #4 22 0 I, b 1 s sl o A
1.4 mL 1% Freeme =R W, POg i £, 50 20 min
Jo WO VKB ¥ 20, v A 5 RO AT A5 AR 9 KOk . KL
T il 2% 52 WU FH 55 A0 -] UL 4300l BE Ik A R
WO, 33 S B R OB A AT T AN

1.2.2  RET BN B A bR e TAE W6 &

B0 AR R U0 B R TN VD AR ME S 0,001 g,
A3 5E T 10 mL 25 0P, A R R A O A R 2 %)
B BE AT ) SCH BE N 100 ng/mlL Y B o 6 A5
F 4 CHEGRAF .
1.2.3  FF ST Ak 2

BULOgRES A 15 mL B0, A 1 mL
5% LRI i HE 30 s RS ; UA B0 ,4 000 1/min
B0 3 ming B 500 pL FIE W T 2 mL B0 5 R
fho EWEWHMA 1 mL A B IWE 30 s G
4 000 r/min &0 1 min; I 200 pL. ~ & F B2 TF
2 mL BOE P IIA 200 pL 5% LRIETR IR )G
BB R WA
1.2.4  Fi25%i&ir

BB AF O A 100 WL I L 20 L
1 mol/L BLALAN 20 pL 1% B2 200 wL 99 K85,
V5 3 Ao AR A RS I b o, 5 B EE L AR T 30 s
BEE AR 7 S8 0 K (785+1) nm, OB
250 mV, K I A K 1 000 ms, FE R 2 K, 1B
1550 M AR AR A3 AR i 3 51
1.2.5 itk

ACER AR 0 G 235 R 5 s o 5] b i) B D B
FIR N Y B AT DL 358, AR 4 3% ] (736+5) em™ |
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P OERE R P A R VD BRI T VD B R AT 4
FEHNE < W I 25 01 0 BV SR o AR
RZFEMASHBED R YRk KT
50 we/kg, AW F iz S SH R E AN
B HWE>50 we/kgo 25 A WA RS EILIE 1,3
50 we/kg B VDB R VD B AR UV T T 1 o
Fi 2 ¢ 1% (Surface enhanced Raman Spectroscopy,
SERS) Bl WLl 2.
1.2.6 T[4k POD J7 X A9 J5 1k 56 0IF

K 3 HE R (Probability of detection, POD) # i& X
R E B A AT KT SO BE T 45 E Y
PE TR I BA 25 5L LP () T BB 9] 71, POD il 2k LA
BB 7 R 7 PS5 SR MR 5 7 i ok 2 2
)Y O R Y . B M D7 R SR Y S A R
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HEZRTE 95% 7KFHIA N 7 4 B BR (Limit of detection,
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VL 40 DHEFEAR R R R R R
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Figure 1 Raman spectrogram of milk blank sample
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Figure 2 Raman spectrogram of 50 pg/kg enrofloxacin and ciprofloxacin standard solutions in milk
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Figure 4 Enhancement effects of nano gold and nano silver on

enrofloxacin and ciprofloxacin
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Figure 5 Effects of nano silver dosage on the determination of

enrofloxacin and ciprofloxacin
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Figure 6  Effects of different coagulants on Raman signal intensity
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Figure 7 Effects of different test time on SERS of enrofloxacin

and ciprofloxacin
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POD=96% , R # & [X [8] 7 (0. 86,0.996) , XX [AI i 2 SRFMEBAESR . AHRLEY, AT RLZx ] POD Bl i 28 1k
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B %7 R L BR A 50 we/kg. HEHE POD 4
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Table 1 Sensitivity, specificity, and detection limit calculation table of Raman qualitative method for the total amount of enrofloxacin
and ciprofloxacin in milk
W /(ne/ke) FE AL/ n x POD/% LCLCE A FHY) UCLCEAF LAY RESH
0 50 0 0 0 0.07 TR BF 3 (14 5 )
30 50 30 60 0.46 0.72 R (<0.95)
50 50 49 96 0.86 0.996 FE (20.95, BE MK HFR)
100 50 50 100 0.93 1 RgUE
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