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Fig. 1 Chemical structural formula of zilpaterol
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2% 1 B4 558 7 2 % 1% (surface-enhanced Raman spectrosco-
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10 %6 J5i 43 B0 Na, COs %3 : BRI 10. 0 gNa, CO; [
1, %+ 100 mL 7K, R4,
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MEZ204E i F K -, 55 836 F 2 0 8 45 R 2 Al
ZNCL-GS R 7 s 88, E 9 M A X 28 & 2 A IR =5 ol
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A%, % E Millipore 24 7] ; DHG-9053A Hi A #% K T 446 .
TR R A R R Y7 & 4 ; BCD-602W pk#f . # & ifF
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AW 5T A 4 v e/ o SERS 38 38 L, 8 i & Ay
R =400 R SRR AR . HIRERAIER . ZEE X EKE
VR I BT R BB P A 23 mL 4k 5 1.5 mL 10
mg « mL GG, BHIR S, AT 120 Clng
BN, [ S L 500 - min ' O R HE IR R E R O
JB 5 AR 5 min JSAMA 1 mL 1% OB 43 50 #r B R = 40
IKIEW > k2EAE 120 CRIERBIEE 15 min, FE LA A4
YRR, WHIE R, 4 CUKH 8 AR A5
1.4 HmaE

PRI 2.5 g BB T 195 LA 50 mL B0 5
WRIMA 2 g ToAKBRER AN 4 mL 10% B 40 8019 Na, CO; 7
W. 10 mL Z B ZFe, WER~A) 15 min, 4 °C 12 000 r «
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1.5 UFEBH
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Fig. 2 Zipatero’s theoretical calculation results
(a): Optimize molecular structural formula of Raman zilpaterol
hydrochloride; (b): Comparison between theoretical spectra and solid

Raman spectra
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SR R A N e N TP v R i R
TE - XIS 5 MR T 455 A R B —
SE IR R] 5 T AR AR S SRR R, SRR R 3 min )5, 5F
WS B () 15 5 00k B FEA PR KR o TR i 8 S92 6 v BB A ) T
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2.3 FIRFEFHIRI
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Fig. 3 SERS peak intensity at 1 116 cm™"' under
different detection conditions
(a): Optimization of gold sol volume ratio;

(b): Optimization of mixing time
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Fig. 4 SERS spectra of different concentrations
of zilpaterol in aqueous solutions

a—h are solid, water, 1, 5, 10, 25, 50, 100 mg « L™ ! solutions
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Fig. 5 Linear relationship between peak intensity and concentration
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M8 R 490 e T 0 5 Dok 3 B R i i+ DAY 0 o 0 iy Ak
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BHGE R, BRMEMH T ISR NERG W4 - DX AR
PIHEAT PG, S B0 E bR e AR e g o2 A M LI P 1 020~
11305 1 400~1 500 cm ' b ) W 13 32 S 48 ) v R BRI 28
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Fig. 6 Comparison of different extraction solvents
a—g are solid, A mixture of acetonitrile and isopropanol (4 : 1)
extracts the blank matrix, a mixture of acetonitrile and isopropanol
(4 # 1) adds standard extraction, acetonitrile n— hexane extracts the
blank matrix, acetonitrile n-hexane spikes extraction, ethyl acetate

extraction Blank matrix, ethyl acetate spiked extraction

B bR 40 0 R I W55 0 B A SR AR 5+ d )i o (0 ) £ TR & i
HEATHI AR, ARl 6 AT LR B & IR S BR 4R AU B bt 2R
A W AR 2 T B AR
2.5 EWEMHE

3T 75 % SERS SO KIS A 42 OB 57 A 4 B 5k B
8 R S S T AR R o AR I e R RS R b e R S
AR B REA EAT T . 245 Rk 1 PR,

K1 DREMBEEMEER
Table 1 Recovery rate and precision

determination results(n=3)

WK/ #5005 A/ T A5 5t

(mg +» kg™ 1) (mg +» kg™ 1) [l %/ % 2E/ %
1. 00 1.01 101. 24 8.02
2.00 1. 86 93.16 7.90
20. 00 18. 08 90. 39 8. 94

PEFE 1, 2 1 20 mg « kg ' MIFR VR BE AT AR LB . 45
SRAG S T BE AR SF AR B S 25 0 bR [ R 90. 39 %6 ~
101.24% ., RSD{H K 7. 90 % ~8. 94 % » 3B R FHiZ J7 s il
RPN A SRS, Mutg, TUHTHER
o FE IR RE 2 5 BR 1 R A

3 45 ik

55 PP SR AR 2 5k B R SERS K 7 2k g AT T RS,
e TPk I 4 5 57 M4 2 TR A R R B DL SOTR AT
[E), [F) AR 2 AR BUA R AT I, mATHE T RSB N
PR ) o TR AR D 2501 T 7255 W0 4R & RefiE 1 SERS i3
B 55 v BE AT B (1~100 mg « L) Z (A1 #E 57 T BT 1 4kt
KFR, LR R HAE 0.9 UL b, RHRE S 3E 4T 0 bR 52 56
S Jal g #E90.39% ~ 101.24%, RSD {H N 7.90% ~
8.94% . XL A LU 3% SERS J7 32 ¥k 47 K LA 31 37 0 2
AT 35 B % 55 A 4 2 58 B8 i AT W A .
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Papid Detection of Zilpaterol Residues in Pork by Surface-Enhanced
Raman Spectroscopy

DONG Xiang-hui, YANG Fang-wei, YU Hang, YAO Wei-rong, XIE Yun-fei*
School of Food Science and Technology, Jiangnan University, Wuxi 214000, China

Abstract  Zilpaterol is a B,-receptor agonist, also known as “Clenbuterol”, often used in livestock breeding by illegal businesses.
There is no relevant national standard that stipulates its residue limit. After the veterinary drug enters the animal’s body, it can
change the metabolic mode of certain nutrients, promote the growth of the animal’s muscle, and rapidly consume and transform
the fat in the animal’s body, thereby increasing the lean meat rate of the animal. The current detection method for the drug is
mainly liquid chromatography-tandem mass spectrometry, which has the disadvantages of high cost. cumbersome operation, and
long time-consuming. Surface-enhanced Raman spectroscopy has the advantages of high sensitivity and fast detection speed. In
recent years, it has beenwidely used to detect toxic and harmful substances in food. In order to realize the rapid detection of
zilpaterol in pork, a surface-enhanced Raman spectroscopy method for rapid detection of zilpaterol residue in pork was
established. By optimising and comparing a series of experimental results, it is determined that the best volume ratio of sample to
gold glue is 1 ¢ 2, and the best mixing detection time is 3 min. Through the comparison of multiple extraction solvents, it is
finally determined that ethyl acetate is used as the extractant;through the calculation of the theoretical spectrum of B3LYP/6-311
+ G(d) basis group aligned patro in density functional theory, the SERS characteristic peak of zipatro is determined and the

1

vibration is assigned. The characteristic peaks at 1 116, 1 447 and 1 573 cm ' are taken as the characteristic quantitative peaks of

! is caused by the in-plane deformation vibration of a benzene ring, and 1 447 cm ' is the out of

zilpaterol, of which 1 116 cm
plane swing vibration of C—H bond, 1 573 cm ' is the stretching vibration of C—H bond of the benzene ring. Under the best
experimental conditions, a standard curve of the characteristic peak SERS signal and concentration logarithm of zilpaterol
standard solution was established, and the R* value of the linear equation was all above 0. 9; actual samples with different spiked
concentrations were performed. The detection showed that the average recovery rate was 80.39% ~101.24%, and the RSD
value was 7. 90% ~8. 94%. This method is convenient, fast, and stable. It can realize the rapid and accurate determination of

zilpaterol residues in pork without complicated sample pretreatment. It provides a new method for detecting zilpaterol and the

formulation of related standards.
Keywords Zilpaterol; SERS; Rapid detection
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