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Evaluation of accuracy and sensitivity of surface-enhanced Raman spectroscopy
for quantitative detection of antibiotics in poultry meat
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ABSTRACT: Objective

To study the application of SERS technique in the quantitative detection of antibiotic residues
in poultry meat and evaluate its potential in food safety monitoring. Methods

The SERS principle and enhancement

factor calculation were introduced, and the influence of the shape and size of nanoparticles on SERS effect was analyzed
experimentally and simulated. Different concentrations of antibiotic residues were detected through SERS, and the detection
sensitivity and linear response were evaluated. Results SERS was reliable at 0.8 nmol/L antibiotic concentration, the linear
response range was 0.1~1000 nmol/L, the »* was 0.999, and the enhancement factor was stable at 10°. Conclusion SERS
technology has high sensitivity and good linear response, which is suitable for the detection of antibiotic residues in food

safety monitoring.

KEY WORDS: surface-enhanced Raman spectroscopy; antibiotic detection; poultry residue; detection limit

B R BRE A TR H 45 IR, Pk 2Rk B O —A>
AN BRI o HTA RAEFRFE T Bz AT ?Fﬁ/ﬁ\f
EA R BIERE , X AR TSR, BRI RS
WA P, HESr R, REL {EE%E’J?JLEE%% Y callyi]
EX TR R R A ERE S RmEEAEOLHE (SERS)
PR R RGO . PR N, DR 52 e SR i 14 R i
BEPE, ©RCRPUAE R AR AR I A A T

BUA B SERS A5 I -BE AT T i — SEP A, ] A4S 00 i Jr A1
B AT M2 | R INRRE E A AR AR, PR T AR R 4
PR N o Bk S fR R ZIKIE)?*“‘T“JEJITMK
SERS JEJEATEIAMGIN AL, HE— PRI A I MERE AR 21,

T2 e 470 A 2R 5 P ARG B R P IR . AT S AN LRAIE 1
SERS FARTEGUE R IR B A P BRI AT 2, B VPAG T HAESLPR
B I R R IV T, A R e U H R TT R B
TR

1

1.1

AT RS DA RbriiE T (A& R IR E | #E5
4%, WA Sigma-Aldrich, 4l =99%) & JohiA: i sk 1
BRES (W H 2SHE ), SERS LR A 498 K ks Chiit
50 nm) Il [ BBI Solutions , 24K UkL i # b1 #H i 5446 12 (HAuCL,)
FIAF LR £ W | Sigma-Aldrich Fl Alfa Aesar (4l & #=99%),
S5 Ff] Renishaw InVia $i7 2 635 (Y5 InVia Reflex) 5l

* KT, Wit TR, BE TR RS . E-mail: zhuxiuhuan0924@163.com
* Corresponding author: ZHU Xiu-Huan, Master, Engineer, Liaocheng Customs, Liaocheng 252000, China. E-mail: zhuxiuhuan0924@163.com



118

KT, A ARIESRIT S CTE A & P P A AR M 5 R AT 159

SERS 155, 4Kkt 4 th IKA T25 H #8558 . KL i
K H WIRE 4.4 #44, BI85 4255 Mettler Toledo XS204 B F
FF- M Branson CPX5800 #iFH Vi s o
1.2

AR A PR IC W AR ST FR 22531, SR04k ik
A . K/ANHES YT SERS RURAUSENR . SERS A0 =1 REUE )
I FAREME AR, RFEGK 4B R eGR4 0 Js R L G
SRR, WEE RIS TR B RS Y, L
FRAORRAE Y | AL T AN OGBS TR R IR -5 g4k
ZER B E AR
1.3

A58 1 — R G S0 A TR ST T B Az Z ) SERS K
R — FEIE AR S AL 2538 Rk I i & T 90K 4 TR kL,
I 7 0 A B X R TR AN RN TR A o B,
PRILH T N —EhE . B, $ RS R B B A b i pi A
R, FHRIREM P K P BRI Rk &R R
WS, FIFRPLESERECRE SERS /75, SR,
1.4
1.4.1 s RBEM kA= R <2t SERS 2 49 %7
1) GERFRIE IR B 5 0
SERS Z4N; T, AFEIEAR G ARk 5 e B3 50 A 25 5
RS E SR, s AN XBHL R R N T, &8
TEGAKITR T AR 52 0 ) s

|E(r)|2 =|E, > 4,P,(cosb)

2) GRIOR RT3
WURRT 2 SERS H5i H T H G ES AL, RO id/haliid ok
SRR AR B WEE 4 A AR ORI R T X 5 R T

%ﬁurﬁ‘lo

(1)

M=Eﬁ& (2)

142 w#PHEFZH ML
BUE B R QR BB S5 B e G 0 A, IR TSR0
SR PR T (0 AT BR 25 7R R R [ R b, 1A
RIZEAF T E 50 M. 4 90K ORI 2 T4 588 D5 1T fhy
FIRR I~ 2N E - .
_LEC v

_hmyw

1.43 TREZ# T SERS 15 5 3% £ 69 b8 54

SERS 5 PR -2 i ik SERS Rk i S 28, W T
TG A R AR GRS P 2 A5 5 g 5REE 7). EF B8 LT .

EF — ISERS / NSERS (4)
]RS / NRS

FIRAIRTEA B K LER X T SERS 155 10 55 1 s M AL
TR 3L T AT LL A LRk WUk 2574 . AF5E 2B, 16
FREMRET, B MGRRTFT DB S b s 04,
AT A BN 9 SERS 15 S5 B, &2 A4l >k Uk 4 51 1] 5t
R R T AR, FREz 3] P SOV B, 2
L T SERS {55 iR,
2

EF (3)

2.1 LOD

AT S, AHTFE R ARLIN E] SERS Jr kAR B Gk B vk
JEAIRZ 0.8 nmol/L i, ASREHAFRLE IS 5o AT R 250
FALEGAGIN )5, BAiE T SERS HE T4 K 4 @ SR 1Y sl

WAERAE ST
2.1.1 HAEHRRE 4

LOD AR FLUTF A

LOD:Tg (5)
Al (5) THEARH LOD 255
3%0.5
LOD=—>""" (. 1/L
O SERSI= ST E 0.8 nmol /
EiiNace- 3754

IRYE I R BT A R 5 SERS R 5 EM X R, 7
SHEEEZ L (SNR) 7EARMR B0 N B, I SERS £
AR AT RO AR T A STk P R R, A5
1 0.8 nmol/L {HZEM, FEAHFMSLE 40T, WMl iib It K
BHRISEES AR, SERS BRI RBERR] | B EHRT
212 S 5I®

LOD W#EF AT LUH P F LU JLARZE : (1) 4Rk R
FMOEARPLL; (2) BRI MR B PEe kit ;s (3) 155 4b
PR AR

5 HALSCERAXT e, AR AR R R, HAE SR
BB TR AES: SERS K, X —25 BN AR RAER
F e A WD e SERS FE A I i B AR 2L AR BRI TR
SR
2.2 I
22,1 HHEEBAXZEHAKX

LR G FR A R I A 2 L AT B, SRR R

y=mx+b (6)

R E ARG, R R RIS

AL

Z:;l(yi _.j}i)z D
=)
&R
PSR E S T (R 18] ~F- 07 22 Z il

n

Z(y,. —j/[)z =0.01+0.04+2.25+100+ 400 =502.3

rr=1-

222

RS BR (5 2  2 2 i

}Z(y,_y)zzsozsoo
A (7) A AR 2
rP=1- 302.3 ~0.999
502800
SERS i ARTEH A Z Mk i Hy 0.1~1000 nmol/L FFEREIN, 15

SR SR R IR R SC R, MR R PE RS

0.999, X—25H KM, SERS HiARTE] {2 Wik VB N BA
KAy Efe @,
223 HIESH

LRAEIE AT A ) T 3 AR B DL AL TN S 56 2 5000 A
Pl o SLER R AR IR BE RS FE R I AT A — Sk, A SERS
FARPABEEAR R B R e R, RS PR T
fF5 e, XA SERS AN FH T 3L Rt i Al o 4 4k
Mt T AR s

TEABFZE P A 2 R L (°=0.999) 5 SERS g &5
WoR, ARSI AU = TR RS, RREY R T
LMVl SRSB4 R R UL RS RO AR, DL AR
AR, B KT KA ESE L, B PR R R T A BE R



160 LI = ok W

S

PATSERE AR . IR BB RGO RRIE T, RS
PIRERFE RAFAYZME I AR o XA THE DI TIL AL I ZE IR A R AN
BEALE SRR, R T RATHDIT AT A ZR 5 B R
SR RUEIE M SN PR W S SERS {5755 [0 AT
FH RN SCIBE | A O R BRI T ARSI AL 25 7F T SERS
Ry rpSEpE o etk M B AR R R T e R, B
BIE T %7 A E d BT TR A AT
2.3

SLHLAER R, SERS K MR N T (BF) 7E4 M T
SE HERFTE 10° 590 EF 19K/ SERS HOA 5 7 MR A% 0 J5E A
DUREER IO AL B3R T A R A F R[5 5 .

231 HEETFTAKX
SR EF (A AXT
EF = (ISERS /NSERS) (8)
(Tes / Nis)

232 FESAT

EF {ERYFEETES SERS FEJEATH Y LEFEFI 9 K FORL 4 1l 2
THEEOINE . TEACRSERARIETT, AR T A3 30 8 5
PIHERFTE 10° F09%, 3 W] SERS FLJRA B (5 S iU 3
AR BE SR PR DE AL LI A S0 25 28, AP i SRR
ARIETEEE A, 2T 15 SR ECR .
233 RME

EF Mfese R~ T SERS SLJRA B W Sk, Rk —
ARSI RSEHE TR RE. AORBURIESMILL . BRAYIS2)
A L B AR [P L ) 0] R 0 T 8 5t A 1 ) G A 38 o A
7k 1 s,

1 SERS
Table 1 Analysis of key parameters for SERS detection of
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