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ABSTRACT: In recent years, frequent food safety incidents at home and abroad have increased the public’s attention
to food safety issues. Therefore, the ability to quickly, sensitively and reliably assess food quality and safety is
particularly important in the food industry. Therefore, it is imperative to develop high-performance detection

technology to meet the needs of food safety. Owing to the remarkable performances of high specificity, excellent
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sensitivity, nondestructive, and multiplexing capability, surface-enhanced Raman scattering (SERS) have performed

prosperous applications and gained impressive progress in food safety. This paper introduced the theoretical basis of

SERS technology, summarized the active substrates for the enhancement of SERS signals, reviewed the application

research progress of food safety detection based on SERS method, and discussed its future trends and perspectives.

These efforts are intended to provide recommendations for researchers to select appropriate SERS methods according

to the requirements of specific food safety detection applications.

KEY WORDS: surface enhanced Raman spectroscopy method; food safety; detection
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Fig.] Schematic diagram of surface-enhanced Raman effect?”
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Fi AL ol 2 H 4 Y7 1% 5 #1 3 (electromagnetic enhancement
mechanism, EM)PVHI4k25 38 38 14 (chemical enhancement

mechanism, CE)?%,



55124

BYEE, e RIAHRHE O CHNAE B A 2 AR I (4 5 I STt 115

L G SR ALK LS BB S P B0 . ARSI 4
B NI FRRE T AR ALY, dhh 4R NIRRT
A ST, TEIT IR I DX Y 3R 1E S 2 EOT RE RS ) 25 1L
& )8 NP RIEW A FIiERN RS . YASERBEA
&)@ NP i i FAERIRG Y SR, -4 T Rk
1A} 45 B F K 3L 3E (localized surface plasmon resonance,
LSPR). 7EHLBE SRS, LSPREFCHAEHPY, 4
JB I B HOTH AN R, iR R ARG, 1
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Fig.2 Structure enhancement factor relationship diagram of single gold nanowires based on SERS®”!



116 B il 2 A iR AR U A 4

FH15E

R VRAR B AORE T 057 B HAT AN E M, Mk LA SE )
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TSR B3 F /K E BRI, FROMM 26005 /L T —
P LA WS K 2549 1) Au SERS T6 PEFLE, B sh
A2 L F FOBZIAE R 100 nm =T Au NPs 417,
BRI . ML . WARD 2557V T a7 ok 41
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Table 1 Comparison of properties of different SERS active substrates
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3 I AR 4 wwie Lo Lo
= 2L Ay
Au NPs ijujj%ﬁ/m EEREIEAH, RFHE 10~200 nm 2 8] 7] - - [50]
X AR
BERIERS  womoksdr  weREGE ROIE S0~120 nm Z WS SERS MR WEM 10°moll  [51]
Au@AgNRs  FLif A 413 MRS E, LM T LB 0.018 mg/L [52]
SR ERAUK = MG, ROFTE 20~1000 nm
Au NPs YIRERIEZ > T [53]
U B 45 A K ) SERS {Z 510 Al ik 108 f%, AJLASCELEAL T
%
b G ae L AR K E oK [57)
B IFRAK X ,
L B i B SR i
B2 g (LR R R AE A FRIEEXTHEBE 107 mol/L [58]
BRI Fir 2 5 R Tk 10°, AT TR R R R6G 1072 mol/L [60]
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B2, W ARG L2E TR 1 PGk, 90
KPHISE . ZHAO ZESF R T — R+ = WG 45 M %5 B 1
AR AR ARTK SERS FCA LR 3), FIH =484
fu(silver dendrite, SD)/HL% A 43FH7iH (electropolymerized
molecular identifier, EMI)/Ag NPs &2 24k IA 7 40 K ] it
AT Z A OS SRR Y, M T MR 5 R
SERS Z 2K, HAT R i AT iA 2 11 ARIEE T 2500 B 28
R =GR AR B T AR AL AR 1 — 5, A FAR
BirE SD 2 AR v iE) 2 FH R AR A A, TR |
JRITR A B PRI R A N 02 1 Ag NPs I, 17 58
TSR T P T MRS 2 24 1 e Bk 7 FE G, HAT AR R
PR Sk AR 25 1 R A%, LOD 9.0.02811 ng/mL ., ZHANG
SN S,5- A b -2- RN SRR O RR A 4-3R LK F R R
SERS {5543 1, %4 i Au@Ag #%5e KL T4 ThRic
il SERS AAHREL, HAHTF R KT 6 Fh EEEFHER
ROKEI . Horb, # AR & B-1 1Y LOD & 0.96 pg/mL, L
KRR LOD 4 6.2 pg/mL. fRHEZE B-1 # LOD
9 0.26 ng/mL, ZJriAUERS B, A 78.9%~106.2%,

E RS R, 5 REUNT 16%. %07 AI7E 20 min
PSER, A4S RS5O G-k — .

st
DR

I3 B
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K3 JET3D Ag NPsfi) — WA S5 SERSARHEE H Al
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Fig.3 Schematic diagram of sandwich structure SERS paper-based
quantitative detection of imidacloprid pesticide based on 3D Ag NPs ‘!

5l A\ SERS #5345, H&#ric SERS #illskmg, § KT
SERS 5 A H - & i 2 K6 I v (4 H bR 4036, FLRB g L
B L2 AR R e ke, B &K LoD, £
i 2 A PRGN 45135k HL A R B I VR T

4> SERS Kl Jy vk VR L L% 2.
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ELARTEAR )™ N WAF | s B SR TR 8045
AR AT RE 52 PR N R IR, (R b A2 B 7
A EY R R MG G S, G b 0B SR R4
PEXRFE(R . SERS HAFEMIRDLEEE . 2 T4
PRI R R, AE) S A5 AR 23 A R g T R A 0 45 4
SRR R R T, REAS S BRI A s A A E
#ro SERS HiA HEGH Z W THEE)E . ik, Ak
dsnn . AEMIEER . RZGGRE | BB SR
41 EEEREEN

BRI KT 63.5, HE KT 5.0 glem’
M, Bah P SR A e ARk (He) . #5(Cr).
il (As) 8 g AR A PR, B S R AE T RER
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Table 2 Performance comparison of some SERS detection methods

Al LT LA ioRlIbIE3 I LOD S 3k
Ag NPs wIIEAR k2N K. 415 0.01 mg/L [63]
TehRic A Au NPs BHIEAR 4 i nL % [64]
Ag NPs FPEILIR 2,4-DNT bid) 1.2 ng/cm? [65]
o SDs/EMIs/Ag NPs FPEFER bt e bk i 0.02811 ng/mL [66]
Fric A . -
Au@Ag B Uk M &R B-1 BN 0.96 pg/mL [67]
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i, WY E SRR ERE TR, &
JEHE AR . T4 B T AR R T S & AR AL
A EAEREZ 0, TP AMRIE® AR RE, 512
stE g, M EAE AR . SUN PR Au NPs
B REAN K LR 8 NG SERS JEJIE, f9HE DNA H7
AR A L RE AL RS, BN He® i R A,
K0 BH 64 min, #F50THFERAR(Z 30 L), 7E 1 pmol/L~
100 nmol/L JEFI P2 RAFMILL ML R 1AL, 7% SERS 14
A EA LS kR E, BT HteE sk, HHA AT EDlcpE,
S IF A v RA, R EREPE R SERS HAJE AR I A R HA H:
SRS R L. ZHOU Ui £ T —FlHL A 75 SERS T 1
BIARGRL P B A WK ER Ag@ZrO,, i ] 4-3iFE7K
FH R #5157 (4-mercaptobenzoic add, 4-MBA)E N2 #R4Er
AFX Ag@ZrO,@Ag 119 SERS PERESFATIEAY, %Fh A1
BREAT WA SERS &M . SAE S HIME(RSD=6.39%)
S A A Ra e o R HAE R SERS JEJE X 7K H 9 Cr(VI)
PEATHREIN, SERS 3REFYS Cr(VDHREE S ¥ R AFRI £ &
(r*=0.97), LOD 3 0.5 umol/L, & T K Cr(VI)44:
K1 wmol/L), %5 i Rl T 12 0 F F A EE R Cr(VD T
B E R AR . BARIMAH 2575 5 T —Fhg BUAR A8 K A%
JER, M 3-Z AR AR I (5 5 7 7RSS S ke
T A A A DU N T 21 26 Hh B, %O IR R R RO N
0.9750, LOD A 0.0272 pg/g, TEXJ 52 bn ke S i 46 ) F
83.84%~109.53% 1 [m] g 2% 55 fuff Y Pl JRHE 45 45 B - I o %
(A 485 SRR — B, TIESE Ty i T B SR v S o i
i 4 7 T

RAEFET SERS BB AR AT 4 @Ky IS T8 %
HEJR, RELY B T 52 2% 1 SR B R S RS AT £ e Bk
o MTFREZHELBEEFITLUS N, O, SHFHAL,
BEAE A 2 B R T PP T B R Tk M e R A A
FHT. SRR AERTFEAL-FMELSEE T, 7
T HAER T, R RN 25 E LR, AMUE
F45 7, T FLAE SE R R HA R & R 1. TR,
TFRRaE . ATE A SERS 148G H T 9Bkt S v ]
AHI) 7 22 o B 4 i S AR AT 1 — A~ & J ) o
4.2 FREAEE

75 LA R T i RN S0 A R B AR W L A
Az BRI, £ D AR T ARSI 2 it £ A e
(O E B Ry . ZHOU ZEU720R FH — 5 i s s, il i 36 i
WA SN kBN SERS G MEILK, 1 B
(thodamine B, RhBY A5 543F, HFKMHH O157:H7 Y
SERS il . Apt-1 Fil RhB #X A &40 KK T, RIH BT
FRITRLIN I AR S e i R S s 2 {7 S R I L RhB
£ 1350 em ' 4bfY SERS 1555 K FF# O157:H7 e HATR
SRR IESC R (°=0.9982), KT 10~10000 cfw/mL, LOD
N3 ofwmL, JiF 55 1% & A T R S K I K B AT

O157:H7, 7 ¥ I M 4 M v B A 1 @ 09 g B 5% o
TADESSE %P5 T 5 RS G9hk ik, gk im 45
FIRIYRVE R 670~860 nm, F:FH FAG K 7K Hh 2 R0 2L
JRPY SERS HHIF(E 5, 17 iRy /Rl Hon] IR [H]
VR SO B UEA A, TR XA [R] B A S I R ]
XU P53 T — RS T4 5c b R N i B SERS {5538
AR 11 4 0L A BR RS DU SR W . i T B AR TE UK
DNA RB&Y), i 4-FHAH B (4-aminothiophenol, 4-ATP)
YRGS FIEM Au@Ag NPs, IS ER Ag-S 85 DNA
REWH AR SERR 55 W 558, HEmAR—
FR 3 — F SRR S bt SCRERA i — 2 R AR 5, X i
AR UEAT RS BRI, RSV R b (28~2.8)x10° cfu/mL,
LOD °# 0.25 cfu/mL o H1% Jy i ik — 20 W T 4 W3 52 Bt
ARG, [ 0T 23 0 A X AR M R 22 43 A 91%~102%
4.35%~8.41%.

[ AR FE T SERS Kl £ & v B IR AR i 5 TAE 35 |8
P R UE | BT ARG L BLIRAY LOD, (R Y
PN o FALRE U R sl LRI PO B, AR AT
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SO, il FRAHAE FH LB E 4, FRE5 A Au N oK i et 4 2 1
) SO, Fr TR I, 2 R £ R 5 i ) R AR
A2 28 s B — . CAT 2SR ] SERS-fif e I o 2
B (thin film microextraction, TFME)XFH$ A, ik H il 2%
W R A 38 ST E R R A IS, X RRIR R 1 2
I (benzoic acid, BA)EATHEAKIMCANE 4 FiR). RAGH
BA [y SERS {553, MR, LOD 4 3.6 pg/mL, Jifs [
Ky 85.0%~103.0%, 45H5 HPLC #—, AMIN 27
1t CTAB J b M4 7 RIS et B4 1 T K It i
LI REAL 4 K WS4 (PSS-Au BPs), 31/ NaCl. NaBr,
MgCl,, MgSO, 4 FliR[RH#h#EFT PSS-Au BPs B3 HR4E,
WEFE AL Xt SERS G MR sZ M, 45 RV IR Y 2 5k
BEXT R RS 2 M SERS Ve PEY A B . HHAT
2k SRR, LOD N 3.28x107"" mol/L, B HAR B
SERS AU, BLANG T UL AY B Bl anFL 2 £ 45 |
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Fig.4 Detection of benzoic acid in carbonated beverages by TFME-SERS combined technique

B XU B 3 R A 32 S 0 S D £ g 28 0 A
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IO FH RGN S s 2122 USSR A AF 9% 5 ) 2 — . HL E AT E il 1
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DL MARIC A FRTMASE S Al 3R, LOD 24 30 mg/L.
LUO Z5BUPL 4255 HeFE W% (4-mercaptobenzonitrile, 4-MBN)
H 4-TY EHE G (4-nitrothiophenol, 4-NTPWE ki &5 54
F4 R Au@4-MBN/4-NTP@Ag@Au NP, I3 o) (i v 75
F (MC-LR/MC-RR)7F H: 181 & A SO, %06 R E o 15 i
A DNA [ 22 75 LURESE N JEE Y B & 9K TE(Au NFs) |, 4l
3K Au NFs Zhfgft DNA J74 AT 26 IR B A% -e ok
45¥, £ MC-LR fll MC-RR fA7EHUAEE T, B MG Rl ik S
MCs 25 MBE S 358 TR T SERS 55, 153 m454
M MCs 1 B, % SERS EJix MC-LR/MC-RR () LOD
AF T 0.8 pmol/L F1 1.3 pmol/L, Z BN MC-RR
LOD 7Jik 1.5 pmol/L, FEXTSEZBRFES AN b, Z B H
A R A L (96%~105%)

IRBFSE T AR F W] SERS T2 & A W KGN
A m A, (ARG Z RIS 555 A
IS AE N TR IE R 0 T8, 5800 52 B i b 3 B
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Fig.5 Detection of pesticides in fruits and vegetables by flexible
SERS active tape!™!
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