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Recent research progress of surface-enhanced Raman
spectroscopy in food safety detection
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ABSTRACT: There are many kinds of food, and the problem of pollutants in food has been more and more
complicated. Therefore, the exploration of rapid, sensitive and simple detection technology for the detection of trace
pollutants in food is of great significance to ensure food safety, and is also a very important part of the food safety. In
recent decades, surface-enhanced Raman scattering (SERS) detection technology has become a reliable tool for food
safety detection with its advantages of fast detection, non-destructive detection and high sensitivity. At present, the
overview of the latest research progress on SERS detection technology in recent years is lacking. Therefore, this
paper briefly reviewed the enhancement mechanism, enhanced substrate and detection technology of SERS,
summarized the application of surface-enhanced Raman spectroscopy in food safety detection in recent 3 years. In

order to better apply SERS detection technology to routine detection of food safety in the future, we should develop
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more low-cost technology, simpler operation method, develop new SERS enhanced substrate, and better combine

SERS detection with other detection methods.

KEY WORDS: surface-enhanced Raman spectroscopy; pathogenic bacteria; biotoxin; heavy metal; pesticide;

veterinary drug
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Table 1 Application of surface-enhanced Raman spectroscopy in biotoxin detection

SERS J£JiE FeT BER LioalUREN e o B EP N
_ HIEHR A
AgNP@pH-11 A i / 2.63 pg/mL 3s)
WEHEZ B, / 4.15 pg/mL
Au/PDMS/AAO it JEHEHR 5%1071°~10"® mol/L 8.5x10° " mol/L [36]
AuNP/MXenes A M ERGEE B, 0.001~100 ng/mL 0.6 pg/mL [37]
feEvt B / 0.1 ng/mL
SiO,@Au SR A ER A TR / 0.05 ng/mL [38]
15 PER IR / 0.1 ng/mL
DNA 4% 1--AgNPs 1541 E¥/N WM& REE B 1 ng/mL~0.01 pg/mL 5.07 fg/mL [39]
Fe;0,@Au NFs 1A WIM&GRR B 0.0001~100 ng/mL 0.40 pg/mL [40]
FORAEEN / 0.159 fo/L
MNPs@SSB EN MG RER A / 2.015 fg/L [41]
#iEHE B, / 1.561 fg/L
) Hlh % By 0.5~250 pg/ke 1.145 pg/kg
AgNPs@K30 K Fe MM RER A 1~500 pg/kg 1.133 pg/ke [42]
FriESEEB 1~500 pg/kg 1.180 pg/kg
e o 0.0156~31.2 ng/mL 1.6 pg/mL
Fe;0,@Au MNPs N B8R B, 0.61~39 ng/mL 152 pg/mL [43]
o R &= / 0.529 pg/mL
GO@Au-Au o WM& REE B / 0.745 pg/mL [44]
> KA T / 5.90 pg/mL
R A 0.001~10 ng/mL 2.46 pg/mL
AuNPs/SIPCM “H RoER 0.001~10 ng/mL 0.20 pg/mL [45]
MR % 0.1~1000 ng/mL 68.98 pg/mL
MSN-Rh6G-AuNPs Fok FOK IR AR T 3~200 ng/mL 0.0064 ng/mL [46]
Fe;0,@Au NPs-AgNPs B WIM&GRR B, 0.01~100 ng/mL 0.0060 ng/mL [47]
Ag-capped silicon nanopillar HIA MR A / 115 pg/L [48]
1
MXenes/AuNRs Tk W EEE B, 0.0005~100 ng/mL 0.133 pg/mL [49]
ELHA
T-2 ## 0.5~750.0 pg/L 0.15 pg/L
. B . . . .0 pg A5 pg
NiRs@MOF-74 (Ni)/Ag 1A R 252 0.3~750.0 pg/L 0.08 /L [50]

/R SR AR HE I BER 1L 4R (anodized aluminum oxide, AAO); Fe;0.@Au 44K 1€ (Fe;0,@Au nanoflowers, Fe;04@Au NFs),
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4 SERS ZEARI HF i, Hh R %08 FH ) SERS £
TR G B X A 245 g A6 HE B
2.5 SERS FAE&#HKMFHIR A

B2y, WA FZ R sh, KLk EZ R Tk

FREAANAON, TGS A BB B el fe it sh A o R
LB 2y TR, EREMAPIRNRER, R

EYIBRERT NSRS G E . Bk, B B KFE
25k BRI BT T s, AR B i e Je T o ab Bl
i, SERS HAREF ARSI THIY KM, /K
S B B 4L R — O A B R T LR, a4
AR TR T R T 45 A P 4k QD). ZHAO %57
M3 T HAT® SERS TSI 5B FI& Au 4K @Ag
YK (Au NBP@Ag NR)-CsPbX; #ifiii, 1% SERS 1 125 55
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Table 2 Application of surface-enhanced Raman spectroscopy in pesticide detection

SERS #LJiE LT ey i H R EZ PN
AgNPs R LB 0.1 mg/L [62]
AL 0.05 mg/L
WE PR R 0.09 mg/L
As@NCF A LA 0.0014 nglg/L 1631
5870 0.069 mg/L
AuNRs A% WETA 2 0.33 pg/mL [64]
0.041 ng/cm®
" 0.029 ng/cm’
. e 0.047 ng/cm®
AuNRs %ﬂm BE TR R 0.79 ng/cm® [65]
- 0.76 ng/cm?
0.80 ng/cm’
. SRR 4.1 pg/L
CNC/Au@AgNC SR _ 107 pglL [66]
e LB 0.15 pg/L
1T-MoS2 /AgNCs S - " :; %L [67]
KZ B 5.58x10* pg/mL
AgNP £ A S K 1.88x107* ug/mL [68]
2 AN EARE LR 4.72x107° pg/mL
K I W 9.88 ng/kg
AuNP s Y 3.91 ng/kg [69]
- AL 1.47 ng/kg
AL A 2
Ag/TIO; e e : Egzzz [70]
ERaR ]l 2.87x10* pg/mL
AuNPs/AgNDs A7 e L7x10°* :gg/mL [71]
LB 10 mol/L
TiO,/ZnO/Ag Zent T PP 10" mol/L [72]
F Rk 10" mol/L
R BL X} B e 0.026 ng/cm™?
AuNPs W LY 0.031 ng/cm™? [73]
R\ A3 R 0 0.032 ng/cm™?
AuNDs %tbiu? %mﬂﬁ 738 pe/L [74]
SR LB 86.1 pg/L
gold nanostars 5243 B A 0.2 mg/kg [75]
1 b
AgNPs #R BETH R 10 mg/mL [76]
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