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ABSTRACT: Food safety issues have garnered increasing global attention, creating an urgent need for the
development of rapid, accurate and on-site detection technology, and the integration of intelligent and rapid detection
methods provides a crucial direction for future development. This paper aimed to systematically review the latest
advances in the integration of artificial intelligence (AI) and rapid food detection technology. Using this as the core
analytical perspective, it compared and examined the different roles, integration modes and driving logics of such
integration in the technological development paths of China and major developed countries. A comparison of
development paths between China and other countries revealed that China had established a rapid screening system
suitable for grassroots regulatory use through technologies like colloidal gold multi-test card. In contrast, developed
countries had focused more on high-precision biosensing technologies and established comprehensive precision
detection networks that cover the entire industry chain. Rapid detection technologies in China currently faced
challenges, including incomplete maturation of core material preparation processes and the operational proficiency
of grassroots testing personnel not meeting the requirements of intelligent equipment. In the future, the direction
of multi-source and multi-element fusion would become one of the important development trends, which was
mainly reflected in the in-depth integration of AI with biosensors. For instance, the coupling of Raman
spectroscopy with deep learning could not only achieve rapid and accurate detection of complex food matrices,
but also derived the evolution of detection systems from a single-purpose tool into intelligent decision-making
systems. Furthermore, this paper proposed that to enhance the grasp of the development trajectory of intelligent
food rapid detection technology and improve rove China’s technology research and development layout, it was
important to strengthen international cooperation and mutual recognition of detection standards. Active participation
in the International Technical Alliance for Food Detection was essential to contribute greater efforts toward advancing
the global food safety governance system.

KEY WORDS: food rapid detection technology; colloidal gold immunochromatography; handheld Raman

spectroscopy; nanosensors; artificial intelligence
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Fig.1 Structure of colloidal gold immunochromatographic test strip
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Fig.2 Schematic diagram of detection principle and signal process of Raman spectroscopy
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Fig.3 Schematic diagram of the basic structure of a nanosensor
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Table 1 Focus areas and Al integration characteristics of major food rapid detection technologies in China and abroad
BARL el PEREIL I Pl 2 = 410l & AL BLG IR ORE R 275 3k
SR Az a, BLEGRR
WGl WA R amEeses s JEIESAEEEE RIS
i K A =k % P A R - i N -
Mrik PR féi SRR P55 L -
. RGNS ALR BARE IS8, RIS E 4
j:\LEEIZ E\‘ \\ JEg T e . . b ’ = >
T AL PO R RORATOR S e SRR B R (9-21)
ek REHE i fFAERESR T g "
BB KAE A TR MASEFR FEEIKEIER RLERSRE S SR R A, 22.31]
A {29 5 R GUEM FES G135 WS B AL S 8 43 B
2.1 AREAES SR EEEEREREE RS IR HEYMEIRAREOAR SR E A . AHETENT 2 AR

R Y Rz R

JUE A 4 G 928 S AT 0 DA RS AR G A M A ie ), 3k
PR - SRS & RN, SCBUXT H bR A B A
Jie A 4 Z2 AR S AR LI b & 4 A ARSI T, T [
RN Z R0 B AR, &R E N B @b e Ak R 4k
Ph2025 4F 11 7 i A8 s il & A i E b RS 7 vk
S, FE 18 WikRdER, BAS A E ik 5T 15 W, A
MBS R BN E & R ED 2RI, FMEH Tz R
PEFR £ 22 A BRSAURH I A 3R v ) =5 87 R, PR OR B o

KEENRKE, Rr=fhdEr=Ehatr, HZ20E
WG Z . W SRMMER, B4 Z IR R i
I PRESHE PR a8, o L AR ™ i I ik 0 4 WA AT LA T
LG, oK 2R AT 4~8 Al H AR R 2K
IR % Y (BT Wil e 9 =y (021 D NEAD o -/ U = R 74
Y, HFRGA ™ S REA AL B 0 I BRI - B ke fL, 45
R, BIVATSE8 2o X A0 2 A4 ) £ 10 S € 155 0 14
Rz . BlnAEREE A= X, W AR B AR Z5R 8
JEeAA 4 Z2 B, T FH [0 Sl R RS SR v 1A AL
BB ZFARZGIRE, M R B 25 5% B bR =
wih, EERIEATT

M R R, e 4 22 106 46 0 2 4 3% = 2 b
AL AR i T A AT MR R o fldn, A4
Al ) 78 2024 4 5 AR, WiiTEeYmimx
2024 AR R BAR G HIAR R 3000 4y, [FAD AR fE %
RS . T3 oh, FEAERE AR, I8 RS I 1A 4 Z KR
A ]I AR R Y | e 2 MRS 2RSSR 2, L2
SIYIRRE N R SR AE ARG, G P A, A s HE
A UG, AR T R e P R, TR
FERFLE A Z B AR DA THAG I R SR 5 b, S AT o
77 A H B L R 1 [ B S KR
22 EIMNEMERBRBEARAESHTEE AR
KA

FERRSE | HARSE Kk E ALK, £ PR AR 7 AR
Pl REE . Ashib. ZRbREI 0K T 1, Hrp

R & S JEHTIE, [ AR P A AR AE £ 22 4 el v g g
R mZete, Wby . SRER- . 2 EE
F2AE, Hrp A S RAEBUM IR . ik A KR
HLF A5 3 17 FH

A UG IEARVE N Bl A s P R A e 5 A Pk
Pl A0 R 20 A G e T, R S BT E AR 5 1)
Pt REEERMCT, G H ARG Kk E R AR A
KRR, RATFRIEREIITY, FERHEIRES . SRRt |
AL TR AN 43 Tl R REAR o o, 1R AT BABIE 2 Fr AL
A WA B T T B T A3 UM 5 RN 34 e R 2%
P AL PR BRIRRS . — el A Se R R 2 R 5 Ay v S
P, TN A S TR AR A AT

FEAD e 4 WA TS R BRE E R, A AR IR B R
P e RS, BN IE Bk 1 S G I Bk Y
EE L H, B, i E 7 LR (surface plasmon
resonance, SPRYFZEAL 2 F TG I b b (R fBL
BRI R RS . Hom SR ALt W g g
JR R BB R A AZ R 22—, JEH R SPR 5 586hR
TS A A NG e s, [ Ak 2 2R A ML A 250

3 [E & a2 o 15 B 8 PR (U.S. Food and Drug
Administration, FDA)7E 2021—2025 4022 2B L
% (Food Safety Modernization Act, FSMA)FRGRIE, Rk | K
T P S0 A 19 B £ R P 1 O . Horp, W fbe ke
A% s D LA A M A AR E g 0 FH T . 2Ll
TRFK 45 Z2 R b B B A Y o, S AR R I
KR AL SRS AL A AT AE 3 h AR AF PO A KT
W O157:H7, Jf# )% fig FHUN R )F (application, APP)
SIS EAE PAL o ZFARACYE, 5 R A R A
B RAFRAEIR Bk S s R R . LR R BR TR
T2 —F A Z— 5, S E AR i 22 7T
FEilE 3% LA, JF HLEENS B3 X 2 B 5 T el
SR, GEHARIE P/NT 0.001, MTHELR T A 45 1Y
WERR S5 PSR AN, IR Ll FDA Y bidii i i %,
WA FSMA HEFERIRIN 7 75 Y

AR 4 Z2 Bk 5 A ) A2 IR A B A W 4S8 T I



%84

B, 45 AR BEIRAE T 19 AN h DR A B R e Ji A LB A 5 e B2 63

B A PR . ARG 2B RIS EREE, &
A AE 2 T T R B DR O A T A ) A Al R R
e BRIRCESR, T TR 5 5 LA 3 T AR S5 AR 22 4
BRGNS TR] [ 57 Ml A Jr R E % M A O o A (], A
A 2z At oA AR, B SRk i BE, SCHERY
MMZTESE)Z, A e 2 O 2 R, S B R e
BRI B AR, I BB 2225 ik il i S se b A A s tl, A
TR BEAS [a] B A K S B4

3 REESEURMRENZRARLREZ O

TER RE AL B iR I H AR 450, ] P9 A e S LA i
FRS, WmIE SO0 MR . 20K
B RN E AR S RIS AE S B ORI, T N T
Pl AL BERR R, SRR E AR B Z RN B A
ARIEVIA R AR ALY, K ASZ B . X 2Rk o fif
P, DL Sl [ B AL B bl A AT 1) e 2
3.1 BOMRIE SRR, KEED

TER REAL B b A I B AR " AL AR v, AL ARt
P ZE S [ A TEGARAG AT | R B PR S SR b
BHI B F R R DT A A, — e R e R AR 1. 1)
INTERAR Gl 4 vh, | TS R SR PR R R AN SE 3, A
Gy BUBURE SRR ORI AR 3 AN, SRS I 14— Sk A
Wk, M2, W E P Al & S 2k 12,
C SRR E BB A 77, A7 AR IR 1 BRI Bk FAGI AT
FEVE. R [ A A A SRS AN Al B0 Tt (RTERS
FURENE . i A BE ) SA P i Oy AT 5 e S A 22
B, SR 24 1 e A I AR LA, T AR
A IPEBE S 5E 4 1.

SR, A% ORI R e A Ty . 7ESCHEDN
KAL AP RL T3 T, A [ N BRI T Bk 2, (HAE N
TR TEREML AR, EW AR B A PR RE— B . K
RS NE RS 145 [ BRTIUIS™ S A7 E 22 o X AR [ PN g
SR e A BRI K 45 A, AT 1) SR M Tl b2 w4 AR Y
A AR AR BORL, TR T BB . LR,
el AL 8 S A T AR S A O AR R DG P B UL 2R ) BE
TR, RO T A BRI . H AT, E N
SIS WU TTIGR A Y BT G RS [ PR Sk

P o DRI, AR 7 A AR ARSI R e 1 3 [ A S 96 2
BB EIRRE . AR T AL R hh AR AL RE T R

32 EEREARERARBIRE, SiR&Eit
I 3

B REAL T RS I B A 9 Je Z R EOR FLARRR G, AR
PEN DM RIS H REER A o (R7E 3 4 = 2 it A
LRI, A R EOR B IRGE AL . — 71, 5
IR T G AR AN BTN RO BT 4 A RERb B i B A, {EE
JERRIE B S — GG N AU B9 B AR A K AT AR X i IS
VFZHIX W R LA BB AL & ™ 5 — e, JE)2
R N B3 332 R Gt R BRI AL 250, R B ARG 5
FRRAE IR Bl A BT IR R AL, XELIGE N H AT
G KB, TR S P A, T REAF
TETR I N G AN BB 6 20 B 5 Ml A FRAR I, 53K
S 2 SR AN OIG AT OM R A BRI, X AR 2
B RE A I e A R 2 AME LA ROV, BEAS T 3R R A AL
BRI A E = A

Bl N AN REAL B A I B AR K e b 2E i B 2%, K
I T e B AR SR 7 55 5 7 AR ST R PR A . 4
ANZERE, B BT HT T SUSEE R AT TS BN, e A% O
AHEDT K, RIS, F A A0S I AL L7 0 5 o 7 3
NG, Gl TR BoR IR . IR ST, S
BT BEALREI AR AT,

4 BREURREVEABIFHMART ES K
2y

FE AT B 2 A EEOGTE R 5N, I REIL & Ak
Kl AR R e B R B FET RSO EARZEE | HpAhRS
PR AT I PR 28T, AR B 15 TR £ ) 4 S B R AL £ i A
HOR R B RUHT 10 5 R GETES N . 0 AR i —
NZWFEERG  ATIKE | JeHE S P ER A AR R A
TRZ AR B B SUA ATHESS S LUR =2 B8 (1 4).

WK 4 PR, U055 R 2R, ALERES
Mrlelo )22 RGERNN, & RBP4 h 2 2 E 2%
Mo LURREBISEX — 204, R BT Se Bl e A AR ALK
B SR BEROR RS T T, 4R IR R L BT
K E PR AR S eI L R AR

(Bl S JZ AT |
0=y MNP S
JEAREE S )

A 4

AV RESIHTZ O
(RE#2] . 2R
A IR

B REDRSR S N
(BAPHHE . T
TEE AR EE

HEBUFER)

N

P4 5T AT BOBRE A AN 2R LB O B

Fig.4 Core architecture of Al-based rapid food inspection system



64 B il 2 A iR A I A 4

FH1TE

41 REBEREZRFE—ZEAKA, EOESE
BE1L
4.1.1 Al 5 A MRS AKES B

AEYHERRES S AL WIS MRS, R
fE R RO SO 43 B FERE T 8 AT e, S SE IR RIS WA T T
TR M, AT L A R R R SR sh 4
U E JE M, HEEYT . AEe . RN R E T
SESUR A N O T IZ iE . AT R R A AR R,
BRETFHALUCE 2T . B, 83850 45 = o> JER AL,
AR AL S RAL, SR LA I 25 S e
P E B, B PRI AT U LA B RS
EORR RS, Bah, ATSRE GRS TR ) 4
FR, KUREEFE L 5T Rl ) vEof vk 5 &k, ik
BREIAKCT BT R MRS A 3 1% R s i g T, SR
T R ORI N, XU USRI PRSI R, TTA
B U 1 A AR e . AL AR E g B-FLBk
#E [ (beta-lactoglobulin, S-LG)HI4FF MM AF S, &I
WS84 FAIL APP H 5 FS2 B IR v B B, TS T
Xt BARY R SR . ki, S AR AR IR R Y R
BT HE. AN, ZREEME SE RIS RSN
KR, Hezh T8 S 4 W AR Sl 1) F Bl T A
filgn, —Leih IR BRET S, BlEeA . B
5 IRBEEAE, Hiz FIPLAS 2 S BERI AT KU T, o 2
PETF T WA B TR LA S B S X s A R, R
KA1 B 5 BETF-HL, BB b | R o s 5E
BRART . WA S EAAR AT, EW AN SEERNE
P A
412 BRABRSEH: BIABLREAFIT L

ER Al 54U ARG RIS, histik
HARYE Al W44, Jod R RS OLIE
(surface-enhanced Raman spectroscopy, SERS)FITR 2% >)
BT S5 G, (AR 0T B i P st B A3 A e T A A K ) o
B, AR TEb R A R R AR 2R T,
TRl AL NGEPDUIESIE P2 258, BRI HEE6e.
B . ERBIRIASCR, SHTERERERREZA
Oy AF R AR R N B e M L SR I AT . AE LA
EFIBEZE R, Bl WANG 4E190 SERS 5 14 2 >
RIMSE G, ST T A MP R MERFE B, (aflatoxin By,
AFB) R | Tobmic Hom REUERI, b5 R AR E
AR TR (Au@AgNPs)TE ]y SERS JEJIEH4 AL LG5 Ao
MRCR . AR EIR, 20555 B AR AR I 12 = O A
Rk - BRI IRk L I L X A5 SR T i s R, IF BT IR
Ali50.31 pg/kg, 1RTH E S R E 1 i R 8% B PR 6, iR
SR FUERE ST S . AN, BRI T 2R
W& BTRAT B BRI PR, R —F T a Mg

A A > SR SR AR [ B A 25 SR AT R A 00N 4
A2 > R 2o A S TR TR (R 25 T, RERS A R T2
S mAPPERE . SR, ZEMT AR A
S ) [E B, S 45 46 X 1R 22 (mean absolute  error,
MAE) ] [AIK 44%Z 53%; BIfE5—09 CNN B L,
MAE Wt — &L T 12%E 32%. A, T #5500 is
JE SERS Y&itt v AT JZHRIE, SRS m TR T 4
BCIEEARE BT, B — YRR RS R AR e iy
THEBECY . SRR A B AR, SRR
Y VR BE 27 SRS AL (A PG R 0 40088 FH B4 6 B e I 45 it
ATALBIEE S T SLA, DA BB 55 A R PR 1) Hh 6 D P 45
BRI s SRR 80 . Aok, MiE 2RSS S
H9K5 AL BRI R, P2 GisH A A TR B —
RGN T L, T2 RERS B B TS B0 T SER R
R AR . IR 45 A R A R R R R R 4,
R AAE B & Tl sE B J5 2 3 g5 jif T i T X
Hifie

42 EREESRELE RHLSKERRESEN
hE% kR
42.1  HfeshinARg EIA

AR E R R AR MEAAAE 22 5, R A A7 h B it e 4
BEFAFEER, FUTERATHROEEAEG,
ST SR A TR B A S ok T BLASY B AN, A e E R X
R TR ERI R, B 2558 B R A™ i 1 PR 5E 5 B
AREEZ, JUHIE R 1K FE 5 2l 58 Ry ™48 A 24 5% i PR A
PRAECY, eSS S A Bk, (R SERE A, N
PR A ERARAE B AR . A REREUT . ErH R
RATA LB INGR A, A H ST ] B DU B o Eh R LA
FERAGA K Z 5 XA, o &5 A itk R 2=
M, DRIEE N ZEEMEHRT, B %—kildsbs 7
o Bilan, 7EEBPRE 5 %2 5 £ (Codex Alimentarius
Commission, CAC) T H 4% B — i il 2 1 R 0 ] B s v
DR S bR VR AR, {25 bR o ) [ BRpR HESE T,
TRIEE R EIN, W 5 B, AR BRE S B
PR & R S, (R 23k SRR 245 [ 5] Hh 5% 0 A RR IS L SR
ERE-RKW, B2 RS R.
422 A HERFRHEARKRA

[ bR 4 AR R R AR 45 Tt 545 b Aok e N L AR o R
e, WEWLAS 52 E R SR AR, X —F
B EFREN R . Al —ie 5 RS E T E
Ak 38 7 A VEVF TR BE Ak B Sl A DG B e AR (an A X A% Jk
R OB A B A ) o (TR T (B 2 gt
2 S E SNSRI R 2 e R R LAY ik, AR
A B AR 28 5, QIFTRE 115 21058 . FRERE
AT A O IR AR DL RBMF SRR S R e, e dk



%84

B, 45 AR BEIRAE T 19 AN h DR A B R e Ji A LB A 5 e B2 65

el 7 el B £ bl A I B AR DU BT AL, S5 520 ), e—
A — % B R A D R T R Ul TR RIS, R gE
R IR SO GE — RAFAL, (2B ah 2 i TR B 45 R 2 1]
FHHLZ: B RE A _E 30 £ i 22 4001 18] 69 52 5 BLAS I, 34
SR 2 B LA RE Lo S5 EPREORBE AR T IR
ARSI G RFRAA T, F I E PR AR T 5 A5
B SN BRE ARSI A5 2ok 55 I 9 PRyl 9 &
A R AR N B, D 3 IR 6 9 R BE AL B dh A B AR
FrEE R PR MR S HE

Li LRk, W R R B K T, in ik [ B AR
SARESLEE, X T HE SR RE AL B ARSI B AR A, (R B
RRE A A A T S R AR AT S, fEHAR A
B PR R R A RAE L, e ER R A el 5
[

5 Z5RiE

TER R A AW L | BBt B R 224 T,
B REAL RS TN EEAR TN PP i e A S S . A
o, TR FE LA | A E SRR AR R
FE5r, XL TEA FE T PR B R Y R R AR v Stk
H, B TR E

i 1 R FR B, BRI e, AR XA
MR OR AR D& RS, AR R SR EORIE S L DF . B
B OLART, DR [ 52 0T i AL RS 4 T 3 M A IR R )
AW EORFRTE, ST 1] A e 4™ I A e R A JR
0T 2%, 3 SR ARG I KBl )RR EORG v T ) S A <
S B A S BR——JR 2 A 37 S B ADoK
Ko BAENRAL LT SA—, HILEIIHRR LR EZ
R ARMEARMAR, LAIE L2 I PR i A5 19 4%
DR MHREE, HATRZOAES ATETH H xR
[ R AR, WIAE T8 I — 2 B A A SRR @R P R K
Z I WA P2 0 5 M 2% LR SE e 22 6, 45 LAV
N ks T, ik ATBIKREMEL SO s R
PRI Hetn, HESh AL 5 E000E | AL IR S
ARURBERL G, AURESE B —fEbrAs: I 21 2 4 2 XU ]
TR ARG D SE B A, SRR DR A I 3o A 7 A AR
TR, FAL R R i 2 A XU T 14 52 SRR

JEBIARR, B REAL B i PR I B AR ) R R K AR
BT AR AT . HELOALET, RaORARE . R TR
RBEARS B INAE T, 5 AL $REEASRK /BT RE ) 4G
o P, I AT LATE U BUAT MUBL ALt 2 0 3 n) & L,
B TGRS AR IEMRL . R AL SR SRk B A
A, BN E S AVAIEEARES [ BRECE s p R o 72 R/
He IR A8 AR AR A R — A AT AR | U
SR B [l 2B 2 R BRI IR R

SE

(1]

(2]

(8]

[9]

[10]

(1]

.t RS I B AR B S AR BL ] £ A
2018, 9(11): 2767-2774.

LA B AT I 224,

WANG H. Application overview of food rapid detection technology [J].
Journal of Food Safety & Quality, 2018, 9(11): 2767-2774.

A R SET ORI A £ 5 SR R AR B RS [0]. £
AT, 2022(34): 144-147.

LI RL. Research on online intelligent detection technology for food safety
based on rapid detection [J]. China Food Safety Magazine, 2022(34):
144-147.

AR, SOt S A BT S TT R D). BN BHIRE,
2014.

LI XT. Design and development of a quantitative fluorescent
immunoassay strip reader [D]. Hangzhou: Zhejiang University, 2014.
SR A G AT E AR AEAC ™ i Tk 222 A A o py IS D).
P, 2025(9): 78-81

ZHANG J. Application research of colloidal gold immunochromatography
technology in quality and safety detection of agricultural products [J].
Modernizing Agriculture, 2025(9): 78-81.

kRN U S ST S LY Rl SRR I B M ST e i iRl
i, 2024, 15(24): 3-9.

QIN H, BAO L. Research progress in rapid detection methods for food
safety [J]. Journal of Food Safety & Quality, 2024, 15(24): 3-9.

/NG, BARER, XUB, 45 SAURMEHEYDT I IRE SERS M 7
HIC). B PEEMmFER AL, 2014,

MA XY, ZHAO CC, LIU Y, et al. Application of gold nanomaterials in
SERS detection of Salmonella [C]. China: Chinese Institute of Food
Science and Technology, 2014.

FAUEE, AT, AN, S JETAUREARC Y4 B AR PTG
W RBFE[T]. BN 22 T N A=4R, 2013, 4(4): 1100-1108.
YYAN JL, YU Y, LI C, et al. Research on visual detection method of
staphylococcus aureus based on gold nanoparticle labeling [J]. Journal of
Food Safety & Quality, 2013, 4(4): 1100-1108.

WOH, A, BIE, SF. GUREFRCHEORI TR LYK AT
D], PR A A, 2016, 11(3): 272-275.

CAO Y, LI JM, ZHAO Y, et al. Research on the application of gold
nanoparticle labeling technology in pathogen detection [J]. Journal of
Pathogen Biology, 2016, 11(3): 272-275.

JRIGETE, B3, GG FRiCH ARAE WA IR AL Y il h A W5
BUIR[I]. G AR P25 208, 2018, 13(7): 800-803.

LIAN XL, YANG YM. Research status of gold nanoparticle labeling
technology in detection of common foodborne infectious diseases [J].
Journal of Pathogen Biology, 2018, 13(7): 800-803.

XA, B Z 2R R PR SR [T]. Bl E 4T 1, 2025(14):
34-37.

LIU CN. Challenges and countermeasures of intelligent supervision for
food safety [J]. Journal of Food Safety Guide, 2025(14): 34-37.

WEEDY, BiC, FLR, AF MR S A BRI e
FAWFFEHER[T]. B a5, 2023(32): 181-185.

XIE GF, LAI F, WANG YR, et al. Research progress on the application of
colloidal gold immunochromatography in food rapid detection [J]. Journal

of Food Safety Guide, 2023(32): 181-185.



66 B 2 4 AR I 27 4 %174
[12] HE#, BREHAE, XI2E, 45 S iR atoR BT R AL Sh e iz i [24] RAWAT S, PHOGAT P, SHREYA, et al. Advances in
E R I, YEPEA=RHE, 2009(3): 6-9. nanomaterial-based biosensors: Innovations, challenges, and emerging
TIAN FY, OUYANG M, LIU H, et al. Immunocolloidal gold technology applications [J]. Materials Today Communications, 2025, 48: 113334.
and its application in diagnosis of aquatic animal diseases [J]. Jiangxi [25] MEHROTRA P. Biosensors and their applications—A review [J]. Journal
Fishery Science and Technology, 2009(3): 6-9. of Oral Biology and Craniofacial Research, 2016, 6(2): 153-159.

[13] HARM SCIENCES. Rosa lateral flow [EB/OL]. (2023-09-28) [26] BEREDA G. Emerging technologies and strategies for food contaminant
[2024-06-20].  https://www.charm.com/products/test-and-kits/mycotoxin- detection and control: A global narrative review [J]. Journal of Food
tests/rosa-lateral-flow/ Composition and Analysis, 2025, 148: 108303.

[14] Z&mW, sRGh, WERE, & RESZHRARRR™ e g [27] CARVALHO F, GEORGE J, SHEIKH HMA, et al. Advances in
R R FH——AAHT A B[], £l 5HR, 2024, 44(15): 169-172. screening, detection and enumeration of Escherichia coli using
QIN L, ZHANG FD, GAO SZ, et al. Application of colloidal gold nanotechnology-based methods: A review [J]. Journal of Biomedical
multi-test card in grassroots agricultural product quality and safety Nanotechnology, 2018, 14(5): 829-846.
supervision: A case study of Yuhang district [J]. Agriculture and [28] CASTAING-CORDIER T, LADROUE V, BESACIER F, ef al. High-field
Technology, 2024, 44(15): 169-172. and benchtop NMR spectroscopy for the characterization of new

[15] Pk, AHRHM B AAE L2 A 7™ 5 i e Rl R g R [I). ) A psychoactive substances [J]. Forensic Science International, 2021, 321:
Ak, 2024, 58(2): 62-64. 110718.

GUO L. Application of pesticide residue rapid detection technology in [29] HE Y, YUAN J, KHAN IM, et al. Research progress of aptasensor
grassroots agricultural product quality and safety detection [J]. Guangdong technology in the detection of foodborne pathogens [J]. Food Control,
Sericulture, 2024, 58(2): 62—64. 2023, 153: 109891.

[16] SUN Q, FENG S, XU H, et al. A smartphone-integrated deep learning [30] & T8, J) 5. BAb2R a0 K G B e B 2 A K6 I Hh ) 1 P
strategy-assisted rapid detection system for monitoring dual-modal B[], A ERE, 2014, 35(8): 6-10.
immunochromatographic assay [J]. Talanta, 2025, 282: 127043. LU DQ, PANG GC. Application prospects of electrochemical

[17] ZHANG Y, FANG Z, FU Y, et al. Long-afterglow image enhancement nanoimmunosensors in food safety detection [J]. Food Science, 2014,
using deep learning in rapid and sensitive lateral flow immunoassay [Z]. 35(8): 6-10.

Elsevier BV, 2024. [31] YUAN J, WANG L, DUAN H, et al. A press-actuated slidable

[18] MATA-CALIDONIO J, MADDOX Al, HAMAD-SCHIFFERLI K. A microfluidic colorimetric biosensor for Salmonella detection utilizing
novel immunoassay technique using principal component analysis for nickel mesh sheet and MIL-88@Pd/Pt nanoparticles [J]. Food Chemistry,
enhanced detection of emerging viral variants [J]. Lab on a Chip, 2024, 2025, 467: 142343.

24(16): 3985-3995. [32] BALTA I, LEMON J, POPESCU CA, et al. Food safety—the transition to

[19] b, 325, FLTH S IEIEAY & i AR 2558 B3 PGB AR N FXE & 5 artificial intelligence (AI) modus operandi [J]. Trends in Food Science &
PRSI SE )], A AT, 2025, 19(23): 177-179. Technology, 2025. DOI: 10.1016/j.tifs.2025.105278.

XU XF, J WW. Research on the application challenges and improvement [33] EAHIR, REME. HCRMREE M bR TZ 4 bt . PHETS
strategies of rapid detection technology for food pesticide residues based W R, 2025-08-16 (A2).

on Raman spectroscopy [J]. Journal of Food Safety Guide, 2025, 19(23): WANG SQ, ZHAO CH. Digital “intelligence” empowerment: Building
177-179. a three-dimensional digital security barrier [N]. China Market Regulatory

[20] {570, FHEaCh S PG e RIFE[D]. JEIT: TR, 2019. News, 2025-08-16 (A2).

NI LT. Research on key technologies of handheld Raman rapid detector [34] EFIRE, BRAEE, Hhlfk, 25 FETRIARS 2R AR = SRR el
[D]. Xiamen: Xiamen University, 2019. BRI B 4a 51, 2025(1): 21-23.

[21] COOMAN T, TREJOS T, ROMERO AH, et al. Implementing machine DING XY, WEI ZY, XIE DJ, et al. Research on agricultural product
learning for the identification and classification of compound and mixtures quality and safety supervision based on colloidal gold multi-test card [J].
in portable Raman instruments [J]. Chemical Physics Letters, 2022, 787: Journal of Food Safety Guide, 2025(1): 21-23.

139283. [35] WM, ARCW], BRRLE, 45 SREE A2 5k B G A A AL )

[22] Rifg, (IR, FICK, 55 GORBIR LS RS & WA T LIRS Rea d  l)]. Rl 5HR, 2024, 44(4): 37-39.
N B G R ERNAR, 2020, 11(14): 4708-4713. JIN YH, SONG WM, CHEN KY, ef al. Preliminary study on standardized
WU HM, FU JQ, WANG WT, et al. Application of nanomaterial operation of rapid detection of pesticide residues in fruits and vegetables:
electrochemical sensors in food detection [J]. Journal of Food Safety & Taking colloidal gold rapid detection method as an example [J].
Quality, 2020, 11(14): 4708-4713. Agriculture and Technology, 2024, 44(4): 37-39.

[23] TOUR, 245, BMOT. GURBDRIRSRA b2 AR ML AR A 2l [36] MpiEHE, GE5h, WA, 8 PR R A PR IR YRR D]. B

B BRI e i) RS
84-93.
DING BB, LI CB, HUO YF. Research progress on application of

PERE[T). SRR IAR, 2025, 16(15):

nanomaterial-enhanced electrochemical biosensors in pesticide residue

detection [J]. Journal of Food Safety & Quality, 2025, 16(15): 84-93.

[37]

A5, 2019(7): 133-136, 142.

LIU HY, HOU J, ZENG XB. Development of a colloidal gold rapid
detection dual-test card for clenbuterol [J]. Modern Food, 2019(7):
133-136, 142.

FITL. 256 QKB B A BRI 43 1 £ W% AR 1B FE D). BT :



%84

Rifdfe, 55 N LEBE

TECRE T 14 R R sy PRSI 1A K R A U 0 HT 5 i 2R 67

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

HTT KA, 2007.
WANG LJ. Research on molecular biosensors for bacterial detection
combining nanotechnology [D]. Hangzhou: Zhejiang University, 2007.
HARTLEY CJ, KARIMIAN P, JOHNSTON E, et al. Use of a dual
biosensor for identification of novel secretion signal peptides and efficient
screening of precision fermentation production strains [J]. Elsevier BV,
2025. DOI: 10.2139/ssrn.5119688

GAREFALAKI V, INSTITUTE of BIOCHEMISTRY and CELL
BIOLOGY-NATIONAL RESEARCH COUNCIL (IBBC-CNR), ITALY,
MANCO G, et al. Use of biosensors for rapid and sensitive detection of
pesticides in food samples for food safety chemical risk assessment [J].
EFSA Journal, 2022, 20. DOI: 10.2903/j.efsa.2022.e200922
ey, G, M. B A PRI AR AL R LAY
[7]. B 5IA0IE, 2024(6): 45-48.

MA XL, XIE JX, JIANG N. Design and application of intelligent system
for food safety rapid detection [J]. China Quality Certification, 2024(6):
45-48.

DIAZ-AMAYA S, LIN LK, DININO RE,

b 8a WAANAf|

et al. Inkjet printed

electrochemical aptasensor for detection of Hg®*

Electrochimica Acta, 2019, 316: 33-42.

HOHE, BRA. A5 S ALHAR PRI S A A IR A B PRS- ) S
[J]. BfhE 451, 2025(13): 159-161.

XIAO CG, CHEN J. Research on dilemmas and countermeasures of

in organic solvents [J].

information technology in improving the timeliness of food inspection and
detection [J]. Journal of Food Safety Guide, 2025(13): 159-161.
B BRI AR AR RN P A B S R ). B e
F],2025(13): 121-123.
HAN Y. Challenges and countermeasures of food inspection and detection
technology in grassroots application [J]. Journal of Food Safety Guide,
2025(13): 121-123.

R, T, BOF, AF RGN AL AR T
[7]. EdhZ4 ST, 2025(13): 180-182.
PEI F, WANG HQ, HUANG P, ef al. Research on the impact of intelligent

TR

development of food detection on food quality improvement [J]. Journal of
Food Safety Guide, 2025(13): 180-182.

UDHANI R, KOTHARI C, KUMAR S. Biosensors and lateral flow
immunoassays: Current state and future prospects [J]. Clinica Chimica
Acta, 2025, 574: 120272.

NARESH V, LEE N. A review on biosensors and recent development of
nanostructured materials-enabled biosensors [J]. Sensors, 2021, 21(4):
1109.

NE, B, BAR, S TR AR T 0 O G S AT PR
MEARWFTERER[T]. A2, 2022, 50(1): 1-11.

LI H, YING Y, CAO Z, et al. Research progress in lateral flow

immunochromatographic rapid detection technology based on smartphone

[50]

[52]

(53]

[54]

[56]

photo interpretation [J]. Chinese Journal of Analytical Chemistry, 2022,

50(1): 1-11.

XU J, LUO X, DUAN M, et al. Machine learning-assisted portable

dual-readout biosensor for visual detection of milk allergen [Z]. 2025.

WANG D, AHMAD T, KHALID AS, et al. Rapid and label-free detection

of aflatoxin B, in peanut oil using surface-enhanced Raman spectroscopy

combined with deep learning models [J]. LWT, 2025, 223: 117738.

WL SRR T R 2 M) AR ALK, 2022, 38(4):

1-6.

FAN GM. Raman spectroscopy quantitative analysis combined with

ensemble learning [J]. Journal of Fujian Computer, 2022, 38(4): 1-6.

?Khﬂ TWIEE, UL, 55 BT A URiSHREE M 2 M P 2
RN IR LAMS O TR, 2020, 49(10): 168-175.

ZHANG X, YU MX, ZHU LQ, et al. Mineral Raman spectroscopy

identification method based on all-optical diffractive deep neural network

[J]. Infrared and Laser Engineering, 2020, 49(10): 168—-175.

B, ThR—, i, . BT A TAREHT BRI I R AR

T[] AR BRI A4, 2023, 43(10): 739-743.

HU S, MA TY, GU F, et al. Analysis of Candida albicans using

surface-enhanced Raman spectroscopy based on artificial intelligence [J].

Journal of Xuzhou Medical University, 2023, 43(10): 739-743.

ERA, MG, IR, &5 PES il — 5T E G A b

SRSy BUIR B RAFFE[I]. B i 5 KR, 2019, 55(6): 87-90.

WANG YD, HUA CL, LIU SM, et al. Research on the current situation

and countermeasures of food and agricultural trade between China and

“belt and road” countries [J]. Food and Fermentation Science &

Technology, 2019, 55(6): 87-90.

siHaMy, e, SRR, A PIE RS OBUR R E AR
A2 5% B8 PR AR HEXS HL AT 9] AR B ROk R 2 2R 4R, 2022, 27(4):
145-163.

ZHANG YM, LI XB, E HC, et al. Current situation of Chinese edible
fungus export and comparative analysis of pesticide residue limit
standards for edible fungi at home and abroad [J]. Journal of China
Agricultural University, 2022, 27(4): 145-163.

AMG, WAL TEANE AN A I b i B R S R
R[], BTAHL, 2022, 53(16): 8-13.

DIAO P, GAO LB. Application methods and research progress of UAV
remote sensing in crop pest and disease monitoring [J]. China Southern
Agricultural Machinery, 2022, 53(16): 8-13.

HER, iR, AR5 ER A 33 AR ).
2015(7): 26-29.

A #F

XIA YR, LU J. Advantageous disciplines and cultivation path of
international talents [J]. Higher Agricultural Education, 2015(7): 26-29.

(A% A S R



