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Research Progress on the Application of Dual-mode Sensing
Technology in Food Safety Detection

ZHAO Zhengyang, LIU Jihan, ZHAO Changchun’, YANG Guohai’, QU Lulu

(School of Chemistry and Materials Science, Jiangsu Normal University, Xuzhou 221116, China)

Abstract: Dual-mode sensing technology demonstrats significant advantages in food safety detection due to its high
sensitivity and cross-verification capability. This review focuses on dual-mode sensing systems integrated with optical
detection methods, summarizing recent advances in their construction strategies and applications for food safety monitoring.
Studies reveal that by combining two complementary signals, this technology effectively overcomes limitations of single-
mode detection, such as low selectivity and susceptibility to environmental interference, and is successfully applied to
detect common contaminants including pathogens, toxins, pesticides, heavy metal ions, and veterinary drugs. In addition,
the review highlights current challenges in probe design and sample processing, and discusses future development trends,
and lays a theoretical groundwork for the practical application of dual-mode sensing technologies in relevant fields.
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Fig.1 Schematic diagram of dual-signal mode sensing
principles and its applications in food safety testing
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APLGLRL, an B A7 25t S AL 9 i (peroxidase,
POD) iR EER, H A B HA DO EE Sy IRt is

AT 4k 45 b & (hydrogen peroxide, H,0,) %4k 3,
3',5,5'-PU HH LB K iz (3,3',5,5'-tetramethylbenzidine,
TMB) A8 % LU= bt s 502, FEF kT, Zhou
LS £ T A Wy ¥ 3 10 Fi 3 b e 3k O AR A4 1Y
Au YKL, IFEDONCE ST 20 E AuNPs FRIHTYEL
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Fig.2 Representative fluorescent/colorimetric dual-mode sensing platforms
3 A: FIFl AUNF@Fluorescein@SA #4795/ b o SR Az i 7 22 [E1™2); B: R A Gd-TCPP NCP X Fe* 47 % e/ bb o MU X ks
7R B C: A CdS X HlgG #EAT S BUR G A 22 74 7 LR 1 2 BIUH XU I =) D: BT UCNPs Al TPPS Z [A] FRET Xf
Cu® WUREAS I A2 8RB B D'/ L LRV I ZEN f B8R

an, 2 FARGIKE R, CdS AR BN 2.42 eV (2 [E] T
488 nm YEIIRERD), 7F 488 nm JOGREST T, CdS HAT
5 BY5'6EUA G (photoluminescent, PL) 5 £ 75 13t
PEH7 = 85T (multiphonon resonant raman scattering,
MRRS) FEHE I A P hR C ARSI s s R Ak
fBo Li &8P R CdS fENH ek e, meiizit
T PL/MRRS M5 S A5 AL B A T X T 1L7E HlgG
PRSI . 7 H ARG 515 IR, S s SR i)
FRE R AT (B R, PP AE RS SN (E 2C) . 3R 1
B TARER M0 SRR E T FE B e S P ST g
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TR AL A TIRE, A& S Ze e Hp o b &
JRAHTATSN . 248K, FF 0O I 75 220 5 PR AS
FHMES, XSRS AT O s AR
1.2 WERTTHMERE

KPR IO E T BIL B8 FH P P4t 40 33 %t
H ARty o 7= Az -~ 0] FH T8 00 1945 F RS7
MIfE . I ARV FIDIREIRELH A, JRAL T =

1 BT HITRINRE R ISR A B & b o BT v

Table 1 Representative dual-mode sensors based on unit detection probes in food safety
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M) N TR X EA ST R ET 1 BT, 38 b e g RO
(upconversion nanoparticles, UCNPs){FE A BE L4,
M 2 RS BT FRET M EEASRET 28 ' om
EEAEARE . Yan &P Itk K 54 (porphyrin
hydrate, TPPS) 4x & (1) 48 6, F H: X} UCNPs 1) FRET
B, Mg B A TE il UCNP/TPPS JCEGHY & A
By, M T X% Cu BE4 788 S A0 i) S R+
(Kl 2D) o 4 Cu*™fFAERT, BT Cu®™ 5 TPPS HCAz,
s ig 434 nm #5325 412 nm, SEEEH S0
AESRBYEL R, P A R S R T A ey
3, FRET 32 23], iS22 6E 545 IR E . 75
ZAE AR, BARY Cu* B3 S R e & A A 5 AE
H, B TPPS it [b (045 S IF R B4 1 TPPS 5
UCNPs Z a9 FRET /A2 005 5, #C BTG
R ARIERET

HFnah Sr BIBREH IR E - AE R E 5 52 B B
Yy AR R TR M T = A e N, 40 E AR a5
e 0 % P TS T o S S SR RS . Ma SEDY)
A8y 2 FH TR U 2K 25 B4 445 1 ( zearalenone, ZEN) [1)
b e /22 S XUAL SR AR (B 2B) o X il 35 2 1l 12 g
( p-nitrophenyl phosphate, PNPP) 7 B Pk B IR i
(alkaline phosphatase, ALP) FYE T 2R A= ik,
B X AEIE AR (p-nitrophenol, PNP), HHFH I
I 5 G-PU%% 44 ( G-quadruplex, G4) /N-F 3 Hr op mpk
IX(N-methylmesoporphyrin IX, NMM) & &} & 8 &
DTG 23 PR N BERUW 4R K. G4/NMM (192656, {5 PNPP
A B Ik Sz 2 . Fik, %A AR ZEN /4
TEHT, ZEN-4- 13 I #& 1 (bovine serum albumin,
BSA) n[ gk K i ALP, FKELH B ik il 25 (. S5 5855 10
PENCHRIE; 24 ZEN fFAERY, th T H<2 5 ZEN-BSA 3

FrPESE G PUAR T EER IR ALP 980, 1522905
R PNPP R BEIRALAE ) PNP /L, G4/NMM
PO Zad AR, HEHE SR I Z B AR
YA B2 . 5 AR BYEREAH L, HARh
ST IR BT A B A A S TS — X AR
SEREF Z AR E A R R O RO RS . PRIy 1 3R
AW H IS PRSP AT A 2R, A5 A 4 il B B I 5 4%
fFe 32 2 I T AT AFSRARIE 1Y 2L T 0TS IR ET
BT A RUSAL SRS 7 B i 22 400 B v B S FH 7 451
5 BTG IR ET AR LY, SO ASTAS IR ET PRSI F 25 1
PREF ST AR, A4 H PR E S Z [ hT Tk
SR AN, BT AR ERER T, AT
B, i ELII TS IR 5 32 BARRA T Qe i R e
FFEESENA o 2GR, UATTASEIARET XS F AR ARSI It
B T AR, PSS AT 4l SR A AH B BRI, RO 55
SIPTEEARAIUERN L . RIS 2R S, A AT
FERET 0 M- 5 88 B2, AP e T R RIS,
RS, AR T RBUEME) ™ SE Bk A
2 FURFERAEARAY AR

X FARYIRE ™ A= P i b7 i) 15 5 32 20 M 2k
A E S AL A G5 o DA E S B E Wl & 5).
Pripf B AE, A TR BGE X ] ka5 5
SR, B, AR AR . BS b, A S rERET )
7, A A AR, X E S Y AT A E L S A X
BULRCE- 5. HATH TOUAE S5 TRECUHIE T
55 AT A H A, il A4 i UL - 15 1 B 3k
ARSI E A A RO CHAF T (BGOSR S
AN A R S SIS XU L IS
2.1 FUESRFHERRAR

W OLH G AR IR T A R R R e
(surface-enhanced raman spectroscopy, SERS) . 7%
A . MR T2 7 20, SRRSO A AL I
AR FHSF RPN/ D, . SERS/H (7. SERS/ZEIGA4HR
o

2.1.1 PO OIS AL PO 558

2 AT XU ITTAIR F AL S £ 2 2 73BT ]

Table 2 Representative dual-mode sensors based on dual-unit detection probes in food safety

pRb e VRt A7 S K ik
HERNRTY  EETGRMAE B AN MNGER btk o bk gmol L (L) 36]
MBS &I HiGEEB, He A Soremi ) [37)
TMB/FEDNA BRSO st TolganmL () [38]
b SRR R R L A oL [39]
MBIk st b 5 kit o U [40]
MoS,/CdS/ZnS/Ag,S MR Hfb2E R EAE  0.001 pg L' (A2 i fb2= (E3R))  [41]
AR T BRI /5 St S [42]

PNP/G4/NMM KA W /5 3.60:10 ng-ml. (IL)

7.20x107 ng-mL (353 (351
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SEDUR, TEXRUF DAL b A B2 A AR
HARPH 5 X U 5 058 W), D0/ LR F S5
FEEARAIET T 0] 43 =24, B ARG 3 0R
W P SO SRS A= ) 53 - SR g

H AR50 ) BB R OR RS 2 R G ™. 5
FUO L, ] E RIS I ERET 5 | I P/ Lh s 5 1Y
Ak, 5N, Nawaz 5507 i ] 4,4'-37 1 5L — 580 —
S45URRTE (methylene diphenyl diisocyanate, MDI) E
A AR BRSNS 1,10-FE PPk -5-J1% (1,10-phenanthroline-
5-amine, Phen) fk 2 8 & | £ 4i 2 I R 41 4 3R
(cellulose acetate, CA) I+, BT —FPXt Fe i R (1%
DAL IR (Phen-MDI-CA) (& 3A) ., 4 Fe* f£7E
B}, Phen-MDI-CA 5 Fe 45 & BT (A AR D GUTTE
Fe-(Phen-MDI-CA) Z 54, iZE-5W) i TAATERE R
. F2 #1453 Phen-MDI-CA [ 7M1 K, [R) B A AL
Fe-(Phen-MDI-CA) & &4 T4 Ja - e A4 H e 5% 7
BRAF MR LL A, BRI 55 BHIATAl, 28t/
He e XU 5 ) i T Fe-(Phen-MDI-CA) & A #1194
BTz, BV H bR B AR R B T A US>
i 7 o

Tl A1 S AT SR ISR RS A (AN 290 . o Ak
S0 . BERHRIF CanE PLsiA 24) 45, AT LA 5o 5 e AH
R A TRATE 52 I ] 482 72 A 2/ E a3 U5 5 AR 4k .
fiff B R R AT T A5 S ORI, 1225
ARAT R Aor U B 30 % 22 B0 HH AR =g 1 4R S P RN R A
FEES, MnO, 4K 5 ] 2 M A L e (D G B
£ [ ¥ ( polydopamine, PDA) F1 LA il 48 K 1 1 &
(quantum dots, QDs)CdTe/ZnS FJLL {0752 56109,
"] i 1k H,0, & fk TMB B #% {4 o TMBP', Yang
SRR R T T b SR PR O /bl A XU 2 A% R A
(E 3B) T AW Sh B9 ALP BOTEPEROASIN . 7E
ALP fE4E R, MnO, KT iR IR (ascorbic acid,
AA) RN Mn®', ToikEALZ A% PDA, {6145
H@ ik FRET % CdTe/ZnS QDs %G HINE KR [

Mechanism:

Ex 365 nm

Fluorescence "Off"
Complex of Phen-MDI-CA and Fe2*

Fluorescence "On”

/\ = Cellulose acetate

fIG; [RIES X TMB (4 S0 A FH sl 55 T {19 SR R (4,
SCEL T XHEARIEME ALP (A2 5'6/ b (0 RS AG: ) 521,
ZBTTH, SUES RIS ALP k=) B4
FEE, HANAS ALP 17 AE B A 55 07 A4, SOk a4
iUl

W oA T RS SR AR A B A U F A 4
A BArd) Sk 5 Z R ERPY . & UL FH T4
R A AL B R S U 5 A DR -
IEAAR-SZAR L Fe DNA 22385555, Wang 4504 FF &
TR L S A R FH T X e i ek
HE/NE 25 1 (parvalbumin, PV) AU E AN . 1208
AL A IR FH IS B M 19 G KR (AuNPs-Apt) |
H AN RS ) 4 2N KR T (AuNPs-CS|) FZé e
BHRIC Y T4 E 5% (FAM-CS,) Z2 38 # 72 (& 3C) .
W T AuNPs 5 FAM-CS, Z[alf77E FRET f#i15
PR, 2 PV AAAERT T Apt 1 PV TiikE S
455 P HOE AR IRAT T 1, S g KAL T ] A Y
KATAF MR BT S, [RIB RS FAM-CS,, FRET %4
R ANFAFAE, DNE 5K E, 2T AR5 Le
PG BUFZ IR o

AHEOETT &, HAR O B2 R s T2
E bR B S 454 T 1T A i AU L 85 5, v
R FRIRT B, FRASEE IRARTE Ui . Bl s R
P AR E T, DRI IS AL Jiy v A
B A SR ABURE TR AR ARSI B, (L Fl T ORERTE B4
i3 X A AR Ay B, WA B A s 0
FAFABEFAT T LTRSS R . GOKEFA B 58 T
XL IR MG P BRI FH o A=) 53T A SR g ) 1)
FHPUFE - PR BE R -SZ AR 2 G B0 R S A U4 L
BOV-5, Al USRI B AR mhE v, B 58K
BT TPERE ST o FELIKEFFR I s b5 | A4y 5P
PUNP AR BGE AR S USRIV 5, AU AT LAY HAR
YA RS UETEUN, 348 7T LAE Bh 2K B SRS PE A b
TR, SEERAE 2 Z2 TR B F AR ARSI o B 12218
FIRE A B Al BEHAG IR UR T SLE (o, MELAIE 5 R

K3 PO/ @ XURAL AR B
Fig.3 Applications of fluorescent/colorimetric dual-mode sensing technology
T: A: HE T Phen-MDI-CA 1 HL 5/ 6 SUSHE GG TN Fe? (i[5 BAIR; B: FI I MnO, 992K % ALP TGP #EA T HL 350
F AR BB R P25 C: 36T AuNPs BUBIEAE (LR FAM-CS, [975¢ 678 A6 0 BUBGE (R AL A8 F T PV R A 7R = /Y,
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AR Sl Z | SSRGS S i FE A L 96 B
SERS FREEF,

4 | HREE B4 B ANk AR SR A AT LG B
B AR SR CREIAL, ZIMH— 2 B[R] T A
AT IR 5 B TGS o WG JE A Ak
HARRR, 25 DUk 0] BE 28 AR b 2 A LT RS B S 5 1
S, Ryl e AT B RN IR R T 5 A TR AN KR
TR Y G, T SERS AURGIIHR AL T 3%
fth9, Feng 4507 L1 1 IF-45 & A0 A WIS D AR TE
PSR Z AL, BET T T —FIEr LSy T B SR A ) 2 T 1
58 Fi7 = S 1% (molecularly imprinted polymers-SERS,
MIPs-SERS)/ L (A XURAL 8, FH T2 3228 7 iy
BEFL (chlorpyrifos, CPF) (& 4A) . B ARER S
A 8 CPF MIPs A %} CPF #EA T #E1E 545
G ITTSEE Sy 2 B 4L . WS CPF S54RI Kk T
AR FH A G K ASORE [R] 1) BE 25 AgNPs &4
BB Ak, P AR O S T2 s, IR L s v =
AN AgNPs, IHIBOGCHGTEETT SERS M, SXHL
RUF SN . 5 R TP alE FeiA nd 4355 5 L 7 ik
HH Bl TSI SR BE AT A AE T MIPs A il i i 2. Bl
AR B4 M B AR A i et tksh, &
A AT b BR AL AR BT I [E]/NT 25 min, 7R LESIFR
AR H ELA AR Gy o FH AT o

AR B T AMNF S (cDNA) FRIC B35 48 99 K35
£ AT DAFEIE AR -cDNA FE 448~ H AR 4 2 8] %& A=
T e PR IR AR, B T 7 A= nT AR (1Y) SERS/2¢
JtE% SERS/HLEXUES . il H 151 SERS/ZEIGEL

I
1A , C 1
1 1 1
1 1 1
I | £
1 1
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/ E* | I

I | 0 f a8/ ¢ =)
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Fig.4 Application examples of integrated SERS/colorimetric or fluorescent dual-mode platforms in food detection
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SRS N, HeS/ b R E R R G 25 5 32 2
B2 2% AR L B BT RIS S B (L R 520, 1T SERS {5538
H MANFENCAP BRI 28 BoAR B UIAHIE, DTSS0I 45
R 2E . 5 AR G225 55, anrbfb2E
7% % (electrochemiluminescence, ECL) . ) HL fk 2%
(photoelectrochemical, PEC) | f#£5th 7 FF 5 (magnetic
relaxation switch, MRS) | 3 A 45 & L g £ R
(surface plasmon resonance, SPR) %%, ] A5 & fif L ixX
Boa] @, B an, 3 F ECL JG 7 B & 6 IR 09 4 A,
ECL/ b 35 S AL 8O- &5 nl A okt oo 1 Lo,
BEAEAE T S5 55 . RGBT A B 2 105 2540
b, PEC A% R DGR g 2 IRk = AR G Ha e A
SRANAES, X PR R GRS RIS S =2 (H] e
USR5 E, NIRRT S5 5 I8 S R,
Ak 2797 1 (electrochemistry, EC) B BUFaE MEIF. #
MR PO SEULS O I H TR DG 5 52 0%
R R TP EAG AT, 3= 3 FIH T —2epb Ko
5T ANEA A HAF 5 XU E SRy . 4R R
BH, ST XU G2 AL BSR4 L, FF R R
FE A2 S BRI ik as G T A B Pk —25 48 &
AL JERBS RN 1 R SHEfM: . AH EL S B2 %
R B PP B W RN AN [F) 04 DG A 7 %, FRAREE R
a1 A BOFAGE TS ARSI EE 25 5 SE R, i34
T R RAE, B FEGRI . TR . 53
S, BT AT A SR 5 5 G2 S A S R
TEAEANA], IR AT DA R R AR B T30, 76—
S T RENN LR P RIS SR A ST M S TR
3 AT EMRESTHRIBUEEREA

15925 AL BB A FH B ELIE | 324N 3R T

AR Z N B 2 S ATk, IS B Pk
BT s A . AR REER L ARZGERE L S
2455% B8 L N B 4 S B A IR RS T IB A 2 AR M5
HiE
3.1 FREEE

SO EEREA (S, aureus ) 2= WA E MR
Rz —, Gl N — RN Gao 57 FIH
MnO, 492K Fi& it T LbFZE 6 L XU = A Py fE
IR TR S, aureus (B 5A) o 24 MnO, 9>k 5
FEAERT, B W 028G ik 25 23 B N IE RN, & A
Ko [AIEE, ZAHEEAT LK TC B J0 oS G SRR 4 A
NEE TS CR I 2,3- A I, XA EA L S
BB AR XUE S0 24 S, aureus 174F
A}, RSB 5 DI MnO, 9K S EREIL, 1
(ORGSR, S A A 1Y 2,3- 58 W 4
S ac b, O (0, N L SRR BE Y 55, 2RI 440 nm
W WSS 58 5 555 nm A0 ARG REEAIG o 3 ok 0
IR R LRI (F 140 0/ Fsss nm) FIELEASF 5, S804
25 2R B 0 A DU BR AT AIK 2 22 CFU-mL ' (Fb ) |
9 CFU-mL "(FLH2E0) . 534h, T HRBUAG KK
FEELAS M43 T N GESS# . AT BEEJE T 9K g
MRS B TR S SR T, IAITT AT A RO DR 28
KELF S50, 55 TROCKINE S, 28w
REE . Deng EUS I AT Cys@liposome 94K 55
P65, Gl Re e rE U AR, ety es)5 Cys
@liposome BRI L2 EE IR 5 A5
SN AR L RIS E 5 (8 5B) . PR BTIARZ K
JEEFEFI IO AT A A I BR 43 7R % 1 CFU-mL ™' (2¢
J6)F1 10 CFU-mL ™' (Lbfa), vl FH 4RIk Y S.
aureus WK

KBFFE O157:H7 55— FhH UL A& IR PEEOR

F 3 W ROLAF S RHAL 55 BUF SR

Table 3 Dual-mode sensing involving optical signals and other output signals
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MRS Bl Eb Rk, RV BRI . Joeee (MRS g
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MRS W% TAIEH FERE R, T TR 55 e M) 4

SERS  PEC s R0 38 4 P SR 5 5 Samot, oRs) 7S]
FCL eI H RSB T AL o0 CrUmL (BCL 761




FRAIERH | 25 WU ARTE B i 22 AG I ) o RIS 3 - 495 -

¥ T Magneti ‘
I~ {5 | _cnrichment 5} parati
&$ ey e
(1 ;./ y 7
¥/ ] \y o\ b
i 5}
@ MoNss B Saureus ]
O BCDs © quenched 12/ \ Ratio FI &6'4
BCDs A ]
+ orp | DAP . o \ﬂ/!
@ v ® Apt- | Y

MnO2NSs Fe,ONPs =S

C I
4
553 m 1
NH:  FLchannel [l 1
NH,  Abs channel
, - |
oW
NH, TG I
[ - —
cu 1
NH; R !
%\A( ) W. rRee 00000 |
analysis
Test strip 8 1
o 1
LI -] <
1
_______________________ |

P 5 WU AT IR AT B it RS0 T ARG I 14 17 FH S 97
Fig.5 Application examples of dual-mode sensing technology for the detection of pathogenic bacteria in food
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DRF3 5B A PR G IR IR IR IR 45
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EEYmEEE] LFIA 3048 &, SRR AT RT3 T 28
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P AR, 55 1 7= A A R 48 = A I 3RS
TEE BRI CAE S, PR n] A s D RE S P S
SGAETF ST [RIB, IZASEOR FH O G RE S ™ A= )
RIAFS, TCTF e &, BRAIR T V5 XUy, & X E
AR EAREHE ST AT
3.2 FHEEN

AW AR R P S A AR F
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Fig.6 Application examples of dual-mode sensing technology in the detection of biotoxins in food
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MnO, K F 2 Mn™ {d5 ke (AR 25, [R]H) AuNPs-
Si0, ZEMMRIZ . >4 OPs AAAERT, ALP {% P32 2],
B 53 i 1) MnO, ZHoK i /b, (#i453 AuNPs-SiO, 19
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Fig.7 Application examples of dual-mode sensing technology in the detection of pesticide residues in food
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Fig.8 Application examples of dual-mode sensing technology in the detection of heavy metals in food
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Fig.9 Application examples of dual-mode sensing technology in the detection of veterinary drug residues in food
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YA AR PO TR Bk, FFE LT A
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