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nuts, dairy products and other foodstuffs. They exhibit potent hepatotoxicity, nephrotoxicity, immunotoxicity and
carcinogenicity, posing serious threats to human health and food safety. Traditional detection methods such as high
performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS), while highly sensitive and accurate,
are limited by expensive equipment, complex procedures and long processing times, making them unsuitable for rapid
and on-site food safety testing. In recent years, metal-organic frameworks (MOFs), a class of porous crystalline materials
formed by the self-assembly of metal ions/clusters and organic ligands, have shown great potential in constructing novel
biosensors due to their high specific surface area, tunable pore size, excellent stability and multifunctional modifiability.
Particularly in the field of mycotoxin detection, MOFs-based sensors have achieved significant breakthroughs in
sensitivity, selectivity and multiplex detection capabilities. This review systematically summarized the 2022-2025
research progress in MOF-based biosensors for mycotoxin detection. It elaborated on 3 key aspects: The types and
structural characteristics of MOFs, detection mechanisms and signal transduction methods, and specific applications
with representative case studies. Additionally, compared the advantages and limitations of different types of MOFs in
mycotoxin detection. Finally, the review addressed current challenges in the practical application of MOFs-based
sensors, including stability in complex matrices, feasibility of large-scale production, and universal strategies for

simultaneous detection of multiple toxins. Future research directions were also proposed. This work aims to provide a
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reference for subsequent studies and applications of MOFs materials in food safety detection.
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FREAL, W ADRS AR fLIE R R AL A RO, s I
XHREE H BRSO F 0B A kP nT s AL S
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AT e RSB A SE B4y T 4 DhRE) . ZIFs Bk i
FRVEE AR KPR T DR S RS E , X — et B AL T
Z KRR VERRZEI) MOFs MR A1, ZIFs Al 2 R |
TR By S5 AR X TRT AR A 125, i DR LIS A IR, £
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Fig.1 Development stages of MOFs at different times
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%1 IRMOFs §afh3
Table 1 Types of IRMOFs

IRMOF Lz y 5%
TRMOF-1 b s AP EAFAE
(MOF-3) X} ~08 Ay [33]
2N - .
IRMOF-2 - ~0.7 SUARIRM . RIEIIREL [34]
IRMOF3 2-FHNFHE 09 ALK . L. 35
} i : Rk 331
IRMOF-6  2,6-Z5"Hifig  ~1.0 KROFWH. 2598k [36]
IRMOF-8  2,6-ZEH@ ~1.0~1.1 WAELEYHE  [37]

IRMOF-9 44-HK—HR ~14  KOTAHE. L [38]
A P Yeaing [39]
KArF R [40]

\}{j: A
IRMOF-16 =#H:_HR ~3.7 q:%jqﬁw S [41]
ik

IRMOF-10 44 -BRE —HER ~1.5

IRMOF-11 PRI —H®R  ~1.9

%2 ZIFs b
Table 2 Types of ZIFs

ZIF &8 - 2%
ZIF-4  Zn* IR e i ~0.35 [47]
ZIF-7  Zn* FE IR B ~0.30 [48]
ZIF-8  Zn* 2 F F Ik s g ~1.16,0.34  [49]
ZIF-9  Co* R IR R s ~0.30 [50]
ZIF-11  Zn* JE IR ~1.56 [51]
ZIF-67 Co* 2- F R s i ~1.16 [52]

L. IR ZRIEDRe g+ ~
ZIF-68 Zn LR 1.8 [53]
ZIF60 7o IRAHELAR: PRmefg+5R 19 [54]
PiRUN S )
ZIE70 7 TRAEAR: BRukfR+25 1o [55]
i I W e i '
ZIF-71  Zn* 4,5- S BRI i ~1.6 [56]
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$i FUB WS Tk Kl (lavoisier institute materials, MILs)
ROk e E ARG R, LR =Nhae)E
(AP'/Cr* P )5 ZIRBRINTCALAE T o A5 R1% 2 51 i AL
R, MIL-53 Ji& B H R 0 PS50 2 B AL AR e Bl A 5 )
WOR AT AR AT 2 R 9 f 2 W RRAEAE T A5 H 1 3h 2
FRAEME . MIL-53(A1) #9 £L A% AT 72 3L B2 A A8 46 F T
8.5~13 A Z[AI S S A4 o S Al g 8 T HE SR 45 4 v
R P R 5 MRS, TR AR R 1 BRI AE AL
MILs A4 i HAT O S A R e v -2 R e vk . flan

MIL-101(Cr) 7E - FREK 7 A H UL A ML 77 H 2540 52 2 1Y
[FIHF, JEBALH 2280 m/g OS5 LL R, ALY 285
T IR R4y MILs BERHA HLA BEMEREYE, 401 MIL-100(Fe)
BRI RT A R I, of LA B 53 3 R AT IR AT
TRAEN AN . FE ECRA 85 2K I Jy 1T, MILs (4 3045 R 16
RGPPSR T RO . PPN Rl F A
B AL RS, Bl MIL-53(Fe)FLAZ L EMR I AFB,
FANFFRERE, Ak 9k F S 5 A, S
R R, BEME MIL-100(Fe) B i i 41 37 b
SYESEER-MOF ZAW), Witk 448 5 B Cina P4 o)
R AR IR, BTG I AR OOk e il
MILs Bk HL A R & 4 58RI 5 (58 3).

£ 3 MIL Hhfhe
Table 3 Types of MIL

MIL #1k} BB [LRRES E=BEN
MIL-53 A, Cr*', Fe** S R [61]
MIL-88 (A-D)  Fe*', Cr** X7 R A [10]
MIL-100 Fe*', Cr” IR =W (11]
MIL-101 Cr’', Fe* FF o R [12]
MIL-125 Ti** N2 R [62]
MIL-140 Zr*, ce* X2 R [63]
MIL-160 N 2,5-W: 0 — H R [64]
MIL-125-NH, Ti* 2-FIENITE R [65]

24 HILEAIME RS

ZfLBCL M 4 (porous coordination network, PCNs)Z
G (R FEAEAE T J8 B A A & 1 4 )2 FL gk b, Hamad 37
I\ AR FL O B9 = 4k O Y BT M AR Y 3 T R 4100
PCN-222(Fe)( X #& MOF-545) /&% 2 5 40 F v 7,
PCNs (1 B #5557 T HA 2 LE5H, [FFH & %FL(<2 nm)
A FL(2~50 nm), M i 52 B 2 KB B [ 4% R . 9
PCN-222 ELAT 1D L3I (3.8 nm)FIHALEE(1.1 nm)°*,
XA R LR G T & TGOS, R T
PR A S5 R A5 . PCNs MR 3 H e 2 mT A T REE o
3 3 B PR AT 4 I R T BE AL A4, O BE T WO 1
2. BN, PCN-222(Fe) 2R FHl Zrg %55 DU ¥R B2 Mo Bic A4 Fi
V7 A 28 I 4T B R R, ST T 28 o AR AR A TS
(K,=0.23 mmol/L), i5FIFRIRHMLT E P 83% %), HEAT,
PCNs KL i S rRa 2 1 . PCN-222 76 pH LRl 2~12 %
Frahtysesatt, JHfE 20 WHEILIR IR G A BT Tk RE
fife, o TSN M E KT . 7B B R Ay,
PCNs (1432 FLE5 F A EIE VR SR 40 T A3, A FL
SN PCN-222 9 3.8 nm)A] KK FEEHEZ
AFB )k BEbRC 4, i L BE i (4 vo 28 W B 8, SE B
B 2 R AU £ PCN-222(Fe) it S A M BTG 1 T i F A
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RHER, F SEAHUES A AL IR AR R R T

FAGHIN H B R S o 7

s R B, B E BSOS, SRR R
F1 5 S AORE e (BRI, Gt B T ik A R AR )
1Ak, PCNs 1958 pH Fa5E 1k VPR IR ME B i L 5T (AN 2R 7 5
AYFEIBH) T BN, HZRIERR G TEREA 280, B
FETHGIN B AT FEVEFIZE PRI (R 4).

2.5 UiOs &5

HHT BT K22 84 8 (materials at the university of oslo,
UiOs) BRI LL ZrsO4(OH), /NEARFE TR, 38 12 MRER
Eh AR IE BRI R ERESE . Ui0-66 1 1% 2 51 fi LR AL
%, RIS 12 BA O s ik e 1R, Uio R AR
FERAE R R FLAYFE E P L Ui0-67 ZM i i1 500 °C,
TERK R AR E KSR 7 d, BMETE 10 mol/L $hfghig
24 h S REAA RS R ERY L SRR MR T Zr-O B
FHEERE(774 kI/mol) LA K BAT S B (12 3548 M Ss ik
. UiO R4V HA & n ek R . 3l i fexd 28—
R &R E B AZ R E BEHI(AN-NH, . -Br, -NO,), AJ3k1%
—FFNIRE UiO-66 AL, ST I8 45 2 1T 1 J5T R ff 26
B, filhn, Ui0-66-NH, A AR DT AETLAY Ui0-66 JEFL
W R CO, WM A H . LM, UIO MRt B3
A 25 F S35 P L BRI UN MILs 2R 1) A L 3] fid) eI 3550 v
WIS, (H{R UiO-67 X FEAYHESL e W bt A2 vh R B — 5
FERE M ZEE, A B T2 NS [R] T LAAT# 8 (4 R B 136 5)
1E B EE R R T, Uio RAN AR FUR et AT T fb &

T AN ZE A RS LSO PR & o ol iR fb AR e v Ao
VERERR P T (A0 SR 7 38 % el ) v BB R, 3kt A
AR R A B R IR 25 B dn, Ak T AR Ak
UiO-66-NH, I 38 2:F it FEL A 22 438 4 WA FFH 970 Hh %) T TR
EUNRERHR), BT E LR R W,
Ui0-67 1) F M HE SR B IE e 22 Fh i 25 L Aal b 20 (L 8 o 25 95
R L5H), SR TERIIRE ). X SRRk 25 & T
AT AL IR o AR ZE BP0 2 S B
R BUT R E AR R E T

3 MOFs £

MOFs S:A WG A BB R ke, F2
e+ HAF S5 2 5O . MOFs A B A &tk
AL TR LA D S A B T A e, X SR fel
BB AR . B . DOUIREN . FHRMB S TE SRS,
TS RGN SR I R . AR, PSR AE IR
WAEG DR LTk, BRI . i
BTG, LA R AR e Bt i BR A (1B 2)

3.0 RAIRRREE

DGR IR SRR R L ARSI PR T A L A 2 E A
JZ R, MOFs W& U E FERIFE T4 B kel
A EICHRIT, WP EREDOEEK . SR
PR AE 57 R P 982500

%4 PCNs gt
Table 4 Types of PCNs

PCN 44 BB [LRE S5/ E EZPUN
PCN-6 cu* DU (4-F2 L83 T “HEIFIEZE, KAL(~3.4 nm) [71]
PCN-9 Cu™* (AN ) St 5 A HFHESR [72]
PCN-14 Cu** 1,3,5- = (4-FRILIE I HE peu MR, FALBE [73]
PCN-16 Ccu™ 1,3,5- = (4- R B 2R B0 A+ ik b FEZHESE, FLAR ]I [74]
PCN-66 Zr* 1,3,5- = (4-BRILFRFH K (I ELA) Zre R, WkaE [75]
PCN-68 Zr* O 3 S AR (TR ik ) RELETEREER, F bk [76]
PCN-222 Zr* U0 47 3% e PR (P ) A FL(~3.7 nm), ERa [77]
PCN-224 zr* VU 5 7% A 5 PCN-222 240, Zrnbmkety [78]
PCN-333 AP TR IR A FL(~5.5 nm), S IELEH [79]
PCN-600 z* NRBHRATT A= ) LIy RE T E ] (42 & PR3y ) [80]
£5 Uio ByFh
Table 5 Types of UiO
UiOs ¥k} BB [REN SEF RFAE E =BT
Ui0-66 zZr*, Hf* XA R #L(~0.6 nm) [9]
Ui0-66-NH, Zr* 2-BBEXR TR UrtiefbALIE, HRERG R [84]
Ui0-66-SO;H " T Ak %o oK — TR FLIE N EA BRI [85]
Ui0-67 z* 44 TR H R H. Ui0-66 H AT B KA FLAZ(~0.8~1.2 nm) [86]
Ui0-68 " ZIRR-44- R PIRMESR, HANALEH [87]
Ui0-69 z* U 47 2 1R T A% Sy AL BREEH [88]
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Fig.2 MOFs-based chemosensors/biosensors for analysis of
food contaminants

MOFs M8 Z L2451 SRy e Yol sl it s 3 it
THARRAA, R R AR, W SEEE SR
5 ARAERN . 1 SUN SEPOF & T — 3t XUk 5
MOF@[Ru(bpy)s]* # Ft 27 22 9 K £ 4k 1) L R 5L I8 i,
FAT AFB, BRI . 1% A5 A% L MOFs 1Y 5 {0 5 Y64 Ay i
A5 5, [Ru(bpy): " MILL A5 eE W NS S, 4
AFB, fE7El}, il i FRB LR T80 MOFs 5 (2
Bang, LTSGR AN AR, DTS2 B 216 3 15
AL RE AR AL, X AR SR A AL IR T IREE TR, R
Fiik 3.05 ppb. HIBAIERHE— BN TR EFILT-&, LM
T AFB; (1 BL3 PR AL E A I

TESERE RS HLT )y 1, W ZHU PR R T —Fh
HT CuO@MOF-1 s AN K B A 4 R LE A8, -2 S AU =X
eIk, T DON [k (& 3). %A% 144 L Cu,O@MOF
YOKBHEAL TMB Ak A 1l 6 8 EAE B ES,
BN ESOIERPOEE S, 4 DON fAFERT, 5w 4
G JiE SN BTARIRE R B b, B EAfE 5 MR &
A SRR [ B R B S SRR A, DA T S B U =
{55728k SRR RS 2 S M A AL IR T B — A D P 1 B
T4, K BRIk 0.0018 ng/mL.

L1 PR T —FSETF AI-MOF@Eu-MOF@MIP
RO BRI IR, T AFB, A o 1Z 1% I LA
AI-MOF (15 (0754 6(440 nm)fE IR (55, Eu-MOF f4T
Y6662 nmWE A NS LGS, 4 AFB, fA7ERT, i@k
V5 R RN S5 AL 00 5380 A1-MOF Y (5.5 1
58, 1M Eu-MOF [ZT€2¢ D8 P80 s s, AT S B
PR R RO RN N R A e i A - R
BT, K BRIk 1.98 ppb. HakgE—H 4 T GEF
M-, oMol Jesm i ARk, SEEL T AFB, 7E47

BHEE S (8 B TRE A B R TR

B 7B — RGN, XU N 22 B AL R i [ H AT B
WE. Z2YRMESERE, ERChERE2RNNAE T
A [ Z R 5 S A 52 BT LYK AN BN 5 1 SR BR A
HRIEA R R TR FIREE S50, B E A G
3, DA TTIBE i A 0 114 e 3 oz 2k o
3.2 LEEfERER

oA BN PRI BAS A L, 2 SRRl
G R )z ) FBZ—. MOFs {E s} nl
WAL P A B ARk, AT S B 54 1 Y. MOFs
MRHRERS R AL E . EAb AL A Al S 55 R AR I
B OUE M, AL IR W A 3,30,5,50- U 3 R R Bk
(3,3°,5,5 -tetramethylenediamine, TMB) . . 4 & B¢ 2K JiiF
(diaminobenzidine, DAB)F14B % — i (O-phenylenediamine,
OPD)&5 ) A i a8 4k, R i SE B H AR i) o i o i ).
MOFs 2B A R T e 4 S 5 5 S5 A LS4 A B I
eI 4B Fe, Co. Mn, Cu)iJ MOFs BER i
DA AT E AL E A A R R A A, R AR
PR N . S5 RIRTEEAH H, MOFs 28/ F R H A 3 =AY
FE . v B EALTE 1 DA B AR A, TR
i 5 T A PR ARG SR B ] R A A ZHANG 2P0
RIET 26 & 1 ¥ 2509 (multifunctional prussian
blue analogues, M-NiMnFe-PBA)ZH K A4 4} o) SRR =X 6 128 43
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