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ABSTRACT: Food safety is a major public health concern worldwide. Harmful contaminants in food pose potential
risks to human health. Therefore, the development of efficient, sensitive and reliable pollutant detection technologies

have significant practical significance. Metal-organic frameworks (MOFs) materials, with their tunable structures, large
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specific surface areas and versatile functionalities, possess unique advantages in constructing highly sensitive and

selective sensing platforms, and have become an important material foundation for innovative progress in food safety

detection. This review summarized the recent advances of MOFs-based sensors and their applications progress in the

detection of food contaminants, focusing on sensing mechanisms and performance characteristics for major hazardous

factors such as heavy metal ions, food additives, pesticide residues and veterinary drug residues. Recent studies showed

that MOFs-based sensors were evolving toward rapid, visual and intelligent detection. Finally, this review summarized

the common issues facing MOFs-based sensors in food contaminant detection, including sensitivity, selectivity, material

stability, simultaneous multi-target detection and instant detection and intelligentization, and prospected the future

development trends, which aims to provide theoretical references and technical guidance for the development of

intelligent, accurate and practical food safety detection technologies in the field.

KEY WORDS: food safety; metal-organic frameworks; detection of food contaminants; sensors
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Table1 Common MOFs structure types and their application examples in detection

45 MOFs HYZE A S%
£ S 5] 3% /0, 0, -
P 555 5 [ AL LODs BT 3 /% RSDs/% it
HIER gy
ZIFs ZIF-67 (B dhasm N 0.9~5.2 umol/L 0.103 umol/L 95~105 <1 (7]
Bty
)
Hg™": 2
Hg"": 95~
He* . Pb>* 2, _ 1.33 nmol/L Hg*'<5
Co@IRMOF- g Ko Hg2+..0.04 10.00 mol/L P2 2+1.05 a
IRMOFs (F4JR). Pb*": 0.05~100.00 mol/L Pb>": 96.8~ Pb*'<4 (8]
9 ik = 1.66 nmol/L
NO, NO; : 0.05~100.00 mol/L NO~ 106.0 NO, <1.5
P . Q5. :
1.27 nmol/L NO : 95~106
R
NH,-MIL- £ R o
MILs 101(Cr) () e 25~600 pg/kg 7.36 pg/kg 81.5~105.3 <2.6 [9]
Uio Ui0-66 A KK 0.1~50.0 g/k 0.03 mg/k 96.56~114.50 <10.5 [10]
108 10- A~ . . m . ~ . .
(ke 2h) glkg g/kg
paliigees
PCNs PCN-224 EBi(HEHE  EX 1 fg/mL~100 ng/mL 0.91 fg/mL 95.97~108.67 <6.98 [11]
E
BER)

K B (limits of detection, LODs); X451 {l 2% (relative standard deviations, RSDs),
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SURIE KA H AN EAT SRS G o — (5 5 WA R I PR/
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Fig.l Schematic diagram of MOFs-based sensors for the analysis of
food contaminants
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7% Eu-MOF #£ 615 nm £b M ZEE5R E TR, 338 nm &b K
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MOFs & I84A e 5 2 5L 0 h 8 4 Ja 5 7 /8 o i b LA
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0.020 pmol/L, 0.076 pmol/L). {EfFFEAE, AF MOFs £}
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Table 2 Performance comparison of representative MOF-based sensors for heavy metal ion detection

- , RSt . i
MOFs #1 %} AR T L i 5l LIRS s LODs SCHik
o<

UiO-66-NHz(Eu)- 2+ 2+ o A (1 )Rk 76.67 nl‘l‘lOl/L,

CD(s) Hg*'. Pb KRR w® MOF B #:15 5% 512 nmol/L [25]
Eu-MOF Hg* KR w® MOF B # 15 5% 0.0890 nmol/L [26]
NH,-MIL-125 Pb** IKFE Do MOF F 1% 8% 7.7 pmol/L [27]
fa R EO s ‘
ZIF-8@AuNPs Pb** P BEIE FOK 5t Vi) 422 -3 i 4 0.24 pmol/L [28]
K. 41
TS/, 0.59 nmol/L(%¢5%),
. 2+ 7 7] w7 e ' 2+_
CuNCs@Zr-MOF Hg K B K i @ T-Hg*-T 363 nmol/L(IL () [29]
~ ) k| g N 0.69 nmol/L ,
bt o g T ALY MOF HHf4Uk 0.95 nmol/L, [30]
T2 KA 0.33 nmol/L
ZMTE-MOF Pb** TR A2 MOF H 15/ 0.03 nmol/L [31]
ZIF-8 cd* A5 Fn o i Fe iR 0.076 pmol/L [32]
JIt A%
Zr-MOFs Pb** et s (deoxyribozyme, 1.7 nmol/L [33]
DNAzyme)

AuNPs@Zr-MOF Pb*" Kby FenrFiseE AL DNAzyme 4.65 pmol/L [34]
MIL-101(Fe) Pb>" Hg*' il Cu** KR o DNAzyme <1 nmol/L [35]
NH,-Ui0-66 cd*, Pb* ¥ f itk MOF F #: %/ %’ 1)67 igg//li [36]

- ok g ok 0.02 pmol/L,
1\1/311(2)?04‘@“- N u a - ﬁ! RNy MOF 1 {5k 0.032 mol/L, (37]
@Ui0-67 Pb*". Hg P 0.018 pmol/L,

0.041 pmol/L
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RAFREZEYEE . AP . BIBR AN BN Ss),
IR ERBE, GB 2763—2026 (&t 2e4 E %
W B PR 2R R A ) X 45 R 2 FEAS [ £ Jk
Jo R I SR KRR B R A TS R, T R 2 IR AR R
pg/kg . ng/kg, XX Tk A R | SRR R
AR EER, %8R 138 PP BT A R Bk % . MOFs
B IR &5 B FEAR 25 5% B A 40 A5 2 2 L, s &
LRSI ENE W i I IR A S 2 R () A5 A 45
MPEAT T RGIRR, WU T kP,

TE S SR e T, R & T MOFs B & B H

Z RN IR M, 78 R AR N R A5y TS T RIRCR,

WA AR v’ @Zn-MOF &G R MER, TE7
RN AR T AR R (RN
97.50%~101.69%, RSD<9.77%)“%; fi& B4 It & St 4 J| HE

H(Ze-LMOF) 5 A AL AR 245 1 B vz i 107, of A 366 o 4 e A
SRR LOD R 0.115 png/mLYY; B4 FERB ARSI A
Cu 7% MIL-88 Gk, SCBLT X i s e il 3 g 1)
SEMERI, LOD K 15.0 ng/LU; DL Rzt MOF FLARES
iz 2,6- 5 -4-fER MG 5 VLR, F25 G
FEK SRR TE SRR 2 f i, S8 T A Ge i i i i
JRIRRIT RSP 22 SR S AE RAE | iR
R T 4548 23mk, SR, Xt TR A5 b 351
T 114 P Y0 3 R R VA% 45 [ AT S LA A 5O T S i,
WF9E H U — 5 A G5 ARIERRE, @i AR (n%
FHI B =(2,2°-IKMEIE) 5T (I [Ru(bpy)s* 45 L 2 HL R RIPRET,
5 B S FUAEAIRI S BB . A FR 3L i NS
A FLA R L s, A AN iR 22, LOD ik
% 14 pmol/LI*,

AL S B b, 2R AR 25 TR A it 2 $2 i B TR RO
FOH T o R S BRI TR B A 2 (A PR SR RN, 51
A R R HL 2% 2 B0 A [R] 26 o g S5 A58 TR g i 2 30
7 X IE . Gong % U T 2 % B B 94 Kk By
(ZIMOF@Pt@ZrMOF), #4317 —Fh = i tb 15 R 25 1
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G A 0 o AR A A s, (H B R R A
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S S 1 e 4 W ) TR A 5 24 B B A 174
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UL 2558 B AN h MOFs #RHARR e | (LR T T4
P RE S It 17 110 P S e S 2 0 TS 6 o A Mk e
Mn-MOF HUE A AR S RAFL 7 d 5, MR 0
HKT 94.6%, PEAEAEILIRIE K 2.4%Y; — 4k Cd-MOF 7
KA RESE 90 d. i pH 3~12P%; Cu-MOF {4 as 7E 81
15 d NXHIIEE 2 B AR A AR X AR DR 22000 1.3%3, #F
FERW], MOFs A48 7E I3k I i AU A AL S 1 A A7
FasE e, R B0 EEE, R R R
T RGP AT I, S S BRI 1 T B8 T AT A
filf, 7EXEFRVETT I, KOG MOF $REHSCHTE 36 Fhvis 224
i P REAT LR | AU EREE 6 A2y Sl | R
R A I SY, Eu-MOFs@/K SIS A bkE, XF 11 Bl
DL 2y R B A S B B BT T HERE 1, ST LRI
KT TR N VD 5L AR B FHL AT AR &), 26t
MOFs Z= b JEAR AR BESIAURT 19 Fhig BT AR A 10 Fh
bt B AR 22 RS e, FAE 25 °C MififF
30 dJEIEE ST R, o R iE R E TR,k
W TAERB, it MOFs 45 11D i fb &1, MOFs 1%
JERER PRS2 2% £ W B I v SO R B 2 1 e R MR
U A, SR T Z2 B0 UE AT AR 25 0F T A 2k ik

R, AESLPRAE 2% W LT RS 1 R A R — 25
H 5%, FLUECSE S R B PR 28 SR e b

SRR S BRI . T A Z, ST
ORI ARTT B bk, MOFs X4 283 it rh iy BAR BA 5
SR IL . T M & MOFs JER7T AN EA R el f%
A5, H MOFs [ HTAE BT RE- S5 K AL R G A,
A i A B A I — R BT £, PR AR ERAE . AR
() AL T+ B8 M T B B . SR, BT 2o
10F MOFs 22 v o B AE B O s BT, 41 xt—{4kdk
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Table 3 Detection strategies and analytical performance of typical MOF-based sensors for mycotoxin detection

MOFs #1 4} Hir9 FRE =S IERE NS L) LODs SCHE
GOx@HKUST-1 AFB, e EUSON FORBE 0.004 ng/mL [72]
Co-MOF M EER RIS DNA 17254 4% EARIL e 0.31 fg/mL [73]
. EkK
- HAY 5 4] 2
Fe-Co MOF AFB, Hf fidb & I 7 4 %6 HOIL P 6.44 pg/mL [74]
L f/H fh 2/ - ) KL NZEA
MIL- o e & EHY 18 . .

Fe-MIL-88 HMEHER A AL RIAY P 0.22 fg/mL [22]
Ni-Co(HITP),MOF T2 H#H b Exo IIAEH A K LN 0.167 fg/mL [75]
Fe;04@Ui0-66-NH, AFB, SERS i fit {4 X FRFE 0.147 fg/mL [76]
Ce-Zr MOFzyme FOR TR BN [FA R ol Fe 2zl 2R £S5/ NNl NI 0.8 pg /mL [771

Zr-MOF BEHEEE G Bl ik ¥ SR 0.871 pg/mL [78]

AYApI NN 7R
Ru-MOFs T AR5 e ) T A m%;g%ﬁ i INFE T K 9 ng/kg [79]
MHEER AR s . AR T 4.3 ng/mL
HKUST-1 MOF AFB. RS TEN g FORMFE S 52 ng/mL. [80]

Ui0-66-NH, AFB,. WMBEHZ  BLEERE % B 227?1gg//li [81]

4= XGHEE

Ce-MOF@MIP AFB, AR ¥ e i 3;;?“ 0.25 ng/mL [82]

PVP-UiO-66 REER 5t J Rt 0.29 ng/mL [83]

A5 22 AR [ 204Gy THT o A SCRR B MOFs f& 18 2
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LA R B 00E 22 SR [ I AS: DU Fy el A, (ER SEPR
ARSI B BEAR RS ATE AT Bl R it RS W 0 ik,
HIF# &R ERUE, 48RP TEE. IF A 248
EFEAIAL TS50 2 B B, FESLARBISR) L AN S BAE dhi
PE AN SR T 22, B B SE PR AN AT BOREE B

7 BV A5 R RE AR ARGy 1T, BUASAS D2 MOFs £
JEARE ) SE PRI B SCHE T . HAT, Z5E e, POk,
LS00k, CVIRE MR T AR AR . 22 M ED R
e BRI ARG AR AL P 5 o B RETFHLAYE
—B G, R RGBSR FALAS 2 ) Sl Bh 8K
o, SCBL T VIR BRI . SR, N ETE AEAL TR
BETSBOA IR, 205 B AR RO R SR AN ] AR PR 0T, R
TEMGE R REIR ZR . BB N RRE . PRI S BRI
JEWRRE, A 9% th 2 [ 3200 B ey A AR A% f D REAY

47765 Bl B 2% S ) R 5
3 4ERIE

L5 BRTIR, ALRGLAR T MOF AL BA8 e B 54
YA DN P AR ST R, T8 o AL S AR BT SR L RIBUZ AR T |
UGG K 22 RERRAS DN 5 07 TR R 15 B AG . AU e AE
SCY AR TSR B TRRE . By R R S A
ST 5 R RGN, 32 G 19 LOD 2K pg/mL
HE fgmL H5. SR, WSEERN R MAESR, JiFER
B PR S RRENE Z AR, DR SEER A PR RE S B
GG Ve Z B 22 . AT f X — (IR, J& MOFs &I
i DS 2 A S T 1) SEBR B AT G B . RARMIESE
JSE BT X 2P AT B LR ()R, 76 & 4% MOFs A& L3
Al b, TERDRHME BT | 75 5 Je 2 2 L T ek
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