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ABSTRACT: Animal derived foods are one of the important sources of nutrients for humans. During the breeding
process, the rational use of steroid hormones can achieve the goals of promoting growth, weight gain and

anti-inflammatory effects, but excessive abuse can lead to serious threats to food safety and consumer health. At
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present, the detection methods for steroid hormones mainly rely on liquid chromatography, gas chromatography and

their combined techniques with mass spectrometry. They also heavily rely on large precision instruments and

complex preprocessing, requiring professional laboratories and technical personnel. In recent years, with the rapid

development of analytical science and technology, rapid detection technologies for various steroid hormone residues

have emerged, providing solid technical support for food safety. This paper presented a comprehensive review of

current rapid detection methods for steroid hormones, including electrochemistry, colorimetric methods,

fluorescence/phosphorescence methods, Raman spectroscopy and lateral flow immunoassay. It analyzed the

advantages and disadvantages of these methods, discussed the challenges they face, and explored their future

development directions. This review served as a reference for the design of rapid detection methods for steroid

hormone residues in food and provided insights and inspiration for relevant researchers.

KEY WORDS: steroid hormones; rapid detection; electrochemistry; colorimetric assay; immunochromatography;

surface enhanced Raman spectroscopy; fluorescence assay
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Fig.l Common detection techniques and methods for steroid
hormones in foods
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2, BT R S AL B P 5 BOC T AR B, AL
NG AL AR B TE R AL A, 4R TR, JF HR
WRFEAR T AR AT INAS . ASCERIAR T U SLAE [ B R
PRGN J5 V5 B A S RS, 4R T A4 BRI DE AR
B, DSOD DA G 2 i 2 e v 119 258 ] e 3R 1) RS A 00
FEARBUR U, PeRE A RUAGIN J5 V5 BT R I

1 KEEHRERIREQME A

L1 BALEE

EC Hi [ il s A AL . RBUE S .
By NI Y (S B W R R ) S ¢ R S e Y e
R AR, feH 0 B AR R AR s, AR
i, ARG A A SR LA D, i | P H
R ERZES, TR SRR i AR 6
FEEIME e (cyclic voltammetry, CV). J7 R %% (square
wave voltammetry, SWV) . 2&VE: 31K % % (linear sweep
voltammetry, LSV) Fll 22 43 ik #f {1k ¢ ¥ (differential pulse
voltammetry, DPV), X 8677 3534908 UG TAE BT it i e ft
FE, ARG It o L 08 BT PAY ) b 300728 A o SR 3341,

B AL ARG L AR 2009 AEFE AR R FAG I 2K [
FECS) SR, p TR I P A SR W A R T 4 i S D
K, FEL G A PEREREAR, A PR A AR LA i 1)
AP EERS R . A TIREREE, FREXN TR
WA T T A FME I LB HLE RED ST B R A S |
= R BRI R AR e, L L RS ARk
BLFRE 2 AR Ry B A AR FHCY . £ B8 | BRARAE
BN N F Ak S A TR AR A B A B At 32 3 T e P
BACCHU %P R T 3T AL A7 B (g-CsNy) AL L R A
Y 3-ANE = 2 A FE A bE[(3-aminopropyl)triethoxysilane,
APTESEi () AL~ A TR (] 22). g-C3N, HER IR
FfE AL R BB R, RENEHR R F AR Y 3R AT L A ) (5 R
HIIRTIRE JT; APTES W] 425 F Ak 4 A5 B A e v A R B,
A i AR A e . R TR AT REA
FRIIREE KRR B2, K HFRAKE 9.9x107" mol/L. 1LAh,
% JB A HLHESE (metal-organic frameworks, MOFs)#f BB 7E
H Ak 22 0 U R AL 1 I 77 . MOFs MR —Flr i 42
J& 5 5 5 A AL A FL AL T B B T2 R ZF LA R, B
HAFE LA BRI L RTR . R T — 45 H
MOFs ¥ H 1k 2% % B 6E, K 4 J@ 94 K UKL (metal
nanoparticles, MNPs)5 MOFs {HEX 258 A RORIS 2 —
BTk, CHAL 45Nl 1) B 7524 fE Zn-MOF 1 £ 2 1
mAChi 4, BRI FR IR RS/ 5am., 43
T A /N 4 90 K LT (gold nanoparticles, AuNPs), F
FH AuNPs (I RGHB/RNEIT 5 nm LU, &b Rz
T PR % RIS . SRR MNPs 1] i 2 42 % MOFs
HI R FAGERRE Ty, W] T BE 2 AT M {7 A5 . MOFs

BRI 1E MNPs [R5 S2 ¥4 45007 ml 353 P 500z i 28 SR 4R, TR
B EA T E AR RE . AR RTER A R
ik 12.3 nmol/L, 7Ei#] /K S BrAE i vb i 0 1] e A 7
93.0%~103.5%Z [, FLILH LTI 73 HrikRE

H b 2 AL R 5 S I E 45 5 M AL o7 S e A%
SRR TR 32 S 1 R R SR B G 4
¥, BRI B AR AE S AT RS W, F b 28 32 0G0 . IR
T B R — RIS B SRR AR T A, E T L R A,
HA 5 BERrF R O R etk . SEgsuia L,
RRIERCAAR BA AR AR BRe e | B e e
PEGFFI 5 TR G BUAE AR 3, T LS R0 e 4 Fh
KA . CHANG 502R FIR 4> 4 e B 43 5145
LIS FCARTT & T — R AL S AR Il o 35— IS i B b
I 4 MIE S B-PIRIHE (B-cyclodextrin, B-CD)4E & M [
TE WG RI 2 47 5845 (laser-scribed  graphene, LSG)HL M 2R 1A ;
5 AMBE R R BB e AuNPs A R L AL 2R R A
o 24 B2 fA1ERE, PIASERCH T BAE S B2 255 il e b
4, fif AuNPs STHTHIARERT, M- FHHL A5 5 12
(P 2b), %07 R A BRE— 2P FEAR 2 0.7 fmol/L.

4y F BB ik W Ak 2% 1% % 4% (molecularly  imprinted
electrochemical sensors, MIECS)IT4F 3t g i FH T 46 0 2 [
B, 4> FENE R A Yl (molecularly imprinted polymers, MIP)
HI SRS W) AR TR AT, VBT 5, RE
W) 22T R A KT S HOAR AT B R A A s
MIECS Al U5 MIP S55EbR I3 F45 Gl e rh i i AL 15 578 1k,
FUEMNAS . R AEEEPE | Rl PR i e ey
Jo v] 5 AR P AR A, T2 I A W o T A R
MANICKAM ZE I IF R 1T MIP ) FH ARG 25 T e
ML= IR . IS, AR T LRI 16 T RS
HE BRI S A s ] o 2 e A AR O AT R AR L Fi S LA
FRE MR PATHA R E ML A2 AR () MIP 44
TRIBEHA T B, Rl ARG TN EHE M, AR
FIHA IR IR B R, #0A B T4 S R s ks
MVERE. LIU %M TG T 4R LA S RN (TisCo T,
transition metal carbide/nitride/carbonitride, Ti;C,T,-MXene)Fl
Gr A HA =4 2 LA 1) MXene/ £1 8246 52 G b1 K
(MXene/graphene composite, MXG)%2 & B4 BHE I 7 B 35 ik
R L, T T MIP LIRS, B ORI T B B it e Ak
S TR TG A MR T ) B B . MXG S5 b
RHEA & T R R R LTS PR R T AR, TR R 1R
JRERIH TR, fEME A T, MXG ZALE GBI T
A, R R R R T 15 AR E, B
% 0.4 fimol/L FA H BN 1 fimol/L~10 umol/L 3 FE LM

1.2 k&%

TE E @A P, 3P W B OV 2 2 A BT LA
T TR BT A A LS e, ST T L e e R ' )



162 B i R A R 2 %16 &

JCE2
&E2
!
BV ; DPV{)“J;n_ |
5555 '
B-CDHLITR '\ ﬁCD%ﬂAFl -ADA
e _ FERGES
:5 \J:'v AF2-AufllON1
o h/“f\b%\ Gk
—08 e .,> B2
Y 135 3
el Ny, ON2¥4 /i1 ‘& &k
L. .. e e
02 03 04 05 06
HL/V
.:-‘g""
5 AF1-ADA g ON1 E2

i [ RS YA T (solid polymer electrolyte, SPE); A% 23 Bl {4 i Bt 1/2 (aptamer fragment 1/2, AF1/2); JRIR'E BE1L4: NIkt (carboxylic
acid functionalised adamantane, ADA); Z4% 2 ¥ 51 (oligonucleotide sequence 1/2, ON1/2),
2 g-CaNy il & B A g AR VA 2 T B2 B FL A 2 0 7S T 1] () LB T AR A TR 1 B2 ri Ak~ 1% I /s I (b)
Fig.2 Schematic of the preparation of g-C;N,4 and its use as an electrode coating for the electrochemical detection of E2 (a), and schematic of an
electrochemical sensor for E2 based on the recognition of nucleic acid aptamers (b)

AR Xt 4 M R AT RE LRI T b o i O A LR A R
HORGUE S WM SR AR SRR, AR
AU STIRAS B TP A . AT A AR LA B A B AR b S
T8 B R AE T A

KR A, FF AuNPs [ EL B E RS L HA A
FelE . AuNPs EA % = 1T 6 R BN S B FIoc o2
PR, WU R B L TR, e AT B T B LA
BB, RS ARNE ™, PULE PR aA
THYTRIEIENKTLER AuNPs JF & T —Fh ol i
PLAG I () e, R G5 2 E ARG O IR- SR A
Y, SRR NRRE, ME B2 WM, RHEET
FLYR IR S 1) 4 b B RS oy, ] WAL € R 4T € AR Sl
o, FAFRZLNS A B2 i, B HBR R 100 ng/mL.
LIU ZEC2SLF AR50 i A iR B ) M R 21K 7 (estrogen

receptor @, ERa)Fl AuNPs [i9 b (/8 )84, [ A kK1
AR il P Y 2 R AR AR A TR . ERa WITETG
EDCs fE7ERT B IE AuNPs JAE, Il {150 2 Rl Ry E 1
WEWZE, WM T Y R E R R, AR R A
i EDCs #8245 T —Fp ol 17 U . AL AR B R R
0.01 nmol/L, {HIFIRFE M U B — 5T, & Tk
TR, AEERCRAY R R
V2O ZIRE FLR S AuNPs &5 TF & H o fh &
#ro HETCH A 20 A B A5 T RS B,
AR ZBHK P HIEIRIE B ) REBEAE, X Re2 T
G T B T 38 e R O TR R R K
BE, BHIFAGUECT K TAE, A sl B I i A Y —
SYFEA . 4 AR A A A P04 LU PR ok
E2 76 mer MAZRRIE FC AR5 W4~ 9 DNA J7 41 LIS &
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RAYE . ALSAGER 250505 1 il B i e 1A 77 41 b 22 4% 14
AZFFER AR T 35 mer F1 22 mer AY3E B A B3t F T
o AT TR R OE S T 10 5 25 i, 4
W, A A A R T RS ) mT .Ex%f‘i%%miﬁﬁz
B TR, 4 Kb BRRT HARGS & 15 SR
HfERM TR A& £S5 Ba 465, &6 XKEU
AN TR BRI B 7E AuNPs | BH (- HEER 4R (8] 3203, 48
T 6 (5 AN TR] 46 B )3 PR IR R B B, AR TR D
10 1 TR B e B I A5 . SO 26D FH 3 i k-
AR R BIN FIEFAAIREIL Y AuNPs AR K IF R T —Fh
Fo L fL I, M F AR 2 A AuNPs 5 i 816 (1438 P 14
WA, AuNPs $ 48 KOHTE AR R4 t, =4 R
Il 20, P 7 A (L 3B, I fe R o ) ok P A e S A7 A
it 2z B, A ALY pY A K ok BB B TR S AR 1k,
M7 A BT WL BB AR Ak, T2 AR AR YT B2 (4G H PR =
0.2 nmol/L, AR EI IR ERAY RABEEARME T 53 Hh—FhiT .
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B3 KEEE RS B ARG 145615 5 I 4 TR B8] (a) i
T BFRArF A AL RIS IR D BRI AuNPs X 28 [ B8R 19 He
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Fig.3 Suppression of target binding signals with the long aptamer
(a), and colorimetric detection of steroid hormones based on target

molecule-mediated functionalization of nucleic acid aptamers with
AuNPs (b)

WAk, A I T2k 48 A 0 4 DK Tl A A — S 20 K A
BHY L AL R . FI1AN, FesO4 A 2007 4E8Z LR AT 14
VIR RRE, AR E TAEXNFI Fes04 10 E ALY
AT THESE . A FERAR L S AL (horseradish peroxidase,
HRP), Fe;0, HAT £ pH 4°MF FRUENER . G il & M A7
DA B AT [ S S 5 . WET SO0 4 T HAT i Kk S8 4k

YRR TEPER Fes0,@mSiO, RETEN FLA KR, I FfE
FfL A I B2, KBRS 0.2 mmol/L, GUO 417
FIHGLRE R T 5 B2 3G B ZE & J5 7 A2 i B0 155 R
M, ETHER T 5 E2 584038 BRSSO sl iR &
TGN B U AL SR AR I N T 2R, A R
435104 0.15 pmol/L 1 0.27 pmol/L.,

1.3 SRA/E

PG R w R R R R,

S TR A R 2SRRI R . DB HE 2=k
BELEDS A b 2 OC R BE, B v AR A R R B
HHET, &L 2O6RET I HLYeRL . & T 5 (quantum
dots, QDs). i /i (carbon dots, CDs). 4% #F 44K kBl
(persistent luminescence nanoparticles, PLNPs)&%, ‘& {73 %
J& T ¢ 6 I IR B8 5 5% % (fluorescence resonance energy
transfer, FRET)J5 FRAG 2K [# Wi 2 %) VARRIALE 251°!)
FTF U EHREL Biotium CF647 F12 v S S PEBT B2 Bk
GT E2-RIRHAMR - B A G R, BT
PR SR T (1) 7 VR X AR 2R A 3B AR R S v B2 AT
ZOTE TR WAL AR, K th FRAKZ 10 pmol/L.
JEAESR, QDs #) ZHHR, HAHEAYG R T

RENTTHZN . QDs HAMA DGR, Hfkoti%
ﬁ%ﬁﬁﬁﬁi, JEEA AR RS, SERNEILEIY
BHEEL, BA SIS0 72 RS eteE i R AT
IRTEPEG A, WANG % PJF & T35+ FRET M4,
B IRIRE T K HEARTE p-CD Difigfk ZnS QDs 4 i
WOMIKS th TRk > F a5, vEN S FEESEME
WHFIERREY, L5 FRE DL I8 ik A e
TERALEE QDs R MK IENE p-CD 25, 454 QDs J4:
HISE2ERR M, TE AL FRET R4 FF 00 5 Il K Hh i R Y 22
i e B2, A R 0.0083 nmol/L. WEI 298 i 5 5%
£ Fe;04 256, R T —FBiBISO GG AR (B 4a), 1E75
LR FACT IR e SR CDs EARIC E2 3
FA, FHIERER 8 B4 DNA JPIUEIRTE FesO4 I, E2
FEBH 1R Pl A 5 B 4 DNA 2438 48 G B ), &
JC E2 fR7E, BRI DEICREARAR, 25 E2 fA7ERT, E2 BH
IETEAEYRITER, EHRADECHE TR RO
JE BB INAR EE BD T A B B2 VR IR AR R BRI =
3.48 pmol/L, FFmLBni - TH: I 435 5 /KB (1 E2.

3o 4 4 SR ' I A% I LS B N ) 43 9 H A i
YA I AFRATIT K o R FIIF ] 43 BESRE S, AT A 3%
WG TS UM T, SAFARIAN 2587 7 —Fhit
T 5 B ST W%} [ 2 A 4 R s B A Y T ae e bR
Y4 1L 3 1 2K [ (bovine serum albumin, BSA)- A A Bk
W0 AE B X BT AR TN . BSA-TT ) FA S B W Bk [ E 7
AuNPs b, 555, i 2 i B o ik A= 5 4 M A8 0 S,
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e 1-238-(3- F LS 3 N B8 ) B Bt — W %[ 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide, EDC]; N-#23& T — LV H
(N-hydroxysuccinimide, NHS); H.#h DNA (complementary DNA, cDNA); & F 5 (carbon quantum dots, CQDs); i it {4 (aptamer) ,
[l 4 T CDs-REMURLNY FRET & BRI AR 160 E2 AUMLI () F14: T PLNP 5 MoS, 492K 1y FRET S& LRI E2 MALE 15 (b)

Fig.4 Mechanism diagram of E2 detection by FRET aptamer sensor based on CDS-magnetic particles (a) and mechanism diagram of FRET
aptamer sensor based on PLNP and MoS, nanosheets for E2 detection (b)

— H ¢ FEFRIC I BSA-AT A FAMB I Bl I 25 09 AT A AR IR,
e NEIE SR ST O o 3 AR I AKE B S B 2¢ a5 B AT
X B AR ST 24T B [E] 4 WA, A R A 20 ng/mL . BEAN,
A HABK T FRET JRELE A A S 128 1L ik
R A HLYLROO O RIS TR | g AU T
85, RSB R T R RIS SR PR L T 2 F
Al HE

PR ESOR CIR B2, DRI S A7 7E T o od
SERHU R TR, K5 i & o A 4 SR AG I A mT
PLSE St b bR Seep T4, 3 B v A {5 M Eb B R
IEAER AR T B L0470, PLNPs Al 877 & e f 3
TEBOT BBV EONET N R R G, HAE S —Flg 4 n 6
ERRER, AR R AR B B R W AR P AR L SE G
J1. 5T I, ZHANG S5 700 % W 35 (A 181 22 PLNPs 1,

PL MoSy 94K F KR, Ik T KA FRET &/
(151 4b), BN T AR W Ak b b B2 ORI, 725G 1]
BRI R M BG5S, LAl B B R, Kt
BRAGE 0.29 ng/mL, M PRiE , wm4s5 vk HAERE G A A0
ARSI B A4 AT AT ARG 5
1.4 FREIGER S SLIERM AR

P ST FOR I MR I RAE T 7L~ 45 F 1 T 200
Br L, SRR, #E T o TRt fiot
RSV T N I N D 28 e 5 17 a1 7 v N 1B U
DN B eI AT 0, RTARAHAE b O T AR SR A A
Bo HTRERER Cg HAREM P O-H MfiAiiksh . C-H
1 O-H 1925 i ik sl M IR ASTE, JE b B s AE T 2 i o ofs
FATERSAE U, RIAESCTE iR o SR, 437 S B A0 1)
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PEARES, HSTBREE S A 0 28 RS AR AL, PR T
EAER I B RS Sk T AR AR R I B U S
PEom AE ML, BERE I R T AR E R L 2 6
(surface-enhanced Raman spectroscopy, SERSK A, LA
X B bR LB R A

SERS JLJIE7E SERS Al i 28 SCH 2, AT 70 A (AL
JEFIEATENG . Bei AR BIAR SRR 4 . ARG R el
K AR OS2 i R R AT SRR e A & AR A
B AR AT o IR X R EPE, (R MM, (s
S ERE H Ak R FE R AR AN AL SR i P RIS, A
BOREMEAR T, & BERSEIKB T R .

(@

s &
Y

MHEEOR, BAZ 02 RS E T IR, M
SCBL LT AR EARN B A R AKORL T, ARGRR T
(silver nanoparticles, AgNPs)f¥ SERS VEVEHEF, Mg
AuNPs fif, L7 SERS HE —B4, Liu 45
AgNPs 27 SERS I, FlIH MoS, B GHAALFF S BIRL R A H
WHIE, IEFE AgNPs SMUZEA R4 AL A7 858)f (reduced graphene
oxide, rGO)E BRI/ HIIF I HAR¥ (1% 5a), 4% Hbror
T AgNPs [AIfEEE], MG SERS {550 MoS, HATR
KR E, 1R AgNPs FANHES &, FEe]
9 AgNPs 350 1= (19 R BIURE o o FH IR 4% JBRAR A 1 PR
iK% 5 pmol/L, IR I Fl FFRFA KA H E2 BAI

)

4 T * .
e 1021 8
~6.725 eV ke
Mo, -9.024 ¢V ﬁﬂ/ﬂﬂl

17p-E2

A

VU2 FERELE (tetracthoxysilane, TEOS).
K5 MoS,/Ag@rGO Xt 17B-E2 (1) SERS il FISE Ak Ak B (a) Fl MIP-ir-AuNPs {5 #5 0 H7 & 55 SR BPA J5 3R B K (b)

Fig.5 MoS,/Ag@rGO-based SERS detection and photocatalytic degradation of 174-E2 (a) and schematic diagram of the principle of
MIP-ir-AuNPs portable Raman specific detection of BPA (b)
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IS FELBRAY . RS B A0 43 T
P, ATRUIFR RS . w5 R SERS (LIRS, #R1% T HF9T
BTz R XUE 45 U8 g U] 26 1T B ol A% 52
AuNPs 5 XU A (bisphenol A, BPA)ZFEA 7K (& 5b), #5: PR
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W, H&T—FHAM SERS &%, M 4-FiEFE TR
(4-mercaptobenzoic acid, 4-MBAE NS #HEHTF, HF
Kl & ZoKEEP B B2, T R AP RERA S Au@Ag CS
NPs Z [A A, Au@Ag CS NPs 5 4-MBA #77F,
PSSR ERE . 2 B2 BN B R G by, i TS &
BCARZE & HTE UL A, DA S 304K B0k 5 38 e A 43 5,
Wt b SRR EREZ KR, L WEshn E2 B
HFr S BT AR AL BN A X B2 M TE TR . R i R A
BERAE R, AIRNE] HPLC JCEAGI B /KA R & B2,
Koz H FRAKZ 0.05 pmol/L, ZEM7ERTA 0.1 pmol/L~10 nmol/L,
%t B2 HA BT 0 vE Btk . ZHANG BN i gty 2 e
JHie 53 F B35 AuNPs i A%k MOFs 1B, TERL T AT
ZhRRZE M . A MRS 3R 2 B (polydopamine, PDA)
A AR H K VER . SR8 Wy 3 A 2851 X S R
HI5IA, AuUNP@MIP-PDA # 35 4E MIL-101 Shik, 454
AuNPs ) SERS &Pk . MIPs FY 4% 5 1 38 A7 A5 LA B
MIL-101 W)W R FI s SE6E 0T, PRGBSt %
PR IS AT BN 2R B2 BRI T o FRAL PR, K
HER 4 0.195 fmol/L.
1.5 REREHREAR

ML RN HEAR SRS R A . BAERIfE b
HIG DA I S5, HRTE Z T IR RS W . 3
IR i 28 A S 2400 BT B RS G
YU, % EARYI A TR S A I O 5% FH A 3 4
FEIENTH ARSI A0k, TR LR Hr P IRAs THAT
RN ARk, AR E M IR R TS £ 5 e
SR o 1A YANG S50 OB O e 4 4 ) b
BRYCN T e 4= ke S P B2 (A, IR T %4t
AT —E T 0k B2 R E AR, AL

[k 37.14~1484.65 pg/mL, FIEfit &45 0 H IO Ay ab 2,

I FF BRI, 7 b WANG 52 & 1 4156 il |
E2 FIME = B A R A 4 S J2 AR, TR I A4 WA i v 14
3 FhMERCR AR, 5 vk LA PR 2 5 ng/mL.
YAO ZFUMERFERRINIIERT, il g-CiNy 20K Rk
JE AL ik R R, JF R T 18 KA ML AuNPs
(g-CN@AWKE S H . EFF LA L AuNPs BRI B
@, ARGR TESE . WO S B MR 2 AT 4R
¥ E2 iy B BREETE T 3 £, IR 0.5 ng/mL, F0iH

T AR RERRRGP 4 FhE AR SR E2 A PRER I
ik o

XFF /NG F AT 0 5 Ak R I, R 115 5 0R
55U S 0 A BT W B R L, T A AR AR B B AR
B ) B, T 8 1 4 KR T AR A ok i R,
VIR UE M G 26 1 B0 €0 B A% 5 19 e 4R 4 b k3 Tk
Tl X LIS, O T Rk sem B, AATTHF R T2
RIS FHURAR I, EbgiRmek . & oL B HER .
W S KR T R B EPT KIM PSR R T
— P T R M e B AT &, DLER R B
AuNPs 1E R & hrid, MBS & B HiR sl HRP
BRI AuNPs 3845, 810 B0 BT HTR AT HRP $2fit =
AN, BRSO IN R AR . T AT e I RE I
WO R B, PRI N ML YE PR R R, KBRSk
0.343 pg/dL,

AR, B ARSI BB G5 REHT K
RS I 5 s LA 488 v 00 9 J2 T i A Yy SR AT Ak
ZHANG P55 % 7 — RO S5 S )2 47 4505, Bk
# BP-Au K E A M F B2 B9 35 )2 A il . o'
A B JE A B R B AF 5 2R AR AR A ' U R 5 49 =X
LA RARAN, AT BRI RAS ;. GG AR i,
BRESHIAESERE, 5 TEARREEMREEMEL.
Bt B2 B0 BB - S IR E G A EHE R AT L F SR
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AFAL R AL, X — S BPNs AR A] DL 6 X F R A4 X
MG . Ik4h, BPNs BTG REOR, JCRFEECE, b
FEIANFEZ BT R AL T A IS o LA BH M X TR ) i B Ry i
i, LLT XA C X BIREE LI Dy BARE, 7T A R Ik i
FHPRBE IR 25 35 B IR 22 o AR AR 244 T, IR 48R
B ZE 50 pg/mL, FFRIN TR AU RIGIR A
E2 R 7 43 Hr . DENG 25UV Ti;C,@Au 66
BREN I & T <K I g BUE S MR R T e e 4 o
Ti;C,@Au YR E G MR BRI R B0 . B KEE
SR AP . WA TR SRR, AT AR TR
AT R BRI, & st B T A TG AL R B8 #4
SR o B[] 23 2 G ER A H AR 4> A Rk B B 7E T
2, TEBAMESSUET, BREMRE T lidR, MERe DR el
VK, WEHE TERE O, HEAGT, e T LM
R, WERMTOEIRE, MERENE AT T LR E M IH 6
SR (E 6b!"% 5E SR I B A A, e
TS S HERNE, ABTFR&FE ST AT
TEAY L A4 ARG R 0 ZE R R, A H B 43
0.0013. 0.080 1 0.070 pg/kg.
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Fig.6 BP-Au-based colorimetric and photothermal dual channel lateral flow immunoassay test strips for E2 detection (a) and Ti;C,@Au-based
colorimetric-fluorescence probe for the lateral flow immunoassay of dexamethasone (b)
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Table 1 Advantages and limitations of different rapid tests for the detection of steroid hormones
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Table 2 Representative applications of the quick detection methods for steroid hormone in food
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Fe L NGRS E2 9.9x10"" mol/L 10"%~10"° mol/L 95.1~104.8 20 min [31]
E2 13.1 pmol/L 0.05~0.8 nmol/L 100.1~113.0 1.5h [55]
RRCRTS e BPA 7.60 pmol/L 10~100 pmol/L 96.10~106.5 55 min [102]
SES E2 0.15 pmol/L 0~10 pmol/L 95.70~113.8 40 min [57]
2 1 0.065 ng/mL 0.25~25 ng/mL 90~105 15 min [103]
T 414 3.48x1072 mol/L 1071'~107° mol/L 82~107 1.5h [104]
£ 0.29 ng/mL 0.5~1.2 pg/mL 93.6~102.4 40 min [67]
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Pty —— E2
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VRSN E2 65 ng/g 75 ng/g - 7~10 min [93]
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4R HZEKHA 0.08 pg/kg 0.35~1.50 pg/kg 4091154 20 min [100]

o 0.07 pug/kg 0.25~1.00 pg/kg
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