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Study on the detection of tetracycline by electrochemical sensors
modified with nanomaterials
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Abstract: Tetracycline (TC) is a typical broad-spectrum antibiotic with extensive applications in fields such as food and medicine. However,
its improper use can pose a threat to human health and environmental safety. Therefore, detecting the residue of tetracycline is very
important. In recent years, electrochemical sensors modified with nanomaterials have been successfully applied for the detection of
tetracycline residues in food and environmental samples due to their high sensitivity and fast response. This review compares the
electrochemical sensors modified with different nanomaterials for tetracycline detection, aiming to provide a reference for trace analysis of
tetracycline and the development of more efficient detection technology. At the same time, this review also summarizes the existing
problems of tetracycline-detecting electrochemical sensors and the prospects for their development.
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Figure 2 Electrochemical sensors modified with different metal and metal oxide nanocomposites
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nanocomposites for tetracycline detection
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Comparison of the performance of electrochemical sensors modified with different metal and metal oxide
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Figure 3 Electrochemical sensors modified by different carbon based and its nanocomposite materials
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B0 AE TC AL He & 7K 7 (0~30 nmol/L) T 3815 B 4 iy £&
P R, 4G B Sh 0.28 nmol/L , 5] I 3 % ] T oK AR 4y
B Jf 28 15 1 W 09 [l R (98.10%~101.50%) . Chou
S8 D) g 35 46 2E 52 (peanut shells, PS) 2 50k & H —
Fofr B 78 24 0 B0 2 W 0 e A oK R R IR A T — Ah T
PRGHR I K T TC f i 1 AL L R RS . ST PS AW
JoE e 1) e B 2 T BRI e S el M L BT R A 9 A% IR AR AT AE
0.1~1.0X 10" fmol/L £& ¥ 3 [l 9 4 il TC, B i 7£ 100 £%
WETHY R (RE Na' (K Mg .Ca . Cl .
HCO, .CO;* SO/ )IMAFTE T 3K J th R 47 i 3 4%
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Table 2 Comparison of the performance of electrochemical sensors modified with different carbon based and its

nanocomposite materials for tetracycline detection

X e I ¥ [/ K B/ N
HL B A M )y X 1 o Il 5 2 /% IR A
(pmol-L ) (pmol-L )
MWCNT-COOH/GO/CPER* 20~310 0.36 92.0~106.0 K AR BRI 24
ss-tet/GO/GCE™ 5X10°~1x10"° 5%x107° 95.14~104.02 K
p-Mel@ERGO/GCER! 5~225 2.2 99.0~99.6 NITR I
anti-TET/PGA/MW CNTs/GCEP 1X10"%~1 3.7x10 " 94~95 W R
Apt-MWCNTs-Fe/Zn-NaMMT-GCE"” 1X10 °~10 4.6x10* 98.26~104.15 417
KAP/CMWCNTs/CNFs/GCE"?* 110 "~10 2.28X10 " 96.45~104.18 LR
N-CQDs/GCEP 0~0.03 2.8X10* 98.10~101.50 WK F kK
PS@GCER 110 '°~100 3.6X10 " 84.3~98.2 2R AK R IK HL TR K

3 & JBRATHLEESE (MOFs) K gy Rk & &

AR

4 J& A HLAE 242 (metalorganic frameworks, MOFs) J& i
G JE B (AR ) 5 45 LG AR 38 2 e o7 6 19 20 2 T i ) 0
R Z ALK, MOFs BT ZFE 3R Fh 254 nl i A fL 723
[l LA B B8 R 11 L 22 THT AR, J2 g A b 2% 1% S i 1) 3 A8 b
#1357, Narasimhappa 2853912 1, 4-28 — W W2 F1 404k 55 9
BE T KR T 2R OB B A L SR A OK R

#(Ui0-66-NDC) , 3 I TH9 SLAG M TC Y v Ak 2% 2 1 25 .
ZAE AT TC IR 23 R a R, X HH T
Ui0-66-NDC T B A 1Y K i B A7 AR FI AL i AR 3 1 L F
LR AN = R NI AT S (o o D
100 pmol/L, 71513 H ik tH BR >4 0.07 pmol/L. [Fl B, %
1 RS T L 2 110 0 S5 3 Mt A S0 B R 1 00 i P v
T T RAFM BT THERE . R0, 55— MOFs #f
R DRI H A% 8 B B 5 L AE KA TR T A R e 2 L
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75 W B 6 77 L K CNF Hl Au NPs g % {i 9 s 74 388 69 1k
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b, DT i 25 2 = 45 SRR A8 1O R T P RE . k1, 38 K A BBD
ol A R ISR AL TR A R KA TR 0 iR 2
TEs AR AT X e s R RAF
PR R B SEEL T 0.1~1.0 X 10° nmol/L £ % 1L [l N
B TCIE . BAR R B & 2 i 99k MR ST A
MOFs [ 77 74 1T LLAG R4 & 1% 1% 1 19 2108 {0 MOFs 44
KA R M 1 P R 2 T AT A T Rl Tk 25 1 TR) A, Ay e
B RIGAYHA N EY /T 5 MOFs & &, ik — b
R LA A PERE . Gao W LINE N & R B T,
2,3,6,7,10,11-75 3 = K (HHTP) N A HLEC K , i i 7
Hpg K B R T R Ni-HHTP 94 2K 448, I8 1 55 58
F M (chitosan, CS) 44 K A4 Ak 68 75 43 F0H Uk 76 22 X B0l fL
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El4(b)], BMILERE -FEENEYTE, ZITELRAKE
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¢ pe b
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RS, T B 1R B AL (5 5 10 T R, 2 F LR e
AT S TC #E AR 3 10 S ARG N, A8 09 1% IR AR FE TC IR
JE°4 0.01~1 000 nmol/L i 52 B0 [ 4 iy £ M g 07, A o B
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il H bl 2 T B A% T R AR IE A -1,3, 5- K AR
(PAN@Cu-BTC) G KE A bk}, Bl J5 1 TC & Be i 1 241 %
) BB T, P HE T — FORT B (1Y TC H Ak 2 0 T R R
e K 4(e) s o T TC I WS i 57 %% PO JEH S
Cu-BTC [y Cu™ Z 8] B9 25 4, & e 4 JC 75 AT fi] 32 106 570 ek v
DLAR 25 5 b I8 5 7 o B 2 TET L DTG K R B AR 7 # Ak 2738
e A Je i 4 ) 10 B D) R AR o DR Ak BT PAN B &
SRR, %) Cu-BTC W Cu?'/Cu'’ 9 L 7 5 7% B AT 2 k4
L EWSAE MRS TRl FERER -2
T AL AR Y H A AR TG P L 5 R AR A 0 R IR A
A Eﬁ%ﬂ@éﬁﬁﬁ%ﬁ$u1_h@ LA Bz B IR 7K
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W3,

R e add Y

8= |

NH,-MIL-101(Fe)

ele(‘trostanc spinning

spinning solution

X000V YOOY YOOV

NH,-MIL-101
(Fe)/CNF@AuNPs/aptamer/TC

ﬂ TMB+H,0, TMB'
l \ N H‘]:TP SD
1— @ o “““
! e o

Tetracycline
aplalmf‘r
s

TMB+H 02 T™MB' TMB+H,0, TMB'

A

(b) TC-Apt/Ni-HHTP@CS/SPCE
A 4

F "“ndu‘.

NH,-MIL-101
(Fe)/CNF@AuNPs/aptamer

(a) NH,-MIL-101(Fe)/CNF@Au NPs

electro—deposition carbonization

| <> AN+BTC \
i ‘ — ..' A '
. SPCE""/4(-0.4 V,400s)  SPCE " CV(-1.0~+1.0 V) SPCE
o SWV_ o swV 5
-\ \/ —1 STC-Apt
o ‘ -
‘\ §!§§ | 70 WK
- Ly A bl 5
Cu™/Cu’ —— % Cu™/Cu’
SPCE ’ ¢ SPCE

\ 5" —PO-‘ Iermmated te-lraqclme P TPtracy(‘th

(c ) TC—Apt/PAN@Cu—BTC/SPCE

TRV AT HUAR R B3k o R LA M AE A 0 4L 2 A A 10

Figure 4 Electrochemical sensors modified by different metal-organic frameworks and its nanocomposites materials
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Table 3 Comparison of the performance of electrochemical sensors modified with different metal-organic frameworks and

its nanocomposites materials for tetracycline detection

AL A A& 1 7 2 K I3 il /(emol - L) K 1 BR/(pmol- L™ T % /% A A AR
Ui0-66-NDC/MCPEP®! 0~100 0.07 86.5~94.0 B koK K
NH,-MIL-101(Fe)/CNF@Au NPs!* 1X10 “~100 1X10° 89.7~102.8 2k K K
TC-Apt/Ni-HHTP@CS/SPCE!! 1X10 °~1 1.9<10 ¢ 94.0~108.0 Bl A0
TC-Apt/PAN@Cu-BTC/SPCE* 110 °~1 3.2X1077 90.0~102.0 il

4 5y TENERA Y R G0k S A H R

4 F BB i $ R (molecularly imprinting technology,
MIT)AE Sy —Fh ] DL 643 3k B bn 20 4 9 09 A 807 118
20 fit 42 80 4T A% LA ok i 24 MY, S FEE R AW
(molecularly imprinted polymers, MIPs) J& ¥ #% fit 73 T 5
Ty fi S A SE o I f B s R A 2 A IR N SR IR L5
R0 SR T B0 A g B A A T BORE B AR 43 Uk
Wi I B B RR R AR R /N B AN G B 3 2 T
CEYURL S5 R —FE T4 1) MIPs AT R SRR H AR . SR
M, 22400 MIPs 3l 75 22 51 A BA (5 5 38 GOi R PR T
YRR (42 B KR e BE 1K b R4 ) ke 4 i o A
B BT b . Devkota 25 “*)JF & T —Fh 3£ T Au NPs
155 B4 0 o RSy 1 BV TC A gy, FL & o A2 2 e
PLTC M 43, ML g ) g Pk o0 0k 38 o B R G 7 ik
TEHARR TR G 1 TCor ¥ BNk S5 1, B i hn w7 Al
R 43 25w v AR T 10 JI56 R, e J5 7 A1 W P A 3R AT HL 990
2 Au NPs, %A% A58 i W B A [6) ¥k B2 11 TC, 23459
FI) AN () A B UL I A, AT XS TC 52 B T A I . AF e i 5%
PETR T A 00 H A 2 AR SRR FE TC R BE 2 1~20 pmol/L
U FBI P A 2R P i R A H BR M 0.65 pmol/L., Chen 2575
S 3 1 | b 2 R K R T TR R A T B IR (lonic
liquid, IL) & #fi rGO-MWCNT 44 >k B & 4 B I i 76 L
e F i, B LA TC AR 43 7, LAXSUIL ([LAVIM ] Br Al
[(MVIm]Br) 2 I fig fid , 76 P9 4 Ak = (Mn,0,) 44 K kL
F T AT X B SR S BT 2R A W (DSMIP) |, -
DSMIP@Mn,0, 73 H i i ¥ 75 IL@rGO-MW CNT/GCE %
I, B4 T — R ALY TC H AL 2 4 1 B A5 8 4% . -
o, DSMIP@Mn,0, b1 Bl Jg BRARAZ 52 45 4, 5 20 2y fig Mk o
T3 B0 56 WA L, B0 B 22 0 B 2 i RIS 3R
W2 R HRY, X R S TR R 0 R B S R T AL
[ R T IL@rGO-MWCNT & 5 A1 BHIL 5w 19 9 1k 45
PE i 5 R AR L 3R T AR, A% 8 52 B0 T X 1 49 78
K TC i R BRI, A L R S nmol/L, £ 1 9 Rl
0.01~20 pmol/L, & 5(a) T/~ , Cui 255 3R FH 7K #432% il
A IR 2 R B R B ik GOk AR O B K BE R
(GH-NSCMS) , I HAE 2 TC B 36 A A% 19 18 544 kL

GH-NSCMS 4 (1 J2 o BR ™ 45 48 AN AR IE T 5 SR LA
BIRR Z B AR A R T A BRI R 2 TR A
M FRAF R S5 kAR e M DA R s b, R, 3% F GH-
NSCMS Ay i 5 H M A MIP A 45 S5 38 500 v 2 18] A9 Bl 1] 2%
N %A SR A BT M B 5E (0.1~50 pmol/L) (A i BRRAIT
(50 nmol/L) % £ 45, IRl i BLAT R 19 e 5 0 L o 0 LA R
R Pk Sulym 2R GE T —FhET B0 TC LAk 2 15
L AL R 1 AL R S 3 5 Yy HE R Ik o A R U S
REE LB L- A AR BB Z BN R E LG Y
(L-His-MWCNTs@PDMS-5) Jf ii§ i 76 H A% 2 1, Bl 5 LA
TC B 5T, WU £ S Ik e (TEOS) il /< o 3 = Y 3%
WALEE (CTAB) g — ST T RE BRI | 3 3o 1 i — B IS 1 2R 18
MR R A T FELE R A Y . PDMS HA R4
AR RV L A5 R T AT A A R G A9 % 2 5 O BT
ik i KA A 2800 B AR 431, DT A AR AR SRR 1Y
RAE . A, L-His-MWCNTs 19 55 b 2 1 By MIPs
B RA R T K 0SB IL, 78 fc it % 1F
T, TC 9 K i BR 5 2.642 pmol/L, £k ¥ 5 [ Jy 10~
100 pmol/L, Jf H.3# 3 X g 48 L AR ML« 5 > K FE S
FRATAT , 3RS T3 B A9 T YRR (98.92%~100.60% ) , 1 ik 4
SREBGAIE T 3% A% IR A LE S BRFE S A rh S R . 2R
8 521 43 B I 56 0 14 1 45 L Bk H B A i) R B o
o R A A PR A 0 RN A B, RE R LR B
K 2% K MIPs 55 8 M 90 KR T 45 & 459 51 7 G 1 4
TP R A, 7T LA A8 0 #g 3 K AR 2 S M RE
oy ROk TR T A B0 L DS BB TR, B
AR ST VR R IR RRE Y AL B R] SR> T LA
FIB W FE o PR L, — B 004 P g o 40 Kk 7 A MIPs &2
B R E A 1) PR 2 A RS O R TR TC Y
M5 T S X Fe, O, 1R 99 K R 4 vk 4 FH DU 2 56 ik 18
b (TEOS) Al H L TR M R — W AR SE 1k TR iR (MPS) ik 47 2k
P, 74 %] Fe,0,@Si0,—C=C 94 K Hi T, A & fit v T Fe,0,
VDN R R TS S 5 Ak 5 BRER LG . S 7F
MIPs il % 33 T HH A Fe;0,@S10,—C=C 94 K ki 7, T 45
HLAT W% 52 45 0 1Y R 1k 4 7 B0 3 A B (mag-MIP) , 41
& 5(b) Fr 7R o mag-MIP AL AT LAk 44558 1] 11531 H 45 2 1
A 7, T L8 M 4 KR 1 A 38 RE R e AR IR AR 1
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Figure 5 Electrochemical sensors modified by different molecularly imprinted polymer and its nanocomposites materials
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Table 4 Comparison of the performance of electrochemical sensors modified with different molecularly imprinted polymer

and its nanocomposites materials for tetracycline detection

FLR A 1 =X R MSE FE/(pmol - L) KRR /(pmol-L 1) RICR/% A A A
MIOPPy-AuNP/SPCE!!! 1~20 0.65 92.2~105.0 I
DSMIP@Mn;0,/IL@rGO-MWCNT/GCE™! 0.01~20 5%10° 98~105 -4 K
MIP-GH-NSCMS/GCEP" 0.1~50 0.05
L-His-MWCNTs@PDMS-5/MIP/GCE"”! 1X10 °~1x10* 2.642%10 ° 98.92~100.60 JKH#E AR | F KK
Fe,0,@Si0,—C=C—MIP/CPE"" 0.5~40 0.15 93~103 4= 1y
5 g S % ik
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