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Materials and Methods 

LC-QTOF-MS conditions Reagents 
     Chromatographic separation was performed on a Luna C18 column (100 × 2.1 mm, 2.6 µm), maintained 
at room temperature, and using a mobile phase composed of 0.04% of formic acid in ultrapure water (A) 
and acetonitrile/ultrapure water (80/20, v/v) with 0.04% formic acid (B), in gradient. The gradient elution 
between the two solvents starts with 2% of solvent B and over the first following 13 min solvent B is linearly 
increasing up to 100%. From the 13.1 min to 15 min the eluent solely consist of solvent B, after that, at 15.1 
min, the eluents re-equilibrate and come back to the initial 2% solvent B at the 19 min to re-calibrate the 
column. The flow rate and the injection volume were set at 0.3 mL/min and 1 µL, respectively. The 
instrument was operated in the 2 GHz (extended dynamic range) mode, which provides a full width at 
half-maximum (FWHM) resolution of approximately 4700 at m/z 118 and 10 000 at m/z 922. Positive polarity 
electrospray ionization (ESI) mode was used under the following specific conditions: gas temperature 300 
°C; gas flow 8 L/min; nebulizer pressure 40 psi; sheath gas temperature 350 °C; sheath gas flow 11 L/min. 
Capillary and fragmentary voltages were set to 4000 and 135 V, respectively. A reference calibration 
solution (provided by Agilent Technologies) was continuously sprayed into the ESI source of the QTOF-
MS system. The ions selected for recalibrating the mass axis, ensuring the mass accuracy throughout the 
run were m/z 121.0508 and 922.0097. The QTOF-MS device was acquiring from m/z 50 to 1000 in MS mode. 
Data-dependent acquisition mode (auto-MS/MS) was applied using two different collision energies (10 and 
20 eV) for the fragmentation of the selected parent ions. The maximum number of precursors per MS cycle 
was set to 4 with minimal abundance of 2500 counts. In addition, precursor ions were excluded after every 
spectrum and released after 0.2 min. 
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Tables 

Table S1. Maximum residue limit (MRL) for tetracyclines in animal tissues (COMMISSION REGULATION (EU) 
No  37/2010) 

Antibiotics Marker residue Animal Species MRL 
Target 
Tissues Other Provisions 

Tetracycline 
Sum of parent 
drug and its 4- 

epimer 

All food-producing 
species 

100 µg/kg 
300 µg/kg 
600 µg/kg 
100 µg/kg 
200 µg/kg 

Muscle 
Liver 

Kidney 
Milk 
Eggs 

For fin fish the muscle MRL relates to 
‘muscle and skin in natural 

proportions’. 
MRLs for liver and kidney do not 

apply to fin fish. 

Doxycycline Doxycycline Bovine 
100 µg/kg 
300 µg/kg 
600 µg/kg 

Muscle 
Liver 

Kidney 

Not for use in animals from which 
milk is produced for human 

consumption. 

  Porcine, poultry 

100 µg/kg 
300 µg/kg 
300 µg/kg 
600 µg/kg 

Muscle 
Skin & 

fat 
Liver 

Kidney 

Not for use in animals from which 
eggs are produced for human 

consumption. 

Oxytetracycline 
Sum of parent 
drug and its 4-

epimer 

All food-producing 
species 

100 µg/kg 
300 µg/kg 
600 µg/kg 
100 µg/kg 
200 µg/kg 

Muscle 
Liver 

Kidney 
Milk 
Eggs 

For fin fish the muscle MRL relates to 
‘muscle and skin in natural 

proportions’. 
MRLs for fat, liver and kidney do not 

apply to fin fish. 

Chlortetracyclin
e 

Sum of parent 
drug and its 4- 

epimer 

All food-producing 
species 

100 µg/kg 
300 µg/kg 
600 µg/kg 
100 µg/kg 
200 µg/kg 

Muscle 
Liver 

Kidney 
Milk 
Eggs 

For fin fish the muscle MRL relates to 
‘muscle and skin in natural 

proportions’. 
MRLs for liver and kidney do not 

apply to fin fish. 

* According to Article 14(7) of Regulation (EC) No 470/2009 

NOTE: the UE data differs from the U.S. Food and Drug Administration (FDA) that had set the MRLs for milk (0.4 
mg kg-1), fat (12 mg kg-1), liver (6 mg kg-1), and muscle (2 mg kg-1) samples to control the levels of TCs satisfying the 
security value.[1–3] 
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Table S2. Summary of electrochemical biosensors based on aptamers, antibodies, molecular imprinted polymers and 
enzyme-linked immunoassays for tetracyclines (TCs) detection. 

REF TCs Detection method Electrode  Modification LR LOD Recovery (%) 

[4] TET 
PEC  

CV, EIS 
Indium-Tin 

Oxides (ITO) 
Aptamer TPP doped PFBT 

polymer quantum dots  0.1 – 1000 nM 0.26 nM 96 – 104 

[5] TET PEC FTO glass 
Aptamer with zirconia (ZrO2) 

modified graphitic carbon 
nitride (g-C3N4) nanosheets 

50 – 150 nM  8.7 nM -- 

[6] OXY DPV GCE Aptamer covalently-bound via 
diazonium coupling reaction 2.17 nM – 0.2 mM 0.5 nM 87 – 99.3  

[7] TET 
CV 
EIS 

DPV 
Gold electrode Aptamer linked to CNQDs and 

AgNPs nanocomposite 1 nM – 0.1mM 0.26 nM  96 – 103  

[8] TET DPV  
EIS 

Gold electrode 

TET aptamer modified with 
Ferrocene based on β-

cyclodextrin subject-object 
competition model 

0.01 – 100 nM 0.008 nM 96 – 104.4 

[9] TET DPV 
modified 

carbon paste 
electrode  

magnetic nanoparticles coated 
with MIP 0.08 – 80 µM 0.02 µM 78.5 – 101.6 

[10] 
OXY 
CHL 

DOXY 

CV  
DPV GCE BMMIPs using Zein as 

crosslinker and Fe3O4 particles 0.025–500 µg/mL 0.025 µg/mL 83.73 – 95.97 

[11] OXY CV 
DPV 

paper-based 
printed elect. 

capture anti-OXY antibody and 
OXY-conjugated BSA 2.17 – 434 nM 0.7 nM -- 

[12] TET EIS Gold electrode antibody- terminated thiol 
layer self-assembled 6.27 – 0.56 nF µM  28 nM 98.5 – 106.9 

[13] TET 
DOXY 

CV  
EIS 

gold-coated 
silicon 

electrode 

ultrathin PTA film modified 
with polyclonal antibodies  1 to 200 µg/L 0.01 µg/L 96 – 102 

[14] TET LC-based aptasensor -- (glass 
substrate) label-free LC aptasensor 0.5–500 pM 0.5 pM 95.6 – 108.7 

[15] TET EIS 
CV SPCE 

Anti-TET aptamer + prior 
pretreatment (LSV: 1 – 1.5V, 

H2SO4 0.5M) 
0.11 – 45 nM 78.8 pM 87.8 – 97 

[16] TET EIS and PEC ITO MCH/aptamer/AuInCN 0.01–500 nM 3.3 pM 99.6 – 110.6 

[17] TET DPV SPCE MIOPPy and AuNPs 1 – 20 µM 0.65 µM 92.2 – 105 

[18] TET CV, EIS, DPV GCE 

poly (L-glutamic 
acid)/MWCNTs for 

immobilization of anti-TET 
aptamer 

0.1 fM – 1 µM 0.037 fM 94 – 95 

[19] TET Fluorescence 
spectrophotometer -- Aptamer + luminescence of 

SYBR Green I  11.3 – 56.3 µM 0.23 µM 98.98 – 104.67 

[20] TET EIS and DPV GCE 
MoS2-TiO2@Au composite + 

thiolated DNA aptamer + biotin 
cDNA + avidin HRP 

0.15 nM – 6 µM 0.05 nM 90 – 97 

[21] TET PEC  ITO 
aptasensor based on cerium 

doped CdS modified graphene 
(G)/BiYWO6 

0.45 nM- 2.25 µM 0.022 nM 103.8 – 105.3 

[22] TET SPR CM5 chip 
Anti-TET aptamer on top of a 

DNA tetrahedron 
nanostructure 

0.01–1000 µg/kg 0.0069 µg/kg 80.2 – 114.3 

[23] TET DPV SPCEs 

APT 1: Fc and AuNPs 
nanocomposite 

APT 2: CNFs and AuNPs 
nanocomposite 

22.5pM –2.25µM 0.74 nM 96 – 104 

[24] TET CV SPE Aptasensor with ionic Liquid 
and Fe3O4 MNPs 1 nM – 10 mM 1 nM 84 – 92 

[25] TET 
 SWCSV GCE SbFE 0.40 – 3.00 µM 0.15 µM 91.5 – 109.7 
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[26] TET EIS Gold electrode label-free aptasensor 22.5nM – 6.75µM 22.5 nM 88.1 – 94.0 

[27] TET CV, EIS, DPV GCE graphene oxide nanosheets + 
chemical immobilized aptamer 0.1 pM to 10 µM  29 fM  95 – 97 

[28] TET DPV Gold electrode MNPs + CHI linker + Ab 
monoclonal 

0.18 – 2.25 nM 
 72.2 pM 95.9 – 108 

[29] TET DPV and CV  SPCE 

Alginate film containing 
reduced graphene oxide and 

magnetite nanoparticles + 
aptamer 

1 nM – 5 µM 0.6 nM -- 

[30] TET 
AEIS 

BDPV CPEs 
aCPE/OA/anti-TET versus 

bMBCPE/Fe3O4NPs/OA/anti-
TET 

Aa 1pM – 0.1 µM 
Ba0.1nM–0.1 µM 
Ab 100pM – 1µM 
Bb 1 pM – 1 µM 

Aa 0.3 pM 
Ba 29 pM 
Ab 3.8 fM 

Bb 0.31 pM 

97–104  Serum 
95 – 96 Honey 
97 – 103 Milk 

[31] 
TET 

(DOXY) 
CV characterization 
DPV measurement SPGE 

M-shape structure of aptamer 
(Apt)-CSs complex 1.5 nM – 3.5 µM 

0.45 nM 
0.74 nM milk 
0.71 nM Ser 

93.1–103.8 ser 

[32] TET AdSDPV 
Modified 

carbon paste 
electrode 

carbon paste modified with 
2.6% (w/w) of MWCNT-COOH 

and 3.1% (w/w) of GO 
20 – 310 µM 0.36 µM 92 – 103 

[33] TET CV and EIS GCE 
AuNPs + anti-TET aptamer + 

MB 0.1nM – 1mM 4.2 pM 96 – 108 

[34] TET 
PEC 
EIS 

F-doped SnO2 
conducting 

glass 

Graphitic Carbon Nitride 
Sensitized with CdS Quantum 

Dots + aptamer 
10–250 nM 5.3 nM 99.1 – 101.1 

[35]  TET Colorimetric assay 
-- 

(Cuvette) 
Aptasensor with cysteamine-

stabilized AuNPs 0.45nM – 4.5 µM 87.7 nM 91.28 –100.87 

[36] 
TET 

(DOXY) 
Absorbance, 

colorimetric assay 

-- 
(Microplate 

reader) 
Aptasensor THMS and AuNPs 0.3 – 10 nM 266 pM -- 

[37] TET 

Absorbance, direct 
competitive enzyme-
linked aptamer assay 

(dc-ELAA) 

-- 
(Plate) 

ssDNA aptamer 0.225nM–2.25µM 0.22 nM 92.09 – 109.7 

[38] TET Immunoassay GCE 
AuNPs + monoclonal Ab onto 

CdS nanoclusters 22.5pM–112.5µM 0.016 pM 88 – 107 

[39] TET 

Absorbance, Indirect 
competitive enzyme-
linked aptamer assay 

(ic-ELAA) 

-- 
(Microplate 

reader) 
ssDNA aptamer 22.5 – 225nM 21.6 nM 95.38 –108.07 

[40] TET EIS 
DPV 

Gold electrode Covalent attachment of amino-
modified APT 

11.3nM – 11.3µM 2.25 nM 90 – 95.7 

[41] TET DPV GCE PB-CHI-glutaraldehyde system 
+ AuNPs + anti-TET aptamer 

1 nM – 10 mM 0.32 nM 92 – 106 

[42] TET LSV Gold electrode 
platinum-catalyzed HER with 

anti-TC antibody   
0.112– 225 nM 0.013 nM 

86 – 110 H 
95.6 – 118 M 98 – 

106.7 P 

[43] 

TET 
TET 
OXY 
CHL 

DOXY 

Amperometry 
Competitive 

immunoassay using 
TC-HRP on antiTC-

modified MBs 

SPCE 
ProtG-MBs + anti-TET Ab + HQ 

mediator and H2O2 detection 
 

12.5–676.2 ppb 
17.8–189.6ng/mL 
4–242.3 ng/mL 
144.2–2001.9 

2.6–234.9 

3.9ppb(ng/mL) 
1.9”/8.9ng/mL 

1.2 ng/mL 
66.8 ng/mL 
0.7 ng/mL 

99  

[44] 

TET, 
OXY, 

DOXY, 
CHL, 

DEME 

ELISA SPCE 
AuNPs conjugated with 
polyclonal anti-TET Ab 
(TMB/H2O2 + TET-HRP) 

0 – 250 ppb 10 ppb 70 – 95 

[45] TET EIS PS chip Aptamer PS biosensor 2.1 – 62.4 nM 2 nM -- 

[46] TET 
CV 

DPV 
GCE 

 
Ethanolamine + TET aptamer + 

MWCNTs-COOH 10 nM – 50 µM 5 nM 88 – 96 

[47] TET 
CV 

(EIS) GCE MIP CNT-AuNPs 0.1– 40 mg/L 0.04 mg/L -- 

[48] 
TET 
OXY 

CV 
SWV  

SPGE 
 

Biotinylated ssDNA aptamer 
interaction with streptavidin  

10 nM – 10 µM 
-- 10 nM -- 
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DOXY -- 

[49] TET ELISA  
-- 

(Immuno 
plate) 

(biotin-avidin) 0.316 – 316 nM 10 nM ∼ 90 

[50] 
TET 
OXY 
CHL 

ELISA -- anti-TC antibodies 0.1– 100 µg/mL 0.01 µg/mL 74 – 116 

[3] TET ELISA -- Haptens 1.15 – 38.9 ng/mL 0.4 ng/mL 79 – 108 

TET: tetracycline, DOXY: doxycycline, OXY: oxytetracycline, CHL: chlortetracycline, MNC: minocycline, DEME: demeclocycline, PEC: 
photoelectrochemical; TPP: tetraphenyl porphyrin; FTO: fluorine doped tin oxide; EIS: electrochemical impedance spectroscopy, CV: cyclic voltammetry, 
DPV: differential pulse voltammetry, BSA: bovine serum albumin, PTA: polytyramine, LSV: linear sweep voltammetry, SPR: surface plasmon resonance, 
SPCE: screen-printed carbon electrode, GCE: glassy carbon electrode, SPGE: screen-printed gold electrode, CPEs: carbon paste electrodes, SWCSV: 
square-wave cathodic stripping voltammetry, Ab: antibody; BMMIPs: biocompatible magnetic molecularly imprinted polymers; AgNPs: silver 
nanoparticles; CNQDs: carbon nitride quantum dots; LC: liquid crystal; MCH: mercaptohexanol; AuInCN; plasmon Au coupling with MOF-derived 
In2O3@g-C3N4 nanoarchitectures; MIOPPy: molecularly imprinted overoxidized polypyrrole, Fc: ferrocene AuNPs: gold nanoparticles, CNFs: carbon 
nanofibers, SbFE: antimony film electrode, MNPs: carboxyl-Fe3O4 nanoparticle, CHI: chitosan, MB: methylene blue, THMS: triple-helix molecular 
switch, HER: hydrogen evolution reaction, HQ: hydroquinone, H2O2: hydrogen peroxide, PS: nanoporous silicon, ELISA: enzyme-linked immunosorbent 
assay. 

 

Table S3. Summary of electrochemical approaches based on modified electrodes for tetracycline determination.  

REF TCs Detection Method Electrode Modification LR LOD Recovery (%) 

[51] TET EIS pencil graphite 
electrode 

reduced graphene 
oxide and AuNPs  

0.1 fM – 1 µM 30 aM 92 – 102  

[52] 

TET 
DOXY 
OXY 
CHL 

AdTDPV 
Graphene-based 

SPE 

Electrochemically 
reduced graphene 

oxide 
20 – 80 µM 12 µM 94 – 110  

[53] TET 
CV  

DPV 
EIS 

GCE 
zirconium ferrate 

doped silver 
phosphate sensor 

10 – 90 nM 6.38 nM -- 

[54] DEME SW-AdSV BDDE unmodified 10 – 90 and 1 – 50 
µg/mL 

0.24 – 1.17 
µg/mL 

103 – 109 

[55] TET CV and EIS 
SW-AdSV 

GCE poly(malachite 
green) 

5 – 100 µM 1.6 µM 98.49 – 99.78 

[56] TET 
CV and EIS 

polyclonal Ab-TC 
Gold 

microelectrodes 

TC immobilized in 
the µWE by 3 ≠ 

methods, Py/Py-
COOH/MNPs  

0.22 pM – 2.25 nM 2.7 pM -- 

[57] TET DPV  
60% graphite-PU 

composite 
electrode 

Deproteinization and 
extraction of the 
antibiotic by SPE 

3.8 – 38 µM peak1 
3.8 – 19 µM peak2 2.6 µM 83 – 99 (bov) 

83 – 97  (bre) 

[58] 
TET 
(UA) 

 

CV 
DPV GCE p-Mel film on ERGO 5 – 225 µM 2.2 µM 99 – 99.6 

99.7 – 99.9 

[59] TET CV 
DPV GCE PtNPs  9.99 – 44.01 µM 4.28 µM -- 

[60] TET 
OXY 

DPV  
Graphite 

composite 
electrode 

60% graphite-PU 
composite 

3.8–38 µM 
3.8–28.5 µM 

2.3 µM 
1.6 µM 

98 
96 – 97 

[61] TET DPV, CV and EIS GCE Fe/Zn–MMT catalyst 0.3 – 52 µM 10.7 nM 97.2 – 103 

[62] TET SWV 
Urine, serum, milk 

SPGE SAM of Cys on 
AuNP 

4 – 800 µM U 
4 – 700 µM S 
4 – 700 µM M 

0.4 µM U 
0.5 µM S 
0.5 µM M 

93  U 
107  S 
113  M 

[63] TET 
(SA) 

SWV  SPdCEs (dual) 
ProtG-4-ABA film 
grafted + HRP and 

HQ  
6.4 – 385 nM  1.93 nM  98 ± 6 

[64] TET DPV GPU electrode GPU composite  4 – 40 µM 2.8 µM 92.6 – 100 
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[65] TET CV 
Gold 

microelectrode 
(GME) 

Electrodeposition of 
gold colloids on the 

tungsten tip 
2.08 – 20.8 µM 187 nM -- 

[66] 

MNC 
OXY 
TET 

DEME 
CHL 

DOXY 

LC + SPE 
Amperometric detector 

operating under: DC 
(direct amperometric 
detection) and IPAD 
(complex multiple 

potential waveform) 

Polycrystalline 
gold electrode 

-- 

Under IPAD: 
0.25 – 263 mg/L 

 
Under DC: 

0.04 – 7.1 mg/L 

50 – 150 nM 
 

0.5 – 0.9 µM 
70 – 118 

[67]  TET LSV GCE Ionic liquid-MWCNT 
paste film coating 0.11 – 22 µM 30 nM 91 – 105 

[68] 
TET 
OXY 
CHL 

FIA + CV 
Dc amperometry  

SPGE -- 
1 – 500 µM 
5 – 50 µM 

1 – 500 µM 

0.96 µM 
0.35 µM 
0.58 µM 

83.4 – 99.3 
85.9 – 99.2 

88.7 – 100.3 

[69] 

TET 
OXY 

DOXY 
CHL 

CV 
HPLC-ED  

GCE MWCNTs 

2.5 – 100 µM 
2.5 – 100 µM 
1 – 100 µM 
1 – 100 µM 

0.12 µM 
0.09 µM 
0.44 µM 
0.31 µM 

99 
95 
93 
87 

[70] 
DEME 
OXY 
TET 

Multi IPAD + HPLC Gold electrode 
(Detection cell) 

-- 

0.1 – 15 mg/L 0.21–
3.1 µM 

0.1 – 15 mg/L 
0.1 – 15 mg/L 

0.07 mg/L 
0.10–0.17 

0.08 
0.05 

102.5 
117 
111 

[71] 

OXY 
TET 
CHL 

DOXY 

CV 
HPLC 

BDD and GCE Ni-DIA 

0.05–100 ng/ml 
       0.1–201 µM 

0.05 –100 
0.1 –100 
0.1 –100 

0.01 
0.02–0.10 

0.01 
0.05 
0.05 

83.3 – 102.5 
85.9 – 97 
86 – 97.9 

88.4 – 103.7 

[72] 

TET 
CHL 

DOXY 
OXY 

CV, 
HPLC + PAD  

BDDE Anodized BDD thin 
film electrode 

0.1 – 100 µg/mL 

0.05µg/mL 
0.1 µg/mL 
0.1 µg/mL 
0.05µg/mL 

70.8 – 96 

[73] TET 
Indirect potentiometric 

detection through 
microbial inhibition 

CO2 sensor -- 50 – 100 µg/L 
348 to 6600 ppm 25 µg/L -- 

[74] 

OXY 
TET 
CHL 
MTC 

DOXY 

HPLC + coulometric 
electrode array system 

ESA 
electrochemical 

detector (4 
electrodes) 

(*) samples 
pretreated using 

liquid–liquid 
extraction based on 

hexane 

0.10–2.08 µM 
0.026–0.052 

µM  

92.2 – 96.2 
89.6 – 93.9 
88.4 – 92.9 
92.5 – 94.4 
91.1 – 94.2 

[75] 

TET 
OXY 
CHL 

DOXY 

CV and LCEC  GCE Ru oxide – 
Ru cyanide films -- 

0.1 ppm 
0.1 ppm 
0.5 ppm 
0.5 ppm 

73 – 111 

[76] 

TET 
DOXY 
OXY 
CHL 

FI-ED 
CV 
HV  

BDDE (GCE) 
 

As-deposited BDD 
Anodized BDD 

0.1 – 50 mM (TET) 
0.5 – 50 mM 

(DOXY, OXY and 
CHL) 

10 nM 

99.8 % 
98.4 % 

101.85 % 
99.87 % 

[77] TET CV 
 

Acetylene black 
electrode 

Ac black electrode 
SDS on the surface 

0.12 – 60 µM 
 12 nM 98.2 – 105 

[78] 
DOXY 
CHL 

PAD 
CV 

Au rotating disk 
electrode -- 1 – 100 µM 1 µM 87–103 

93–109 

[79] OXY FI-ED CV and SWV  CFME -- 1 – 100 µM 0.29 µM 
(SWV) 

96 (milk) 
91 (eggs) 

[80] TET FI + PAD 
CV (Au RDE) 

Gold rotating disk 
electrode -- 5 µM  – 0.6 mM 1 µM -- 

[81] 
TET 
OXY 
CHL 

CE+CV  
Hg-film µm 

electrode 
-- 

1 – 500 µM (TET, 
CHL) 

2.5 – 800 µM 
(OXY) 

0.7 µM (TET, 
CHL) 

1.5 µM (OXY) 
-- 

[82] 

CHL, 
DEME, 
DOXY, 
MTC, 
MNC, 
OXY 

HPLC + amperometric 
detection (ECD) at 1.2 

V 
GCE -- 

0.1 – 50 ng/µL DC, 
MNC, OTC (0.21–
104 µM) and TC 

0.5 – 50 ng/µL for 
CTC, DMC and 

MTC 

0.20–2.0 µM 99.1 – 100.4 
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TET 

[83] 

TET 
DOXY 
OXY 
CHL 

FI-ED 
Voltammetric 

characterization and 
Flow Injection 

Detection 

Ni-GCE Nickel modified 

5.6 – 180 µM 
5.6 – 225 µM 
5.4 – 217 µM 
5.2 – 208 µM 

67.5 nM 
2.07 µM 
73 µM 

3.78 µM 

99.6 
101.78 
101.2 
98.6 

[84] 

OXY 
TET 

DOXY 
CHL 

CV 
DPV 

LCEC 

GCE 
Pretreated (PGCE) 

 

Pretreatment in PB 
+1.8 V 5min and -1.2 

V 10 seconds 

0.2 – 400 ng 
0.2 – 400 ng 
4 ng – 2 µg 

1.2 ng – 1.6 µg 

0.2 ng 
0.2 ng 
4 ng 

1.2 ng 

-- 
-- 
-- 
-- 

[85] OXY 
DPP 

Urine and human 
serum 

DME -- 6.5 – 98 µM U 
9.5 – 1200µM S 

5.5 µM for 
both fluids 

80 % (U) 
85 % (S) 

[86] 
TET 
OXY FI Amperometric Det. 

three-electrode 
thin-layer flow-

through cell 

detector based on ion 
transfer across a 
water - solidified 

nitrobenzene 

2 – 200 µM 
5 – 300 µM 

20 ng 
50 ng -- 

[87] 

TET HCl 
with 

Anhydrou
s TET 

DPP 

Old capillary 
mercury drops 
(Taccussel PRG 

five-pulse 
polarograph) 

-- -- -- 99 – 102.3  

[88] OXY DPASV  
HMDE (hanging 

mercury drop 
electrode) 

-- 5 nM – 100 µM 2 nM -- 

[89] OXY 
CV 

LCS-CP -- -- 10 – 100 µg/mL 5 µg/mL -- 

[90] 

TET, RTC, 
DEME, 
MNC, 
MTC, 

DOXY, 
LMC 

CV 
Acetate buffer, 

pH 4 and pH 5.6 

Pt/Au rotating disk 
electrodes -- -- 5 mM -- 

TET: tetracycline, DOXY: doxycycline, OXY: oxytetracycline, CHL: chlortetracycline, DEME: demeclocycline, MNC: minocycline, MTC: methacycline, 
LMC: lymecycline, RTC: roletetracycline, AdTDPV: adsorptive transfer stripping differential pulse voltammetry; EIS: electrochemical impedance 
spectroscopy, CV: cyclic voltammetry, DPV: differential pulse voltammetry, LSV: linear sweep voltammetry, SPR: surface plasmon resonance, SPE: 
screen printed electrode; SPCE: screen-printed carbon electrode, GCE: glassy carbon electrode, SPGE: screen-printed gold electrode, SWCSV: square-
wave cathodic stripping voltammetry, Ab: antibody; SW-AdSV: square wave adsorptive striping voltammetry, BDDE: boron-doped diamond electrode, 
SPE: solid-phase extraction, pMel: polymelamine, ERGO: electrochemically reduced graphene oxide, Fe/Zn–MMT: iron/zinc cation–exchanged 
montmorillonite, SAM: Self-assembly monolayer, GPU: graphite polyurethane, Ni-DIA: nickel-implanted boron-doped diamond thin film electrode, 
SDS: sodium dodecyl sulfate, DPP: differential pulse polarography/voltammetry. 
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Table S4. LC-QTOF data for all four TCs and the three main oxidation products. 

Compounds Retention 
time (min) 

Measured 
m/z 

Theoretical 
m/z 

Error Chemical  
formula 

Potential 
applied (pH 9) 

Potential 
applied (pH 4) 

0.66 V 0.85 V 0.80 V 1.00 V 

DOXY 5.60 445.1603 445.1605 -0.55 C22H24N2O8     

OXY 4.58 561.1557 461.1555 0.53 C22H24N2O9     

TET 4.72 / (4.25) 445.1608 445.1605 0.58 C22H24N2O8     

CHL 5.44/ 4.89 479.1233 479.1216 3.62 C22H23ClN2O8     

Oxidation Product 1 (-14 Da) 

D1 5.50 431.1454 431.1449 1.18 C21H22N2O8 x  x  

O1 4.48 447.1403 447.1398 1.11 C21H22N2O9 x  x  

T1 4.45/ (4.19) 431.1454 431.1449 1.18 C21H22N2O8 x  x  

C1 5.23 465.1059 465.1059 -0.04 C21H21ClN2O8 x  x  

Oxidation Product 2 ( + 16 Da) 

D2 4.79 461.1582 461.1555 5.96 C22H24N2O9  x  x 

O2 3.92 477.1504 477.1504 0.06 C22H24N2O10  x  x 

T2 4.54/ 
(4.06)/(3.80) 461.1554 461.1555 -0.12 C22H24N2O9  x  x 

C2 5.68 495.1164 495.1165 -0.17 C22H23ClN2O9  x  x 

Oxidation Product 3 ( + 14 Da) 

D3 5.01 / 5.91 459.1399 459.1398 0.2 C22H22N2O9  x  x 

O3 4.65 475.1348 475.1347 0.17 C22H22N2O10  x  x 

T3 4.98 459.1404 459.1398 1.29 C22H22N2O9  x  x 

C3 5.68 493.1011 493.1008 0.54 C22H21ClN2O9  x  x 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

SM -11 
 

Figures 

 

Figure S1. a) Skeletal formula of tetracycline with atoms and four rings numbered and labeled. Chemical structure of 
the tetracycline antibiotics studied in this work: b) TET, c) DOXY, d) OXY and e) CHL; and the chemical compounds 
used to verify the oxidation peaks along the electrochemical fingerprints in the pH screening: f) naphthacene core, g) 
phenol, h) N,N-dimethylcyclohexylamine and i) 6,11-dihydroxy-5,12-naphthacenedione.  
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Figure S2. Square wave voltammograms (baseline-corrected) obtained at pH 4 and 9 of Britton Robinson buffer of all 
TCs (black line) a) TET, b) DOXY, c) OXY and d) CHL at 10 µM concentration each. Phenol (blue dashed line), 
benz[b]anthracene (grey dashed line) and N,N-dimethylcyclohexylamine (red dashed line) in a concentration of 10 µM 
and 6,11-dihydroxy-5,12-naphthacenedione (green dashed line) in a concentration of 1 mM.  
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Figure S3. Peak potential of the first peak (in blue squares) and second peak (red circles) versus pH of a) TET, b) DOXY, 
c) OXY and d) CHL. The third peak is not included due to its less evident presence within the pH range. 
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Figure S4. MS/MS spectra of a) DOXY (m/z 445.1650, C22H24N2O8), b) oxidation product D1 (m/z 431.1454, C21H22N2O8), 
c) oxidation product D2 (m/z 461.1558, C22H24N2O9). 
 

 

Figure S5. HPLC–ECD chromatograms of 10 µM TET (black), CHL (blue), OXY (green) and DXC (red) at 1.0 V. 
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Figure S6. Electrochemical influence of the supporting electrolyte (concentration of 0, 1, 10, 50 and 100 mM) at pH 2 
using a solution of tetracycline (TET) 100 µM in phosphate buffer (PB).  
 

 
Figure S7. Optimization of the main parameters used in square wave voltammetry: a) Frequency (Hz), b) Amplitude 
(mV) and c) step potential (mV). The step potential was compared with regard to the best options of amplitude (25 and 
35 mV) in order to select the optimal option. 
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Figure S8. Reproducibility study (N=3) by square wave voltammetry (baseline-corrected) of each tetracycline 10 µM 
concentration at pH 9, a) TET, b) DOXY, c) OXY and d) CHL. 
 

 
Figure S9. Stability of the different stocks solutions with time (after 1, 2 and 3 weeks) a) TET, b) DOXY, c) OXY and d) 
CHL.  
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Figure S10. Data treatment with Matlab script to improve peak separation/identification at pH 9 for single TCs and all 
combination in mixtures of TCs a) square wave voltammetry from raw data (corrected by moving average) and b) 
output signal after the application of the script.  
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