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Abstract This study dealt with the fabrication of an

impedimetric biosensor based on nanomaterial modified

with pencil graphite electrode for the detection of tetra-

cycline (TET) in milk samples. For response of the

impedimetric aptasensor to be improved, the influence of

different parameters (immobilization time of reduced gra-

pheme oxide, time of aptamer, and TET binding, and

concentration of aptamer) was optimized. In optimum

conditions, the aptasensor provided a concentration range

within 1 9 10–16 - 1 9 10–6 M and with a limit of

detection of 3 9 10–17 M TET. The proposed impedimet-

ric aptasensor was then used in milk samples analysis, and

the acceptable recovery was achieved ranging from 92.8 to

102.1%. According to this study, the combination of an

aptamer and electrochemical impedance spectroscopy is a

promising method for detection of TET in milk samples

with high reproducibility and stability.
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Introduction

Tetracycline (TET) is one of the most conventional

antibiotics, which is widely used to treat infectious diseases

in veterinary medicine and livestock like mastitis (Ouyang

et al. 2017). The overuse of antibiotics such as TET in

veterinary medicine as antibacterial and growth enhancer

has caused them to remain in food products like e.g., meat,

eggs, chicken, and milk (Kim et al. 2010). Food contami-

nated with antibiotics are a big threat for human and leads

to increased drug resistance in the human body (Shen et al.

2014). For food security purposes and preserving consumer

health, European Union has determined the maximum

residue limit of TET in meat, eggs, and milk to be 220,

440, and 220 nM, respectively (Hou et al. 2015). There-

fore, the quantitative and qualitative determination of TET

using sensitive, selective, applicable, and specific method

in food products such as milk is essential to protect human

health.

To data, different methods for detection of TET have

been introduced such as spectrophotometry (Palamy and

Ruengsitagoon 2017), HPLC (Moudgil et al. 2019), capil-

lary electrophoresis (Moreno-González et al. 2018), liquid

chromatography-tandem mass spectrometry (Da Silveira

et al. 2018), polymerase chain reaction (Ayeni et al. 2016),

and enzyme linked immuno sorbent assays (Chen et al.

2016). Though these methods are accurate and sensitive,

they are laborious, need large and expensive equipment and

professional operator. Owing to their high selectivity, low

detection limit, cheap and small instrument, portability and

no need for professional users, electrochemical aptasensor

as a robust alternative to the above-mentioned methods

have been developed (Ensafi et al. 2018; Shi et al. 2018).

Aptasensor is known as a sensor based on aptamer

activity. Aptamers are known as a new type of recognition

targets that have a high ability to bind to different targets,

including macromolecules, viruses, and proteins (Benvidi

et al. 2018). In comparison with antibodies, aptamers have

unique advantages, including small physical size, simple

and recyclable synthesis, low-cost, individual three-di-

mensional (3D) structure and high-thermal stability (Mo-

hammad-Razdari et al, 2019a).

As a two-dimensional (2D) structure of carbon atoms,

graphene has unique properties such as electrical conduc-

tivity, and mechanical and thermal activities, and as one of

the novel nanomaterials it has received lots of attention

(Niu et al. 2018). Graphene oxide (GO) is obtained by

graphite powder oxidation using strong oxidants such as

sulfuric acid and potassium (Ensafi et al. 2018; Tang et al.

2010). Because of the individual electrochemical perfor-

mance, GO and its related derivatives such as reduced

graphene oxide (RGO) have been widely investigated and

used in electrochemistry with the aim of modification of

electrode surface in electrochemical aptasensors (Song

et al. 2016). According to Wu et al. (2017), in comparison
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to GO, RGO has better electrochemical efficiency and

electrical conductivity in biosensors.

Gold nanoparticles (AuNPs) are ideal for application in

electrochemical biosensors due to their excellent electrical

conductivity, eco-friendly nature, and good catalyst prop-

erties (Tian et al. 2018; Mohammad-Razdari et al., 2019b).

The combination of RGO and AuNPs as a nanocomposite,

increase electron transfer rate on the electrode surface.

Furthermore, it provides more self-assemble sites to con-

nect the aptamer DNA segment (Wu et al. 2017; Zhang

et al. 2018).

In this study, for the first time, a pencil graphite elec-

trode (PGE) was selected as a working electrode due to its

low price, eco-friendly nature and appropriate mechanical

surface, accessibility and simple preparation (Izadi et al.

2016). According to previous reports and to the best of the

authors knowledge, this study is the first impedimetric

aptasensor based AuNPs/RGO nanocomposite-modified

PGE for direct detection of TET. This is the novelty of the

work and in this regard, the feasibility of using the

aptasensor in real milk samples was investigated. Using

electrochemical impedance spectroscopy (EIS) technique,

in absence and presence of TET, the value of transfer

resistance (Rct) was recorded. According to the results,

under the optimum conditions, the proposed biosensor has

a good repeatability selectivity, and stability, with a low

limit of detection and a wide linear range for TET

detection.

Experimental section

Reagents

All of the chemicals used in the work were prepared in

analytical grade. All solutions were made in deionized (DI)

water. All of materials were purchased from Sigma-Aldrich

Company (St. Louis, MO) or Merck Chemicals (Ltd., UK).

A 39-mer thiolated TET-binding aptamer (as a probe)

with a sequence (50-SH-CCCCCGGCAGGCCACGGCTT
GGGTTGGTCCCACTGCGCG-30) was synthesized in

Microsynth AG (Balgach, Switzerland). Using DI water,

the oligonucleotide was diluted and stored as a stock

solution in a refrigerator (- 20 �C). In order to break the

disulfide bonds of the aptamer, Dithiothreitol (DTT) was

added to the above solution with a ratio of 1:5 (v/v) and

kept at room temperature (RT) for 15 min. Then, it was

mixed for a few seconds. To remove DTT, ethyl acetate

was added to the mixture with an equal volume of the

aptamer solution. After that, it was centrifuged at 3000 rpm

for 30 s to remove the upper layer. This process was

repeated for three times.

Equipment

All electrochemical measurements were performed by

Ivium potentiostat/galvanostat with the software of Ivium

and a common three-electrode system including a PGE

(with 0.7 mm diameter) modified with AuNPs/RGO as a

working electrode, an Ag/AgCl (3 M potassium chloride)

as a reference electrode, and a platinum wire (with 3 mm

length) as a counter electrode was used. All electrochem-

ical experiments for Cyclic voltammetry (CV) and EIS

were run in 5.0 mM of Fe(CN)6
4-/3- in 0.1 M potassium

chloride. The experiments were carried out at RT.

Fourier transform infrared spectroscopy (FTIR) (6300

JASCO, Japan) in the range of 400–4000 cm-1was done to

determine the functional groups presence or absence on

GO and RGO. Scanning electron microscope (SEM, ZEISS

EVO, Germany) was used for the characterization of the

electrode at different stages of fabrication.

Synthesis of RGO

Frist of all, based on the modified Hummer’s method,

grapheme oxide was obtained from natural graphite

(Rezaei et al. 2018). Then, 2.5 mg/mL of grapheme oxide

suspension was diluted in distilled water and the solution

was placed in ice condition. After that, 12.5 g of NaBH4

was dissolved in 50 mL of water. Then, the solution was

slowly mixed to the GO suspension. After that, the sus-

pension was constantly stirred for 12 h at 25�C. At the end,
it was filtered to separate RGO and washed with distilled

water several times and dried at RT. In order to obtain a

homogeneous suspension, 5 mg of RGO was dissolved in

5 mL of DMF.

Aptasensor fabrication

Frist of all, using cyclic voltammetry (CV) method, the

working electrode was activated. CV method is a good and

common electrochemical method usually used to study

redox reactions and electrochemical properties of an ana-

lyte in solution that is adsorbed onto the electrode surface

(De los Santos Álvarez and Abedul, 2020).

For this purpose, it was treated in 1 M NaOH with

scanning potential of 0.0 to ? 1.5 V, and number cycle of

10. RGO was immobilized on the treated PGE surface by

immersing the working electrode (3 mm) into the RGO

suspension at RT for 90 min. Then PGE was placed in a

PBS (0.1 M, pH 7.0) and CV was performed at - 0.10

to ? 0.70 V with 10 cycles. AuNPs was immobilized on

the electrode surface using corona method electrochem-

istry. To this purpose, in a 3.0 mM of HAuCl4.3H2O

solution CV was run (the potential was scanned from -

0.50 V to ? 1.5 V with a scan rate of 5 mV/s). The
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electrode was then immersed into 0.1 M KNO3 and the

potential was scanned from - 0.50 to ? 1.50 V with a

cycle of 10 by means of CV.

Due to the self-assembly of thiolated aptamer with

AuNPs, it was immobilized at AuNPs/RGO/PGE surface.

To do that, by putting the PGE in the aptamer solution, it

was immobilized at the surface of AuNPs/RGO/PGE at

RT. For remove any unbounded aptamer on the electrode

surface, the electrode was then slowly washed with DI

water and dried at RT.

TET detection

TET detection was done by dipping the aptasensor into

TET solution in optimization time of TET (90 min). After,

PGE was then cleaned with DI water for removal of any

non-adsorbed antibiotic. Then, EI spectrum was run in a

5.0 mM Fe(CN)6
4-/3- (in 0.1 M KCl) solution. The Rct

value of the proposed aptasensor was used as a response in

before and after of TET bounding. Different levels of TET

concentration from 1.0 9 10–16 to 1.0 9 10–6 M were

prepared to investigate the aptasensor applicability. In

order to depict the calibration plot, DRct versus Log/con-

centrations of TET was plotted and then EIS signal was

used. All experiments were carried out at least three times.

Real sample preparation

Application of the fabricated aptasensor was investigated

for TET in different milk samples. Before the actual

sample is tested, the milk was diluted at first using phos-

phate buffer solution (pH = 7) in equal proportions. Milk

samples were centrifuged at 24,000 rpm for 45 min to

remove additional layers, as the milk contains fat, carbo-

hydrates, and protein. After the milk was centrifuged, three

layers of milk were formed. The upper, middle, and lower

layers were related to the fat, pure milk, and casein,

respectively. Pure milk layer was kept, and then, different

concentrations of TET were spiked and the recovery

Fig. 1 A FTIR spectra of grapheme oxide (GO) and reduced grapheme oxide (RGO) and B SEM images of (a) modified PGE, (b) RGO/PGE,

and (c) AuNPs/RGO/PGE
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percentage was calculated. The above mentioned process

was repeated for all samples.

Results and discussion

Characterization of the aptasensor

The functionalization group of GO was more certified

using FTIR (Fig. 1A). In the FTIR spectra of the GO

nanosheets, the broad absorption band at 3426 cm-1 was

corresponded to the O–H stretching groups. The intense

peaks at 1572 and 1724 cm-1 were related to the vibrations

of unoxidized graphitic and C = O stretching band in car-

boxylic acid or carbonyl moieties, respectively (Kassaee

et al. 2011). The two absorption peaks at 1166 and

1036 cm-1 could be assigned to the C–O stretching

vibrations. The reduction of GO was also confirmed by

FTIR spectroscopy. As shown in Fig. 1A, all peaks inten-

sities for functional group related to oxygen of RGO were

decreased and even some were faded in comparison to the

GO peaks intensities. This indicated the successful reduc-

tion of GO.

The modified PGE, RGO/PGE, and AuNPs/RGO/PGE

morphology was investigated using SEM technique. Fig-

ure 1B shows the structures of the modified PGE at various

levels (RGO/PGE and AuNPs/RGO/PGE). Figure 1B

(a) illustrates the surface morphology of the activated

unmodified PGE. As can be seen, the surface of the mod-

ified PGE is porous. Figure 1B (b) depicts the RGO layers

on the surface of modified PGE, as shown, the RGO layers

are clearly visible. Figure 1B (c) exhibits the morphology

of AuNPs when it was assembled on the RGO/PGE sur-

face. Overall, AuNPs and RGO were obviously placed on

the PGE surface.

CV and EIS were performed for characterization of the

aptasensor fabrication interface properties. Figure 2a

illustrate the cyclic behaviors of various modified elec-

trodes, at a scan rate of 50 mV s-1. As it can be observed

from Fig. 2a (b and c), after the bare PGE surface was

coated with RGO and AuNPs, the electron transfer kinetic

was increased and the peak current of the electrolyte was

also extremely raised (with RGO and AuNPs) in compar-

ison to the unmodified PGE. This occurs owing to the high

conduction of RGO and AuNPs and their high effective

area surface. Based on Fig. 2a (d and e curves) the peak

current of Aptamer/AuNP/RGO/PGE and TET/Aptamer/

AuNP/RGO/PGE was reduced compared to the unmodified

electrode. This can be explained by the electrostatic

repulsion among the negative charge of electrolyte and

surface of PGE (Izadi et al. 2016). The peak currents for

the unmodified PGE, RGO/PGE, AuNP/RGO/PGE, Apta-

mer/AuNP/RGO/PGE, and TET/Aptamer/AuNP/RGO/

PGE were 0.034, 0.048, 0.069, 0.020, and 0.015 mA,

respectively.

Besides CV technique, EIS was also used to further

characterizethe different surface of the electrode. EIS is

suitable technique for displaying the surface changes of the

modified electrodes. The semicircle portion of the Nyquist

plot at a higher frequencies is related to the electron-

transfer-limited process and the linear part at lower fre-

quency range corresponds to the diffusion process (Wang

et al. 2016). As it can be observed from Fig. 2b, after PGE

was modified with AuNPs/RGO, the Rct value was reduced

compared to the unmodified PGE (Fig. 2b, b and c curves).

It occurs because of the high conducting ability and

enhances the electron transfer rate in the presence of

AuNPs and RGO (Ensafi et al. 2018). As presented in

Fig. 2b, curve d, the aptamer immobilization at the AuNP/

RGO/PGE surface generated a resistant negatively charge

layer at the electrode surface. As a result, the Rct of

Aptamer/AuNP/RGO/PGE was increased in comparison to

RGO/PGE, and AuNP/RGO/PGE binding between TET

and the aptamer leads to a greater increase in the Rct of

TET/Aptamer/AuNP/RGO/PGE (Fig. 3b, curve e). It

seems to occur due to TET being placed onto the aptamer

Fig. 2 The CVs (a) and Nyquist plots (b) of different modified

electrodes in 5.0 mM Fe(CN)6
4-/3- containing 0.1 M KCl, potential

range of - 0.1 to 0.70 V with scan rate of 50 mV s-1, Conditions for

EIS: the frequency range of 0.01 to 105 Hz at the potential of 150 mV

J Food Sci Technol (December 2020) 57(12):4697–4706 4701

123



stands on the electrode surface. These results showed that

AuNPs/RGO was effectively attached to the PGE.

Experimental conditions optimization

To access the aptasensor high performance, the RGO

immobilization time, the aptamer immobilization time and

concentration, and TET immobilization time were opti-

mized. All experiments were carried out in three replicate

measurements. To optimize the RGO immobilization time

on the treated PGE, the electrode was immersed into the

RGO suspension for different times (30, 60, 90, 120 and

150 min) and then, CV was run in the potential of -0.10 to

0.70 V at a scan rate of 50 mV s-1. The results showed

that the current was increased and then levelled off as the

RGO immobilization time increased up to 90 min,.

Therefore, 90 min was considered as an optimal immobi-

lization time of RGO (Fig. 3a).

For find the aptamer optimal immobilization time, the

working electrode was placed in the aptamer solution

(25 lM) for different times (10, 20, 40, 60, 80 and

100 min). Then, EIS was recorded and the Rct was calcu-

lated before and after immobilization. The results showed

that the DRct was increased and then reduced as the

immobilization time was increased up to 60 min. This is

probably due to the reason that after 60 min, the surface of

AuNP/RGO/PGE were entirely covered by aptamer strands

(Benvidi et al. 2018). As shown in Fig. 3b, a time of

60 min was considered for immobilization of aptamer as an

optimum choice for the future experiments.

To optimize the concentration of the aptamer, the fab-

ricated biosensor was immersed in the aptamer solution

with different concentrations (10, 12.5, 25, 50, 70 and

100 lM) for 60 min. Then, EIS technique was recorded

and DRct (Rct before and after aptamer) was measured.

According to Fig. 3c, by increasing the concentration of

the aptamer up to 25 lM, DRct was increased, and

decreased at higher concentrations. At low concentration of

aptamer, the AuNP/RGO/PGE surface was not wholly

covered by aptamer. Thus, the value of low DRct was

achieved for 10.0 and 12.5 lM aptamer. At the concen-

trations higher than 25 lM, the electrode surface is ade-

quately covered by aptamer strands, so the aptamer

immobilization on the AuNP/RGO/PGE surface DRct was

declined. Therefore, 25 lM aptamer solution was consid-

ered as the optimal concentration for next experiments.

To study the aptasensor detection capability, the inter-

action time of TET should be studied as one of the

important parameters. For this purpose, Aptamer/AuNP/

RGO/PGE was immersed into a solution of TET

(1.0 9 10–9 M) for different times (30, 60, 90, 120 and

150 min). The EIS signals were then recorded (before and

after addition of TET) and the DRct was calculated. Based

on the result, the sensitivity of the biosensor increased and

then decreased as the incubation time was increased to

Fig. 3 Influence of a immobilization time of RGO on the peak

current, b immobilization time of aptamer, c aptamer concentration

and d immobilization time of TET on the DRct electrode in 5.0 mM

Fe(CN)6
4-/3- containing 0.1 M KCl solution. The error bars repre-

sented the standard deviation (SD) (n = 3)
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90 min, (Fig. 3d). Thus, 90 min was considered as an

optimal time for TET binding.

Performance evaluation of the impedimetric

aptasensor

The proposed impedimetric aptasensor was constructed

under the optimum experimental conditions and the EIS

signals of TET/Aptamer/AuNPs/RGO/PGE were then

measured after the addition of different concentrations of

TET (Fig. 4a). The EIS method was used for preparation of

the calibration curve, by drawing the DRct in before and

after the binding between TET versus. Log/C. The cali-

bration curve of the fabricated aptasensor showed a linear

concentration range from 1.0 9 10-16 to 1.0 9 10-6 M

(Fig. 4b) and DRct = 0.3274LogCTET ? 6.4219

(R2 = 0.9818) was achieved for TET detection. The limit

of detection for TET determination (According to

3.3*SDC/C, where SDC denotes the standard deviation for

control measurements, and C indicates the slope of cali-

bration curve in the linear range) was calculated to be

3 9 10-17 M.

The Randles circuit was used to fit EIS data as an

equivalent circuit including the electrolyte resistance (RS),

Rct, the double layer capacitance (Q), and the Warburg

diffusion resistance (Zw) (inset of Fig. 4b).

The figures of merit of the proposed biosensor are

compared with several reported methods for TET detec-

tion. As illustrated in Table 1, the limit of detection and the

linear concentration range obtained for TET/Aptamer/

AuNPs/RGO/PGE are better compared to. previously

reported methods.

The aptasensor’s repeatability, reproducibility,

stability, and selectivity

To investigate the repeatability of the biosensor, an elec-

trode was constructed and placed into a 1.0 9 10–9 M TET

and the DRct was measured for five times. Based on the

result, the RSD (relative standard deviation) value of 4.2%

was achieved. This value of the RSD denotes that the

repeatability of the TET/Aptamer/AuNPs/RGO/PGE elec-

trode is acceptable.

The reproducibility of the impedimetric aptasensor was

investigated too. For this purpose, five separate aptasensors

were fabricated (under the optimal conditions) and then,

they were immersed into 1.0 9 10–9 M TET solution.

After that, the DRct was measured. The RSD was computed

to be 5.6%, indicating an appropriate reproducibility of the

impedimetric aptasensor.

The Aptamer/AuNPs/RGO/PGE long-term stability was

also tested. Therefore, five aptasensors were prepared

separately under the same conditions and stored at 4 �C for

three weeks. The Rct of each of them was recorded in a

three-day interval. The results confirmed that 5.3% of the

aptasensor efficiency was declined, indicating accapt-

able stability for biosensor.

For assess the aptasensor selectivity towards other

antibiotics (e.g., streptomycin, penicillin G, and sulfadi-

azine), the DRct of the aptasnsor was recorded using EIS

method, based on the recommended procedure. The results

Fig. 4 a calibration plot for DRct versus Log concentration of TET,

b Nyquist diagram for different concentration of TET, (a-k)

1.0 9 10-16, 1.0 9 10-15, 1.0 9 10-14, 1.0 9 10-13, 1.0 9 10-12,

1.0 9 10-11, 1.0 9 10-10, 1.0 9 10-9, 1.0 9 10-8, 1.0 9 10-7,

1.0 9 10-6 M, respectively. In 5.0 mM Fe(CN)6
4-/3- containing

0.1 M KCl solution, The error bars represented the standard deviation

(SD) (n = 3), c Selectivity of the fabricated aptasensor (n = 3) with

streptomycin, penicillin G and sulfadiazine instead of TET, at the

same concentrations (1 9 10–9 M). The error bars represented the SD

(n = three electrodes)
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indicated that streptomycin, penicillin G and sulfadiazine

did not interfere with TET detection. As shown in Fig. 4c,

all of the tested antibiotics show much lower signal com-

pared to TET, indicating the he effective capability of the

proposed aptasensor to differentiate between the target

(TET) and other antibiotics. Overall, the fabricated

aptasensor of TET can be utilized for quantitative and

qualitative detection of TET in milk samples.

Aptsensor application in milk samples

The aptasensor’s practical application was evaluated

through TET detection in milk samples. The experiment

was carried out into four types of milk samples. According

to the response signals obtained from the aptasensor, the

recoveries were computed. As shown in Table 2, the

recoveries rang of the aptasensor was 92.8–102.1%.

Finally, this study exhibits that the developed impedimetric

aptasensor has a good accuracy and the fabricated

aptasensor can be effectively utilized for the quantitative

detection of TET in milk samples.

Conclusion

In the present study, a label-free aptasensor based on

AuNPs/RGO nanocomposites has been successfully fabri-

cated to quantitatively and qualitatively detect TET in milk

samples. Using EIS technique, a low LOD of 3 9 10–17,

acceptable repeatability, stability, and high selectivity were

Table. 1 Comparison of the proposed aptasensor with other methods for detection of TET

Electrode Method Dynamic

range (M)

LOD (M) Repeatability

(RSD%)

Reproducibility

(RSD%)

Stability

(day)

Reference

M-shape structure of aptamer /

complementary strands of aptamer/

exonuclease I/gold electrode

DPVa 1.5 9 10–9–

3.5 9 10–6
0.45 9 10–9 7.9 8.3 – (Taghdisi

et al. 2016)

MWCNTb/GCEc DPV 1 9 10-8 –

5 9 10-5
5 9 10–9 – 10 14 (Zhou et al.

2012)

Avidin-HRPd/bio-cDNAe/aptamer/

MoS2-TiO2@Au /GCE

DPV 1.5 9 10-10–

6 9 10-6
5 9 10–11 – 5.12 10 (Tang et al.

2018)

MIPf/Aptamer/ AuNP/GCE EIS 5 9 10–13–

1 9 10–10
144 9 10–15 – 6.8 14 (Rad and

Azadbakht

2019)

MBCPEg/Fe3O4NPs@OAh/anti-TET EIS 1 9 10–14–

1 9 10–6
3.8 9 10–15 – 6.8 7 (Jahanbani

and

Benvidi

2016)

Anti-ET/PGAi/MWCNT /GCE DPV 1 9 10-15–

1 9 10- 6
3.1 9 10- 16 – 5.6 7 (Benvidi

et al. 2018)

TET/Aptamer/AuNPs/RGO/PGE EIS 1 9 10–16–

1 9 10–6
3.05 9 10-17 4.2 5.6 21 This work

adifferential pulse voltammetry, bMulti-walled carbon nanotubes, cglassy carbon electrode, davidin-horseradish peroxidase, ebiotin-DNA

oligonucleotide, fmolecular imprinted polymers, gmagnetic bar carbon paste, holeic acid, ipoly L-glutamic acid

Table. 2 Detection of TET in

different milk samples using

Aptamer/AuNPs/RGO/PGE

Sample Spiked value (M) Determineda (M) Recovery (%) RSD

(%)

Cow milk 1 9 10–9 (0.942 ± 0.057) 9 10–9 94.2 6.5

1 9 10–11 (0.961 ± 0.061) 9 10–11 96.1 6.3

Sheep milk 1 9 10–9 (0.928 ± 0.071) 9 10–9 92.8 7.6

1 9 10–11 (0.984 ± 0.042) 9 10–11 98.4 4.3

Goat milk 1 9 10–9 (0.971 ± 0.043) 9 10–9 97.1 4.4

1 9 10–11 (0.957 ± 0.081) 9 10–11 95.7 8.4

Water buffalo milk 1 9 10–9 (1.021 ± 0.094) 9 10–9 102.1 9.2

1 9 10–11 (0.977 ± 0.010) 9 10–11 97.7 10.2

aMean of three measurements ± SD.
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obtained for TET aptamer/AuNPs/RGO/PGE. Under opti-

mal conditions, the TET/aptamer/AuNPs/RGO/PGE pre-

sented a broad dynamic range (1 9 10–16-1 9 10–6 M).

The appropriate results of this research demonstrate that

the proposed aptasensor is promising for TET determina-

tion and it can be potentially applied in early screening of

milk samples. In general, it is suggested that the fabricated

sensor be used for detection of other antibiotics in various

foods such as egg, shrimp, fish, chicken, and meat.
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