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Abstract: Salmonella enterica is considered one of the most common bacterial agent causes of acute 

gastroenteritis and foodborne illness in humans worldwide. Antibiotic-resistant is considered as a major 

problem in  Salmonella enterica Serovar. This study introduces a new simple and sensitive aptasensor 

based on chitosan (Chi)-electrospun carbon nanofibers (CNF) /gold nanoparticles (GNPs) decorated 

pencil graphite electrode (GE) as a novel platform for electrochemical detection of Salmonella enterica 

Serovar. A Salmonella-specific recognition aptamer ssDNA sequence was used in the development of 

this voltammetric biosensor. Electrochemical behaviors of electrodes; unmodified GE, CNF-Chi/GE, 

GNPs/CNF-Chi/GE, GNPs/CNF-Chi/GEs linked with the aptamer were studied by cyclic voltammetry 

(CV) and electrochemical impedance spectroscopy (EIS). After the optimization of experimental 

conditions (e.g., CNF concentration, pH, and incubation time), electrochemical detection of Salmonella 

was performed via differential pulse voltammetry (DPV) in methylene blue solution. The designed 

aptasensor exhibited a linear range of 10 to 105 (CFU/mL) with the limit of detection (LOD) 1.223 

(Cfu/mL) for Salmonella. This aptasensor displayed excellent selectivity and remarkable sensitivity in 

terms of the detection of Salmonella enterica even in the real samples as compared to the polymerase 

chain reaction (PCR) technique. The constructed aptasensor is a highly sensitive sensor for the detection 

of Salmonella enterica and also can be tailored for various other targets.   

Keywords: Aptasensor; carbon nanofiber; gold nanoparticle; Salmonella enterica serovar. 
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1. Introduction 

Salmonella enterica, a major factor in gastrointestinal infections, is considered as one 

of the most frequently available foodborne pathogenic bacteria in contaminated foods such as 

meat, eggs, milk, and other animal products that cause human illness. According to the Center 

for Disease Control and Prevention (CDC) report, in the United States, about two percent of 
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foodborne illness is due to contamination of Salmonella enterica, which results in about 19000 

hospitalizations and 380 death [1].     

Antibiotic-resistant is considered as a major problem in  Salmonella enterica Serovar 

[2,3]. Early detection has gained more attention as the first critical step in the prevention of 

diseases caused by this type of foodborne pathogens. 

Traditional methods including the combination of pre-enrichment phases, bacterial 

culture methods, serological validation of the specified colonies [4], enzyme-linked 

immunosorbent assay (ELISA) [5] and polymerase chain reaction (PCR) [6] as reliable, 

sensitive and selective techniques for the detection and identification of these bacteria have 

been applied  [7]. Although these approaches are time-consuming and labor-intensive [8]. 

Therefore, to overcome these drawbacks, a novel procedure is needed for the detection of 

Salmonella enterica. Electrochemical biosensors have widely attracted great attention due to 

some unique properties such as reliability, high sensitivity and selectivity, low cost, easy and 

fast operation, and often portability [9-13].    

Biosensors that employ a nucleic acid aptamer (single-stranded DNA or RNA 

molecules) as a specific recognition segment called an aptasensor. Several features of aptamers 

make them ideal for bio-diagnostic applications, such as small size, ease of handling and 

labeling, no immunogenicity, low price of synthesis, and high affinity to a target site.      

Of the electrochemical biosensors, aptasensors as a quick, sensitive and cost-effective 

platform have received special attention for the detection of protein [14], drugs [15], virus [16], 

cancerous cells [17] and antibiotics [18]. In the current study, the aptamer sequence was 

evaluated by Joshi R. et al. and Ma et al. In this study, the DNA aptamers of S. enterica serovar 

were chosen. Because of the high specific recognition property of the aptamer, Salmonella 

enterica could be diagnosed [19,20]. 

Nowadays, unique and intrinsic features of nanomaterials provide great potential in the 

field of biomedical and healthcare applications especially in the development of a new 

generation of sensors [21,22] for instance, the conducting nanomaterials such as GNPs [23],  

and CNF [24],  by increasing the conductivity and accelerating the electron can enhance the 

sensitivity and detection limits for analytics.   

Also, many other nanomaterials such as carbon nanotubes (CNT) [25], graphene [26], 

graphite [27], carbon dots [28], gold nanorods [29], gold nanowires [30], and other inorganic 

wires [31], platinum [32] and silver nanoparticles [33] have been used in the development of 

electrochemical biosensors.  

Many studies have demonstrated that gold nanoparticles (GNPs) due to their unique 

features, for instance, bio-compatibility, high conductivity, and electrocatalytic ability [34], as 

well as their simple functionalization through thiolation, to be promising candidates for their 

application in enhancing of electron transfer in electrochemical biosensors [35]. 

Electrospinning is a versatile technique to prepare nanofibers in a wide range of 

diameters [36-44]. Among carbon-based materials (graphene, carbon nanotubes, carbon 

nanofillers, activated carbons, etc.), electrospun CNFs as one-dimensional material with large 

surface area to volume ratio and highly- interconnected porous structure, can be used to modify 

the surface of electrodes and apply for immobilization/adsorption of biomolecules and enhance 

the electron conductive pathway [45]. 

The advantage of CNFs over carbon nanotubes can be their high purity due to free 

catalyst synthesis during stabilization and carbonization, which facilitate electron transfer [46].  
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Chitosan (Chi) is composed of the N-deacetylate derivative of chitin. To date, Chi has 

been used in electrochemical biosensors because of properties such as biocompatibility, 

membrane-forming property, ion-transport, and ion-exchange ability. Another valuable feature 

of Chi is its chemical structure that includes the excess of hydroxyl (-OH) and amine (-NH2) 

groups along its chains that can be utilized to chemical modification and tune materials’ 

properties. An additional advantage of Chi is its adhesive film-forming property in many 

medical and technical applications [47,48].  

Methylene blue (MB) was employed as an external redox indicator of a hybridization 

event. It is an organic dye that has been employed as an electron transfer mediator for the 

development of electrochemical biosensors [49]. Since its formal potential (E◦′) is between 

−0.10 to −0.40 V at the pH range of 4 – 11, which is near to the redox potentials of many 

biomolecules, therefore, it had been studied in many studies [50,51].   

Here we report a sensitive and simple aptasensor for the detection of Salmonella enterica 

hybridization. Studies have exhibited that MB can interact with ssDNA and dsDNA differently; 

the voltammetric reduction signals of MB indicate hybridization [50,52].  

The engineered electrode, GNPs/CNF-Chi/GEs linked with the aptamer, was 

characterized in terms of the electrochemical conductivity, its sensitivity and specificity as well 

as were compared with the PCR method. 

2. Materials and Methods 

 Polyacrylonitrile (PAN, MW 150000 g/mol) was received from Polydactyl Company 

(Tehran, Iran). Chitosan (Chi, MW 100 KDa), N, N-dimethylformamide  (DMF), potassium 

ferricyanide (K3[Fe(CN) 6]3-/4-), acetic acid, Tween, tryptone, agar, and yeast extract were 

obtained from Merck (Darmstadt, Germany). 

Potassium chloride (KCl), chloroauric acid (HAuCl4), sodium chloride (NaCl), sodium 

dihydrogen phosphate (NaH2PO4), methylene blue (MB), disodium hydrogen phosphate 

(Na2HPO4) were purchased from Sigma-Aldrich (St. Louis, USA).  

The thiolated aptamer was synthesized by the Faza Biotech Company (Tehran, Iran). 

The following aptamer nucleotide sequence was used [20]: 

 5`-HS-TATGGCGGCGTCACCCGACGGGGACTTGACATTATGACAG-3` 

The bacterial strain was purchased from the Pasteur Institute (Tehran, Iran). 

2.1. Instrumentation. 

All electrochemical experiments (cyclic voltammetry (CV) and electrochemical 

impedance spectroscopy (EIS)) were done by the Autolab potentiostat/galvanostat system (Eco 

Chemie, Utrecht, Netherlands) measured with NOVA 1.8 software. 

The working, auxiliary, and reference electrodes were pencil graphite (GE), platinum rod, and 

Ag/AgCl electrodes, respectively. 

The electrode surface morphology and nanofiber diameter were determined by the 

scanning electron microscopy (SEM) (Philips XL-30, Eindhoven, The Netherlands), operating 

with an accelerating voltage of 20 kV. 

2.2. Synthesis of CNFs. 

The fabrication of CNFs was performed according to our previous works (Mirzaei et 

al., 2015). Briefly, after dissolving the PAN polymer in DMF solution at 50 °C to yield an 8 
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wt.% solution, the solution was electrospun at the feeding rate of the syringe pump was 1.00 

mL/h,  high-voltage (20kV). Drum rotation speed was 250 rpm, and the distance between the 

nozzle and collector was set to 15 cm. CNFs were then formed by stabilization and 

carbonization electrospun PAN nanofibers. The stabilization of PAN nanofibers was 

performed in an oxygen atmosphere at 290 °C for 4 h with heating rate 1.5 °C min-1, and to 

carbonization; the stabilized nanofibers was placed at 1000 °C for 1 h in a nitrogen (99.9999%) 

atmosphere with a heating rate of 4°C min-1 in a furnace, respectively.  

2.3. Preparation of the aptasensor. 

Pencil graphite (diameter of 2 mm) as a working electrode was polished on SiC paper, 

followed by washing with DW and then dried at RT.  

CNF/chi was decorated on the surface of GE, by the drop-casting method. Briefly, 0.07 

gr CNFs were dispersed in 1 mL DMF and ultrasonicated for 20 min. Chi solution (1% w/v) 

was then dissolved in acetic acid (1% v/v) and stirred until the clear solution appeared. Then 

200 µL of Chi solution was added to the CNF solution and sonicated for 5 min to obtain a 

homogeneous mixture. The mixture was then dropped onto the GE electrode and dried at RT.  

The GNPs were electrochemically deposited on the surface of CNF-Chi modified GE. 

For this aim, CNF-Chi modified GE was immersed in chloroauric acid solution (1 mM). 5 μL 

of the aptamer solution (10 μM) was added on the surface of the GNPs/CNF-Chi modified GE 

and incubated at 4°C overnight, then washed with DW. Afterward, the aptamer/GNPs/CNF-

Chi modified GE was immersed into MB (20 mM) for 15 min and again washed with DW for 

three times. Each modification step was verified by CV technology in the range of +0.2 to -1.0 

V at a scan rate of 50 mV s-1 for 30 cycles.  Scheme 1 shows the electrode preparation steps. 

 
Scheme 1. Schematic illustration of the aptasensor fabrication steps. The surface of the GE was modified with 

aptamer-gold nanoparticle/ carbon nanofiber- chitosan (Apt-GNPs/CNF-Chi//GE).  DPV was employed for the 

electrochemical detection of Salmonella enterica. 

2.4. Preparation of bacterial solution. 

Salmonella enterica was grown in the LB broth at 37 °C for 12 h. The enriched bacteria 

were centrifuged at 7000 rpm for 15 min at RT, the supernatant was discarded, and the bacterial 
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pellet was resuspended with PBS (0.1M, pH 7.4), then the optical density (OD) was measured 

at 625 nm. The bacteria were diluted to reach OD value to 0.12, and it was employed as the 

original sample of Salmonella enterica. Serial dilution of bacteria in seven concentrations from 

from10-1 to 10-6  in PBS (0.1M, pH 7.4) was prepared, and then 100 µL of each dilution was 

cultivated on the LB agar plate at 37 °C for 12 h. Afterward, the colonies were counted to 

determine the salmonella enterica sample (CFU/mL) (CFU = colony forming units) using the 

following formula(1) [20]. 

N=
∑𝐶

(𝑛1 + 𝑛2)𝑑⁄               (1) 

2.5. Electrochemical detection of bacteria.  

The modified GE was incubated with the prepared dilutions of the Salmonella enterica 

sample at RT to reach full interaction between bacterial and thiolated aptamer on the surface 

of an electrode, and then the electrode was washed with DW to remove the non-specific binding 

of bacteria. Finally, to electrochemical detection of bacteria, the electrode was immersed in the 

PBS (0.1M, pH 7.4) for 40 min at 37 °C and subsequently, DPV was measured.  

The selectivity of the new aptasensor was investigated via different bacteria other than 

Salmonella enterica including, Escherichia coli, Pseudomonas aeruginosa, and Staphylococcus 

aureus as control bacteria. A 103 CFU/mL of each bacterium was selected for DPV 

measurement, according to the same method, as described above. 

2.6. PCR. 

DNA Technology kit (DNA Technology, Dusseldorf, Germany) was used to extract 

genomic DNA from the serial dilution of Salmonella enterica following the manufacturer’s 

instructions, and extracted DNA was used for PCR analysis [53]. Briefly, amplification 

reactions were done in a  20 µL reaction volume, including  1X PCR buffer, forward and 

reverse primer (0.2 mM), DNA Taq polymerase (0.5 U), MgCl2 (1.5 mM), and DNA sample 

(2µL). The sequence of primers and PCR protocol is mentioned in Table 1.    

 

Table 1. Primer sequences and PCR protocols were utilized to detect Salmonella enterica [54]. 

Primer Primer 

Length 

Primer Sequence (5’-3’) PCR Protocol 

ST11 

 

24 GCCAACCATTGCTAAATTGGCGCA Initial Denaturation 95 °C 5 min 

35 Cycles 94 °C 

56 °C 

72 °C 

30 s 

90 s 

30 s 

ST14 25 GGTAGAAATTCCCAGCGGGTACTGG 

 

Final Extension 72 °C 10 

min 

3. Results and Discussion 

3.1. Characterization of the aptasensor.   

Figure 1a and b show the SEM images of the GNP-CNF/Chi-GEs and CNF/Chi-GEs.  

Due to the adhesive film-forming property of Chi, it was used to the attachment of CNF 

on the surface of GEs. There is an electrostatic attraction between CNF and Chi, so Chi was 

used to adhesion of CNF. 

The GNPs were electrochemically deposited on the surface of CNF-Chi modified GE. 

GNPs as a biocompatible and highly conductive material, which can be employed for 
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conjugating to thiol groups of the aptamer. As can be seen in Figure 1 the morphology of GNPs-

CNF/Chi modified GE is porous, and the diameter of CNFs and GNP is around 90±10 nm and 

200 ±5 nm, respectively. 

 
Figure 1. SEM images of modified electrodes: a) GNP-CNF/Chi-GEs) and b) CNF/Chi-GEs. 

GNP-CNF/Chi-GEs: GNP: gold nanoparticle, CNF: carbon nanofiber, Chi: chitosan, 

GE: graphene electrode.         

3.2. Characterization of aptasensor by CV and EIS.  

Electrochemical behaviors of electrodes; unmodified GE, CNF-Chi/GE, GNPs/CNF-

Chi/GE, GNPs/CNF-Chi/GEs linked with the aptamer were conducted by cyclic voltammetry 

(CV) and electrochemical impedance spectroscopy (EIS).       

The redox peaks of [Fe(CN)6]3−/4− were recorded to demonstrate of 

immobilization/adsorption on the GE. In order to step by step, modifications of electrodes were 

investigated in [Fe(CN)6]3–/4− (0.1 M) containing KCl (0.1 M ) and PBS (0.1 M, pH=7.4)  as a 

redox probe. Then EIS (0.01 Hz–100 kHz) and CV (-0.2 to 0.7 V with a scan rate of 0.1 V/s) 

measurements were done to verify each step of the GE modification.  

Immobilization/adsorption of substances leads to the retardation of the electron transfer 

rate between the electrochemical double layer and redox probe and increases the charge transfer 

resistance for the redox probe to access the electrochemical double-layer [55]. 

The efficiency of the  immobilization/adsorption of monolayer substances in blocking 

redox reactions is called the kinetics of the redox probe and is shown by peak-to-peak 

separation [56]. Nyquist plot and cyclic voltammograms of aptasensor were displayed in Figure 

2.  Fig 2a. depicts the EIS and CV curve of the bare GE. (Curve 2a: peak separation 179.5 mV, 

peak current 6 µA and Rct=1540 Ω). 

After modification with CNF, the peak current displayed a sharp increase. (Curve 2b: 

peak current (36 µA), peak separation (167 mV), and Rct=462 Ω). This increase in the current 

could be attributed to the increase of the surface area on the active site of the electrode, which 

enhanced the electron transfer of [Fe(CN)6 ]3-/4-
 to the electrode surface.  

In the next step, The GNPs were electrochemically deposited on the surface of CNF-

Chi modified GE. For this aim, CNF-Chi modified GE was immersed in chloroauric acid 

solution. Electrochemical behaviors of the electrode were determined after modification with 

GNPs in curve c. (Curve 2c: peak current (47 µA), peak separation (158 mV), and Rct=295 Ω)). 

Probably as a result of large surface area related to the incorporation of GNPs and the presence 

of CNF, the effective increase in the electrical conductivity, and the current response of the 

electrode was observed. 

https://doi.org/10.33263/BRIAC112.87028715
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When the aptamer was fixed on the GNPs/CNF-Chi electrode, a noticeable decrease in 

peak current and an increase in separation peak was detected (Curve 2d: peak current (32 µA), 

separation peak (169 mV))   ). These findings could have resulted in the electrostatic repulsion 

between the negatively charged aptamer sequence and anionic redox indicator [Fe(CN)6]3-/4- 

and consequently causes an increase in electron-transfer resistance [57]. These results 

demonstrated that CNF-Chi, GNPs, and Salmonella enterica aptamer sequences had been 

successfully fixed on the surface of GE.  

Following the previous process, we decided to experiment with [Fe(CN)6]3-/4– but since 

the Salmonella enterica in the ferric/ferrous solution underwent shock, we had to continue the 

process in methylene blue Solution (Figure 2e). In the final step, by adding Salmonella enterica, 

the electrode surface was saturated as a result of the reaction of Salmonella enterica with an 

aptamer-consequently, the current decreased (Figure 2f). 

 
Figure 2. CV and EIS were utilized to study electrochemical behaviors of electrodes (recorded in PBS 

containing 0.1 M [Fe(CN)6]3–/4- and KCl 0.1 M, PBS 0.1 M). Salmonella enterica concentration was 103 

CFU/mL. 

3.3. Optimization of experimental conditions for electrochemical detection of Salmonella 

enterica. 

To improve the sensitivity of aptasensor and achieve to low LOD, the main parameters 

involved in the performance of aptasensor (e.g., the sonication time, CNF volume, pH, and 

incubation time) were optimized. 

To achieve a uniform mixture of carbon nanofiber in the DMF solution, a sonication 

bath was used, and the optimum time for sonication was investigated. A range of 10 to 40 

https://doi.org/10.33263/BRIAC112.87028715
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minutes was studied. The electrochemical behavior of the GE along with the carbon nanofiber 

mixture at different times in a [Fe(CN)6]3-/4- solution (0.1 M) is shown in Figure 3a, the 

increasing of the sonication time more than 20 minutes, leads to the breakage of the fibers into 

smaller pieces and their alteration from the fiber form, which reduces the current. Indeed, the 

surface-active sites (H-plane) and the surface area of the nanofibers are two factors affecting 

the amount of electron transfer; and the final current depends on the interaction between these 

two factors, which should be optimal. 

Since the volume of the CNF is an important factor in aptasensor efficiency, 

optimization of its volume seems very important. Thus various volumes of CNF solution (1 to 

4 µL) were tested, according to the result, 3 µL of CNF on the surface of CNF/Chi-GEs was 

considered as the optimal volume (Figure 3b). The decrease in the current due to the increase 

in the volume of CNF can be attributed to the compression of nanofibers and hence reduction 

of surface area. 

The electrochemical response of the aptasensor was examined at different pH values 

(from 6 to 9). The results showed that the current increased in an acidic pH range with a sharp 

peak at pH 7.4 and then decreased as pH moved to 9 (basic solution) (Figure 3c).  The suggested 

mechanism of this behavior could be the adsorption of different ionic charges on the surface of 

the aptasensor at different pH. In the basic solution, due to the presence of the negatively 

charged OH- ions on the GE surface, [Fe(CN)6]3-/4- as redox elements are repulsed, which 

resulted in the reduction of current.   On the other hand, H+ ions in the acidic pH cause inverse 

effects, and as a result, the current response increased. According to the described mechanism, 

the optimal pH would be 7.4 in which the least interactions happened, and the highest current 

response was obtained.  

To obtain the optimal incubation time for the detection of Salmonella enterica, the 

modified GE was incubated with a 103 CFU/mL bacteria, and subsequently, the curve of the 

current was measured at different incubation times. Figure 3d shows the CV curve in terms of 

incubation time. It could be concluded that, with increasing incubation times from 10 min to 

40 min, the current decreases due to the robust interaction between the aptamer and Salmonella 

enterica. After 40 min, the current was constant. Therefore, the incubation time of 40 min was 

considered an optimal time for further experiments. 

3.4. Electrochemical experiment to the detection of Salmonella enterica.  

Since the DPV technique is more sensitive than CV,  the quantitative analyses of 

Salmonella enterica were performed by this technique [58]. Serial dilutions of   Salmonella 

enterica in the range of 10 to 105 CFU/mL were analyzed for electrochemical detection of  

Salmonella enterica using this technique. Aptasensor was incubated in the serial dilutions of 

Salmonella enterica in PBS buffer (0.1 M, pH=7.4) and subsequently detected in PBS under 

the optimal experimental conditions. (Modulation time = 0.05 s, interval time = 0.2 s, potential 

range of -0.6 to 0.0 V, modulation amplitude= 0.05 V).  

As it is shown in the inset of Figure 4, with increasing Salmonella enterica 

concentrations in the range of 10 to 105 CFU/mL, the electron transfers were disrupted between 

the redox electrode and electrolyte by the hindrance effect of aptamer-Salmonella enterica 

complex, which in result a higher resistance and a smaller current.   

The calibration curve between the value of ΔI (µA) and the concentration of Salmonella 

enterica (log (CSalmonella) (Cfu/ml)) is seen in Figure 4. The result indicates that there is a linear 

relationship between the current value and the Salmonella enterica concentration with the 
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regression equation of I (µA) = -18.675 log (CSalmonella) (Cfu/mL) + 2.4955 and R2 =0.9982. 

The calculated LOD was 1.223 (Cfu/mL) (defined as S/N = 3) [59] and LOQ was 4.076 

(CFU/mL). 

The reproducibility is considered as a key factor in the development of aptasensor; to 

the evaluation of reproducibility, three equally assembled aptasensor was used for the detection 

of Salmonella enterica at 103 CFU/mL. The relative standard deviation value (RSD) of results 

was 3.7%, which indicates this aptasensor has excellent reproducibility under the experimental 

conditions. To investigate the storage stability of fabricated aptasensors, three aptasensors were 

kept at 4 °C for two weeks without any preservatives. No significant change in the initial signal 

94.92% was found in the frequent assays (every 3 days), indicating that no significant 

decomposition occurred in long term storage. 

 
Figure 3. Effect of sonication time of CNF (A), the volume of CNF (B) pH (C),  and an incubation time of 

Salmonella (D) on the current in 103 CFU/mL of Salmonella enterica. 

3.6. Comparison of the Salmonella enterica aptasensor performance with PCR technique. 

Salmonella aptasensor was compared with the PCR technique at the same 

concentrations. As can be seen in Figure 5, PCR cannot detect Salmonella enterica in the 

concentrations less than (102 CFU/mL), whereas the proposed biosensor could detect it with 

lower concentrations such as 10 CFU/mL. 

 
Figure 4. (a) DPV curves with different  Salmonella enterica concentrations I) blank, II) 10 cfu/mL, III) 102 

Cfu/mL, IV) 103 cfu/mL, V)104 cfu/mL, VI) 105 cfu/mL and VII)106 cfu/mL in 0.1 M PBS at pH 7.4. (b) 

Calibration curve of the electrochemical aptasensor for detection of Salmonella enterica. 
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Figure 5. PCR result for Salmonella enterica with concentrations of (a) 106 cfu/mL (b) 105 cfu/mL (c) 104 

cfu/mL (d) 103 cfu/mL (e) 102 cfu/mL (f) 10 cfu/mL (g) 1 cfu/mL. 

3.5. Evaluation of the selectivity of the developed aptasensor. 

Selectivity is considered an important factor for the development of sensors, especially 

for real sample analysis. For the investigation of selectivity, the engineered GE was incubated 

with 103 CFU/mL of each type of bacterium, including E.coli, P.aeruginosa, and S.aureus as 

control.    

According to the DPV results, the signal current was very low, these results showed a 

negligible affinity for E.coli, P.aeruginosa, and S.aureus, whereas the high specificity was 

achieved for Salmonella enterica, as shown in Figure 6. 

 
Figure 6. Sensor responses to 103 CFU/mL (a) Salmonella enterica, (b) E. coli, (c) P.aeruginosa, and 

(d) S. aureus was conducted by DPV. 

3.6. Application of the aptasensor in the analysis of real samples.  

To determine the detection accuracy of the proposed  aptasensor for real samples, 

different concentrations of Salmonella enterica (102 to104 CFU/mL) was spiked with full-fat 

milk. The processes of the sample preparation were briefly described as follows: the milk was 

diluted 1:1 with the BSAT buffer (PBST is PBS with 0.05% Tween) then spiked with different 

Salmonella enterica concentrations[60]. As can be shown in Table 2, good and acceptable 

recoveries values for Salmonella enterica were acquired in the range between 96.5% and 106% 

(Table 2). These results reveal that the proposed aptasensor could be applied as a rapid, specific, 

and accurate approach to determine Salmonella enterica in full-fat milk. 

Table 2. Recoveries study of Salmonella enterica in full-fat milk sample. 

Sample Added 

Concentration 

(cfu/mL) 

Average value of Detected Concentration 

(cfu/mL 

n=10) 

Recovery 

Ratio 

(% n=10) 

No.1 100 106 106 

No.2 1000 968 96.5 

No.3 10000 9873 98.7 
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A brief comparison between our constructed aptasensor and previously published 

studies for the determination of Salmonella enterica was provided in Table 3. In comparison 

with the previously reported researches, the key feature of our aptasensor would be very low 

LOD for Salmonella enterica and linear regression in the wide range. 

Table 3. Comparison of the engineered apasensor with previously reported studies for determination of 

Salmonella enterica. 

Ref LOD 

(CFU/mL) 

Liner range 

(CFU/mL) 

Biosensor for detection 

of Salmonella enterica 

[61] 10 10  to 105 Bacteriophages in 

capacitive biosensors 

[62] 4 10 to 105 Spiny gold nanoparticles 

in SERS aptasensor 

[8] 1 6.5 × 102 to 6.5 × 108 Nanoporous gold in 

electrochemical aptasensor 

This work 1.223 10 to 105 MB- GNPs/CNF-Chi/GE aptasensor 

4. Conclusions 

 Salmonella enterica is considered as one of the most frequently available foodborne 

pathogenic bacteria in contaminated foods. In this study, we have developed a novel 

competitive voltammetric aptasensor based on GNPs/CNF-Chi/GEs linked with the aptamer 

for the detection of Salmonella enterica Serovar.   

According to results, after modification with CNF and GNPs, the peak current 

displayed a sharp increase. This increase in the current could be related to the increase of the 

surface area on the active site of the electrode, which enhanced the electron transfer to the 

electrode surface.  

Due to the critical features of the aptamer such as selectivity and specificity, the 

designed aptasensor exhibited good linear relationships in the wide range of 10 to 105 

(CFU/mL) with a detection limit of 1.223 (CFU/mL) for Salmonella enterica which was even 

better than PCR technique.  

Furthermore, in the application of the aptasensor in the real sample, excellent 

performance without any significant interfering effect with other components was confirmed.      

Therefore, the present study demonstrated that the constructed aptasensor could be 

suggested as a simple, rapid approach for highly specific, sensitive, and accurate detection of 

Salmonella enterica. This aptasensor has a high potential to be used to detect Salmonella 

enterica in food products. 
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