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1 Introduction
Bacteria of the genus Salmonella are considered one of 

the main causes of outbreaks involving several kinds of food. 
The pathogen is responsible for causing foodborne disease: 
salmonellosis, typhoid and paratyphoid fevers, thus being an 
important public health (Hammack et al., 2012; Silva et al., 2018).

The standard method (bacterial culture) for detecting the 
pathogen is laborious, has a high consumption of material 
and reagents besides lasting about 5 days. This long time is 
incompatible with the dynamism of the industry that needs to 
release quickly lots of their products. The use of reliable, simple 
and fast alternative methods is an attractive option to reduce 
the analysis time since it eliminates steps of a conventional 
method such as pre-enrichment/ pre-treatment and selective 
enrichment. In the specific case of some biosensors, these steps 
can be eliminated or reduced in time and consequently the 
analysis is faster (Andrews et al., 2018).

Biosensors are alternative tools that have shown promising 
results in the detection of Salmonella sp. (Brandão et al., 2015; 
Melo et al., 2016; Silva et al., 2018). Electrochemical biosensors 
are found in the market and are too known due to their specificity, 
ease of automation, high precision and rapid time of analysis (Felix 
& Angnes, 2018; Mahato et al., 2018). Although electrochemical 
immunosensors are found commercially in minor quantity than 
enzymatic sensors they are quite sensitive and specific. In the 

literature, it is common that immunosensors are assembled and the 
analysis for analyte identification occurs soon without determinate 
storage condition. Many studies (some few) have evaluated brief 
storage in buffer solution (Sun et al., 2011, Zhou et al., 2015, 
Pilas et al., 2018, Jayanthi et al., 2019). However, maintaining 
these devices in a buffered medium with other preservatives could 
improve their stability over time. It is known that the presence 
of proteases, metals and changes in pH can cause the leakage or 
denaturation of biomolecules (Mahato et al., 2018; Mendonça et al., 
2011; Wang et al., 2007) and because of that, it is important to 
include inhibitors and preservatives in the formulation. Devices 
stored under inadequate conditions will have a short shelf-life, 
which could make them commercially unviable.

In this study, a stabilizer solution was formulated and an 
electrochemical immunosensor for the detection of Salmonella sp. 
was stored in this solution at room temperature and refrigerated 
for 120 days. A commercial stabilizer solution for immunoglobulin 
was evaluated and compared to the formulated stabilizer solution.

2 Materials and methods

2.1 Reagents

Horseradish peroxidase (HRP) (250 U mg−1), glutaraldehyde 
(25%), N-hydroxysuccinimide (NHS), N-ethyl-N′-(3- 
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dimethylamino propyl) carbodiimide hydrochloride (EDC), 
cysteamine, protein A from Staphylococcus aureus, bovine serum 
albumin (BSA), hydroquinone, hydrogen peroxide and BioStab 
Antibody Stabilizer were purchased from Sigma- Aldrich (St. 
Louis, MO, USA). The culture media, brain heart infusion agar 
(BHI agar), brain heart infusion broth (BHI broth), nutrient 
agar and nutrient broth were acquired from Difco™ (Maryland, 
USA). Salmonella Typhimurium (Salmonella enterica subsp. 
enterica serovar Typhimurium, ATCC 51812) was purchased 
from Microbiologics (Saint Cloud, MN, USA), and Salmonella 
Antiserum Poly A-I & Vi from Difco™ (Maryland, USA). 
Ethylenediaminetetraacetic acid (EDTA) and sodium azide 
were acquired from Synth (São Paulo, Brazil).

2.2 Preparation of primary and secondary antibody

The antibodies were purified by precipitation of the serum 
with 45% (NH4)2SO4, and the concentration was determined 
by spsctrophotometer (NanoDrop ND- 1000 UV-VIS). The 
antibody solutions were prepared by dilution in 0.1 mol.L−1 

phosphate buffer saline- PBS (pH 7.4). The secondary antibody 
was conjugated to HRP (Avrameas, 1969).

2.3 Biosensor assembly

Gold screen-printed electrodes (Dropsense-C220AT) were 
modified by immersing in 10 mM cysteamine for 3 h (Pimenta- 
Martins et al., 2012). The electrodes were immersed in a solution 
containing 2 mM EDC/5 mM NHS and 7.5 mg.mL−1 protein A 
from Staphylococcus aureus for 1 h. The electrodes were incubated 
overnight in a solution of primary antibody against Salmonella 
sp. (2 mg.mL−1). After each incubation procedure, the modified 
electrodes were washed with 0.1 mol.L−1 PBS (pH 7.4). Finally, 
non-specified binding sites of the modified electrode were 
blocked with 1% BSA for 1 h.

2.4 Biosensor storage

A stabilizer solution was formulated with 1 mM PBS, 1 
mM EDTA, 0.2% (w / v) Sodium azide and 1 mM BSA. The 
immunosensors were dipped into a formulated stabilizer 
solution (FSS) and an antibody commercial stabilizer 
solution (CSS) (Sigma-Aldrich). The electrical contact 
of the electrodes with the equipment was protected using 
an adhesive and without dipping this part in the solution. 
Analysis of the electrodes was performed every 30 days in 
the presence of the pathogen. The shelf-life of the devices 
stored in stabilizer solution was based on the time that the 
biosensor showed positive responses in the presence of milk 
samples spiked with Salmonella.

Initially, the devices were kept without and with immersion 
into stabilizer solution at refrigerated temperature (4 ºC) with 
14% relative humidity and at room temperature (25 ºC) with 69% 
relative humidity for 24 h to verify the best storage condition. 
The performance of the biosensor was evaluated in samples 
of Ultra High Temperature (UHT) milk contaminated with 
S. Typhimurium (106 CFU.mL-1).

2.5 Analytical response

The immunosensor performance was evaluated in Ultra High 
Temperature (UHT) milk purchased in local stores. The milk 
samples were spiked with S. Typhimurium at 106 CFU.mL−1. The 
contaminated milk samples were centrifugated (5000 rpm at 4 °C 
for 30 min) to remove the fat. The control samples were with no 
bacteria. Thereafter, the immunosensors were incubated with 
labeled secondary antibodies with horseradish peroxidase (HRP) 
(0.7 mg.mL-1) for 1 h. After each incubation step, the electrode 
was rinsed with 0.1 mol.L−1 PBS (pH 7.4). The electrochemical 
responses were carried out using an electrochemical cell (10 mL) 
containing 0.1 mol.L−1 PBS (pH 7.4), 300 mM H2O2 and 3 mM 
hydroquinone. Electrochemical measurements were performed 
using potentiostat/galvanostat Autolab/PGSTAT12 and NOVA 
software (v.4.9) and applying a constant potential of 75 mV for 
120 seconds.

A cut-off point was defined considering: W + 3 x SD, 
where W represents the average of the electric currents of the 
immunosensor freshly prepared in the absence of the pathogen 
and DP is the sample standard deviation. Responses were 
considered positive when the electric current values ​​were above 
the cut-off and negative responses when they showed the same 
value or below the cut-off. The cut-off point was the same found 
for the detection limit.

2.6 Performance parameters of the immunosensor

The performance parameters of the immunosensor: 
sensitivity, false negative, false positive and specificity of the 
immunosensor were calculated according to the recommendation 
of AOAC for qualitative methods of microbiological analysis 
(Association of Official Analytical Chemists, 2012; Feldsine et al., 
2002). Milk samples were contaminated with Salmonella in the 
concentration of 101 CFU.mL -1. A negative was used with milk 
no contaminated. The reference method used was the bacterial 
culture according to Bacteriological Analytical Manual (BAM) 
(Andrews et al., 2018).

2.7 Statistical analysis

A split-plot design with the repeated measure in time 
was used in this work with two treatments: stabilizer solution 
(formulated and commercial stabilizer solution) and temperature 
(refrigerated and room). The data were transformed into √x to 
approximate the data of the normal distribution. The analysis 
of variance was performed using the Statistic software version 
13 (Dell). Confidence intervals were established at the 5% 
probability level.

3 Results and discussion

3.1 Performance parameters of the immunosensor

This immunosensor was previously studied by group for 
performance in milk (Brito et al., 2020; Alexandre et al., 2018). 
This immunosensor had a qualitative performance and showed 
100% of sensitivity and specificity for Salmonella Typhimurium 
detection. Additionally, the rate of false negative and false positive 
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results was zero. This result is quite interesting, as the biosensor 
performed similarly to the standard method (bacterial culture). 
Most Salmonella detection methods use pre-enrichment step, 
however, the immunosensor presented in this work has the 
advantage of eliminating this step, which reduces the analysis time.

The stability of biomolecules depends on many abiotic 
factors such as temperature, pressure, pH and biotic factors 
such as enzymes that may cause proteolysis (Wang et al., 2007). 
It has been long recognized, for example, that the kind of 
buffering substance and concentration may affect the stability 
of proteins (Wang, 1999). Biodevices like immunosensors must 
observe these factors during the storage and analysis in order to 
guarantee their maximum performance. In this work, a stabilizer 
solution based on chelator, protease inhibitor, preservative and 
buffer was evaluated to store an amperometric immunosensor 
at 4 ºC and 25 ºC for Salmonella Typhimurium detection. The 
concentrations of preservative substances used in the formulation 
of the stabilizer solution were preliminarily tested to assess any 
interference of ions such as Na+ in the electrochemical response. 
EDTA and sodium azide not caused variation of the current 
electrical of the biosensor in the presence and absence of the 
Salmonella (Bezerra et al., 2019).

3.2 Performance of the immunosensor during time

Devices stored dry for 24 h at room temperature not detected 
the pathogen in the milk samples. On the other hand, when the 
devices were stored under immersion into a stabilizer solution 
at temperatures of 4ºC and 25 ºC, the devices satisfactorily 
differentiated the contaminated and non-contaminated milk 
sample. Probably, the drying of the immunosensor that occurred 
naturally at room temperature caused a destabilization or leakage 
in the binding molecules with a loss in the electrical signal. 
Contrary, some studies reported storage of immunosensor at 
dry condition and found a good stability that is performed up 
to a maximum of 10 weeks (Aydın & Sezgintürk, 2017; Aydin, 
2020, Cordeiro et al., 2020).

Biosensors depend on the reaction between the immobilized 
biomolecules and the analyte that produces or consumes 
electrons or ions, which affects the electrical properties of the 
solution, such as electric potential or current. Thus, variations 
in the stability of different types of immunosensors may happen 
due to changes in the surface microenvironment and degree of 
multipoint attachment of biomolecules related to the chemical 
immobilization method of antibody, assembly structure of the 
biosensor, and biocompatibility of the electrode (Mohamad et al., 
2015).

In the literature, there are few studies about storage solutions 
of immunosensors and there is no commercial stabilizing solution 
available on the market suitable for this kind of analytical tool. 
The storage of the biosensor in a commercial stabilizer solution 
(CSS) for immunoglobulin was chosen for comparating with 
a formulated stabilizer solution (FSS) because the recognition 
biomolecule used in the sensor surface. Both stabilizer solutions 
were evaluated at 4ºC and 25 ºC for 120 days. The analysis of the 
treatments (temperature and stabilizer) over time was performed 
through analysis of variance (ANOVA) (Table 1). According to 

ANOVA, the stabilizer solutions and temperatures tested were 
statistically different (p < 0.05).

Table 1.

A statistic study of the time x solution x temperature 
interaction can be seen in Figure 1. At 15 days, the electrochemical 
responses of the biosensors stored in stabilizer solutions at two 
temperatures had the same behavior (p > 0.05). This means 
that the immunosensor dipped into stabilizer solution may be 
maintained at room temperature for 15 days. It is known that 
antibodies compared with other proteins, they seem to be more 
resistant to thermal stress and can withstand temperatures up to 
70 ºC (Wang et al., 2007). Stabilizer solution for immunosensors 
is important to avoid leakage or denaturation, maintaining 
biological activity for a long time (Ron et al., 1995).

From Figure 2 is possible to evaluate the loss in the response 
of the immunosensors during the storage. In this study, the 
reduction in the current was monitored and compared to cut 
off in order to find out if the response (binary) was positive or 
negative. The immunosensors at room temperature (25 ºC) 
exhibited the highest percentage of decrease in cathodic electrical 
current, in other words, greater loss of performance over time. 
In CSS, the devices were able to detect the pathogen for 30 days, 
when they exhibited a 72.9% reduction in the amperometric 
response. In FSS, the devices also remained fit for 30 days, when 
the loss observed was 58.5%. Notably, maintenance at room 
temperature decreased the performance of devices. Temperature 
is one of the main factors to be considered for studies involving 
biomolecules (Wang et al., 2007).

At 60 days, the devices dipped into CSS under refrigeration 
showed a decrease in the reduction current. However, even 
with a significant decline in response, devices kept refrigerated 
were able to detect the pathogen at 60 days. Alternatively, 
biosensors kept in FSS under refrigeration showed an excellent 
performance in detecting the pathogen at 60 days. Antibodies 
are better stabilized at lower temperatures explaining the better 
performance of devices maintained in this condition (Gibson, 
1999; Reverberi & Reverberi, 2007).

Table 1. Analysis of variance (ANOVA) of the transformed data 
for the biosensor response in UHT whole milk contaminated with 
S. Typhimurium (106 CFU. mL-1).

Causes of Variation DF SS MS F
Solution 1 9.48 9.48 68.70*
Temperature 1 9.84 9.84 71.30*
Solution X Temperature 1 0.04 0.04 0.30
Residue 16
Time 4 38.30 9.58 88.80*
Time x Solution 4 3.90 0.97 8.98*
Time x Temperature 4 8.70 2.17 20.11*
Time x Solution x Temperature 4 1.83 0.45 4.21*
Residue 64 6.90 0.11
Transformed data √x. Some treatments were unbalanced data. ANOVA results: DF: 
degree of freedom; SS: sum of squares; MS: sum of mean squares; F: statistics. CFU: 
Colony Forming Unit. * Significant test at 5% probability level
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At 90 days, devices kept in FSS showed an adequate 
response (presence/absence of Salmonella). It was noticed over 
time that there was a gradual decrease in the cathodic electric 
current and at 120 days the device response in the presence of 
Salmonella was lost with an amperometric response equal to the 
cut-off value, demonstrating a false-negative result. Stabilizer 
for immunosensors to the best of our knowledge, are not yet 

commercially available. In this study, an attempt was made to 
formulate a solution capable of stabilizing immunoglobulins 
in order to avoid the leakage of immobilized antibodies and 
not interfere with other molecules involved in the assembly of 
the immunosensor (thiol, protein A, BSA, peroxidase) without 
causing any variation in the amperometric response. The solution 
formulated and proposed in the present study was composed 
of a buffer, proteins that aid in the stability of antibodies, a 
preservative agent that prevents microbial contamination and 
a chelating agent.

Sodium azide is a preservative agent in low concentration 
and has a known inhibitory and bacteriostatic effect, not severely 
increasing the ionic effect of the solution (Hendrix  et  al., 
2019). EDTA is one of the components used in formulations 
of commercial conjugated antibodies (Duerr & Friess, 2019). 
EDTA is an inhibitor of metalloproteases and proteases activated 
by divalent metals. The pH of a solution is another important 
factor to be considered to choose a buffer since it influences 
the stability of antibodies. The effect of pH can affect the 
physical stability of immunoglobulins, changing the number 
and distribution of charges on the surface of the protein, 
becoming difficult to bind the antigen. Besides, the aggregation 
seems to be lower at neutral pH (Dominguez & Holmes, 2011; 
Wang  et  al., 2007). In the formulated solution, the pH was 
adjusted to 7.4 in order to mimic the ideal biological condition 
for homeostasis of biological molecules, one of the factors that 
may have contributed directly to a better performance of the 
devices maintained in this solution.

Figure 1. Confidence interval of the biosensor response in milk contaminated with S. Typhimurium (106 CFU.mL-1), transformed values, 
for interaction Time x Solution x Temperature after storage of the immunosensors in a commercial stabilizer solution (CSS) and a formulated 
stabilizer solution (FSS) in 15 ; 30; 60 and 90 and 120 days at room (25 ºC) and low (4 ºC) temperature. The standard deviation is shown for n = 10.

Figure 2. Percentage of decrease of the cathodic current of the devices 
after storage into a formulated (FSS) and commercial stabilizer solution 
(CSS) over time (15; 30; 60, 90 and 120 days) at refrigerated (4 ºC) and 
room (25 ºC) temperature.
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4 Conclusions
The storage of the immunosensor in the formulated stabilizer 

solution maintained the performance at 90 days but lost stability 
by 120 days, indicating that the shelf-life must be established 
within this period. On the other hand, a commercial stabilizer 
solution for immunoglobulin did not maintain the performance 
of the device at 90 days. Other chemical components may be 
tested in order to extend more the shelf-life of the device, although 
with the use of this formulation has been found a shelf-life for 
the industry needs.
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