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Abstract: The aim of this work was to develop a competititve enzymeimmunoassay technique, to 

detect the presence of traces of peanut in gluten-free products. Specific rabbit polyclonal antiserum 

against peanut was used as primary antibody. The optimal antigen concentration to be immobilized 

on the plate and the concentration of primary antibody to be used in competition was determined. 

The calibration curve was fitted using increasing concentrations of an extract of peanut product. 

The peanut product was extracted with Tris-HCl buffer 0.0625M with 3% sodium dodecylsulfate 

(SDS) and 2% sulphite (S) 0,1 M. All validation parameters studied were appropriate. Commercial 

samples of gluten-free products were analysed with this enzyme immunoassays and a commercial 

ELISA kit. Significant differences were observed in the quantitative results obtained with both 

methods; nevertheless the developed enzyme immunoassay could be used as screening method. 

Keywords: ELISA, Allergens, Peanut Detection, Gluten-free Products 

 

1. Introduction 

Food allergies are a growing problem in developing countries but also in emerging 

countries like Argentina. The main food groups that generate allergic reactions are the 

"big eight": milk, eggs, peanut, wheat, soy, nuts, fish and crustaceans [1]. However, the 

highest prevalence among allergic individuals occurs with milk, egg, soy, peanut and tree 

nut proteins. 

In 2017, was incorporated into the Argentine Food Code the article 235 seventh that 

included declaration on food labelling of the allergens present in it [2]. 

Food manufacturers must be very carefully in allergen labelling. There is a need of 

methodology that enables the detection of allergenic proteins in products. The most 

common methodology for the analysis of these proteins is ELISA. There are no Latin 

American companies that produce ELISA kits and in Argentina these kits are very 

expensive. 

The aim of this work was to develop a competitive enzyme immunoassay technique, 

to detect the presence of traces of peanut in gluten-free products. All validation 

parameters studied were appropriate. This competitive enzyme immunoassay could be 

used as screening method. 
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2. Materials and Methods 

2.1. Samples analysed 

2.1.1. Peanut  

Ground peanut was used to prepare the model systems and it was used as antigen to 

be immobilized on the plate. 

2.1.2. Model systems of rice flour and corn flour 

Model systems of rice flour and/or corn flour with the addition of peanut were 

prepared in the laboratory. The model systems were: 50, 150 and 300 ppm of peanut in 

mixture with rice flour and/or corn flour.  

2.1.3. Commercial gluten-free products 

Sixteen gluten-free commercial products were selected by random sampling. A 

container of each product was randomly purchased from different markets in the 

Autonomous City of Buenos Aires, Argentina. Some products declared peanut in the 

ingredient list, others had a peanut warning statement, and others did not declare peanut. 

The gluten-free products analysed were 2 noodles, 2 breads, 2 pizzas, 7 sweet and salty 

cookies, 2 snacks and 1 cereal. A single batch of each product was analysed. All the content 

of the package was homogenized. Each commercial product was ground in a food 

processor. 

Table 1 shows the product description, the list of ingredients and the allergen 

declaration of the sixteen commercial samples. 

2.2. Protein extraction from peanut and model systems 

Eighty mg of ground peanut and 200 mg of each model systems were weighed for 

the protein extraction. 

Two mL of total protein extractive solution was added. This solution contains 0.0625 

M Tris-HCL with 3% sodium dodecylsulfate (SDS) and 2% sulphite (S). The tubes were 

heated in a water bath at 100 °C for 5 minutes. After 2 minutes in the bath it was shaken 

with a rod. The contents of the extraction tubes were transferred to plastic tubes and 

centrifuged at 3000 rpm for 30 minutes. The supernatants were stored at -20 °C until 

analysis. 

The method of Lowry [3] was used for the quantification of peanuts proteins in the 

extract and for the calculation of the recovery.  

2.3. Optimization of the competitive enzyme immunoassay 

The optimal concentration of antigen (peanut) to be immobilized on the plate and the 

optimal dilution of primary antibody (rabbit polyclonal antiserum specific for peanut 

proteins) to be used in competition was determined. Polyclonal antiserum obtained in 

rabbits immunized with peanut and obtained according to [4], was used. 

2.4. Plate coating 

Microplate plates (Maxisorp ®, NUNC, Denmark) were used. For this, 100 μL per 

well of two different concentrations of antigen were seeded. The concentrations were: 1 

μg of peanut protein / 100 μL or 10 μg of peanut protein / 100 μL of carbonate / bicarbonate 

buffer, pH: 9, 6 (Buffer sodium carbonate 0.015M, 0.035M sodium bicarbonate, pH: 9.6). 

The plate was then incubated in a humid chamber, in the dark at 4 °C for 24 h. The plate 

was washed 5 times with wash solution (0.9% w/v NaCl and 0.0125% v/v Tween 20 in 

water). Two hundred μl of blocking solution (1% w/v bovine gelatin and 0.1% v/v Tween 

20 in TBS) were seeded into each well. It was incubated for one hour in a humid chamber, 

in the dark at 37 °C, with shaking. The plate was washed 5 times with wash solution. 

Subsequently, 100 μL of different dilutions of the primary antibody diluted with TBS 
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buffer with 0.1% v/v Tween 20 and 3% polyethylene glycol were seeded. Primary antibody 

dilutions that were assayed were between 1/4000 and 1/128000. In the wells corresponding 

to the blank (blank 1 and blank 10) only the buffer used for the dilution of the primary 

antibody was seeded. It was incubated for one hour in a humid chamber, in the dark at 37 

°C with shaking. The plate was washed 5 times with wash solution. One hundred μl of 

Bio-Rad alkaline phosphatase conjugated Anti-IgG secondary antibody (obtained in goats 

immunized with purified rabbit IgG) was seeded in the wells. The secondary antibody 

was diluted 1:3000 with TBS buffer with 0.1% v/v Tween 20 and 3% polyethylene glycol. 

It was incubated for one hour in a humid chamber, in the dark at 37 °C with shaking. The 

plate was washed 5 times with wash solution. Finally, 100 μl of a solution containing 1 

mg/mL paranitrophenyl phosphate in a buffer containing 10% v/v diethanolamine and 

0.01% magnesium chloride, pH: 9.8 were seeded. It was incubated 20 minutes in a humid 

chamber, in the dark at 37 °C with shaking. Absorbance was measured on an ELISA plate 

reader at 405nm. The absorbance values were corrected with the average absorbance 

corresponding to the blank. Corrected absorbance versus ln 1 / dilution of primary 

antibody curves were plotted, using a Microsoft Excel 2010 spreadsheet. 

2.5. Validation of the competitive enzyme immunoassay for the detection / 

quantification of peanut traces in gluten-free products 

2.5.1. Linearity 

For the determination of the linearity of the method, increasing concentrations of a 

peanut product extract with 0.0625M Tris-HCL buffer with 3% SDS and 2% of S were used. 

Since an extraction buffer containing reducing and denaturing agents (S and SDS) that 

interfere with the antigen-antibody reaction is used in this assay, the dilution of the 

extractive solution was evaluated, as it will not affect the antigen-antibody binding. In this 

way the components of the extractive solution were diluted 1: 159 at all points of the curve. 

Dilutions were performed in carbonate / bicarbonate buffer, pH: 9.6. The curve had five 

points 0; 0.01; 0.03; 0.1 and 0.3μg peanut protein / mL carbonate / bicarbonate buffer, pH: 

9.6. For each point of the curve a dilution of the original extract was performed but the 

SDS and S concentration remained constant.  

Seventy five μL of the dilution of the primary antibody selected in the test 

optimization, and 75μL of each of the dilutions of the previously prepared curve points, 

were pre-incubated. In addition, two controls were prepared; a “non-specific control” 

(NS) containing 200 μL of the buffer used to dilute the primary antibody, and a "maximal 

binding" (M) control containing: 100 μL of the buffer used to dilute the primary antibody 

and 100 μL of the primary antibody selected in the test optimization. The preincubates 

were incubated at 4 °C in a humid chamber and in darkness for 24 h. Also, an ELISA plate 

was sensitized by sticking the concentration of antigen (peanut) that was previously 

selected in the test optimization. It was then incubated in a humid chamber, in the dark at 

4 °C for 24 h. The plate was washed 5 times with wash solution. Two hundred μL of 

blocking solution were seeded into each well and incubated for one hour in a humid 

chamber, in the dark at 37 °C, with shaking. The plate was washed 5 times with wash 

solution. Subsequently, 100 μL of the preincubates were seeded. It was incubated for one 

hour in a humid chamber, in the dark at 37 °C with shaking. The plate was washed 5 times 

with wash solution. The protocol was followed as previously described in the plate 

coating item. The absorbance values were corrected with the mean absorbance 

corresponding to NS. An absorbance calibration curve was constructed, corrected 

absorbance versus ln μg of peanut protein / mL.  

The tests used for the statistical analysis of the results were: Barlett method, for 

homogeneity of variances and linear regression analysis [5]. 

2.5.2. Limit of detection and Limit of quantification 
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To determine the limits of detection and quantification of the method, a sample of 

rice or corn flour without analyte (peanut) was used. It was extracted five times as 

described above. Each extract was analysed in duplicate, as described above, by pre-

incubating the dilutions 1:159 with carbonate/bicarbonate buffer, pH: 9.6. The analyte 

concentration in each sample was calculated according to the formula (1). The mean value 

of the analyte for the flour sample without analyte and the corresponding standard 

deviation were calculated. The detection limit was calculated as the mean value plus three 

times the standard deviation. The quantification limit was calculated as the mean value 

plus ten times the standard deviation. 

The amount of peanut protein in μg / 1000 mg of rice or corn flour is calculated 

according to the following formula:  

     

   

Amount of peanut protein in the rice of corn flour- g 

amount of peanut prot- g 1 - 2 1 1000- 3
= 

6.3- 4 -mg 5

V L mg

L P



 



 



  (1) 

(1) μg of peanut protein interpolated in the calibration curve. 

(2) Volume of supernatant obtained when extracting rice or corn flour with 

extractive solution of total proteins: 600 μL (rice flour) and 800 μL (corn 

flour).  

(3) 1000 mg: to express the content in 1000 mg of rice or corn flour. 

(4) 6.3-μL. It is the volume of extract that is taken from the supernatant and 

diluted 1: 159. Then 6.3 μL are brought to 1000 μL with Buffer Carbonate / 

Bicarbonate; pH 9.6. 

(5) P: 200 mg. It is the weight of gluten-free products that is extracted with 

extractive solution of total proteins. 

 

2.5.3. Precision 

To evaluate the intraday precision of the method, three samples of rice or corn flour 

containing equal amount of analyte (50 ppm of peanut protein and 150 ppm of peanut 

protein, respectively) were analysed. Each sample was extracted as described above (n=3). 

Each extract was analysed with the competitive enzyme immunoassay in duplicate as 

described above, by performing the 1: 159 dilution of each of the samples prior to the 

preparation of the preincubates. The analyte concentration in each sample analysed was 

determined according to the formula (1). 

For the statistical processing, the analyte values of the three samples were averaged, 

standard deviation and coefficient of variation (CV) were calculated. This CV corresponds 

to the precision of the method in the day. 

In order to evaluate interdays precision, the same procedure as previously described 

in the intraday test was performed on three different days (n=9). For statistical processing, 

the mean, standard deviation and coefficient of variation of the nine values obtained were 

calculated. The CV corresponds to the precision of the method between days. 

It was adopted as an acceptance criterion that the CV of the intraday precision and 

the CV of interdays precision did not exceed 15% [6]. 

2.5.4. Recovery 

Three model systems of rice and corn flour mixed with 50, 150 and 300 of peanut 

protein were analysed to evaluate the recovery of the method.  

The model systems were extracted in triplicate as described above. They were 

analysed in duplicate as described above, by performing the 1: 159 dilution of each of the 

samples prior to the preparation of the preincubates. The analyte concentration in each 
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sample analysed was determined according to the formula (1). For each model system the 

three analyte values were averaged.  

The percent recovery was calculated by the formula described below. 

% Recovery = obtained value x 100 /real value 

 Obtained value: concentration of peanut protein obtained 

when applying the enzyme immunoassay for SM of 50, 150, 300 

ppm of peanut protein. 

 Real value: 50, 150, 300 ppm of peanut protein. 

 The recoveries of the three model systems were then averaged. 

Recovery values between 70-130% were considerate adequate 

values [7].  

 

2.6. Commercial ELISA kit 

The commercial gluten-free products were analysed with the competitive enzyme 

immunoassay and also with the ELISA Veratox ®  for Peanut Allergen from Neogen. All 

samples were assayed in duplicate following the protocols of this kit. [8].  

The quantitation limit (QL) for this kit is: 2.5 ppm peanut with a quantification range 

of 2.5-25.0 ppm peanut. Protein conversion: Test kit results are expressed as total peanut. 

To express results as protein, the result is multiply by 0.258.  

3. Results 

3.1. Quantification of peanut proteins in the extract 

The concentration of peanut proteins obtained in the extract of total proteins was 7.9 

mg of peanut protein / mL of extractive solution. The real concentration in that extract was 

8.4 mg of peanut protein / mL of extractive solution. The recovery rate was 94%, it means 

that 94% of the peanut proteins were soluble in the extractive solution of total proteins. 

3.2. Optimization of the competitive enzyme immunoassay 

Figure 1 shows the two curves obtained for the determination of the optimum 

concentration of peanut antigen and the primary antibody dilution to be used in the final 

assay. 

 

Figure 1. Curves obtained for the determination of the optimal concentration of peanut antigen 

and the dilution of primary antibody to be used in the final competitive enzyme 

immunoassay. 
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Figure 1 shows the curves corresponding to 1 μg of peanut protein / 100 μl of 

carbonate / bicarbonate buffer, pH: 9.6 and 10 μg of peanut protein / 100 μl of carbonate / 

bicarbonate, pH: 9.6 which were obtained in the test optimization. 

The curve with the highest slope was chosen for the selection of the optimal 

concentration of antigen to be used in the test (1μg of peanut protein / 100μL of buffer). 

In order to obtain a method with adequate sensitivity, the optimal dilution of primary 

antibody to be used in the competition was chosen in the area most sensitive to changes 

in the curve of 1μg of peanut protein / 100μL of buffer. The dilution of primary antibody 

selected for use in the competition was 1/16000. (Ln 1 / primary antibody dilution: 9.68). 

3.3. Validation  

3.3.1. Linearity 

Five points were used to establish linearity 0; 0.01; 0.03; 0.1 and 0.3 μg peanut protein 
/ mL (Figure 2). 

A test of homogeneity of variances was applied to the values of corrected absorbances 
obtained for each level of concentration and no significant differences were found between 
the variances of the different levels analysed.  

 

Figure 2. Calibration curve: Corrected Absorbance vs. ln μg peanut protein /mL. 

The linearity test was performed using the profesional Infostat version 2004d.1 

developed by the National University of Córdoba. A value of F = 1.46 (CM linearity 

deviation / CM pure error) and p = 0.2880 was obtained. It was concluded that the range 

0.01; 0.03; 0.1 and 0.3 μg of peanut protein / mL showed lineal. The obtained line had a 

slope of -0.0803 with a lower limit 95% (LL) of -0.09 and an upper limit 95% (UL) of -0.07, 

intercept 0.4494 with LL: 0.43 and UL: 0.49 and a correlation coefficient of 0.9975.    The 

formula (1) presented above was applied to calculate the upper limit values of the 

calibrations curves (0.3 μg of peanut protein / mL), in order to calculate the working range 

for the peanut protein in rice or corn flour. The lower limit values are the quantification 

limits for rice or corn flour assay. The working range was 32-143 ppm of peanut proteins 

in rice flour, and 36- 190 ppm of peanut proteins in corn flour. 

3.3.2. Detection and Quantification limits 
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The values of the detection and quantification limits were 14.0 and 32.0 ppm of 

peanut protein in rice flour, and 16.0 and 36.0 ppm of peanut protein in corn flour, 

respectively. 

3.3.3. Precision  

The intraday and interdays precision of the method expressed as coefficient of 

variation (CV) were 13 (n = 3) and 12 (n = 9) in peanut protein in rice flour and 3 (n = 3) 

and 9 (n = 9) in peanut protein and in corn flour, respectively. These precision values are 

adequate. 

3.3.4. Recovery 

Model systems of rice and corn flour with 50, 100 and 300 ppm peanut protein were 

analysed. The recovery of the method was calculated, the result was for model systems of 

rice flour 101,5% and for model systems of corn flour was 87.6%. These recoveries were 

considerate adequate values. 

3.4. Analysis of commercial gluten-free products 

Table 1 presents the results obtained in the determination of peanut protein in 

commercial gluten-free products, using the Neogen kit and the competitive enzyme 

immunoassay developed. 

Table 1. Results obtained in the determination of peanut protein in commercial gluten-free 

products, using the Neogen kt and the competitive enzyme immunoassay developed. 
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4. Discussion 

4.1. Validation 

In the present study, the detection and quantification limits of the developed assays 

are different for the analysed gluten-free flours (rice and corn). Food matrix can influence 

on the results of enzyme-linked immunosorbent assays. In previous works it has been 

observed that the different matrices can interfere with the ELISA results, giving different 

detection and quantification limits [9].  It is also important to know that assay performance 

and quantification of the kits can vary in samples from different food sources, due to 

interference from matrix effects and the susceptibility of affected proteins during 

processing. Some studies show that the extraction solution and the composition of the 

matrix have a great impact on the extraction efficiency and the detection limit of allergenic 

proteins [10]. 

The different values of detection and quantification limits of the competitive enzyme 

immunoassay developed, are high compared to the quantification limits presented by 

commercial kits. The usefulness of this test only lies in the possibility of confirming the 

presence of peanuts in those samples that present positive results. 

In relation to the intraday and interday precision of the competitive enzyme 

immunoassays to detect peanut proteins in mixture with the two gluten-free flours used, 

it is observed that they present equal to or less than 15%, a value taken as acceptance 

criterion [6]. 

In relation to the recovery values of the competitive enzyme immunoassays to detect 

peanut proteins in mixture with the gluten-free flours studied, they complied with the 

values considered as reference 70 - 130% [7]. 

4.2. Analysis of commercial gluten-free products  

It has been observed in previous studies that the results between different 

commercial ELISAs may be different. 

Although Elisa method is accepted as standard method for allergen measurement, 

these results seemed to vary from manufacturer to manufacturer. This variation could be 

due to the lack of standardization of the method, the calibration material used, the 

extraction solutions used or the antibody specificity [11]. Therefore the quantitative results 

between the competitive enzyme immunoassay and Neogen kit cannot be compared.  

In sample 1 that do not contain or declared peanut the result obtained with Neogen 

kit exceeds the upper limit of the calibration curve whereas the competitive enzyme 

immunoassay did not detect peanut, in this case the result was lower than the test 

quantification limit (36 ppm of peanut protein). This value corresponds to the test applied 

to corn flour. The sample declares corn flour as the first ingredient in its list of ingredients. 

According to previous studies, there are numerous foods that have a high risk of 

containing undeclared allergens and can lead to a risk potential for the health of allergic 

consumers. Many studies have shown a high prevalence of undeclared food allergens 

with or without phrases of warning. The presence of undeclared proteins is a risk for 

allergic consumers [12, 13]. 

In samples 2-8, 13 and 14 that do not contain or do not declared peanut even enzyme 

immunoassay and Neogen kit do not detect peanut. In sample 7 and 13 the result was 

lower than the test quantification limit of 36 ppm of peanut protein, a value corresponding 

to the test applied to corn flour. The sample declares corn flour as ingredient in its 

ingredient lists. In the rest of the samples (2-6, 8 and 14), the result was lower than the test 

quantification limit of 32 ppm of peanut protein, a value corresponding to the test applied 

to rice flour. The samples declare rice flour as an ingredient in its ingredient lists. 

In samples 9, 10 and 15 that declared “may contain peanut” none of the ELISAs detect 

peanut protein. The result was lower than the test quantification limit of 32 ppm of peanut 
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protein, a value corresponding to the test applied to rice flour. The samples declare rice 

flour as an ingredient in its ingredient lists. 

In 11 and 12 samples the enzyme immunoassay and Neogen kit detect peanut, 

exceeded the uppers limits of the calibration curves. These samples declare peanut. 

In sample 16 the enzyme immunoassay do not detect peanut and Neogen kit detect 

peanut, exceeded the upper limit of the calibration curve. In the enzyme immunoassay 

the result was lower than the test quantification limit of 36 ppm of peanut protein, a value 

corresponding to the test applied to corn flour. The sample declares corn flakes as an 

ingredient in its ingredient lists.  

These results indicate that if a sample shows a positive result with the competitive 

enzyme immunoassay, it is not necessary to use a commercial ELISA kit because the 

sample contains peanut (example: 11, 12). The enzyme immunoassay developed has a 

considerably lower cost than commercial kits. Therefore, this could be used as screening 

method, to analyze samples in which a possible cross-contact with peanut is suspected. If 

negative results are obtained with this methodology, it should be confirmed with a 

commercial ELISA kit of adequate sensitivity, to ensure the absence of peanut (example: 

1 and 16).  

Although we are aware of the difficulties of developing a commercial ELISA kit with 

adequate sensitivity, its availability is necessary in order to unify and obtain an official 

method for each allergen and each matrix. As a result, it will be possible to determine a 

threshold or cut-off point from which companies must declare allergens, as was done in 

Japan [14]. This would be an indispensable tool for use by health authorities and by 

different companies. 

5. Conclusions 

This competitive enzyme immunoassay could be used as screening method. If in a 

sample the result is positive with these competitive enzyme immunoassays, the presence 

of peanut can be confirmed. However, if the result obtained is negative (less than the limit 

of quantification of these methods) it is necessary to confirm the result with a commercial 

ELISA peanut kit of adequate sensitivity. The development of methods for the detection 

of allergens in food is considered important both for the health authorities that control the 

labels of commercial products, as well as for industries and consumers. If it is necessary 

to detect traces of peanut proteins in gluten-free products, the use of the developed 

enzyme immunoassays would be a suitable option as a screening method. 
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