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Abstract
“Hidden” peanut allergens in commercial foods pose a potential risk for peanut-allergic individuals. Sensitive and reli-
able analytical methods are urgently needed for detecting peanut in processed foods at low levels. We developed a peanut 
sandwich ELISA test kit by pairing two polyclonal sera against peanut proteins obtained from different spices. Its analytical 
performance of sensitivity, specificity, accuracy, trueness, and precision were evaluated, respectively. The limit of detection 
(LOD) was defined as 0.001 mg/kg, and no cross-reactivity was observed in 25 spices including legumes, tree nuts, and 
seeds. Besides, the mean recoveries in four spiked food matrixes ranged from 74.067 to 122.953%, and the recoveries of 
the three model foods incurred with peanut proteins were within the range of 80–120%. Acceptable results of repeatability 
and reproducibility were obtained referring to the AOAC standard. Moreover, it was verified to be capable of applying for 
detecting peanut residues in commercially available food products in the market and evaluating the food labels effectively. 
The study provides powerful technical support for the sensitive detection of peanut products for both food manufacturers 
and regulatory agencies.
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Introduction

Nowadays, peanut allergy (PA) has emerged as the poster 
girl in the food allergy world due to its high sensitization 
rate, increasing prevalence, as well as reaction severity [1]. 
It has increased significantly in the past few decades in both 
developed and developing countries, affecting 1%–3% of 
children [2, 3]. The reactions of PA are often severe, and 
occasionally fatal, which become a leading cause of food-
induced allergic reactions, anaphylaxis, and death [4, 5]. 
However, PA is less likely to be outgrown compared with 

milk as well as egg allergy, which is lifelong in most cases 
and places a profound burden on millions of peanut-allergic 
sufferers worldwide [6]. Therefore, effective management of 
this major public health concern is highly essential for the 
health-related quality of life of patients with PA.

Up to now, avoidance of food is mainly in practice the 
only approach to prevent allergic individuals from allergenic 
substances ingestion, which highlights the importance of 
requirement for accurate and complete information of ingre-
dients on food labels [7]. Peanuts are one of the “big eight” 
major food allergens declared by the World Health Organi-
zation Codex Alimentarius Commission and are mandated 
labeling in most developed countries as well as some devel-
oping countries [8]. However, peanut-allergic individuals are 
still at risk of unintended allergenic ingredients exposure due 
to labeling errors caused by false detection and even fraud, 
or labeling vagaries, such as precautionary allergen labeling 
(PAL) of “may contain,” “may contain traces,” “produced in 
a factory with,” “produced on the same line,” which warns 
consumers about the potential presence of “hidden” aller-
gens (trace of allergens) from cross-contact/contamination 
during manufacturing [8–10]. Hence, reliable analytical 
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methods are urgently needed for detecting the presence of 
any unintentional or intentional allergenic ingredients in 
foods to protect peanut-allergic individuals from acciden-
tal exposure by aiding the enforcement of allergen labeling 
regulations.

Currently, ELISA is the most widely used analytical 
method for screening the presence of allergens in food 
products by food industries as well as food control authori-
ties owing to its outstanding sensitivity and simplicity [11]. 
There are a certain number of commercially available pea-
nut sandwich ELISA (sELISA) test kits for food safety con-
trol with LOD typically ranging between 2.5 and 0.1 μg/
mL declared by the manufacturers [12]. It is worthwhile to 
remark that trace amounts (30–100 μg) of peanut protein 
may trigger peanut-allergic reactions [13] and no regula-
tory threshold exists for allergenic contents in food [7]. As 
a result, VITAL (Voluntary Incidental Trace Allergen Label-
ling) allergen reference doses have been proposed for the 
application of PAL [14], which makes it important to know 
how much unintended trace amount of peanut allergen is 
present in food products. However, it is difficult to detect 
peanut allergens in food, since they can be masked by food 
matrixes and are often present in trace amounts [15]. Thus, 
the LOD is expected to be as low as possible for the devel-
oped analytical methods and the pursuit for lower LOD is 
of substantial value for more sensitive detection as well as 
the protection of highly sensitive peanut-allergic individuals.

Moreover, recalls of food products with undeclared pea-
nut due to false detection in recent years underscore the sig-
nificance of verifying the performance of analytical methods 
[16, 17]. Nevertheless, there are few published reports on the 
validation, development, and application in detecting peanut 
residues in processed foods of the developed peanut sELISA 
test kits. Comprehensive validation of sensitivity, specificity, 
accuracy, trueness, and precision for the developed peanut 
sELISA test kits is necessary for increasing the reliability of 
food labels and reducing the unnecessary economic losses 
caused by recalls.

Therefore, the purpose of the present study is to develop 
a peanut sELISA test kit with the lowest possible LOD, and 
evaluate its sensitivity, specificity, accuracy, trueness, preci-
sion, as well as applicability for detecting peanut residues 
in processed foods.

Materials and methods

Extraction of peanut proteins

Conditions for extracting peanut proteins were optimized 
for the improvement of its quality. The optimal method was 
developed for the preparation of peanut proteins as follows. 
First, the peeled raw peanuts (Arachis Hypogaea, Baisha, 

China) purchased from a local market in Qingdao, China 
were crushed into powder and defatted by N-hexane in a 
ratio of 1:7 (w/v), with continually stirring at 4 °C for 8 h. 
After being defatted four times, the peanut powder was 
recovered by centrifuging at 9000 rpm for 10 min at 4 °C 
and was air-dried. Next, the peanut powder was extracted 
with Tris–HCl (50 mM, pH 8.0) in a ratio of 1:10 (w/v) at 
4 °C, and centrifuged at 9000 rpm for 15 min, followed by 
dialysis at 4 °C for 36 h as well as suction filtration. Finally, 
the obtained peanut proteins solution was freeze-dried and 
stored at − 20 °C for use.

Polyclonal antisera preparation

The polyclonal rabbit anti-peanut serum was obtained from 
Luoyang Bai Aotong Experimental Materials Center (Luoy-
ang, Henan Province, China) and the polyclonal rat anti-
peanut serum was obtained from Hubei Prokin Technology 
Co., Ltd (Wuhan, Hubei Province, China). The peanut pro-
teins solution mixed with Freund’s adjuvant was injected 
to immunize a New Zealand rabbit as well as a Wistar rat, 
and their negative sera were collected before immunization. 
After several immunizations at appropriate intervals, the 
whole blood was collected by centrifugation. Finally, the 
sera were separated.

The titer and specificity of peanut-specific sera were mon-
itored by indirect ELISA and the evaluation was conducted 
by IgG immunoblotting according to the previous study [18].

SDS‑PAGE and Western blot

Proteins of seven species with high homology to peanut were 
extracted by different buffers regarding the method in 2.1 
with minor modifications, which were electrophoresized 
together with peanut proteins with reference to the method 
in a previous study [19] by the Bio-Rad electrophoresis sys-
tem (Powerpac Universal, Bio-Rad Laboratories, Inc., USA). 
The SDS-PAGE gel was prepared with 5% stacking gel and 
12% separating gel, and samples (1.0 mg/mL) were mixed 
with 4 × loading buffer in the ratio of 3:1 (v/v), boiled for 
7 min at 100 °C, and loaded into the gel (10 μL). Then, 
the electrophoresis of all the allergens was performed in the 
stacking gel at 80 V for 0.5 h and in the separating gel at 
120 V for 1.5 h.

The gel was stained with Coomassie brilliant blue R-250 
and destained in a de-staining solution (10% HAc [v/v], 10% 
methanol [v/v] in water). Afterward, the result of electro-
phoresis was analyzed by the BIO-RAD Universal Hood II 
gel imaging system (Bio-Rad Laboratories, Inc., CA, USA).

Protein samples from identical sample gel were elec-
trophoretically transferred to polyvinylidene difluoride 
(PVDF, Millipore, USA) membranes by iBlot® 2 Gel Trans-
fer Device (Life Technologies Co., Israel) for 7 min and 
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the membranes were washed with PBST (PBS containing 
0.05% Tween-20 [Beijing Solarbio Science & Technology 
Co., Ltd., Beijing, China], pH 7.4). Next, the membranes 
were blocked with 5% non-fat dry milk (BD Company, USA) 
in PBST for 2 h at room temperature, followed by incuba-
tion with the polyclonal rabbit anti-peanut serum (diluted 
1:20,000 [v/v]) or the polyclonal rat anti-peanut serum 
(diluted 1:20,000 [v/v]) for 2 h at room temperature. Next, 
the membranes were washed thrice in PBST and incubated 
with HRP-labeled goat anti-rabbit IgG antibody (diluted 
1:20,000, Luoyang Bai Aotong Experimental Materials 
Center, Luoyang, Henan Province, China) or HRP-labeled 
rabbit anti-rat IgG antibody (diluted 1:20,000, Luoyang Bai 
Aotong Experimental Materials Center, Luoyang, Henan 
Province, China) for 1 h at room temperature. After three 
washes in PBST, the results were captured by the BIO-RAD 
Universal Hood II gel imaging system (Bio-Rad Laborato-
ries, Inc., CA, USA).

Development of peanut sELISA test kit

The polyclonal rabbit anti-peanut serum and the polyclonal 
rat anti-peanut serum were used as capture and detection 
antibodies, respectively, which displayed the best detec-
tion performance in the development of the peanut sELISA 
method demonstrated by substantial preliminary tests. Poly-
styrene 96-well microtiter plates (Corning, NY, USA) were 
coated with 100 μL polyclonal rabbit anti-peanut serum 
diluted (1:50,000) with 50 mM sodium carbonate buffer 
(0.05 M  NaHCO3, 0.05 M  Na2CO3, pH 9.6) each well, 
and then incubated overnight at 4 °C. Washed thrice by 
PBST, each well was then blocked with 150 μL 1%BSA 
(in PBST), and incubated at 37 °C for 2 h, to avoid the 
unspecific protein-binding sites. Afterward, the plate was 
washed thrice with PBST and added 100 μL/well of pea-
nut proteins solution of 50, 10, 2.5, 0.5 0.125, 0.025, 0.01, 
0.005, and 0.001 μg/mL, followed by incubation at 37 °C for 
1 h. After three washes with PBST, the polyclonal rat anti-
peanut serum was diluted 1:10,000 with detection antibody 
dilution buffer before the addition of 100 μL/well, followed 
by incubation at 37 °C for 1 h. Subsequently, after three 
washes by PBST, 100 μL HRP-labeled rabbit anti-rat IgG 
(diluted 1:20,000, Luoyang Bai Aotong Experimental Mate-
rials Center, Luoyang, Henan Province, China) was added to 
each well. The plates were again incubated at 37 °C for 1 h 
and washed three times with PBST followed by adding 100 
μL/well of 3,3′,5,5′-tetramethylbenzidine (TMB) substrate 
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China), and were incubated in the dark for 10 min at 37 °C 
prior to the stop of the reaction by the addition of 50 μL/
well of 2 M sulphuric acid. Eventually, the absorbance of 
light was obtained at 450 nm main wavelength and a 630 nm 

reference wavelength by a microplate reader (800TM TS, 
BioTek Instruments Inc., Winooski, Vt, USA).

Pre-coated polystyrene 96-well microtiter plates, detec-
tion antibody solution, HRP-labeled antibody solution, and 
peanut proteins solution were prepared and optimized for 
the development of the peanut sELISA test kit. To verify 
the stability of the kit, the standard curves before and after 
6 months were tested and compared.

Evaluation of detection sensitivity

Limit of detection (LOD) is determined as the lowest con-
centration of the analyte in a test sample that can be distin-
guished from a true blank sample at a specified probability 
level, and limit of quantitation (LOQ) is the lowest level of 
the analyte in a test sample that can be reasonably quanti-
fied at a specified level of precision [20]. According to the 
validation guidance of EURACHEM [21], LOD and LOQ 
were calculated as the mean of the measured values of ten 
blank samples plus three and ten times the standard devia-
tion (SD), respectively. LOD was calculated by extracts from 
5, 50, 250, 500 g food materials using the method above 
to compare with the action levels reported by Holzhauser 
et al. [12].

Study of cross‑reactivity

Species botanically related to peanut were focused on, which 
would be expected to share similar amino acid sequence 
and protein structure with peanut, including legumes (soy-
bean), tree nuts (hazelnut, walnut, almond, and pistachio), 
and seeds (sesame, wheat) [22, 23]. 25 different species were 
chosen for evaluating the specificity of the developed peanut 
sELISA test kit. All the proteins of 25 different species, as 
well as peanut, were extracted and detected by the developed 
peanut sELISA test kit at the concentration of 5 mg/kg.

Evaluation of detection accuracy

Food matrixes including milk, beef sauce, noodles, and 
chocolate were spiked by peanut proteins for the accurate 
evaluation of the developed peanut sELISA test kit. First, 
four food samples were homogenized. Next, they were 
spiked with peanut proteins solution of 0, 50, 200, and 
1000 ng/g, followed by extraction by Tris–HCl (50 mM, 
pH 8.0) for 1 h. Afterward, the solution was centrifuged at 
10,000 g for 10 min and the collected supernatants of each 
food sample were detected by the developed kit in triplicate. 
The mean values for the recoveries were calculated for the 
evaluation of recovery rates.
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Analysis of model foods

Model processed food samples would be the best source of 
information on the method performance for allergen detect-
ing methods [24]. Therefore, three kinds of model processed 
foods (biscuit, rice gruel, and chocolate) were prepared. The 
food materials for the preparation of model foods were pur-
chased at a supermarket in Qingdao, China.

Model biscuits consist of butter, sugar, low-gluten flour, 
and water. 6 g butter, 2 g sugar, and 10 g low-gluten flour 
were all added into three bowls, respectively, followed by the 
addition of water containing peanut powder and thoroughly 
mix. The final peanut proteins contents of the three mixtures 
were 5, 50, and 500 mg/kg. Then, the three model biscuits 
were baked in a conventional oven (Haier, Qingdao, China) 
at 180 °C for 20 min after refrigerating at – 80 °C for 10 min.

Rice and water were prepared for the model rice gruel, 
which was boiled in a high-pressure cooker (Midea, Guang-
zhou, China) for 30 min and homogenized. The rice gruel 
was incurred by peanut proteins of 5, 50, and 500 mg/kg, 
respectively.

Model chocolates with peanut proteins contents of 5, 50, 
and 500 mg/kg were melted and maintained at 40 °C during 
the whole procedure. 5 mg of peanut proteins were added 
to 10 g of melted chocolate for the preparation of the model 
chocolate containing 500 mg/kg of peanut proteins and the 
other two model chocolates were obtained by adding the 
melted chocolate successively.

Each model food was extracted by Tris–HCl (50 mM, pH 
8.0) for 1 h and detected following the procedure described 
in the previous sections. The mean values for the recovery 
rates of peanut proteins from the model foods were calcu-
lated for further analysis.

Evaluation of detection precision

The precision of the peanut sELISA test kit was examined by 
analysis of repeatability and reproducibility. Biscuit model 
food incurred with 50 mg/kg of peanut proteins, and rice 
gruel, as well as chocolate spiked with 50 mg/kg of peanut 
proteins, were analyzed. Extracts of the incurred and spiked 
foods were measured in ten replicates on one plate to calcu-
late the repeatability and were measured in three replicates 
on 3 different days to calculate the reproducibility.

Detection of peanut in commercially processed 
foods

To verify the performance of the developed peanut sELISA 
test kit in detecting the commercially processed foods and 
evaluate the food labels, we simulated the detection scene 
of the commercial foods. The commercially processed foods 
used for the analysis were purchased from the local markets 

in Qingdao, China, which were divided into three categories: 
foods labeled with peanut allergens, foods labeled with the 
potential presence of peanut allergens, and foods labeled 
without peanut allergens, according to the food labels. 
Twenty different commercially processed foods were ana-
lyzed using the developed peanut sELISA test kit. Each 
commercially processed food was extracted by Tris–HCl 
(50 mM, pH 8.0) for 1 h and detected following the proce-
dure described in the previous sections.

Statistical analysis

Each sample was tested in duplicate, and each experiment 
was repeated at least thrice. Results were processed by 
Office Excel (Microsoft, USA) and Origin 8 (Origin Lab, 
Northampton, MA, USA).

Results

Antisera production and binding specificity 
to peanut proteins

The polyclonal rabbit anti-peanut serum and the polyclonal 
rat anti-peanut serum were obtained by immunizing rabbit 
and rat with peanut proteins as the immunogen, respectively. 
To determine the performance of the two polyclonal anti-
peanut sera, we evaluated their titers as well as the binding 
specificity to both peanut and its botanically related spices 
by indirect ELISA and IgG immunoblotting.

As the results were shown, the titers of rabbit and rat 
polyclonal anti-peanut sera were 16,384,000 and 1,280,000, 
respectively, which were of high levels. SDS-PAGE of eight 
extracts is shown clearly in Fig. 1a and the protein bands of 
peanut extracts were at molecular masses ranging roughly 
from 14 to 63.5 kDa. By IgG immunoblotting analysis in 
Fig. 1b and c, we found that both of the two polyclonal anti-
peanut sera can strongly bind to main peanut extracts in 
SDS-PAGE (Fig. 1a) ranging roughly from 14 to 63.5 kDa 
despite some minor differences. Besides, none of the other 
extracts exhibited specific binding to polyclonal rat anti-pea-
nut serum, while extracts of the kidney bean, walnut, and 
wheat showed weak binding to polyclonal rabbit anti-peanut 
serum. Thus, the two polyclonal anti-peanut sera verified 
with high titers and specificity were utilized in the develop-
ment of the peanut sELISA test kit.

Standard curve and stability assessment

A calibration curve was obtained with peanut proteins at a 
concentration ranging from 1 to 50,000 ng/mL in Fig. 2. A 
seven-point standard curve, the mid-linear portion of the 
calibration curve, was drawn with log fitting using peanut 
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proteins at a concentration ranging from 5 to 10,000 ng/
mL (insert to Fig. 2), and the R2 was higher than 0.99 
(y = 0.1901ln(x) −  0.2273, R2 = 0.9929). The results of 
the stability tests are shown in Fig. 3, indicating that the 
peanut sELISA test kit stored for 6 months was able to 
provide a high linear fitting degree of the standard curve 
and the detection OD values reduction was less than 15%. 
Thus, our peanut sELISA test kit was proved to be able to 
store at 4 °C for 6 months. 

Sensitivity and cross‑reactivity evaluation

The LOD and LOQ of the calibration curve were defined 
as 0.001 and 0.05 mg/kg, respectively. After experimental 
verification, the LOD of our developed kit obtained from the 
four food matrixes was below the action levels in serving 
sizes of 5, 50, 250, and 500 g, respectively.

The specificity of the peanut sELISA test kit was eval-
uated by specificity evaluation with 25 species (Fig. 4) 

Fig. 1  SDS-PAGE and binding specificity of rat and rabbit polyclonal 
anti-peanut sera to eight different species with loading concentration 
of 1 mg/mL. M marker, Lane 1 peanut, Lane 2 soybean, Lane 3 kid-
ney bean, Lane 4 hazelnut, Lane 5 walnut, Lane 6 pistachio, Lane 7 

sesame, Lane 8 wheat. a SDS-PAGE pattern of eight protein extracts. 
b Western blot analysis of rat polyclonal anti-peanut serum (diluted 
1:20,000). c Western blot analysis of rabbit polyclonal anti-peanut 
serum (diluted 1:20,000)
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including species that show high homology to peanut, such 
as legumes (soybean), tree nuts (hazelnut, walnut, almond, 
and pistachio), and seeds (sesame, wheat). No cross-reac-
tivity was observed, indicating that the developed peanut 
sELISA test kit is of high specificity for detecting peanut 
proteins in a variety of foods.

Analysis of peanut proteins spiked samples 
for accuracy evaluation

The recovery rates of peanut from four foods (peanut aller-
gens free) are summarized in Table 1. The recovery rates of 
peanut proteins from spiked milk, beef sauce, noodles, and 

chocolate we found were ranged from 99.296 to 118.686%, 
98.455 to 105.899%, 90.417 to 112.233%, and 74.067 to 
122.953%, respectively, and control samples without peanut 
proteins gave results below 0.05 mg/kg.

Trueness and precision of the developed sELISA test 
kit for detecting peanut proteins

As listed in Table 2, the peanut contents in the model foods 
were detected by the developed peanut sELISA test kit. The 
recovery rates were ranged between 86.644 and 105.880% 
for biscuits, between 87.878 and 107.316% for rice gruel, 
and between 81.030 and 86.660% for chocolate. Results of 
the precision measurement are listed in Table 3. CV ranged 
from 5.467 to 8.671% for repeatability, and from 7.893 to 
10.456% for reproducibility, which were both within the lim-
its recommended by the AOAC [25]. 

Detection of peanut in commercial food

To verify the capacity for practical application of the devel-
oped peanut sELISA test kit, 20 commercially processed foods 
were detected following the method established above, and the 
results are listed in Table 4. The detection results were con-
sidered to be positive if the peanut levels detected were higher 
than the limit of quantification (LOQ), which was 0.05 mg/kg. 
In all of the seven foods labeled with peanuts in the ingredi-
ents, peanut proteins were detected. Four of six foods labeled 

Fig. 2  Peanut sELISA calibra-
tion and standard curve. a Pea-
nut sELISA calibration curve. b 
Peanut sELISA standard curve

y = 0.1901ln(x) - 0.2273, R2 = 0.9929

y = 0.1656ln(x) - 0.244, R2 = 0.9924
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with the potential presence of peanut allergens were detected 
peanut positive, with peanut proteins ranging between 0.026 

and 0.352 mg/kg. No peanut protein has been detected in the 
seven foods labeled without peanut components.

Fig. 4  Specificity and cross-reactivity of the developed peanut sELISA test kit with 25 different species. Data were means ± standard deviation 
(n = 3)

Table 1  Recovery of peanut 
proteins from four blank food 
samples

Sample Peanut proteins spiked 
level (ng/g)

Detection value (ng/g) Recovery (%) CV (%)

Milk 0 ND 6.667
50 49.647 ± 1.328 99.296 0.965
200 237.371 ± 135.335 118.686 0.668
1000 1039.672 ± 112.904 103.967 1.929

Beef sauce 0 ND 4.532
50 52.949 ± 5.154 105.899 3.788
200 207.727 ± 8.257 103.864 0.995
1000 984.547 ± 94.731 98.455 1.776

Noodles 0 ND 5.368
50 49.21 ± 0.882 98.420 0.702
200 224.467 ± 51.010 112.233 5.942
1000 904.17 ± 165.456 90.417 3.199

Chocolate 0 ND 6.896
50 37.059 ± 1.700 74.067 1.846
200 206.687 ± 23.172 102.893 2.770
1000 1257.371 ± 309.739 122.953 4.454
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Table 2  Recovery of peanut proteins from three different model foods

Model processed food Peanut proteins’ content in the model foods

5 mg/kg 50 mg/kg 500 mg/kg

Mean (mg/kg) Recovery (%) Mean (mg/kg) Recovery (%) Mean (mg/kg) Recovery (%)

Biscuit 5.294 105.880 43.322 86.644 450.767 90.153
Rice gruel 4.459 89.180 43.939 87.878 536.580 107.316
Chocolate 4.333 86.660 40.515 81.030 423.415 84.683

Table 3  Results of the precision 
of the peanut sELISA test kit

Biscuit Rice gruel Chocolate

Mean (mg/kg) CV (%) Mean (mg/kg) CV (%) Mean (mg/kg) CV (%)

Repeatability 43.892 5.467 44.297 7.793 40.459 8.671
Reproducibility 43.376 7.893 44.429 8.924 41.592 10.456
Day 1 43.258 43.891 42.394
Day 2 43.947 45.349 40.945
Day 3 42.924 44.046 41.436

Table 4  Analysis of various 
commercially processed foods 
for detecting peanut proteins by 
peanut sELISA kit

All the foods were extracted with the same extraction ratio and assayed under the same experimental condi-
tion
Data were means ± standard deviation (n = 3)
ND (not detectable)

Declaration Commercially processed food Quantitative 
determination(mg/
kg)

Foods labeled with peanut components Seaweed peanuts 1.706 ± 0.204
Biscuit 8.833 ± 1.391
Pastry 0.473 ± 0.014
Nut bar 5.626 ± 0.857
Rolling donkey 1.073 ± 0.225
Peanut chocolate 3.650 ± 1.320
Peanut milk 0.117 ± 0.005

Foods labeled with the potential presence of 
peanut allergens

Bugles ND
Wafer biscuit 0.254 ± 0.019
Crispy rice 0.352 ± 0.029
Cake ND
Hazelnut chocolate 0.026 ± 0.001
Crepes 0.184 ± 0.003

Foods labeled without peanut components Coffee ND
Milk ND
Chocolate ND
Biscuit ND
Bread ND
Shrimp paste ND
Ketchup ND
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Discussion

In this study, we successfully developed a reliable peanut 
sELISA test kit using rabbit and rat polyclonal antisera and 
also verified its performance. Our results demonstrated that 
this peanut sELISA test kit could provide brilliant analyti-
cal performance and applicability. Besides, it can be stably 
stored at 4 °C for 6 months indicating high stability. This 
study is of great significance, because we have made an 
improvement in the performance, especially the sensitiv-
ity of the developed peanut sELISA test kit compared with 
the most commercially available ones. Moreover, although 
some studies have reported the development of sELISA for 
the detection of peanut [26, 27], there were few reports on 
the development of peanut sELISA test kits. In our study, 
we introduced the method of developing the peanut sELISA 
test kit including long-term stability evaluation of the kit.

A crucial factor for the high performance of the devel-
oped kit was high-titer polyclonal antiserum, which was 
attributed to the high-quality antigen obtained by optimized 
extraction procedures. A lower LOD of 0.001 mg/kg was 
achieved compared with most of the commercially avail-
able peanut sELISA test kits. Furthermore, LOD obtained 
in food matrixes met the requirement of protein reference 
dose verification in serving size of 5–500 g, indicating that 
our developed peanut sELISA test kit is of high sensitivity. 
Since sensitivity is an important factor to be considered in 
the judgment of whether a method is suitable for the detec-
tion of allergen in food and LOD is expected to be as low as 
possible, the LOD at a fairly low level is bound to become an 
advantage for further application of the developed kit. The 
range of quantification of the developed peanut sELISA test 
kit was determined to be 5–10,000 ng/mL (Fig. 2), which 
showed a wider range compared with six commercially 
available peanut sELISA test kits calculated in the previous 
report [28]. No cross-reactivity occurred with the other 25 
species including most of those that were in high homology 
with peanut (Fig. 4), although polyclonal rabbit anti-peanut 
serum showed weak binding to kidney bean, walnut, and 
wheat (Fig. 1c), which may be due to the homology of the 
proteins. The results indicate that the developed kit is of 
high specificity to detect peanut proteins in various kinds 
of food products.

Besides, the accuracy of the developed peanut sELISA 
test kit was evaluated in recovery experiments, adding pea-
nut proteins at four different concentration levels to four dif-
ferent blank food matrixes (milk, beef sauce, noodles, and 
chocolate). As results are listed in Table 1, an ideal recovery 
of 80–120% by AOAC has been reached by milk, beef sauce, 
and noodles, indicating that the developed kit is suitable 
to detect peanut in these three food matrixes [20]. Despite 
the influence caused by matrix interference [29], the recov-
ery rates in chocolate were between 74.067 and 122.953%, 

which were within the acceptable recovery of 50–150% by 
AOAC [20]. The accurate detection of peanut in chocolate 
is necessary, since the undeclared traces of peanut are likely 
to present in chocolate [30]. Therefore, the developed pea-
nut sELISA test kit is sufficiently accurate and is able to be 
utilized for detecting a wide range of food matrixes, includ-
ing liquid, pasty, and solid matrixes. Acceptable recover-
ies ranging from 80 to 120% were also obtained from three 
incurred foods of biscuit, rice gruel, and chocolate, as listed 
in Table 2. The repeatability and reproducibility (Table 3) 
were ranged from 5.467 to 8.671% and 7.893 to 10.456%, 
respectively, which were within the limits recommended by 
the AOAC for food allergens [25]. The results were con-
trolled at low levels, indicating that the developed kit is of 
high precision.

Furthermore, we examined the commercially processed 
foods to evaluate the reliability of the food labels as well 
as the applicability of the developed peanut sELISA test 
kit (Table 4). The detection results of foods labeled with or 
without peanuts in the ingredients were all in compliance 
with the information listed on the labels, respectively. Four 
of six foods labeled with the potential presence of peanut 
proteins were detected peanut positive with peanut proteins 
ranging between 0.026 and 0.352 mg/kg, implying that the 
cross-contact/contamination of peanuts in production lines 
or raw materials does occur, which highlights the impor-
tance of reliable analytical methods in processed food for 
the application of PAL. In general, the developed sELISA 
test kit is capable of detecting peanut residues in processed 
food.

Conclusions

The newly developed peanut sELISA test kit by pairing two 
peanut-specific polyclonal antisera in this study exhibited 
excellent sensitivity, specificity, accuracy, trueness, and 
precision. The LOD was identified as 0.001 mg/kg, which 
ensures that the developed kit is sensitive enough to detect 
peanut in the presence of a variety of processed foods at low 
levels. These results demonstrated that our peanut sELISA 
test kit could contribute to the effective management of PA 
and ensure the compliance of food labeling, thus helping to 
protect the health as well as increase the quality of life of 
peanut-allergic individuals.
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