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Abstract: Gluten is an insoluble protein produced when glutelins and prolamins, which are found in
grains such as wheat, barley, and oats, combine to form an elastic thin film. This dietary gluten can
cause severe contraction of the intestinal mucous membrane in some people, preventing nutrient
absorption. This condition, called celiac disease (CD), affects approximately 1% of the world’s
population. The only current treatment for patients with CD and similar diseases is lifelong avoidance
of gluten. To analyze the gluten content in food, various enzyme-linked immunosorbent assay (ELISA)
tests are currently used. In this study, the gluten content in various food products was analyzed
using different kinds of ELISA test kits. For gluten-free food, three different ELISA test kits mostly
yielded values below the limit of detection. However, gluten was detected at 24.0–40.2 g/kg in
bread, 6.5–72.6 g/kg in noodles, and 23.0–86.9 g/kg in different powder food samples. A significant
difference (p < 0.05) in gluten content was observed for these gluten-containing food products.
Reproducibility issues suggest that it is necessary to use several ELISA kits for the accurate detection
and quantification of gluten in various food products rather than using one ELISA kit.

Keywords: gluten-free; gluten analysis; ELISA; sandwich method; R5 antibody; G12 antibody;
celiac disease

1. Introduction

Gluten is a storage protein found in barley, rye, wheat, and their hybrids [1]. The
solubility of gluten differs depending on the degree of aggregation. The monomeric
protein dissolves in alcohol, and the polymeric forms dissolve in alcoholic solutions under
conditions of reduced aggregation [2]. According to its chemical composition or solubility,
gluten can be divided into acid-/alkali-soluble glutelin and alcohol-soluble prolamin
groups [3,4]. Glutenin in the glutelin group is found in wheat [5]. Gliadin, hordein, secalin,
and avenin of the prolamin group are respectively found in wheat, barley, rye, and oats.
The prolamin content in gluten is generally determined to be approximately 50% [6,7].

Celiac disease (CD) can be classified as a chronic immune-mediated inflammatory
pathology of the small intestine caused by dietary gluten [8]. When CD patients consume
gluten-containing food, an autoimmune reaction occurs. The disease causes terrible con-
traction of the intestinal mucosa, preventing nutrient absorption, and its most common
symptoms are diarrhea, anemia, fatigue, and growth retardation [9,10]. Thus, it is essential
to maintain a gluten-free diet among these patients, as even trace levels of gluten can
damage the mucosal membrane of the small intestine [11]. CD affects approximately 1%
of the world’s population. The extensive use of yeast and refined grains is one of the
most recent causes of such trends [8]. Currently, the only treatment for CD and most other
related disorders is lifelong avoidance of gluten in the diet [12,13]. With the increase in
the prevalence and the awareness of CD, the gluten-free food industry recorded a 136%
growth rate from 2013 to 2015 [14,15].
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To ensure the safety of gluten-free food for CD patients, they must adhere to a gluten
content threshold [16]. According to the Codex Alimentarius Commission (CODEX STAN
118-1979), the Commission Implementing Regulation (EU 828/2014), and the U.S. Food and
Drug Administration (FR Doc. 2013-18813), products labeled “gluten-free” must comply
with gluten levels of less than 20 mg/kg [17–19]. Products considered “food specifically
processed to reduce gluten content” and “low gluten-level” must comply with gluten
levels between 20 and 100 mg/kg [20]. Because these values are defined, it is important to
provide analytical tools that can accurately and precisely quantify gluten content in various
food products [21].

Currently, the Codex Alimentarius Commission proposes enzyme-linked immunosor-
bent assay (ELISA), as an analytical method, to achieve gluten-free product labeling [22].
This technique includes sandwich methods and competitive polyclonal methods. Most
commercial ELISA test kits are based on monoclonal antibodies (R5, Skerritt, G12, and
α20) [23–26]. However, ELISA is very expensive, and the reproducibility of the results
varies depending on the ELISA test kit type. Differences have been noted in the affinity for
gliadin and glutenin of the R5 and the 401/21 antibodies across test kits [27]. Differences
have also been observed between values obtained using R5 sandwich and competitive
methods for gluten-containing cereals [22]. The effect of food matrices on the detection
of gluten is reflected in the differences in recovery [28]. Therefore, whether ELISA is a
precise and accurate method to measure gluten content in food remains unclear [29,30].
Furthermore, although many studies have been conducted to confirm the reproducibility
of ELISA kits, most of these were performed using wheat flour, and confirmatory studies
using a variety of food products on the market are insufficient.

In this study, ELISA methods using R5 and G12 antibodies—against secalin from
rye and gliadin from wheat, respectively—[25,31] proposed by the Codex Alimentarius
Commission as temporary authorized analytical methods were compared, and calibration
was performed for the quantitative analysis of gluten in various food products on the
market. The results of the qualitative analysis were compared with those of the quantita-
tive analysis.

2. Materials and Methods
2.1. Materials

Alcoholic beverages, bread, noodles, powdered food items, and snacks, listed in Table 1,
were purchased from a local market (Wanju, Korea). Each sample was homogenized in a blender.
Samples were stored at −20 ◦C until analysis.

Table 1. Food products used in analysis.

Type of Food Product Label

Bread
Black rice bread Gluten-free

Plain bread Contains gluten
White rice bread Gluten-free

Noodles

Buckwheat soba Contains gluten
Cellophane noodle Gluten-free

Instant noodle Contains gluten
Plain noodle Contains gluten
Rice noodle Gluten-free

Spaghetti noodle Contains gluten
Udon noodle Contains gluten

Powdered food items

Corn starch Gluten-free
Green bean powder Gluten-free

Potato starch Gluten-free
Rice flour Gluten-free

Soft wheat flour Contains gluten
Strong wheat flour Contains gluten
Sugar cane powder Gluten-free
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Table 1. Cont.

Snacks

Brown rice cereal Gluten-free
Brown rice snack Gluten-free

Corn cereal Gluten-free
Rice snack Gluten-free

Gluten in various food products was analyzed using three different sandwich ELISA
test kits, as shown in Table 2. The RIDASCREEN Gliadin test kit (R-Biopharm AG, Darm-
stadt, Germany), the Veratox for Gliadin R5 test kit (Neogen, Lansing, MI, USA.), and the
AgraQuant Gluten G12 test kit (Romer Labs, Runcorn, U.K.) were used for quantitative
analysis. Using the qualitative test kit AgraStrip Gluten G12 test kit (Romer Labs, Runcorn,
UK), the gluten content was analyzed and compared with the results of quantitative analy-
sis. The analytical method for gluten detection and analysis followed protocols provided
by each test kit manufacturer. All food samples were analyzed in triplicate.

Table 2. Characteristics of commercial ELISA test kits.

Test Kit Manufacturer Format Antibody Target Protein

RIDASCREEN
Gliadin R-Biopharm Sandwich R5 Gliadin

Veratox for
Gliadin R5 Neogen Sandwich R5 Gliadin

AgraQuant
Gluten G12 Romer Labs Sandwich G12 Gluten

AgraStrip
Gluten G12 Romer Labs Lateral flow

device (LFD) G12 Gluten

2.2. Quantitative Analysis of Gluten Using RIDASCREEN Gliadin Test

The analytical protocol followed the ELISA test kit manufacturer’s instructions pre-
cisely. The sample (0.5 g) was placed into a 50 mL centrifuge tube and incubated for 40 min
at 50 ◦C by adding 2.5 mL of the cocktail solution. Subsequently, 80% ethanol (7.5 mL)
was added and mixed for 60 min to extract gluten. Samples were centrifuged for 10 min
at 2500× g at room temperature. Three independent extraction procedures for each food
sample were performed with triplicate measurements.

Next, 100 µL of each blank, standard, and sample solution was added into the wells
and incubated for 30 min at room temperature, after which the standard and the sample
solutions were removed from the wells. All wells were washed with a wash buffer three
times. Thereafter, 100 µL of the conjugate was added to the wells and incubated for 30 min.
Next, the conjugate was removed, and the wells were washed three times. Thereafter,
50 µL of the substrate and 50 µL of chromogen were added to each well and incubated
for 30 min in the dark. Finally, 100 µL of the stop solution was added to measure the
absorbance at 450 nm.

2.3. Quantitative Analysis of Gluten Using Veratox for Gliadin R5 kit

For samples that were not subjected to the heat treatment process, 1.0 g of the sample
and the extraction additive were placed in a centrifuge tube (Fisher Scientific, Pittsburgh,
PA, USA). Subsequently, 10 mL of 60% ethanol was added and mixed for 10 min. After
centrifugation for 10 min at 2500× g, 100 µL of the upper layer of the extract was put into
the tube, and 4.9 mL of the sample extract dilution solution (phosphate buffered saline, PBS,
Sigma, MO, USA) was added to dilute each sample at a 1:50 ratio. The diluted samples
were analyzed within 2–3 h.

Samples (0.25 g) for the heat treatment process were put into a tube, and 2.5 mL of the
cocktail solution was added (if the samples contained buckwheat, chestnut, and tannin, an
extraction additive was added to prevent disruption of analysis due to polyphenols) [22].
The mixture was homogenized for 30 s and incubated at 50 ◦C for 10 min. Three minutes
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later, 7.5 mL of 80% ethanol was added, and the mixture was shaken for 1 h. After extraction,
the sample was centrifuged for 10 min at 2500× g. PBS (2.3 mL) was added to 200 µL of
the upper layer to dilute the sample at a 1:12.5 ratio.

Approximately 150 µL of a blank, standard, and samples was injected into the red-
marked mixing well, and 100 µL of each aliquot was moved into the antibody-coated well,
and then incubation was performed for 10 min, after which the red-marked mixing well
was removed from the plate. The standard and the sample solution in the antibody-coated
well were removed, and the wells were washed five times with a wash buffer. After adding
100 µL of the conjugate to the well, the plate was incubated for 10 min, and then the
conjugate was removed and the well washed five times. Next, 100 µL of the substrate was
added to the well and incubated for 10 min, and then 100 µL of the stop solution was added
to measure the absorbance at 650 nm (VersaMax™ microplate ELISA reader, Molecular
Device, CA, USA).

2.4. Quantitative Analysis of Gluten Using AgraQuant Gluten G12 kit

A 0.25 g specimen was placed in a tube, and 2.5 mL of an extension solution was
added. The mixture was incubated at 50 ◦C for 40 min, and 80% ethanol (7.5 mL, Merch,
Darmstadt, Germany) was added with a rotator for 60 min for extraction. The extracts
were centrifuged for 10 min at 2000× g.

The wells were then washed with the wash buffer five times. Thereafter, 100 µL of
the conjugate was added to each well and incubated for 20 min and then removed. The
washing step was repeated five times. Next, 100 µL of the substrate was added to the well
and incubated for 20 min in the dark. Finally, 100 µL of the stop solution was added to
each well to measure the absorbance at 450 nm.

2.5. Qualitative Analysis of Gluten Using AgraStrip Gluten G12 kit

A 0.2 g sample was put into the extraction tube, and 2.5 mL of the extension buffer
was added. About 100 µL of the extract was put into the dilution tube, and the dilution
buffer was added up to the mark of 5 mg/kg. After dipping the test strip vertically, we
waited for 45 s for the solution to rise to the flow level line. The test strip was removed
from the tube, and the result was checked 10 min later. If a single blue line appeared in the
result zone, it was considered a negative result, but if blue and red lines appeared, it was
considered a positive result. If a positive reaction occurred at 5 mg/kg, the dilution buffer
was added up to the 10 mg/kg and 20 mg/kg marks, and the same process was repeated.

2.6. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics 23 (IBM, Armonk, NY,
USA). Data were analyzed by one-way ANOVA and Duncan’s multiple range test for
investigating significant differences (p < 0.05).

3. Results
3.1. Calibration of ELISA Test Kits

Gluten usually includes gliadin and glutenin at a ratio of 1:1 [32,33]. In the case of the
RIDASCREEN gliadin kit and the Veratox for gliadin R5 kit, twice the quantitation value of
gliadin was calculated as the approximate content of gluten. The AgraQuant Gluten G12
kit indicates the detected gluten content. For quantitative analysis, standard calibration
curves of five points were obtained using each ELISA kit. The limit of detection (LOD) and
the limit of quantitation (LOQ) were validation data specified by the manufacturers. The
results and data are shown in Table 3.
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Table 3. Linearity and sensitivity of sandwich ELISA test kits.

Test Kit

Linearity Sensitivity

Linear
Range

(ng/mL)

Calibration
Curve R2 LOD

(mg/kg)
LOQ

(mg/kg)

RIDASCREEN
gliadin kit

5–40 Linear 0.9175
1.0 5.05–80 Quadratic 0.9953

Veratox for
gliadin R5

5–40 Linear 0.9966
5.0 5.05–80 Quadratic 0.9988

AgraQuant
Gluten G12

5–100 Linear 0.9874
2.0 4.05–200 Quadratic 0.9958

LOD and LOQ mean limit of detection and limit of quantification, respectively.

Calibration of RIDASCREEN gliadin kit based on the R5 antibody was performed as
follows. Linearity was confirmed in the concentration range of 5-40 µg/mL. The correlation
coefficient for the linearity of the four points was R2 > 0.91. For the concentration range of
5-80 µg/mL, the correlation coefficient for the quadratic of five points was R2 > 0.99. More
than 1.0 mg/kg of gluten could be detected, and the LOQ was 5.0 mg/kg.

The linearity of Veratox for gliadin R5 kit based on the R5 antibody was found in
the 5–40 µg/mL concentration range. The correlation coefficient of the four points for
linearity was R2 > 0.99. In the case of the concentration range of 5-80 µg/mL, the correlation
coefficient for the quadratic of five points was R2 > 0.99. The LOD and the LOQ were
estimated at 5.0 mg/kg, respectively.

The linearity of AgraQuant gluten G12 kit based on the G12 antibody was found in
the 5–100 µg/mL concentration range. The correlation coefficient for the four points was
R2 > 0.98. For the concentration range of 5-200 µg/mL, the correlation coefficient for the
quadratic of five points was R2 > 0.99. The estimated LOD and LOQ were 2.0 mg/kg and
4.0 mg/kg, respectively.

From the linearity results of the absorbance readings, a quadratic regression was used
in all samples in this study.

3.2. Results of Qualitative Analysis of Gluten in Products

The qualitative analysis results using the AgraStrip Gluten G12 Kit are shown in
Table 4. Gluten detection was performed for 21 types of food products. Among breads,
only plain bread made of wheat flour gave a positive result. Among noodles, buckwheat
soba, plain noodles, instant noodles, spaghetti noodles, and udon noodles tested positive.
Among the powders, strong and soft wheat flour tested positive. All snacks tested negative.
In total, only eight samples were found to contain gluten.

Table 4. Results of qualitative analysis of gluten using AgraStrip Gluten G12 test kit.

Type of Food Product
Test Result

5 mg/kg 10 mg/kg

Bread
Black rice bread - -

Plain bread + +
White rice bread - -

Noodles

Buckwheat soba + +
Cellophane noodle - -

Instant noodle + +
Plain noodle + +
Rice noodle - -

Spaghetti noodle + +
Udon noodle + +
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Table 4. Cont.

Powder

Corn starch - -
Green bean powder - -

Potato starch - -
Rice flour - -

Soft wheat flour + +
Strong wheat flour + +
Sugar cane powder - -

Snacks

Brown rice cereal - -
Brown rice snack - -

Corn cereal - -
Rice snack - -

If the result is positive, it is expressed as (+); otherwise, it is denoted as (-).

3.3. Results of Quantitative Analysis of Gluten in Gluten-Containing Products

The results of gluten content in eight samples containing gluten obtained using three
sandwich ELISAs are shown in Figure 1. Gluten was detected in all the samples. Supplemen-
tary Table S1 shows the average and the relative standard deviations. In the case of powders,
the highest content was 51.2–86.9 g/kg for strong wheat flour. Soft wheat flour was found
to contain 23.0–47.3 g/kg of gluten. Flour is classified according to its gluten content. If the
gluten content is high, it is classified as a strong flour; otherwise, it is classified as soft. Of the
noodles, buckwheat soba showed the highest gluten content at 43.2–72.6 g/kg, followed by
plain noodles (43.7–53.0 g/kg), instant noodles (12.0–35.3 g/kg), udon noodles (6.5–30.3 g/kg),
and spaghetti noodles (3.7–20.9 g/kg). Plain bread gave a value of 24.0–40.2 g/kg. A signifi-
cant difference (p < 0.05) was noted when quantification was undertaken using three different
ELISA test kits for gluten-rich food.
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3.4. Results of Gluten Content in Gluten-Free Products

The results of gluten content in 13 types of gluten-free samples are shown in Table 5.
Bread, noodles, and snacks had values below the LOD or the LOQ. Among powder products,
when analyzed using AgraQuant kit, a small amount (5.6 mg/kg) of gluten was detected only
in green bean powder.

Table 5. Results for gluten-free products using three types of sandwich ELISA test kits.

Type of food Product

Gluten Concentration (mg/kg)

RIDASCREEN
(R5 ELISA)

Veratox (G5
ELISA)

AgraQuant
(G12 ELISA)

Bread
Black rice bread Below LOD Below LOD Below LOD
White rice bread Below LOD Below LOD Below LOD

Noodles
Cellophane

noodle Below LOD Below LOD Below LOD

Rice noodle Below LOD Below LOD Below LOD

Powder

Corn starch Below LOD Below LOD Below LOD
Green bean

powder Below LOQ Below LOD 5.6 ± 0.4

Potato starch Below LOD Below LOD Below LOD
Rice flour Below LOD Below LOD Below LOD

Sugar cane
powder Below LOD Below LOD Below LOD

Snacks

Brown rice
cereal Below LOD Below LOD Below LOD

Brown rice snack Below LOD Below LOD Below LOD
Corn cereal Below LOD Below LOD Below LOD
Rice snack Below LOQ Below LOD Below LOD

All values are denoted as mean ± standard deviation (n = 3).

4. Discussion

In this study, the reproducibility of several commercial ELISA test kits for the quan-
tification of gluten content was assessed. The RIDASCREEN and the Veratox test kits
employ the affinity of the R5 antibody for gliadin, whereas AgraQuant employs that
of the G12 antibody for gliadin. All three types of test kits were used in the sandwich
method. For the RIDASCREEN gliadin test kit and the Veratox for Gliadin R5 test kit, the
correlation coefficients for quadratic regression in the concentration range of 5-80 ng/mL
were R2 > 0.99 and R2 > 0.99, respectively. The LODs were 1.0 mg/kg and 5.0 mg/kg,
respectively, and the LOQs were 5.0 mg/kg for both. For the AgraQuant Gluten G12 test
kit, the correlation coefficient for quadratic in the concentration range of 5 to 200 ng/mL
was R2 > 0.99. The LODs and the LOQs were 2.0 and 4.0 mg/kg, respectively. For the
qualitative analysis of gluten using the AgraStrip Gluten G12 kit, the gluten-free food
tested negative for gluten. Using three different ELISA test kits for quantitative analysis,
the obtained results were mostly below the LOD. Some gluten-free powders, such as green
bean powder, had gluten contents of 5.6 mg/kg. This may due to the contamination with
flour during production. The plant where the powder production process is carried out also
produces wheat flour, corn starch, green bean powder, and sugarcane powder, leading to a
potential cross-contamination of the products. However, according to CODEX, European
Commission Regulation, and the U.S. Food and Drug Administration, products with a
gluten content of less than 20 mg/kg can be labeled “gluten-free” [18,19].

In contrast, the gluten contents of gluten-rich products were 23.0–86.9 g/kg for flour,
3.7–72.6 g/kg for noodles, and 24.0–40.2 g/kg for bread. For these gluten-rich products,
when quantification was carried out using the three different ELISA test kits, a significant
difference (p < 0.05) in gluten content was observed. This is due to differences in the
antibody characteristics and the extract solutions of the ELISA test kits. Various food
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matrices remain difficult to analyze owing to either interference of antibody binding by the
food matrix or cross-reactivity [22]. The results depend on the extraction method when
using a cocktail solution containing 2-mercaptoethanol [34]. Several previous studies have
reported similar results to ours. Scherf [35] reported that seven commercial ELISA test kits
showed different gluten assay results in wheat products, especially gluten-free wheat. In
addition, other studies using ELISA kits reported gluten contents higher than the stipulated
threshold for gluten-free products. Likewise, Bruins Slot et al. [22] also reported similar
results revealing that oat flour (a gluten-free labeled product) had a gluten content of more
than 20 mg/kg and that the measurement error is large between the different commercial
gluten kits used to measure the gluten content in foods. They concluded that it was due
to the difference in the ability to extract gluten from the food matrix, the difference in
the sensitivity of the used antibody, and in the reference material of the kits. As a result,
the analysis of gluten content using such kits has some drawbacks, and thus an accurate
analysis through a new analysis technique is required.

5. Conclusions

In summary, using three commercial ELISA test kits for measuring gluten content in
various food products, calibration and quantitative analyses were conducted. The results
showed that the reproducibility of the three kits was low. These kits had to accurately detect
gluten in mg/kg units because the standard level for gluten-free products is 20 mg/kg.
However, the experimental results confirmed an error in the g/kg units. Therefore, methods
of extraction or device analysis that utilize precision analysis devices should be studied to
ensure safe products for CD patients.

Supplementary Materials: The following are available online at https://www.mdpi.com/2304-815
8/10/1/108/s1. Table S1, Concentration of gluten in gluten-containing products using three types of
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