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Abstract: User-friendly devices for detecting low gliadin content in commercial foods are of extreme
importance for people with gluten diseases. With this concern, the present work proposes a rapid
and sensitive optical nanostructured microarrays platform for the detection of gliadin using specific
anti-gliadin IgG antibodies immobilized on annealed gold nanostructures (AuNPs) obtained after
the high annealing process (550 ◦C) of gold thin films evaporated on commercial glass coverslips.
Localized Surface Plasmon Resonance (LSPR) immunosensing of gliadin in the range of 0.1 ppm to
1000 ppm is successfully achieved. In addition, the biofunctionalization protocol was used for gluten
screening in five food complex products.

Keywords: glass coverslip; gliadin in foods; TEM-grids; annealed gold nanostructures; droplet
biofunctionalization; LSPR immunosensor

1. Introduction

Gluten is a complex mixture of hundreds of proteins, mainly gliadin and glutenin [1].
Unfortunately, some peptides fractions of gluten have shown negative impacts on human
health, referring to allergies and intolerances. Nowadays, the regulation (EC) No. 41/2009
of the European Union fixes the limit of gluten at <20 mg/kg (20 ppm) for all foodstuffs
labelled as “gluten free”. However, the label “very low gluten” can be used for foods with
a gluten content about 20–100 mg/kg (100 ppm) [2–4].

There can be distinguished three different gluten related pathologies [5]: (a) gluten
allergy, affect about 0.2–0.5% of the population [6], (b) coeliac disease-an autoimmune dis-
order, the most dangerous and widespread (>1.6% of the population affected) [7], (c) gluten
sensitivity-a non-allergy and non-autoimmune pathology recently rediscovered [8,9]. Un-
fortunately, the number of patients diagnosed with gluten intolerance has been increasing
in recent decades imposing a well-defined standard and organic market for gluten-free
products [10]. Consequently, the development of rapid and sensitive methods for the
detection of gluten in such products is crucial to assure consumer safety [11,12]. For in-
stance, the immunological techniques based on Enzyme Linked Immunosorbent Assays
(ELISA) are often used for the optical detection of large variety of (bio)analytes [13,14].
In the case of gluten screening, an official method approved by AOAC (Association of
Official Agricultural Chemistry) using antiω-gliadin antibodies in a sandwich format is
reported [15]. Moreover, the Codex Alimentarius Commission has approved it as official
method for hydrolyzed gluten assays [16]. On the other hand, a competitive ELISA us-
ing employing HRP-labelled G12 antibodies was employed for the detection of the toxic
peptide in hydrolyzed food limit of detection of <0.5 ppm of gliadin [17].
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In addition to the immunological assays, the classical methods such as mass spectrom-
etry/chromatography techniques [18], western blot [19] and proteomic techniques [20] are
often used for the detection of gluten/gliadin. However, there only few studies using PCR
methods for the detection of gliadin in food products, mainly due to the degradation of the
DNA content after cooking process [21]. Thus, in raw materials, a low limit of quantifica-
tion of DNA/mg (20 pg of cereal) is reported [22], while the genodetection method using
aptamers is considered as an important and robust alternative to antibodies [23,24].

Miniaturized biodetection tools based on biosensor technologies are suitable for the
detection of traces of gluten/gliadin in food. Biosensors have two main components: a
physical transducer (electrochemical, piezoelectric, calorimetric or optical) and a biological
receptor (enzyme, antibody, DNA, cells) [25–30]. An important issue in the construction
of sensitive and stable biosensors concern the choice of solid substrate that will serve
for the specific detection of analyte(s). Metallic gold nanoparticles (AuNPs), are used
as stable and biocompatible supports that provide high surface area with relatively low
cost and easy production procedures. For instance, the synthesis of AuNPs on glass
supports can be easily obtained after high temperature annealing of evaporated thin gold
film and specifically used in the preparation of Localized Surface Plasmon Resonance
(LSPR) immunosensors for the detection atrazine herbicide [31,32]. LSPR phenomenon
occurs when the AuNPs are exposed to an incident light (electromagnetic wave) and it
resonates with an intrinsic oscillation of the free electron of the gold. When the frequency
of oscillation of these electrons, referred to as surface plasmons, matches the frequency of
incident light, i.e., at resonance, the surface plasmons give rise to strong absorption bands,
light scattering and enhanced electromagnetic field on the surface of the metal nanoparticle.
Due to localization of these effects, this phenomenon is termed localized surface plasmon
resonance. Depending on the size of nanoparticles, the interparticle space, the composition
and shape, the LSPR properties can be modelled in order to change the sensitivity of the
detection system [33,34].

The aim of this study is the robust fabrication of a nanostructured microarray platform
on glass coverslip for rapid multiplexing optical detection of gliadin traces in aqueous
solutions. In addition, the first preliminary results on the evaluation of gliadin content in
commercial food products using the LSPR sensing technique are also reported.

2. Experimental Section
2.1. Chemicals

Ethanol and acetone were obtained from Fluka (Lyon, France). 11-Mercaptoundecanoic
acid (11-MUA), gliadin from wheat, polyclonal rabbit anti-Gliadin (wheat) antibodies,
monoclonal anti-bovine serum albumin (BSA) antibodies produced in mouse, 1-ethyl-3-
[3-dimethylaminopropyl]-carbodiimide hydrochloride (EDC) and N-hydroxysuccinimide
(NHS) were purchased from Sigma-Aldrich (Schnelldorf, Germany). Phosphate buffer
saline (PBS buffer, pH 7.4) was prepared using sodium chloride, sodium phosphate dibasic,
and sodium phosphate monobasic salts received from Sigma (St. Quentin Fallavier, France).
The deionized water (18.2 MΩ·cm) was produced by a Millipore Milli Q water purification
system (Molsheim, France) and shortly sterilized to obtain ultrapure water named ddwater.
All used chemicals were of analytical grade.

2.2. Instruments

The metallic evaporations on rectangular glass coverslips (24 × 60 mm, Carl Roth
GmbH + Co.KG, Karlsruhe, Germany). were performed with Plassys MEB 400 (Plassys,
Bestek, France), followed by annealing on a hot plate (Thermo Fisher Scientific, Waltham,
MA, USA) placed in clean room conditions (ISO 5/6). Commercial transmission electron
microscope (TEM) copper grids (Gilder Triple slot grid, 0.54 mm × 0.95 mm slots in a
3.05 mm copper grid, TED Pella, Redding, CA, USA) were fixed on clean glass coverslip
and used for the gold evaporation process. The ultrasonic bath cleanings were performed
with Elmasonic S30H.
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A Tuttnauer Autoclave Steam Sterilizer 2540 mL (Tuttnauer, France) was used for the
water sterilization. A VWR DRY-Line oven dry DL 53 oven was used for drying glasses
before the biofunctionalization steps performed under the biological hood MSC 1, 2 ADV
(Thermo-scientific, Waltham, MA, USA).

A Scanning Electron Microscope (SEM) (FEG-SU8030, Tokyo, Japan) was used for
characterization the morphology of nanostructured microarray patterned coverslips.

LSPR spectra were recorded using a transmission UV–vis-NIR spectroscopy based
on a white light source (DH-2000-BAC, Ocean Optics, EW Duivan, The Netherlands), one
optic fiber and a spectrometer Maya 2000 Pro provided by ocean optics (Amersham, UK).
All the plasmonic measurements were repeated three times.

2.3. Preparation of Gliadin and Antibodies Concentrations

Five concentrations of gliadin were optically tested (1) 1000 ppm, (2) 100 ppm,
(3) 10 ppm, (4) 1 ppm and (5) 0.1 ppm. A stock solution of gliadin (80 mg/mL gliadin
powder suspended in ethanol/ultrapure ddwater 6:4 v/v ratio) was prepared. All gliadin
concentrations were freshly prepared before experiments using the stock solution and
ddwater for dilutions.

The specific anti-IgG gliadin antibodies (100 ng/µL) and non-specific anti-IgG BSA
antibodies (125 ng/µL) concentrations were prepared using ultrapure sterilized water.

2.4. Choice of Commercial Gluten-Free Products

Five commercial foods were purchased from a local supermarket to test their gliadin
content: (1) a vegetable powder supplement (labelled gluten-free); (2) a spicy corn snack
(labelled gluten-free); (3) a rice snack; (4) rice noodles; (5) chocolate cookies (labelled
gluten-free).

2.5. Extraction of Gliadin Traces from Selected Foods

In the case of food products, the extraction of gliadin was made according to Chu et al.
protocol [35]. Firstly, one gram of each food was diluted in 10 mL of ultrapure sterilized
water and mixed at room temperature for 6 h, then centrifuged to collect the pellet and
resuspended in 10 mL of ethanol/water solution (6:4 v/v ratio). Next, the collected pellets
were suspended in ethanol for overnight. The day after, the suspensions samples were
centrifuged. Next, the supernatant (600 µL) was diluted in ddwater (400 µL) before used
for immune-recognition events with different gliadin concentrations.

2.6. Preparation of the Gold Nanostructured TEM-Microarrays on Glass Coverslip
2.6.1. Cleaning Protocol

Rectangular coverslip was cleaned with a ddwater and detergent (Decon 90) solution
(2:8, v/v ratio), at 50 ◦C for 15 min in a ultrasonic bath (Elmasonic S30H). After ddwater
washing in ultrasonic bath at 50 ◦C for 5 min, the coverslip was abundantly rinsed with
ddwater dried under nitrogen stream and placed on a hot plate at 100 ◦C for 10 min.

2.6.2. Gold Patterning through TEM-Grids

One side of the clean coverslip was modified with thin strips of tape for better adhesion
of 12 three-slot cooper TEM grids to the glass, then placed on a circular support plate
(Ø = 200 mm) in the evaporator. The gold evaporation (4 nm nominative thickness) was
made at 1 × 10−5 Torr pressure and 25 ◦C with an evaporation rate of 0.03 nm/s. The
resulted gold-coated coverslip was annealed on preheated hot plate at 550 ◦C for 3 h.

2.6.3. (Bio) Functionalization of Gold Nanostructures and Gliadin Immunosensor

The gold annealed coverslip was dipped in warm ethanol solution (70% v/v, 40 ◦C)
in an ultrasonic bath for 20 min, dried under a biological hood and immersed in 40 mL
of 11-MUA solution (10−3 M in ethanol) for 12 h at room temperature. The thiolate glass
was rinsed with ethanol/water and immersed in 40 mL aqueous EDC/NHS solution
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(ration 0.4 mM: 0.1 mM) for 30 min at room temperature. Finally, the activated glass
was abundantly rinsed with ddwater and dried under a biological hood. Next, a drop
of anti-IgG gliadin antibodies (4 µL) was deposited on each TEM-grid pattern for 12 h at
4 ◦C. After water rinsing, different gliadin concentrations were dropped (4 µL) on anti-
IgG antibo-dies/AuNPs patterns for 3 h at 4 ◦C, followed by water rinsing, drying and
recording of LSPR spectra. The scheme of the gliadin immunosensor is shown in Figure 1.
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Figure 1. Preparation of the gliadin immunosensor on annealed gold nanostructured glass coverslip:
(1) thiol 11-MUA; (2) immobilization of anti-IgG gliadin antibodies; (2*) specific immune-recognition
of gliadin molecules; (3) immobilization of anti-IgG BSA antibodies, (3*) non-specific immune-
recognition of gliadin molecules (A) and photos of glass coverslip after Au evaporation and annealing
at 550 ◦C for 3 h on a hot plate (B).

3. Results and Discussion
3.1. SEM Characterization of the Gold Nanostructured Microarrays on Coverslip

Figure 2A depicts the gold pattern deposited through the three-slot TEM grid, while
the Figure 2B highlights the distribution of AuNPs in each grid slot where individual
nanoparticles are evenly distributed over the coverslip surface. It was found that the size
of the AuNPs is in the range of 5–30 nm, which is in good agreement with the previous
results published by the authors [31].
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Figure 2. SEM images of the patterns of Tri-Slot TEM grid on coverslips after annealing on a hot plate
(A) scale—1 mm and the morphology of AuNPs (B) scale—500 nm.

3.2. Diluents of Anti-Gliadin Antibodies and Their Impact on LSPR Performances

Three diluents of anti-IgG gliadin antibodies (70% ethanol, 0.1 M PBS and ultrapure
sterilized water) were tested for their influence on the immune-recognition events in the
presence of gliadin molecules and transduced via the localized surface plasmon resonance
(LSPR) measurements.

PBS was tested as a diluent for the optical detection of gliadin as it mimics physio-
logical conditions well and is the most widely used buffer for biosensors development.
Figure 3 depicted the LSPR spectra in the presence of different gliadin concentrations.
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Figure 3. LSPR spectra in the presence of five gliadin concentrations and anti-IgG antibody
in PBS buffer for biofunctionalization of metallic nanostructures: (1) annealed 4 nm AuNPs;
(2) MUA/AuNPs; (3) anti-gliadin/MUA/AuNPs; (4) 0.1 ppm gliadin; (5) 1 ppm gliadin; (6) 10 ppm
gliadin; (7) 100 ppm gliadin; (8) 1000 ppm gliadin. (A.u.—absorbance units).

As expected, a maximum LSPR peak intensity versus the maximum wavelength is
observed on spectrum 1 which demonstrates the plasmonic activity of the surface. The
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grafting of thiols (spectrum 2) and of the anti-IgG gliadin antibodies (spectrum 3) lead to an
increase of the intensity and to a shift of the peak which highlights the modification of the
optical properties of the surface and confirms the AuNPs functionalization. The deposition
of gliadin at various concentrations (spectra 4–8) on the active surface slightly affects the
intensity of the peak but a monotonic increase is observed. On the contrary, the shift of the
peak versus gliadin content is not monotonic This is an issue for the ability of the biosensor
to correctly detect gliadin in food samples.

PBS is an aqueous complex buffer containing various salts which can optically interact
with gold nanostructures, masking the interaction between gliadin and anti-gliadin anti-
body. To confirm this hypothesis, PBS was replaced by ethanol. Figure 4 depicted the LSPR
spectra when ethanol was used as a diluent. A strong improvement in the LSPR signal of
the active AuNPs surface is observed with a monotonic increase in the intensity of the as
well as the shift of the peak as a function of the gliadin content.
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Figure 4. LSPR spectra in the presence of five gliadin concentrations and anti-IgG antibody in
ethanol solvent for biofunctionalization of metallic nanostructures: (1) annealed 4 nm AuNPs;
(2) MUA/AuNPs; (3) anti-gliadin/MUA/AuNPs; (4) 0.1 ppm gliadin; (5) 1 ppm gliadin; (6) 10 ppm
gliadin; (7) 100 ppm gliadin; (8) 1000 ppm gliadin. (A.u.—absorbance units).

Finally, ddwater that was used for the extraction of gliadin from foods was also tested
as a diluent. Figure 5 depicted the evolution of LSPR spectra for the same range of gliadin
concentrations tested in the present of ddwater. Both the peak intensity and its shift exhibit
non-monotonic variation versus the gliadin content. Such random spectra are pro-bably
due to the decrease in immune-recognition events between anti-gliadin antibody and its
target gliadin.

It is worthwhile to notice that none of the diluents destabilized the annealed nanos-
tructures formed on coverslip as there was no significant variation in the peak shape and
of the full width at half-maximum (FWHM) of the LSPR response.
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Figure 5. LSPR spectra in the presence of five gliadin concentrations and anti-IgG antibody in
aqueous solution for biofunctionalization of metallic nanostructures: (1) annealed 4 nm AuNPs;
(2) anti-gliadin/MUA/AuNPs; (3) 0.1 ppm gliadin; (4) 1 ppm gliadin; (5) 10 ppm gliadin; (6) 100 ppm
gliadin; (7) 1000 ppm gliadin. (A.u.—absorbance units).

3.3. Dose-Response Calibration Curves

In the Table 1 are summarized the optical evolution (maximum intensity and cor-
responding wavelength) for each tested diluent of anti-gliadin antibody, using data of
Figures 3–5.

Table 1. Summary of plasmonic evolutions (maximum peak intensity and their wavelength po-
sition) of biofunctionalized AuNPs with anti-IgG gliadin antibodies suspended in three individ-
ual solutions: in 0.1 M PBS (blue color); in 70% ethanol (in orange) and in ddwater (in green).
(A.u.—absorbance units).

PBS 0.1 M Water Ethanol 70%
Gliadin Intensity Wavelength Intensity Wavelength Intensity Wavelength
(ppm) (A.u.) (nm) (A.u.) (nm) (A.u.) (nm)

0.1 0.270 ± 0.012 573 0.323 ± 0.001 570 0.229 ± 0.019 557
1 0.269 ± 0.008 580 0.338 ± 0.001 576 0.258 ± 0.012 564

10 0.274 ± 0.010 581 0.351 ± 0.000 581 0.267 ± 0.022 576
100 0.275 ± 0.007 569 0.367 ± 0.002 585 0.237 ± 0.005 560
1000 0.283 ± 0.012 575 0.378 ± 0.001 591 0.231 ± 0.010 559

Dose-response calibration curves of three specific immunosensing of gliadin concen-
trations are plotted using the maximum intensity of the LSPR peak (Figure 6A) and using
the plasmon resonance maximum (Figure 6B).

As mentioned in the previous paragraph, the nature of the diluent strongly affects
the shape of the calibration curves. When ddwater is used, the two calibration curves
exhibit linear proportional behavior for peak intensity (R2 = 0.997) and corresponding
wavelength (R2 = 0.9958) values with respect to the logarithm of the gliadin content. For
the other two diluents, strong deviations from a linear response are observed. Even if
the precise mechanism is still unknown, this could be explained more by disturbances of
the anti-gliadin antibody-gliadin immune-recognition events than by a destabilization of
AuNPs, which would have modified the values the FWHM of the LSPR response.
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Figure 6. Dose/response curves of plasmonic peak intensity (A) and of the corresponding plasmon
resonance maximum (B) for five gliadin concentrations after incubation with anti-IgG gliadin anti-
bodies functionalized AuNPs suspended in three individual solutions: in 0.1 M PBS (blue color); in
70% ethanol (orange color) and in ddwater (green color).

By using the peak intensity values versus gliadin content on Figure 6A, the theoretical
curve calibration was calculated as y = 0.014x + 0.3374 where y represents the peak intensity
and x the decimal logarithm of the gliadin content. In addition, by noting c the gliadin
content in ppm, the equation can be rewritten such as y = 0.014log10c + 0.3374. After the
differentiation step, the error on the gliadin content (∆c) can be expressed versus the error
on the intensity (∆y) with:

∆c =

(
ln(10)
0.014

∆y
)

c = (164.5∆y)c

Furthermore, by using the standard deviation values of the maximum peak intensity
reported in Table 1, ∆c is listed in Table 2 with the corresponding c values.
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Table 2. Estimated errors on the gliadin content using the LSPR peak intensity measurement.

c (ppm) ∆y Assimilated to Standard Deviation ∆c (ppm)

0.10 0.0009 0.01

1.00 0.0008 0.13

10.00 0.0004 0.66

100 0.0015 25

1000 0.0012 198

Ten peak intensity (I) measurements were performed on anti-gliadin/MUA/AiNPs
coverslip acting as blank, leading to I = 0.3073 ± 0.0001 a.u The LOD and LOQ values
are, respectively, calculated using the I value at 3SD (0.3076 A.u.) and the I value at 10SD
(0.3083 A.u.) using the fitting equation.

The limit of detection (LOD) at 3SD is 0.0075 ppm, while the limit of quantification
(LOQ) at 10 SD is 0.0085 ppm. These values are lower than the limit fixed by the European
community emphasizing the feasibility of LSPR detection for food control.

Furthermore, by using the plasmon resonance maximum values versus gliadin content
on Figure 6B, the theoretical curve calibration was calculated as y = 5.1x + 575.5 where y
represents the plasmon resonance maximum and x the decimal logarithm of the gliadin
content. Moreover, by noting c the gliadin content in ppm, the equation can be rewritten as
follow: y = 5.1log10c + 575.5. After the differentiation step, the error on the gliadin content
(∆c) can be expressed versus the error the plasmon resonance maximum (∆y) with:

∆c =

(
ln(10)

5.1
∆y

)
c = (0.45∆y)c

As no difference have been observed between several experimental plasmon resonance
maximum values for a given content of gliadin, ∆y can be assimilated to the spectrometer
accuracy which is equal to 0.2 nm. ∆c is listed in Table 3 versus the corresponding c values.

Table 3. Estimated errors on the gliadin content using the plasmon resonance maximum.

c (ppm) ∆y Assimilated to the Spectrometer Accuracy (nm) ∆c (ppm)

0.1

0.2

0.009

1 0.09

10 0.9

100 9

1000 90

By considering that the plasmon resonance maximum value is 567 nm for the anti-
gliadin/MUA/AuNPs surface and the standard deviation (SD) is 0.2 nm, the LOD at 3SD
is 0.03 ppm and LOQ at 10 SD is 0.05 ppm. These values are also lower that the limit fixed
by the European community, proving the feasibility of such optical approach.

Even if the two methods fulfilled the requirements of gliadin detection in food, the
method based on the plasmon resonance maximum will be preferred because it is less
sensitive to the experimental conditions. The value of the incident intensity as well as the
variation in thickness of the dropped sample affected the transmitted intensity but not its
wavelength distribution.

3.4. Controls Experiments

To confirm the specific plasmonic detection of gliadin in aqueous solutions, two control
experiments were implemented.
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First control experiment: the gliadin concentrations were tested directly on MUA-
thiolated AuNPs (there is no prior incubation with anti-IgG gliadin antibodies). Theore-
tically, the LSPR spectrum obtained for each gliadin concentration should correspond to
that recorded in the presence of MUA labelled AuNPs. However, nonspecific and random
adsorption of gliadin molecules on AuNPs is expected and recorded as negligible LSPR
shifts (Figure 7A). Such an evolution of the optical signal is due to the absence of anti-
gliadin antibodies grafted onto the AuNPs, responsible for specific bio-recognition events
and therefore for the capture of gliadin molecules which, if there are any, will induce
strong changes in the size and shape of the nanoparticles proportional to the concentrations
of gliadin.
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Figure 7. LSPR spectra of two sets of control experiments recorded for five gliadin concentrations
(A) in the absence of anti-IgG gliadin antibody and (B) in the presence of non-specific anti-IgG
BSA-antibody suspended in aqueous solution (1) annealed 4 nm AuNPs; (2) MUA/AuNPs; (3) anti-
gliadin/MUA/AuNPs; (4) 0.1 ppm gliadin; (5) 1 ppm gliadin; (6) 10 ppm gliadin; (7) 100 ppm gliadin
and (8) 1000 ppm gliadin. (A.u.—absorbance units).
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Second control experiment: nonspecific anti-IgG BSA antibodies diluted in ddwater
were bound to the surface of AuNPs instead of anti-IgG gliadin antibodies. In this case,
the LSPR spectra of the five concentrations of gliadin have the same optical evolution
and correspond to spectrum recorded for the anti-BSA antibodies/MUA/AuNPs. These
results proved that no gliadin was bound to the modified anti-BSA AuNPs and its complete
surface removal after the rinsing step (Figure 7B).

3.5. LSPR Spectra of Gliadin Content in Commercial Food Samples

The biofunctionalization protocol (Section 2.6.3) was applied to detect the gliadin
content in five commercial foods after a preliminary sample preparation (Section 2.5). The
food supernatants were deposited on anti-gliadin antibodies modified AuNPs and after
rinsing with ddwater were ready for optical investigations LSPR (Figure 8).

Chemosensors 2022, 10, x FOR PEER REVIEW 11 of 14 
 

 

antibody suspended in aqueous solution (1) annealed 4 nm AuNPs; (2) MUA/AuNPs; (3) anti-glia-

din/MUA/AuNPs ; (4) 0.1 ppm gliadin; (5) 1 ppm gliadin; (6) 10 ppm gliadin; (7) 100 ppm gliadin 

and (8) 1000 ppm gliadin. (A.u.—absorbance units). 

Second control experiment: nonspecific anti-IgG BSA antibodies diluted in ddwater 

were bound to the surface of AuNPs instead of anti-IgG gliadin antibodies. In this case, 

the LSPR spectra of the five concentrations of gliadin have the same optical evolution and 

correspond to spectrum recorded for the anti-BSA antibodies/MUA/AuNPs. These results 

proved that no gliadin was bound to the modified anti-BSA AuNPs and its complete sur-

face removal after the rinsing step. (Figure 7B) 

3.5. LSPR Spectra of Gliadin Content in Commercial Food Samples 

The biofunctionalization protocol (Section 2.6.3) was applied to detect the gliadin 

content in five commercial foods after a preliminary sample preparation (Section 2.5). The 

food supernatants were deposited on anti-gliadin antibodies modified AuNPs and after 

rinsing with ddwater were ready for optical investigations LSPR (Figure 8). 

 

Figure 8. LSPR spectra of supernatants extracted from five food samples (1 to 5) in the presence of 

specific anti-IgG gliadin antibodies suspended in ddwater and immobilized on MUA/AuNPs 

formed on annealed coverslip. (A.u.—absorbance units) 

As can be seen in Figure 8, the maximum peak intensity values are quite similar to 

those recorded for the naked anti-IgG gliadin antibodies/AuNPs (samples 1, 2, 4 and 5), 

indicating that these samples could be gluten free. The wavelength value is less sensitive 

to variations in experimental conditions and can be measured more accurately than the 

maximum intensity value. The corresponding wavelengths read on the curve, after depo-

sition of the samples, are, respectively, 571 nm for samples 2, 4, and 5, 576 nm for sample 

1 and 579 nm for sample 3. Using the equation obtained from the dose calibration curve 

using the wavelength values, the content of gliadin in ppm is 0.100 +/− 0.009 ppm for sam-

ples 2, 4 and 5, 1.25 +/− 0.11 ppm for sample 1 and 4.8 +/− 0.4 ppm for sample 3. 

Based on this measurement, all the gliadin contents of the five samples are lower of 

the limit fixed at 20 ppm by the European Commission. This result is in good agreement 

with the gluten free labelling for samples 1, 2 and 5 but not for samples 3 and 4, which are 

not labelled gluten-free. It is worthwhile to notice that samples 3 and 4 are rice-based 

Figure 8. LSPR spectra of supernatants extracted from five food samples (1 to 5) in the presence
of specific anti-IgG gliadin antibodies suspended in ddwater and immobilized on MUA/AuNPs
formed on annealed coverslip. (A.u.—absorbance units).

As can be seen in Figure 8, the maximum peak intensity values are quite similar to
those recorded for the naked anti-IgG gliadin antibodies/AuNPs (samples 1, 2, 4 and 5),
indicating that these samples could be gluten free. The wavelength value is less sensitive to
variations in experimental conditions and can be measured more accurately than the maxi-
mum intensity value. The corresponding wavelengths read on the curve, after deposition
of the samples, are, respectively, 571 nm for samples 2, 4, and 5, 576 nm for sample 1 and
579 nm for sample 3. Using the equation obtained from the dose calibration curve using
the wavelength values, the content of gliadin in ppm is 0.100 +/− 0.009 ppm for samples 2,
4 and 5, 1.25 +/− 0.11 ppm for sample 1 and 4.8 +/− 0.4 ppm for sample 3.

Based on this measurement, all the gliadin contents of the five samples are lower of the
limit fixed at 20 ppm by the European Commission. This result is in good agreement with
the gluten free labelling for samples 1, 2 and 5 but not for samples 3 and 4, which are not
labelled gluten-free. It is worthwhile to notice that samples 3 and 4 are rice-based prepara-
tions rich in starch known for their influence in the digestibility of the starch-lipids-gliadin
(SLG) complexes [36]. Therefore, some discrepancy between optical experimental measure-
ments for ordinary rice-based foods was expected where the formation of SLG complexes
may affect the gliadin extraction/purification protocol and the immune recognition events
between gliadin and anti-IgG gliadin antibodies.
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4. Conclusions

An annealed biosensing platform based on the nanostructured TEM-formed micropat-
terns on thin glass coverslip are herein proposed for multiplexing detection of gliadin
traces in either pure aqueous solutions or extracted from the food products. Three optical
immunosensing configurations are compared in terms of the obtained plasmonic analytical
performances such as maximum peak intensity versus the corresponding wavelength po-
sition. The main difference for the three immunosensors concerns the preparation of the
anti-IgG gliadin antibodies dilutions used for the biofunctionalization of thiolated-AuNPs.
Specifically, three distinct solutions, namely phosphate saline buffer, ethanol solvent and
ultrapure sterilized distilled water were investigated for their influence in the immune-
recognition events with the gliadin antigen. Based on the recorded LSPR spectra for each
immunosensing configuration, it was found that the one using water for antibo-dies di-
lution shown the highest maximum plasmonic peak intensity and important LSPR shifts
that are proportional with the logarithm of the tested gliadin concentrations. Moreover, the
immunosensors using antibodies suspended in water solution has demonstrated a high
repeatability and reliability among experiments with a LOD of 0.0075 ppm of gliadin.

LSPR tests performed with real food samples have also shown the ability to detect
gliadin during a food survey even if there is an uncertainty on the real value of the
gliadin’s content, which could help food manufacturers ensure the food safety of gluten-
free labeled foods.
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