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The increasing prevalence of food allergies and the intake of packing foods in the past two decades urge
the need for more rapid, accurate, and sensitive assays to detect potential allergens in food in order to
control the allergen content. Most of the commercial analytical tools for allergen detection rely on im-
munoassays such as ELISA. As far as disadvantages, ELISA can be time-consuming and expensive. Bio-
sensors appear as a suitable alternative for the detection of allergens because they are rapid, highly
sensitive, selective, less expensive, environmentally friendly, and easy to handle. In this study, we de-
veloped a microfluidic system integrated with a quantum dots (Qdots) aptamer functionalized graphene
oxide (GO) nano-biosensor for simple, rapid, and sensitive food allergen detection. The biosensor utilized
Qdots-aptamer-GO complexes as probes to undergo conformational change upon interaction with the
food allergens, resulting in fluorescence changes due to the fluorescence quenching and recovering
properties of GO by adsorption and desorption of aptamer-conjugated Qdots. This one-step ‘turn on’
homogenous assay in a ready-to-use microfluidic chip took �10 min to achieve a quantitative detection
of Ara h 1, one of the major allergens appearing in peanuts. The results suggested this system had re-
markable sensitivity and selectivity. The integration of a microfluidics platform in a homemade minia-
turized optical analyzer provides a promising way for the rapid, cost-effective, and accurate on-site
determination of food allergens. This biosensor can also be extended to the detection of other food
allergens with a selection of corresponding aptamers.

& 2016 Elsevier B.V. All rights reserved.
1. Introduction

Food allergies have become an increasing food safety and
public health concern throughout the world due to their sig-
nificant effect on people's morbidity and their cost for medical
visits and treatments. For allergic individuals, avoidance of the
food is the only way to protect themselves against a food allergy
reaction as there is no cure for food allergies (Alves et al., 2015).
Although the intended presence or absence of allergens can be
read from the food labels from manufacturers, undeclared aller-
genic substances can be inadvertently introduced into a food by
uncontrolled cross-contamination, the improper use of rework, or
labelling errors and cause an accidental exposure. The peanut al-
lergy is one of the leading causes of severe food-induced allergic
reactions due to its persistency and life-threatening nature. Unlike
other allergies, the peanut allergy tends to be lifelong with a high
risk of accidental exposure, and in highly sensitized people, trace
amounts may induce an allergic reaction (Al-Muhsen et al., 2003).
jan).
Among the allergenic proteins of peanuts, Ara h 1, a homotrimeric
protein with a molecular weight of 65 kDa, is identified as one of
the major peanut allergens presenting in a wide variety of peanuts
or peanut products and shown to account for almost 95% of all
peanut-allergenicity reactions (Peeters et al., 2014; Burks et al.,
1991; Koppelman et al., 2004). Monitoring the presence or cross-
contamination of peanut proteins is extremely important to both
the food industry and sensitive individuals. With the increase in
allergen awareness and regulations, many analytical methods have
been developed: immunochemical methods such as ELISA (Pomés
et al., 2003; Peng et al., 2013), lateral flow assay (Wang et al.,
2015), DNA-based methods such as PCR (Zhang et al., 2015), and
mass spectrometry (Monaci et al., 2015). Usually, these methods
rely on either monoclonal or polyclonal antibodies, which are
expensive to produce and possess a limited working range and
shelf life (Peeters et al., 2014; Gutteridge and Thornton, 2005;
Amaya-González et al., 2013; van Hengel, 2007), and the occur-
rence of cross-reactions is frequent. In contrast, aptamers, single-
stranded oligonucleotide, or peptide sequences selected through
the systematic evolution of ligands by exponential enrichment
(SELEX) exhibit high affinity and specificity to various classes of
target molecules. As an alternative to natural antibodies, aptamers
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are less expensive but more stable while still having a similar af-
finity to their target molecules. In addition, the synthesis and
modification of aptamers are relatively easy (Zuo et al., 2013).
Recently, aptamers have also been synthesized for food allergens
detection (Tran et al., 2013, 2010; Nadal et al., 2013; Mairal et al.,
2014; Amaya-Gonza ́lez et al., 2014).

Biosensors have presented the potential for real-time, direct
monitoring of allergens due to their high sensitivity and selectivity
while remaining relatively inexpensive, environmentally friendly,
and rapid (Alves et al., 2015). However, information on the de-
velopment of aptamer-based biosensors for food allergen analysis
is scarcely available in the literature as it is a recent growth area.
As mentioned above, aptamers have emerged as effective mole-
cular recognition elements for ligand analysis in biosensors due to
the easy modification and control without obvious deactivation.
The fluorescently labeled aptamers can be used in optical sensors
for molecular recognition (Cui et al., 2011).

The unique properties of nanomaterials offer excellent pro-
spects toward the development of novel molecular diagnostic
tools (He et al., 2010). Graphene oxide (GO), a single-atom-thick
two-dimensional (2D) carbon nano-material, has received ex-
tensive interest in numerous biosensor applications because of its
unique optical, electronic, thermal, and long-lasting biocompat-
ibility properties (Song et al., 2013). More importantly, GO can be
an efficient quencher for various fluorophores (Huang and Liu,
2012) due to the non-radioactive electronic excitation energy
transfer between the fluorophore and GO (Swathi and Sebastian,
2009) and its large absorption cross section (Geim and Novoselov,
2007), providing very high quenching efficiency. In addition, GO
was found to be able to interact with amino acids, peptide, and
proteins by fluorescence quenching (Li et al., 2012). With its su-
perior fluorescence quenching and adsorption capacity, GO has
been increasingly used for making Fӧrster resonance energy
transfer (FRET) biosensors, aptasensors, drug-delivery vehicles,
and imaging agents (Huang and Liu, 2012; Lu et al., 2015; Wang
et al., 2010; Morales-Narváez et al., 2012; Zhang et al., 2011; Lu
et al., 2009). Quantum dots (Qdots) are nanomaterials that have
also been increasingly used in immunoassays, fluorescent bio-
sensing, and imaging applications (Bogomolova and Aldissi, 2011;
Algar et al., 2010; Frasco and Chaniotakis, 2010) due to the che-
mical stability, efficient and stable fluorescence signals, and su-
perior biological probes compared with traditional organic dyes.
Aptamer conjugated Qdots for bio-recognition have been per-
formed since 2005 (Levy et al., 2005) and later were used in the
detection of protein, small biomolecules, and food-borne patho-
gens (Bogomolova and Aldissi, 2011). Strategies based on FRET
have attracted more attention due to their inherently high sensi-
tivity (Abachi and Noureini, 2011; He et al., 2012) and homo-
geneous detections (Zeng et al., 2012).

In our study, we integrated an aptamer/Qdots-functionalized
graphene oxide (GO) biosensor for food allergen detection on a
microfluidic platform based on the fluorescence quenching and
recovering properties of GO through the adsorption and deso-
rption of QDots-conjugated aptamers. We successfully detected
the major peanut allergen Ara h1 with a high sensitivity and se-
lectivity by using this biosensor. In addition to the decreased
sample/reagent consumption and rapidity introduced by using
microfluidics, this homogenous assay does not require compli-
cated probe immobilization or tedious procedures. The fluores-
cence signals were measured on a miniaturized optical detector,
which facilitated the portability of the whole system.

2. Materials and method

The Ara h 1 aptamer synthesis was obtained from IDT tech-
nologies (Coralville, Iowa, USA) and had the following 80 base
pairs sequence:
5′ TCGCACATTCCGCTTCTACCGGGGGGGTCGAGCGAGTGAGCGAA

TCTGTGGGTGGGCCGTAAGTCCGTGTGTG CGAA 3′.
The 5′ end was modified with biotin. Ara h 1, Ara h 2, and Ara h

3 standards and the Ara h 1 ELISA kit were purchased from IN-
DOOR Biotechnologies Inc. (Charlottesville, VA, USA). Commer-
cially available CdSe Qdots modified with covalently attached
streptavidin (Qdot

s

545 ITK™ Streptavidin Conjugates) were pur-
chased from Invitrogen Life Technologies (Burlington, ON, Canada).
Polydimethylsiloxane (PDMS, Sylgard, 184) was obtained from
Dow Corning (Midland, MI, USA). Graphene oxide, phosphate-
buffered saline (PBS), and all other mentioned chemicals and
solvents were purchased from Sigma-Aldrich (Oakville, ON, Ca-
nada). Unless otherwise noted, all solutions were prepared with
ultrapure DI water.

2.1. Preparation of aptamer-conjugated quantum dots

The dried aptamer pellet was firstly resuspended in TE buffer
(10 mM Tris–HCl, 0.1 mM EDTA, pH 8.0) to achieve a 100 mM
concentration. The resuspended aptamer was incubated at room
temperature for 30 min, created aliquots, and stored at �20 °C.
Prior to use, the aptamer was diluted to the working concentration
in the folding buffer (1 mM MgCl2, 1� PBS, pH 7.4) and heated at
85 °C for 5 min. The cooling-down dilutions were ready for use.

Streptavidin-conjugated quantum dots of 2 μM were mixed
with 3.2 μM 5′-biotin aptamers in a 200 mL PBS (pH 7.4, 0.01 M).
The quantum dots were covalently linked to 5′-biotin aptamers via
streptavidin-biotin interaction. The mixture was incubated under
gentle mixing at room temperature. After incubation, the Qdots-
aptamer conjugates mixture was subjected to ultrafiltration with
PBS (three times, 15 min at 6000 rpm, cut-off filter 50 kD) to re-
move the excess of the unbound aptamer. The conjugates were
finally resuspended in a 0.01 M PBS solution (pH 7.4) for Ara h
1 detection.

2.2. Preparation of Qdots-aptamer-GO quenching system

GO was diluted in ultrapure DI water and mixed with the
Qdots-aptamer conjugates solution. The excellent dispersibility is
very critical for its sufficient interaction with aptamer molecules.
The BSA solution was added into the mixture at a final con-
centration of 0.5%. The mixture of Qdots-aptamer conjugates and
GO was incubated for a period of time to quench the fluorescence
of the Qdots-aptamer conjugates. Optimal GO concentration and
quenching time were investigated.

2.3. Detection of Ara h 1

Different concentrations of Ara h 1 standard solution or food
samples were added into the Qdots-aptamer-GO quenching sys-
tem with gentle shaking. The mixtures were then incubated at
room temperature. Incubation times of 5, 10, 15, and 20 min were
investigated. Fluorescence spectra of the mixtures were measured
to evaluate the Qdots fluorescence recovery and make the stan-
dard curve. The schematic of the sensing mechanism is shown in
Fig. 1A. Fluorescence of Qdots is quenched via FRET process be-
tween the Qdots-aptamer probes and GO due to their self-as-
sembly through specific π–π interaction. In the presence of the
target Ara h 1 protein, the association constant between the
Qdots-aptamer probes and Ara h1 is bigger than that between
the Qdots-aptamer probes and GO, resulting in the release of the
Qdots-aptamer probes from GO and thus the recovery of the
fluorescence of Qdots.



Fig. 1. (A) Schematic of the sensing mechanism of the Qdots-aptamer-GO quenching system. (B) Schematic diagram of microfluidic chip design (not to scale). The mi-
crofluidic chip had two inlets for loading the Qdots-aptamer-GO probe mixture and the Ara h 1 sample, respectively. The main channel of 200 mm wide and 60 mm deep
consisted of a mixing/incubation channel, a sensing well, and a capillary pump at the end. The long and zigzag-shaped channel was designed to enhance the mixing effect.
The “diamond”-shaped well was the sensing well aligned to the sensing window of the Si photodiode. The flow was driven by the capillary forces.
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2.4. Characterization of the Qdots-aptamer probes

The modification of the fluorescent Qdots and Ara h 1 aptamers
were bridged with a streptavidin-biotin site-specific bioconjuga-
tion system via the extraordinarily high affinity of streptavidin
homo-tetramers for biotin. Then, the Qdots-aptamer probes were
characterized by fluorescence spectra (Synergy H4 Hybrid Multi-
Mode Microplate Reader, Biotek, Winooski, VT, USA), TEM (Tecnai
G2 F20, FEI, Hillsboro, Oregon, USA), and a DLS system (ZetaPlus
Zeta potential analyzer, Brookhaven Instruments Corporation,
Holtsville, NY, USA).

2.5. Optimization

Optimization was firstly performed by investigating the molar
ratio (1:1, 1:4, and 1:8) of between Qdots and Ara h 1 aptamer and
incubation time (30 min, 4 h, and 12 h) during the Qdots mod-
ification. In the sensing processing, concentrations of graphene
oxide and the incubation times for quenching and recovery affect
not only the quenching rate but also the recovery efficiency, which
can directly affect the detection sensitivity. Hence, the optimiza-
tion of GO concentration (0–0.1 mg/mL) and quenching/recovery
time (0–15 min) were also investigated.

2.6. Microplate reader and fluorescence microscopic detection

To validate the performance of the Qdot-aptamer-GO quench-
ing system, fluorescence analysis was conducted by fluorescent
spectra analysis on a microplate reader (Synergy H4 Hybrid Multi-
Mode Microplate Reader, Biotek, Winooski, VT, USA) and
fluorescent imaging on a fluorescent microscopy (Nikon Eclipse Ti,
Nikon Canada Inc., Mississauga, ON, Canada).

2.7. Microfluidic biochip fabrication and signal capture

The schematic design of the microfluidic biochip is shown in
Fig. 1B. The microfluidic chip consisted of two inlets, a mixing/
incubation channel, a sensing well, and a capillary pump. The
powerless sampling can be generated by this “hexagons” capillary
pump by splitting the capillary pump into hundreds of smaller
parallel microchannels; hence, the liquid could be sucked into the
microfluidic channel by the capillary force. The design at the en-
trance of the mixing/incubation channel was a capillary-driven
retarding valve (Mohammed and Desmulliez, 2013), which helped
to avoid air capture in the microchannel when dispensing the
Qdots-aptamer-GO probe mixture and the Ara h 1 sample into the
inlets. In addition, to enhance the mixing effect of the mixture in
the microchannel, a zigzag microchannel was designed. The total
length of the mixing microchannel was around 10 cm.

The microfluidic chips were fabricated by using the standard
soft lithography technique. A master-carrying microchannel mold
was firstly prepared by spin-coating a thin film of SU-8 negative
photoresist (MicroChem, Westborough, MA, USA) on a silicon
wafer followed by pre-baking. The photoresist film covered with a
mask bearing the desired microchannel geometry was then ex-
posed to UV light. After post-baking and developing, a master
mold could be obtained. The second step was making the PDMS
chips. A degassed mixture of PDMS prepolymer and curing agent
(10:1, w/w) was poured over the master mold and cured at 75 °C
for about 4 h. After the incubation, the PDMS replica was peeled
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off the master mold, and the inlets were punched. The PDMS
microchannel was placed on a glass slide filled with 10 mg/mL BSA
solution and left to dry at room temperature, which was per-
formed to prevent the non-specific adsorption of the desired
proteins onto the channel wall. Then, the PDMS microchannel was
peeled away from the slide and sealed against a clean glass slide
after the oxygen plasma was treated for 40 s.

To make the whole sensing system capable of on-site detection,
the fluorescence signals were measured by a miniaturized optical
detector. The details of the optical detector can be found in our
previous study (Weng et al., 2015). Briefly, the miniaturized optical
detector consisted of LED (447.5 nm, Luxeon Rebel, Luxeon Star
LEDs, Brantford, ON, Canada) mounted on the top to provide ex-
citation light and a low-noise, high-sensitivity Si photodiode
(Hamamatsu, Bridgewater, NJ, USA) mounted on the bottom for
emission light capture. The PDMS well was placed in between and
aligned to both the LED and the sensing window of the photo-
diode. Excitation (445/20–25 nm, Semrock, Rochester, NY, USA)
and emission (531/20–25 nm, Semrock, Rochester, NY, USA) optical
filters were used to reduce interference. All components were
assembled in a container (10�6�5 cm3) to block ambient light.
The collected light intensity signal by the Si photodiode was then
digitized and transferred to a PC for storage and analysis by a
programmable microcontroller (Arduino Uno, SparkFun Electro-
nics, Niwot, CO, USA).
Fig. 2. Characterization of Qdots-aptamer probes. (A) TEM images of Qdots-streptavidin c
Qdots-streptavidin conjugates and Qdots-aptamer probes by DLS. The mean hydratio
(D) Fluorescence spectra of Qdots and Qdots-aptamer probes.
Based on the optimization, 10 mL of Qdots-aptamer probes with
a GO solution with a final concentration at 0.05 mg/mL and 10 mL
of Ara h 1 standard solution and the food sample solution were
added in the inlets of the microfluidic device, respectively. The
fluorescence intensity was measured immediately when the
mixture flew into the sensing well as a reference by the photo-
diode. After 5 min of recovery, the fluorescence intensity was
measured and recorded again, and the difference was used to
differentiate the Ara h 1 concentration.
3. Results and discussion

3.1. Characterization of the Qdots-aptamer probes

Conjugation may cause a change in the nanoparticle size, zeta
potential, and so on. Hence, the Qdots-aptamer probes were
characterized first. The morphology of the Qdots before and after
conjugation with the aptamer were characterized by TEM imaging
as shown in Fig. 2A and B. Both nanoparticles showed a cone-like
shape and were well dispersed, but no significant changes were
observed in the particle size (�10 nm) of Qdots-aptamer probes.
The hydration diameters of the Qdots before and after conjugation
were measured and compared by dynamic light scattering (DLS)
analysis. As shown in Fig. 2C, the mean hydration diameter of the
onjugates; (B) TEM images of Qdots-aptamer probes. (C) Particle size distribution of
n diameter of the QDs and QDs-aptamer are 21.9 nm and 47.9 nm, respectively.



Fig. 3. Optimization of (A) incubation time of Qdots conjugation with Ara h 1 aptamer; (B) aptamer concentrations in effecting quenching and recovery performance; (C) GO
concentrations in effecting quenching and recovery performance; (D) quenching and recovery time.
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nanoparticle increased from 21.9 nm and 47.9 nm while the zeta
(ξ) potential values increased from �34.373.0 mV to
�42.274.1 mV. Since the modifier streptavidin and Ara h 1 apta-
mer could not be observed by TEM, the particle sizes detected by
TEM were smaller than those detected by DLS. In addition, a de-
crease of the fluorescence intensity of the Qdots before and after
conjugation was also observed (Fig. 2D). The concentration of
Qdots in both solutions was 0.2 mM. These results indicated that
Qdots were successfully bound with Ara h1 aptamers.

3.2. Optimization and sensing mechanism validation

The preparation of the Qdots-aptamer probes was the key for
the sensing event, which significantly affected the fluorescence
quenching and recovery; hence, the conjugation of Ara h 1 apta-
mer onto the Qdots was studied. The incubation time and aptamer
concentration were optimized. 30 min, 4 h, and 12 h of incubation
were tested, and the fluorescence response before quenching (BQ)
and after quenching (AQ) were investigated as shown in Fig. 3A.
The overnight incubated probes presented a significant quenching
effect compared to the other two. Three different ratios of con-
centration, 1:1, 1:4, and 1:8, between Qdots and Ara h 1 aptamers
were tested by observing the fluorescence intensities before
quenching (BQ), after quenching (AQ), and after recovery (RC). The
result of detection of Ara h1 of 2000 ng/mL was shown in Fig. 3B.
After the addition of graphene oxide of the same concentration,
fluorescence quenching occurred for all the three concentrations.
However, low-quenched fluorescence and high-recovered fluor-
escence would provide high sensitivity. From the result, we see
that the higher ratio of 1:8 presented lower and higher fluores-
cence in quenching and recovery. In addition, we found that when
the concentration ratio was bigger than 1:8, no significant im-
provement was found. Therefore, the ratio of 1:8 and overnight
incubation were used in the following tests. To obtain the opti-
mized quenching effect, the concentrations of GO were also in-
vestigated. As shown in Fig. 3C, bigger fluorescence quenching
occurred with the increasing of the concentration of GO ranging
from 0.03 mg/mL to 0.1 mg/mL. From the result, 0.05 mg/mL pre-
sented the superior quenching effect, while a concentration higher
than 0.05 mg/mL did not show a significant difference. However, a
distinctive lower fluorescence intensity was observed at the con-
centration of 0.1 mg/mL, which may be caused by the turbidity
due to the high concentration of GO. Hence, a final concentration
of 0.05 mg/mL of GO in the mixture was used. The assay time
depended on the quenching and recovery time; hence, the in-
cubation times for fluorescence quenching and recovery were in-
vestigated, the result of which was shown in Fig. 3D. Fluorescence
intensities in the processes of quenching and recovery were
measured at the time points at 0, 3, 6, 9, and 15 min, respectively.
We found that the significant changes of quenching and recovery
occurred within the first 6 min of the both processes; hence, 5 min
was used as the quenching and recovery time. Therefore, 10 min



Fig. 4. Fluorescence spectra (A) and fluorescence images (B) of Ara h1 standard solution of various concentrations by Qdots-aptamer-GO system before quenching (BQ), after
quenching (AQ), and recovery.

Fig. 5. (A) Standard calibration curve for the relative voltage output change depending on fluorescence intensity caused by Ara h 1 concentration ranging from 200 to
2000 ng/mL. Each data point was obtained from three independent measurements. (B) Fluorescence spectra and (C) relative voltage output difference depending on
fluorescence intensity in the presence of Ara h 1, Ara h 2, and Ara h 3 of 1000 ng/mL, respectively.
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Table 1
Determination of Ara h 1 concentration in actual samples by our biosensor and an
ELISA kit.

Spiked con-
centration
(ng/mL)

Measured by
biosensor
(ng/mL) (%)

Recovery by
biosensor
(%)

Measured by
ELISA kit
(ng/mL) (%)

Recovery
by ELISA kit
(%)

0 116.573.5 97.473.4
200 291.575.6 87.5 269.174.0 85.8
500 566.574.9 90 590.775.5 98.7

1000 1041.574.2 92.5 1001.373.5 90.4
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was considered the total assay time for a single test.
With the optimized settings obtained above, full assays on

various concentrations of Ara h 1 standard solution ranging from
20 ng/mL to 2000 ng/mL were conducted in a 384 microplate well
and read by a microplate reader to validate the sensing mechan-
ism. The fluorescence spectra and fluorescence images were
shown in Fig. 4A and B.

3.3. Detection by optical detector

The time-dependent fluorescence changes upon the reaction of
Qdots-aptamer-GO with Ara h 1 standard solution were in-
vestigated by a custom-designed miniaturized optical detector,
which is shown in Fig. 5A. Based on the optimization results, 5 min
was taken as the quenching time and fluorescence recovery time.
To minimize the error, the output of the photodiode after
quenching and recovery were recorded, and the relative difference
between these two value was used to differentiate the sample
concentration. As shown in Fig. 5A, the output of the photodiode
increased as the concentration of Ara h 1 increased, which in-
dicates the recovered fluorescence intensity of the Qdots was in-
tensified. The relative differences obtained by detecting Ara h
1 standard solution of various concentrations were used to make
the standard curve. An R2 value of 0.9677 was found for the linear
response region between 200 ng/mL and 2000 ng/mL with de-
tection limits of 56 ng/mL (Thomsen et al., 2003).

3.4. Specificity and food sample detection

Ara h 1, Ara h 2, and Ara h 3 are all the major allergens pre-
sented in peanuts. Specificity analysis was performed by an in-
vestigation of the system response to the possible interferences
introduced by Ara h 2 and Ara h 3. Ara h 1, Ara h 2, and Ara h 3 of
the same concentration at 1000 ng/mL were assayed by the Qdots-
aptamer-GO system. As shown in Fig. 5B and C, little fluorescence
recovery was found by Ara h 2 and Ara h 3 compared to the sig-
nificant fluorescence intensity increase by Ara h 1, which de-
monstrated the high selectivity and specificity of our system in
determining Ara h 1.

To validate the performance of our optical biosensor, when
working on the real food sample was assayed, Ara h 1 in a biscuit
was detected by our method and a commercial ELISA kit for a
comparison. Food sample preparation was conducted by following
the procedure indicated in the manual of the commercial kit.
Briefly, 1 g of the homogenized biscuit sample was mixed with
20 mL of the sample extraction solution provided by the kit and
followed by incubation in a water bath at 60 °C for 15 min After
being cooled down under room temperature, the solution mixture
was centrifuged at 2000� g for 10 min The supernatant of the
mixture was filtered through a filter syringe (GHP Membrane Disc
Filters, VWR International; Suwanee, GA, USA) with 0.2 mm dia-
meter pores and made a series of dilutions for detection. The
precision of this method in terms of recovery rate was evaluated
by spiking Ara h 1 standard solutions of 200, 500, and 1000 ng/mL
into the food samples. Each concentration was performed three
times to ensure the consistency of the response trend, and the
recovery rate was calculated as follows:

( )= ′̅− ̅
Recovery

C C
C

%
S

0

where ′̅C is the mean Ara h 1 concentration of the spiked samples,
̅C0 is the mean Ara h 1 concentration of the blank sample, and CS is

the concentration of the standard solution spiked into the sample.
The results in Table 1 show that the spiked recoveries measured

by the presented biosensor were consistent with the ELISA kit.
4. Conclusions

A microfluidic biosensor for Ara h 1 detection was developed by
using a quencher system with graphene oxide and aptamer-
functionalized quantum dots. This fluorescence was “turned off” by
a fluorescence resonance energy transfer between the Qdots-ap-
tamer and graphene oxide and “turned on” with the addition of
Ara h 1 due to the better association constant between the Qdots-
aptamer and Ara h1 compared to that between the Qdots-aptamer
and GO, which led to the release of the Qdots-aptamer from GO,
resulting in the recovery of the fluorescence of Qdots. The Qdots-
aptamer probes showed superior fluorescent properties. Based on
the principle above, an assay for Ara h1 detection was performed
on a microfluidic platform with a miniaturized optical sensor. The
results proved that the presented method was capable of the
simple, rapid, sensitive, and reliable detection of Ara h 1 with a
detection limit of 56 ng/mL. The results also suggested this
method had the potential for on-site determination for rapidly
detecting food allergens with the flexibility to select aptamers for
specifically targeted allergens.
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