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Abstract—Silicon oxynitride (SiON) microring resonators are
used to develop a biosensor device to detect Aflatoxin M1 (AFM1),
a carcinogenic mycotoxin present in milk. Two different surface
functionalization strategies are tested to realize an affinity biosens-
ing device. Both strategies are based on the formation of a silane
surface layer able to bind either specific DNA-aptamers or anti-
gen binding fragments (Fab’). The sensing device consists of an
array of four SiON microring resonators, fiber-coupled to a verti-
cal cavity surface emitting laser operating at 850 nm. Detection is
realized with off-chip silicon photodetectors. With both function-
alizations, we demonstrate a specific detection of AFM1 in buffer,
while the nonspecific detection of Ochratoxin is not occurring. Re-
peatability and reproducibility of both functionalization strategies
are discussed.

Index Terms—Aflatoxin M1, antibodies, aptamers, microring
resonators.

I. INTRODUCTION

A FLATOXINS (AFs) are known as poisonous and carcino-
genic mycotoxins present in a variety of crops, which can

be infected pre-, during and post-harvest [1]. They were dis-
covered for the first time in 1960 in England. AFs are found
in many human or animal foods. Since they are very resistant
toxins and resist to chemical or thermal treatments, they do
represent a particular hurdle for human alimentation. In par-
ticular, when ingested by animals, AFs can maintain their tox-
icity and find themselves in the animal metabolism products.
For example, Aflatoxin B1 (AFB1), when ingested by cows, is
converted in a hydroxylated metabolite and secreted into the
milk. In this case, AFs is named Aflatoxin M1 (AFM1). AFM1
is also observed in dairy products. The International Agency
for Research on Cancer (IARC) has included AFM1 in the
group I human carcinogens [2]. Acceptable maximum level of
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TABLE I
BIOSENSORS FOR AFM1 DETECTION

Name LOD of AFM1
(nM)

Cons and Pros Ref.

ELISA 1.31 × 10−2 High selectivity, portable,
expensive, time consuming

[6], [8]

HPLC 1.37 × 10−2 High selectivity, expensive, time
consuming, non-portable, needs
sample pre-treatment

[7], [9]

Electrochemical
Biosensor

3.04 × 10−2 High selectivity, expensive, fast,
needs sample pre-treatment and
pre-concentration

[10]

Field
immunoassay

1.52 × 10−1 High selectivity, low-cost, fast,
easy to use, non-portable

[11]

Microelectrode
immunosensors

2.43 × 10−2 High selectivity, low-cost, time
consuming, non-portable

[12]

SPR 1.82 × 10−3 High selectivity, expensive, fast,
non-portable

[13]

Bilayer lipid
membranes
(BLM)

4.9 × 10−2 High selectivity, low-cost, fast,
small, portable

[14]

MRR based
biosensors

5 High selectivity, low-cost, fast,
small, portable, multianalyte,
needs sample pre-concentration

This work

AFM1 in milk according to EU regulation is 50 ppt equiva-
lent to 15.2 × 10−2 nM (the molecular weight of AFM1 is
328.27 g/mol) [3].

Methods for AFM1 determination in milk are mostly based
on high-performance liquid chromatography associated to fluo-
rescence or mass spectrometric detection [4]–[5]. Milk samples
are analyzed in biochemistry laboratories with screening tests,
such as Enzyme-Linked ImmunoSorbent Assay (ELISA) [6].
Samples with suspect presence of aflatoxins are then sent to
certificate laboratory for High-Performance Liquid Chromatog-
raphy (HPLC) tests [7]. This analysis is time-consuming and
cost intensive.

Numerous strategies, alternative to both ELISA and HPLC,
have been proposed for the rapid, qualitative, semi-quantitative
or quantitative detection of AFs (see Table I).

Looking for a simple and effective method to screen the pres-
ence of AFM1 in milk, we have started a project to develop an
integrated silicon-photonic biosensor [15]–[16]. Integrated op-
tical biosensors are suitable for real time detection of molecular
interactions [17] owing to their possibility of miniaturization,
extreme sensitivity (molecular interactions), robustness, relia-
bility, and their potential for multiplexing and mass production
at low cost. In particular, label-free optical biosensors are based
on the selective capture of the target molecule (analyte) by a
bio-recognition agent, immobilized on the surface of the sensor.
The trapped molecules form a layer whose presence on the
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sensor surface can be directly measured by quantifying the
changes in a property of the transmission spectrum of the optical
sensor [18]. By miniaturizing the sensing sites, it is possible to
limit the volumes of the samples and of the chemicals involved
in the functionalization protocol, thus reducing the costs and
the time of every assay. The device itself can be cheap because
a high number of multiplexed sensors can be fitted and run in
parallel in a small area, as small as a few square millimeters [19].

In this work, we demonstrate an optical biosensor based on
optical microring resonators (MRR) [20], [22]. Here, the sens-
ing is performed by measuring the resonance shift in the MRR
transmission caused by the binding of the analyte on the func-
tionalized microring surface. In fact, the binding causes a change
of the effective refractive index, neff , of the optical mode con-
fined in the MRR, which, in turn, is observed as a resonance
shift in the MRR transmission [23]. MRR based optical sensors
have already been demonstrated for a variety of applications,
and, specifically in food safety applications [24]–[25].

Selectivity in the sensor response is achieved by a using a
surface functionalization with a suitable biorecognition agent.
To this aim, antibodies have been widely used due to their
Y-shaped structure that ends with two particular antigen-binding
sites [26]. These sites can bind to their specific antigen through
a key-lock mechanism. On the other end, aptamers are emerg-
ing as alternatives to antibodies [27]. Aptamers are short single-
stranded DNA or RNA molecules, or even peptides, having high
selectivity and affinity toward their targets. Aptamers are chem-
ically synthesized and, therefore, are stable and easily modified.
Their denaturation is reversible, allowing for regeneration of
the active sensing site. Moreover, their small dimensions allow
a high-density coverage of the sensor surface [28].

This paper aims to experiment silicon based MRR as biosen-
sor to selectively detect AFM1 in a buffer solution. We com-
pare two functionalization strategies, Fab’-based antibodies and
DNA-aptamers. First, the two strategies are set up on flat silicon
oxynitride surface and are compared in terms of AFM1 recog-
nition using an HRP-conjugated Aflatoxin M1. Then, label-
free measurements on functionalized microring resonators are
performed.

II. MATERIALS AND METHODS

A. Materials

3-mercaptopropyltrimethoxysilane (MPTMS, 99%) pur-
chased from Gelest Ltd. (Maidstone, Kent, United Kingdom),
is used without any further purification. 3-glycidoxypropyltri-
methoxysilane (GPTMS), anhydrous toluene (99.8%), toluene
and all powders for buffered solutions are purchased
from Sigma-Aldrich s.r.l. (Milan, Italy). Methoxypoly-
ethyleneglycolthiol (mPEG-SH) with 2000 and 5000 molecular
weight are purchased from Nektar Therapeutics AL (Huntsville,
AL). The amino-modified DNA-aptamer sequence (5′-NH2-
(CH2)6 -GT TGG GCA CGT GTT GTC TCT CTG TGT CTC
GTG CCC TTC GCT AGG CCC ACA-3′) with a fluorescein dye
at 3′ end or not, is HPLC purified and is purchased from IDT In-
tegrated DNA Technologies (Leuven, Belgium). The aptameric
sequence, which has a dissociation constant KD of 10 nM, is

Fig. 1. (Top left) image of the chip during operation. On the left, the bright
spot is the laser scattering at the input waveguide. On the right, the fiber array
is visible. On the chip, the location of the four microring resonator is indicated.
(Bottom) Schematic of the experimental setup.

identified by NeoVentures Biotechnology Inc [28]. A rabbit
polyclonal anti-AFM1 antibody and an HRP-conjugated afla-
toxin M1 (AFM1-HRP) contained in the I’screen Afla M1 milk
Elisa kit are purchased from Tecna s.r.l. (Padua, Italy), while
Aflatoxin M1 and Ochratoxin were purchased from Sigma-
Aldrich s.r.l. (Milan, Italy). SuperSignal West Femto Chemi-
luminescent Substrate is purchased from Thermo Scientific
(Rockford, IL USA).

B. Fabrication Process

For the fabrication of the microring resonators, SiON films
are deposited by plasma-enhanced chemical vapor deposition
(PECVD) on 6-inch 625 μm thick c-Si wafers with a 4 μm
thick buffer oxide layer. The SiON film thickness is 350 nm, its
refractive index is 1.66. Both values are measured after a thermal
treatment at 1050 °C. The SiON waveguide circuit, consisting of
waveguides, splitters and microring resonators (Fig. 1 top left),
is realized with UV-photolithography and reactive ion etching.
Then, the SiON is covered by a 1 μm thick cladding layer in
silicon dioxide (SiO2). The sensor sites are defined by opening
a 20 μm-wide window on top of the ring resonators using a
combination of reactive ion etching and chemical etching. More
details on the fabrication process of the waveguides, resonators
and directional couplers are reported in [29]–[30].

C. Experimental Setup and Sensor Design

To measure the resonance shift induced by the presence of
the toxin, a waveguide-probing setup is used. A single mode
tapered fiber is coupled to input of the chip while a fiber array
is coupled to the chip outputs. The fiber array allows measuring
simultaneously the transmission of four different microrings
(see Fig. 1). As a light source we use a current controlled VCSEL
pigtailed to the single mode fiber and operating at 850 nm. This
wavelength is particularly interesting for biosensing application
since the absorption of water is three orders of magnitude lower
in the visible/near-infrared range than in the infrared range. This
wavelength allows also using cheap transimpedance amplified
Si photodiodes. The signal polarization is controlled by using
a 2-paddles polarization controller. For sensitivity and sensing
measurements, a homemade PDMS microfluidic flow cell is
used, with capillaries having a diameter of 150 μm. PDMS
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Fig. 2. Transmission spectra of four microring resonators. MRR1 is covered
by the cladding, while the other three are exposed to water.

is chosen to satisfy several requirements. The cell has to be
transparent, in order to be easily aligned to the sensing structures
and it should seal with the chip to avoid a leakages. Finally,
data are acquired with an eight-channel oscilloscope from Pico
Technology interfaced with a computer. Spectral measurements
are acquired by driving the VCSEL with a periodic saw tooth
current waveforms (frequency 20 Hz). A software allows to
deduce in real time the resonance spectral position from the
measured transmission spectra, and, therefore, to plot the time
evolution of the resonance spectral shift.

On the chip, the signal from the input waveguide is coupled
to four microring resonators (MRR) by directional couplers (see
the top left image in Fig. 1). A racetrack resonator geometry is
used for the MRR with a coupling length of 35 μm, a radius
of 100 μm and a resonator waveguide width of 1000 nm. The
width of the bus waveguide is fixed to 900 nm. Details of the op-
timization of the geometry and of the actual design are reported
in [22], [29].

The SiO2 cladding is removed from three of the four MRR to
open a sensing window. The first MRR (labelled MRR 1) is left
covered by the cladding in order to isolate it from the microflu-
idic chamber and, therefore, to be used as the reference sensor
(baseline sensor) for the input signal intensity and to measure
temperature fluctuations. Suitable spacing between the sensors
is left so that it is possible to use a spotter to functionalize each
individual sensor with a different chemistry allowing internal
consistency tests or multianalyte detection.

Fig. 2 shows the transmission spectra of the four nominally
identical MRR under a continuous water flow. Clear sharp
resonances are observed. The different resonance wavelengths
are caused by small fabrication uncertainties. Since the sensor
works on the resonance shift caused by the binding of the tox-
ins, this does not affect the sensing properties. The oscillations
are due to the Fabry-Perot interference fringes caused by the
chip facets.

III. FUNCTIONALIZATION PROTOCOL

A. DNA-Aptamers Immobilization

The first functionalization protocol has been already de-
scribed with details in [21]. Briefly, after an argon plasma

treatment (6.8 W, one minute), the samples are immersed
in 0.1% v/v of GPTMS in anhydrous toluene at 60 °C for
10 minutes. Then, an amino-terminated DNA-aptamer at 100
μM in phosphate buffer (50 mM, ionic strength 300 mM, pH
8) is incubated on silanized surfaces for two hours. Finally, an
ethanolamine passivation at 1 mM for 30 minutes is applied.

B. Antigen-Binding Fragments (Fab’) Functionalization

The second protocol is based on a silanization and antigen-
binding fragments (Fab’) immobilization on the chip. F(ab’)2
fragments are generated by protease digestion (Immobilized
Papain Thermo Scientific) of 20 μL of 1 mg/mL anti-AFM1
polyclonal rabbit IgG according to manufacturer’s instructions.
Then, a 13.3 μM F(ab’)2 solution is mixed with 10 mM DTT to
reduce the disulfide bond in the hinge region, and the mixture
is incubated for two hours at room temperature. The mixture is
poured into a centrifugal filter unit (Microcon YM-10, MWCO
10000, Millipore Corp., Billerica, MA) to remove the excess
of DTT.

Fab’ are immobilized on the surface adapting the protocol
described in [31]. In order to introduce thiol groups able to
react with the cysteine groups on Fab’ fragments, the silicon
oxynitride surface is functionalized in wet conditions with mer-
captosilane (MPTMS) [32]. The surfaces (both chip and flat
samples) are cleaned with an argon plasma (6.8 W, one minute)
to remove organic contaminants and to hydroxylate the surface
and are, then, immersed in a 1% v/v solution of MPTMS in
toluene anhydrous at 60 °C for 10 min. Silane-coated substrates
are rinsed several times with toluene and then dried in a stream
of nitrogen. The immobilization of Fab’ fragments onto the bare
surface is carried out by deposition of 80 μL of a 0.33 μM Fab’
in 10 mM phosphate buffer with 10 mM EDTA. After 2 min,
the surface is PEGylated by addition, first, of 200 μM final
concentration of mPEG-SH 5000 (for 30 min on orbital shaker
at 80 rpm) and, then, of 200 μM of mPEG-SH 2000 (for 60
min on shaker at 80 rpm). The surface is finally cleaned using
PBS-EDTA buffer. The same protocol is applied on standard flat
gold surface. The concentration of Fab′ is determined by mea-
suring their absorbance with a Nanodrop instrument, (extinction
coefficient (0.1%) = 1.35 at 280 nm).

IV. RESULTS AND DISCUSSIONS

A. Comparison of the Two Strategies on Flat Surfaces

The Fab’ density on silanized SiON is optimized incubat-
ing different concentration. After immobilization, the surfaces
is incubated with an HRP-conjugated Aflatoxin M1 (AFM1-
HRP) stock solution diluted 80 times in 50 mM MES buffer
pH 6.6 for one hour, washed twice in buffer and transferred to a
black microplate, where the developer solution is added. HRP in
presence of a suitable substrate develops a chemiluminescence
signal that can be easily detected. After five min incubation, the
signal is recorded with a ChemiDoc MP system (Biorad). Re-
spect to a gold surface (a standard surface for thiol chemistry),
a saturation of the surface is obtained at low Fab’ concentra-
tion, as reported in Fig. 3(a). Fitting the data with a Langmuir
equation, it is possible to determine the surface saturation. For
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Fig. 3. (a) Chemiluminescence detection of AFM1-HRP on SiON substrates
after immobilization of different amount of Fab’. A gold substrate is used
as reference. The values are reported as mean value on at least two differ-
ent experimental sessions and the error bars represent the standard deviation.
(b) Fluorescence signal on SiON surface functionalized with different amount
of fluorescent aptameric sequences. The values are reported as mean value on
three different samples and the error bars represent the standard deviation.

SiON surface the value saturates at 2957 a.u. (correlation coef-
ficient = 0.99), while for gold surface a 18588 a.u. value was
estimated (correlation coefficient = 0.97). The signal recorded
on silanized SiON surface is about 6 times lower than that
recorded on gold, suggesting that the surface binding sites on
mercaptosilanized SiON are fewer than those on gold surface,
as expected. A 0.33 μM Fab’ concentration is selected for the
following experiments.

The aptamer density is instead optimized using a fluorescein-
labelled DNA aptameric sequence. The fluorescence signal is
recorded after two hours of incubation and washing. Fig. 3(b)
shows the fluorescence signal as a function of the aptamer con-
centration. Also in this case the Langmuir equation describes
the aptamer immobilization. The saturation level resulted at
5970 a.u. (correlation coefficient = 0.98), suggesting that a con-
centration above 50 μM is enough to reach the surface saturation.
Then, the two functionalization procedures are compared with
respect to their ability to recognize AFM1 by using AFM1-HRP.
SiON flat substrates are functionalized with DNA-aptamers or
Fab’ and the surfaces are incubated with AFM1-HRP in the

Fig. 4. Chemiluminescence detection of AFM1-HRP on silicon oxynitride flat
surfaces functionalized with Fab’ or aptamer strategy. The data are represented
as mean value on three samples and error bars are reported as standard deviation.

Fig. 5. Transmission spectra of microring resonator measured in the air (black
curve) and water (blue curve). Q is the quality factor of the resonance. The
dashed (red) line is the lorentzian fit.

same conditions reported above. The signals recorded on the
Fab’- or aptamer- functionalized surfaces are reported in Fig. 4.
A higher signal is observed for the Fab’-functionalized surface.
The AFM1 detection is about 4 times more efficient on the
immune surface respect to the aptamer-functionalized surface.

B. Optical Characterization of Microring Resonators

The design of the resonators was optimized for the biosensing
experiments. Indeed, in Fig. 5 we show a transmission spectrum
of one of the resonator when the chip is flown with air or with
deionized water. A different transmission and Quality factor (Q-
factor) are measured. For in air measurements, the decrease of
the Q-factor for three neighboring resonances at longer wave-
lengths allows concluding that we are in the under-coupling
regime. For in water measurements, a near critical coupling
regime settles in with high Q-factors. The switch from under-
coupling to critical coupling is a consequence of the change in
the refractive index contrast from air to water. Fitting the trans-
mission spectra with a Lorentzian lineshape, Q-factors of 8,900
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Fig. 6. Sensorgram of a complete measurement cycle for a chip sensor func-
tionalized with Fab’ and for a 100 nM AFM1 solution. At t = 0, MES buffer is
flowing through the sensors. The toxin is injected at t = 2 min and at t = 25 min
the toxin flow is stopped and the MES buffer is injected again. After 30 minutes
a glycine solution is injected. At t = 55 min MES buffer was injected again.

in air and of 22,000 in water are obtained. Therefore, a ratio
of 2.5 between the two values is obtained. This ratio matches
numerical simulations [23], [33].

Volumetric sensing measurements yield a sensitivity of S =
80 ± 5 nm/RIU and a LOD = 3 × 10−6 RIU [21], [22]. Note,
that these values are in good agreement with sensitivity and
LOD reported in other works [34].

C. Aflatoxin M1 Sensing Measurements

For AFM1 sensing measurements, we initially filled the mi-
crofluidic chamber with a 50 mM MES buffer with pH 6.6. We
then injected 75 μL of a solution containing the targeted my-
cotoxin (AFM1 or OTA) at a known concentration in order to
measure the evolution of the resonance wavelength of the res-
onators due to the capture of the toxins from the functionalized
MRR. The solution is inserted into the microfluidic chamber us-
ing an injection loop, which avoids the formation of air bubbles
in the microfluidic chamber during the buffer exchange and al-
lows having a known fixed injected volume. All measurements
are done with a flow rate of 3 μL/min.

Fig. 6 shows an example of a sensorgram measured with a
solution of 100 nM AFM1 when the surface of the MRR in the
chip has been functionalized with Fab’.

The measurement starts with flowing the MES buffer. The
resonance wavelengths of the three exposed sensors MRR2-
MRR4 as well as that of the reference sensor MRR1 stay con-
stant while flowing the buffer. We consider these values as the
baseline. Then, we inject the 100 nM AFM1 solution. The so-
lution reaches the sensor after 2 min when we observe a large
resonance shift for MRR2-MRR4 while no shift is measured
for the reference MRR1. This shows that no temperature fluc-
tuations are caused by the change in the flown solution. The
MRR2-MRR4 resonances roughly follow an exponential law,
due to the specific binding of AFM1 to the functionalized sur-
faces of the three MRR. The binding of the toxins occur from

Fig. 7. (a) The histogram of the resonance shift of the microring resonator for
aptamer based functionalization. The average resonance shift is 30 pm with an
error of 59 pm. The solution used is 100 nM of AFM1. (b) The histogram of
the resonance shift of the microring resonator for Fab’ based functionalization.
The average resonance shift is 25 nm with an error of 8.5 pm. The solution used
is 100 nM of AFM1.

the 2.5 min and 25 min. At this time, we stop the toxins flow
and we switch to a MES buffer flow. This causes a decrease in
the resonance shift due to the rinsing of the physically absorbed
AFM1 from the surface. Therefore, we consider indicative of
the sensor response the value of the resonance shift after 22.5
minutes that is varying between 33 ÷ 38 pm for MRR2-MRR4.
Finally, we inject a 100 mM glycine-HCl pH 2.3 solution at
t = 30 min, in order to break the AFM1-antibody bonds and
to remove all the linked toxins from the sensor surface while
keeping the antibodies in place. This regeneration solution is
commonly used in surface binding experiments. It perturbs the
aptamers or Fab’ tridimensional conformation, which leads to
a release of the captured toxins. After glycine solution, at t =
55 min we inject again MES and the signals reach close to the
baseline indicating that the sensors are again clean. Note that
the MRR1 resonance does not shift during the whole cycle.

Fig. 7 shows the histograms of repeated measurements on
different chips for the same functionalization protocols and
the same AFM1 solution to test the reproducibility of the
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sensor response from chip-to-chip. Fig. 7(a) shows the results
for aptamer-functionalized MRRs when the concentration of
injected AFM1 is 100 nM. As we can clearly observe, the res-
onance shift changes between 10 pm to 220 pm. The average
value with standard deviation is ≈33 ± 59 pm showing that the
reproducibility of the measurements is poor. The source of this
can be looked for in the wafer processing, in the functionaliza-
tion procedure or in the toxin binding dynamics. Since wafer
processing reproducibility is very high [22] and the surface func-
tionalization gives reproducible results (see, e.g., Fig. 4), we
conclude that the low reproducibility is related to the microflu-
idic and binding steps. Fig. 7(b) reports the same experiment
for sensors functionalized with Fab’. The distribution of the
resonance shifts on different chips is much narrower than with
aptamer functionalization (between 15 pm and 42 pm) yielding
an average value and a standard deviation of ≈25 ± 8.5 pm. It
is therefore concluded that the Fab’ functionalization is more
reproducible than the aptamer one.

In addition, we note that the average shifts are equal within the
error bars for the two functionalizations. This differs from what
observed with the surface experiments. There are several pos-
sible explanation for this. For the flat surface experiments, an
enzyme-conjugated aflatoxin is used, while, for sensing mea-
surements, a pure AFM1 is used. AFM1-HRP and the anti-
body used for Fab’ production are part of the same Elisa assay.
It could be that a higher affinity of Fab’ for AFM1-HRP oc-
curred with respect to aptamers. Another consideration relates
to the sensor surfaces. Chemiluminescence detection of AFM1-
HRP on SiON substrates gives direct information about bound
molecules, while the detected signal of the microring sensors
depends also on the thickness of the bound layer on the surface
[23]. In fact, the volume of interaction between the analyte and
the evanescent field of the MRR optical mode is constrained
by the thickness of the layer of the captured analyte. In the
case of nanometric-sized molecules, this means that most of the
evanescent tail is unperturbed and not used to produce a signal.
The molecular weight of Fab’ is around 50 kg/mol, more than
three times larger than the aptamers, while the molecular weight
of AFM1 is 328.27 g/mol. The resulting bound layer is there-
fore far apart for the Fab’-based functionalization than for the
aptamer-based functionalization which decreases the interaction
between the evanescent tail and the small AFM1 molecules.

Fig. 8(a) shows the measured resonance shifts for various
AFM1 concentrations. In order to obtain the minimum concen-
tration of AFM1 that can be reliably detected, i.e. the limit of
detection LODAFM1 of the sensor to AFM1, we use a linear re-
gression to the data (line in Fig. 8(a)) [35]. The slope of the linear
regression yields the sensitivity of the sensor to AFM1, which is
SAFM1 = 0.335 ± 0.02 pm/nM. From resonance measurements
[34] we have a standard deviation of σλ = 0.08 ± 0.005 pm
on the measured wavelength. This corresponds to a theoretical
LODAFM1 = 3σλ/SAFM1 = 0.7 nM. Actually, if we consider
the intercept of the linear regression as a best estimate of the
error σAFM1 in the concentration measurements, we obtain the
experimental LODAFM1 = 3σAFM1/SAFM1

∼= 5 nM.
Fig. 8(b) shows various sensorgrams for different composi-

tion of the tested samples. Functionalization is specific to AFM1.

Fig. 8. (a) The resonance shift for different concentrations of AFM1 detected
with Fab’ (black squares) and aptamers (red circles) based functionalization. The
line is a linear regression of the data. (b) Sensing measurements of 50 nM and
100 nM pure AFM1 and 200 nM OTA diluted in MES performed on sensors
functionalized with both aptamer (dash lines) and Fab’ (straight lines) based
strategies. The flowing buffer is MES.

In order to test the specificity of the functionalization we tried
the sensor with a solution containing OTA. We performed sens-
ing measurements with AFM1 at 50 nM, 100 nM and OTA at
200 nM concentrations. Both mycotoxins are diluted in MES
buffer. The protocol of the measurements is the same. For both
functionalization strategies, the specificity is observed. How-
ever it is already showed above (see Fig. 7(a)) that a poor repro-
ducibility has been observed using the aptamer-functionalized
sensors and this is highlighted by the large error bars mainly at
high AFM1 concentrations.

Indeed the resonance shift is small for OTA while it is
larger for AFM1. Note again, that a higher reproducibility of
Fab’-functionalized sensors was observed.

V. CONCLUSION

In this work we demonstrate that Fab’ based functionalization
of SiON microring resonator based biosensors allows to specif-
ically detect, down to 5 nM, Aflatoxin M1 in a MES buffer. The
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Fab’ functionalization yields more reproducible results with re-
spect to the DNA aptamer functionalization. The specificity of
the sensor functionalization to detect Aflatoxin M1 molecules is
demonstrated with respect to non-specific Ochratoxin molecules
at high concentrations. The limit of detection for the label-free
biosensors is mostly limited by the reproducibility of the mea-
surement from functionalized chip to functionalized chip. We
believe that this is not related to the photonic circuit fabrication
or to the functionalization but it is instead due to the interaction
of the liquid sample with the biosensor.

The potential use of the proposed biosensor for cheap, fast and
portable instrument to screen the presence of Aflatoxin M1 in
milk requires the integration in the system of a preconcentration
module since the high LOD demonstrated.
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