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Tebuconazole is a triazole fungicide used in agriculture to treat pathogenic fungi. It is listed as a possible carcinogen and it shows a
potential risk for the environment at very low concentration. Therefore, the detection and monitoring of tebuconazole in food and
environment play an important role. The current methods for the analysis of tebuconazole employ gas-liquid chromatography
(GLC) and high-performance liquid chromatography (HPLC) after sample extraction with organic solvents and column
cleaning. Besides the advantages of these methods such as efficiency, repeatability, and accuracy, they are still time-consuming
and costly. Herein, we report a simple, sensitive platform for the fast detection of pesticides with a low cost. The detection
technique exploits a pesticide-specific DNA aptamer as the bioreceptor of an optical biosensor. Instead of trying to capture the
pesticide on the sensor surface, our method allows the DNA aptamers, which are adsorbed on the nanoparticle’s surface, to
detach from the nanoparticles when interacting with the pesticide. This leads to the pesticide-induced aggregation and the
change of the absorption spectrum of metallic nanoparticles upon high-salt concentrations, which can be monitored with
unaided eye or absorbance measurement. Using tebuconazole as a model analyte for detection of pesticide, the designed
aptasensor showed a high sensitivity and selectivity with a detection limit of ~10 nM and reaction time within ~20min. In the
case of tebuconazole detection in spiked rice samples, the average recoveries were in the range of 89.90–110.86% with the
relative standard deviations (RSD) of 3.11–4.32%. These results indicate that our sensing platform can be exploited for the rapid
detection of pesticides in real samples.

1. Introduction

Pesticides are crop protection products which play an impor-
tant role in modern agriculture because of their ability to pro-
tect seeds and crops against insects, fungi, weeds, and other
pests. Besides preventing crop loss and enhancing productiv-
ity, pesticides are also potentially toxic to humans [1, 2]. They
may cause environmental pollution and severe impairment
of human health including cancer disease, effects on repro-
duction, and immune and nervous systems. The increasing
globalization of agri-food production and consumption is
now becoming more elongated. Food moves from country
to country more frequently and in shorter time frames. As
a result, contaminated foods have often been consumed
before being approved by authorities. In order to minimize

the health hazards caused by pesticides, governments and
international organizations try to regulate the maximum res-
idues level in agri-products and foodstuffs [3, 4].

Tebuconazole is a fungicide of the triazole group which
treats pathogenic fungi on a plant by inhibiting ergosterol
biosynthesis, an important component of fungal cell mem-
branes, resulted in inhibition of growth and spore formation
[5]. It is used in a wide range of crops such as cereals, nuts,
grapes, and vegetables, and it is proved to be effective against
powdery mildew, loose smuts, rusts of legume, and nonle-
gume crops. In soil, tebuconazole has a half-life ranging from
49 to 610 days under aerobic conditions [6]. Regular use of
tebuconazole in agriculture leads to its accumulation in soils
and, subsequently, can cause risks for surface water, ground-
water, and soil ecosystems [7]. According to the United
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States Environmental Protection Agency (US EPA), tebuco-
nazole is listed as a possible carcinogen with a rating of C,
and it has the potential to affect the endocrine system of dif-
ferent species by interacting with the steroidogenesis path-
way [8].

Pesticide residues are a great concern for the public, and
the monitoring of these chemical residues in water and food-
stuffs is one of the most important steps in minimizing
potential hazards to consumers. The standard methods for
detection of pesticide residues are performed by various tech-
niques such as gas-liquid chromatography (GLC), gas chro-
matography–mass spectrometry (GC-MS), and high-
performance liquid chromatography (HPLC) after sample
extraction with organic solvents and column cleaning [9].
Other methods such as immunoassays, electrochemical
assays, and capillary gas chromatography are widely used
for fast detection. These methods are sensitive and reliable,
but each of them still has its shortcomings for food safety
control such as complexity, high cost, time consumption
including prerequisite sample pretreatment with the toxic
organic reagents, inability for on-site testing, solution insta-
bility, and short storage time for testing [10, 11]. For these
reasons, there is now a great need of cost-efficient, rapid,
and accurate detection methodologies.

In recent years, the progress in the field of nanomaterials
has been made it possible to develop new sensors to over-
come the disadvantages of the previous methods [11].
Among metallic nanoparticles, gold and silver nanoparticles
(AuNPs and AgNPs) are of great interest due to their intrin-
sically strong surface plasmon resonance (SPR) absorptions,
distance-dependent optical properties, high extinction coeffi-
cients, easy synthesis, and good biocompatibility [12]. The
unique properties of noble metallic nanoparticles make them
ideal probes for colorimetric assays to probe target analytes
with the naked eye or with low-cost portable apparatus [13,
14]. The colorimetric assays have been developed by exploit-
ing the color changes associated with the aggregation of
nanoparticles, and they have been proved to be very useful
in the determination of various analytes due to their out-
standing analytical performances such as simplicity, sensitiv-
ity, specificity, rapidity, and on-site analysis with minimal
reagent volumes. The sensing mechanism is based on the
peak shift of absorption spectra of metallic nanoparticles
due to the analyte-induced aggregation of the nanoparticles
via the various interactions [15, 16]. For sensing applications,
metallic nanoparticles are usually required to conjugate with
thiolated receptors. However, the immobilization is a time-
consuming process, and it is needed to optimize the amount
of receptors loaded on the nanoparticle surface before sens-
ing applications. In the case of AgNPs, the surface functiona-
lization process that is time-consuming usually leads to the
chemical degradation and oxidization of metal surface [12].
Recently, the electrostatic interaction between nonthiolated
DNA and noble metallic nanoparticles has been exploited
for biosensing [17, 18]. In this case, DNA can be loaded on
the nanoparticles in a short time at neutral pH. The advent
of aptamers, which are short, single-stranded DNA or RNA
(ssDNA or ssRNA) molecules, called “artificial antibodies”
has enabled the study of metallic nanoparticles for colorimet-

ric aptasensors [12, 19]. The aptamers loading on the nano-
particle surface make colorimetric assays more sensitive
because the aggregation of nanoparticles is prevented in a
high concentration of salt [20]. Currently, AuNPs are often
used as sensing elements to develop colorimetric biosensors
due to their chemical stability. As colorimetric assays, AgNPs
are favored over AuNPs because they are cheaper and easier
to synthesize and have higher extinction coefficients relative
to AuNPs of the same size. Moreover, AgNPs have a stronger
surface-enhanced Raman scattering (SERS) effect and surface
plasmon resonance (SPR) absorption [21, 22]. Up to now,
there are very few reports that described the use of AgNPs
as colorimetric probes for the detection of fungicide. There-
fore, the development of a simple colorimetric and spectro-
photometric method with silver nanoparticles for rapid and
on-site detection of tebuconazole has a great significance.

Herein, we report a simple, sensitive platform for the fast
detection of pesticides with a low cost. The detection method
exploits a pesticide-specific DNA aptamer as the recognition
element of optical nanosensors. Instead of trying to capture
pesticide on the sensor surface, our method allows the
ssDNA aptamers, which are adsorbed on the silver nanopar-
ticle’s surface, to detach from the silver nanoparticles when
interacting with pesticide. This leads to pesticide-induced
aggregation of the silver nanoparticle upon high-salt concen-
trations, which can be monitored with unaided eye or simple
absorbance measurement. Using tebuconazole as a model
analyte for the detection of pesticides, the aptasensor could
detect the tebuconazole with a detection limit as low as
10 nM and the reaction time within 20min. With regard to
demonstrating the sensitivity and specificity of the aptasen-
sor, this sensing platform shows a great potential application
for the fast and on-site detection of pesticides in real samples.

2. Materials and Methods

2.1. Chemicals and Materials. Silver nitrate (AgNO3, 99%),
Tebuconazole (99%), sodium citrate dihydrate
(Na3C6H5O7·2H2O), phosphate buffer saline pH7.4 (PBS
buffer), and sodium borohydride (NaBH4, 98%) were
obtained from Sigma-Aldrich, Inc. (USA). Acetone, ethanol,
methanol, sodium chloride, nitric acid, and hydrochloric acid
were purchased from Xilong Scientific Co. (China). The
ssDNA aptamer of tebuconazole (5′CGTACGGAATTCGC
TAGCAGCGTCCACGAGTGTGGTGTGGAT CCGAGC
TCCACGTG-3′) [19] was obtained from PHUSA Biochem
Co. (Vietnam). Other chemicals and essential reagents used
were of AR grade. All glassware was intensively cleaned with
freshly prepared aqua regia (3 : 1 HCl/HNO3) and rinsed
thoroughly with ultrapure water before use. Ultrapure water
was used to prepare all chemical solutions.

2.2. Synthesis and Characterization of Silver Nanoparticles.
Colloidal solution of citrate-capped silver nanoparticles
(AgNPs) was prepared by reducing an aqueous solution of
silver nitrate with a mixture of two reducing agents, triso-
dium citrate and sodium borohydride [23, 24]. In brief,
1mL of 100mM AgNO3 is added drop-wise to 99mL of a
vigorously stirred ice-cold solution containing 1mM NaBH4

2 Journal of Nanomaterials



and 0.30mM trisodium citrate. The resulting solution was
centrifuged for 15min at 14000 rpm in order to remove the
excess of NaBH4, and the precipitation was redispersed in
2mM trisodium citrate. Then, the colloidal solution was fil-
tered by a 0.22μm filter to eliminate aggregated nanoparti-
cles. The morphology of citrate-capped AgNPs was
characterized by UV-Vis spectrophotometer (Jasco V-730,
Japan) and transmission electron microscopy (TEM; JEM-
1400, USA).

2.3. pH Effect on the Stability of Silver Nanoparticles. pH is a
key factor that affects the stability of nanoparticles. Hence, in
order to assure that the nanoparticle aggregation is caused by
the presence of the target analyte, we investigated the effect of
pH on the stability of the silver colloidal solution. Briefly, the
colloidal solution was centrifuged for 15min at 14000 rpm,
and the precipitation was redispersed in the solution with
the pH in the range from 3 to 12. The stability of colloidal
nanoparticles was checked by the naked eye and UV-Vis
spectrophotometer.

2.4. Effect of Solvents on Silver Nanoparticles. Solvents were
used to stabilize silver nanoparticles and dissolve reactants
as well as analytes. To determine the stability of silver nano-
particles with respect to solvents, the silver nanoparticles
were redispersed in distilled water, PBS buffer (pH7.4), and
organic solvents such as trisodium citrate (2mM), methanol,
ethanol, and acetone. The stability of colloidal nanoparticles
was recorded by the naked eye and UV-Vis spectrophotom-
eter after 1-hour incubation.

2.5. Optimal Concentration of ssDNA Aptamer for Detection
of Tebuconazole. Our sensing is platform based on the prin-
ciple that silver nanoparticles and pesticides bind competi-
tively to ssDNA aptamer. The ssDNA aptamer was
absorbed on the nanoparticle’s surface, and it stabilizes the
nanoparticles against aggregation when adding salt with high
concentration [19]. Its concentration directly influences on
the sensitivity of the colorimetric assay. Therefore, it is
needed to determine an optimal amount of DNA aptamer
for the bioassay. In this study, ssDNA aptamer-wrapped sil-
ver nanoparticles were prepared based on the previous stud-
ies with modification [25, 26]. Firstly, ssDNA aptamer was
fully dehybridized and stretched by heating to 95°C for
2min. Then, ssDNA aptamer was diluted into various con-
centrations (0, 5, 10, 20, 30, 40, 50, 60, and 70pmol/μL).
Next, 7μL of different concentrations of ssDNA aptamer
was thoroughly mixed with 350μL AgNPs and incubated
for 30min at room temperature following the addition of
350μL PBS pH7.4. Subsequently, 35μL of 1.7M NaCl was
slowly added andmixed with the above solution and incubat-
ing for 10min. The stability of ssDNA aptamer-wrapped
AgNPs was observed by the unaided eye and UV-Vis spec-
trophotometer. The minimum concentration of ssDNA apta-
mer that can stabilize the colloidal solution of silver
nanoparticles was selected for biosensing.

2.6. Assay for Detection of Tebuconazole. 350μL of DNA
aptamer wrapped AgNPs was mixed with 350μL of various
concentrations of tebuconazole (0, 25, 50, 100, 150, 250,

500, and 750nM) and incubated for 10min at room temper-
ature. After adding 35μL of 1.7M NaCl into the incubated
mixture, the color change and spectra response of DNA apta-
mer wrapped AgNPs with tebuconazole were observed by the
naked eye and/or an UV-Vis spectrophotometer. To ensure
the specificity of the DNA aptamer, a series of other pesti-
cides were examined under the same procedure. These pesti-
cides were as follows: difenoconazole, hexaconazole,
thiophanate-methyl, mancozeb, azoxystrobin, and
carbendazim.

2.7. Application to Spiked Rice Samples. To assess the feasibil-
ity of sensing platform in real samples, the sensing platform
was applied to detect tebuconazole in the spiked rice samples.
The spiked rice samples were prepared based on the previous
report with minor modification [27]. In brief, 2 g of rice flour
was spiked with various concentrations of tebuconazole (50,
100, and 250 nM), respectively, and incubated at room tem-
perature for 30min for better absorbance of the pesticide in
the matrix. Next, the spiked samples were mixed with 4mL
of acetonitrile and 1mL distilled water, followed by ultra-
sonic extraction for 30min and centrifugation at 5000 rpm
for 15min. Then, the supernatant was collected and evapo-
rated at 40°C. The residue was diluted with water for further
analysis. Then, the tebuconazole was detected using the apta-
sensor above.

3. Results and Discussion

The sensing mechanism of the proposed platform is based on
the adsorption of the single-stranded DNA (ssDNA) on the
metallic nanoparticles in a colloidal solution [28]. ssDNA is
capable to uncoil its bases to make them exposed to the nano-
particle’s surface. The electrostatic interaction between the
positively charged bases of ssDNA and the negative charge
of nanoparticles helps attach the ssDNA on the nanoparticle
surface. Therefore, ssDNA can stabilize the nanoparticle
against aggregation via electrostatic repulsion when adding
salt with high concentration [25]. In this study, we used
DNA aptamer as a specific recognition element and bare
AgNPs as a signal transducer element. As illustrated in
Figure 1, our detection method is based on the principle that

AgNPs

Target

Salt 

Aptamer

Figure 1: Experimental scheme depicting the experimental
processes.
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target pesticide and AgNPs bind competitively to DNA apta-
mer. The DNA aptamer was absorbed on the nanoparticle’s
surface, and it stabilizes the nanoparticles against aggregation
via the electrostatic repulsion when adding salt with high
concentration [29]. The electrostatic repulsion helps prevent
the strong van der Waals attraction and enhances the sta-
bility of metallic nanoparticles. The conformation of DNA
aptamer changes from a randomly coiled structure to a
folded 3D structure when adding target pesticide that
made DNA aptamers detach from the nanoparticle sur-

face. This transition resulted in the subsequent aggregation
of the nanoparticles when adding a high concentration of
salt. This leads to the changes of the UV-Vis absorption
spectrum and the characteristic color change of colloidal
silver.

The first step in this study involved the synthesis of the
colloidal silver nanoparticles using the classical chemical syn-
thesis method. The silver nitrate was reduced by sodium
borohydride and trisodium citrate to form AgNPs, and the
remaining citrate helps stabilize AgNPs. The reaction occurs
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Figure 2: (a) UV-Vis absorption spectrum of Ag nanoparticles. (b) Size and morphology of Ag nanoparticles with a diameter of ~12 nm
(TEM).
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Figure 3: (a) The color of colloidal solution of silver nanoparticles in solvents with different pH values. (b) UV-Vis spectra of silver
nanoparticles in solutions with different pH values.
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at room temperature with very fast rate [23, 30]. This method
yielded pale yellow colored aqueous dispersion of silver
nanoparticles with a diameter of ~12 nm, as revealed by
UV-Vis spectrophotometer and transmission electron
microscopy (TEM). The silver nanoparticles were nearly
spherical in shape and had a size dispersion of only a few
nanometers, and the wavelength of surface plasmon reso-
nance (SPR) occurred at 393nm (Figure 2). The concentra-
tion of citrate-capped silver nanoparticles was ~2.0 nM
calculated based on Beer-Lambert law and the average diam-
eter of silver nanoparticles [24].

It is well-known that the applications of the silver nano-
particles in assays depend on their stability, especially for
those based on the aggregation of noble metal nanoparticles
[31]. Silver nanoparticles prepared in this research are rela-
tively stable and well dispersed in solution because of the
negative charge of the citrate layer on the nanoparticle sur-
face. The electrostatic repulsions among neighboring nano-
particles due to negative surface charge keep them remain
dispersed in solution. pH is one of the critical factors that
affect the stabilization of the nanoparticles. Hence, we inves-
tigated the effect of pH in the range from 3 to 12. Figure 3

shows the visual observation and UV-Vis spectra of colloidal
solution of silver nanoparticles with different pH values. At
pH<7, the silver nanoparticles were unstable, and the color
of nanosilver solutions was changed from yellow to yellowish
indicating aggregation of the nanoparticles. These observa-
tions were supported by the UV-Vis spectra of colloidal silver
nanoparticles. The UV-Vis spectrum showed a significant
decrease in the absorbance at 393nm, and the absorbance
further decreased when decreasing pH of the colloidal solu-
tion. This is because citrate is fully protonated at acidic pH
values, and hence, the number of negative charge on the sil-
ver nanoparticle surface is reduced. The decrease in negative
surface charges results in the aggregation of the nanoparti-
cles. For the silver colloidal solution with the pH in the alka-
line region, the decrease in the peak absorbance was much
less than that of the acidic pH region. This indicated that
the solution was more stabilized in the alkaline pH region.
The reason is that the citrate is fully deprotonated, and there
are more negative charges that result in repulsion among sil-
ver nanoparticles, and hence, little or no aggregation was
observed. At a pH range of 7-9, there was almost no change
in the peak absorbance that indicated no aggregation of the
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Figure 4: (a) The visual color changes of colloidal silver in various solvents. (b) UV-Vis spectra of silver nanoparticles in various solvents.
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silver nanoparticles. Therefore, this pH range was chosen for
further studies.

Solvent is one of the most important factors that affect
the stability of the colloidal solution. The changing of the
dielectric environment of silver nanoparticles is very impor-
tant as it relates to the ability to process metal nanoparticles
in various solutions for applications [32]. Furthermore, sol-
vents can have an effect on the solubility and stability of pes-
ticides. To determine the effect of solvents on colloidal silver,
the silver nanoparticles were centrifuged and redispersed in
various solvents. The stability of silver nanoparticle was eval-
uated by the color change of the colloidal solution and UV-
Vis spectrum after one-hour incubation. As demonstrated
in Figure 4, three solvents (PBS pH7.4, ethanol, and acetone)
significantly turned the solution color and the UV-Vis spec-
trum of silver colloids that indicate the aggregation of silver
nanoparticles. In the case of water, trisodium citrate, and
methanol, the silver nanoparticles are nicely redispersed,
and all 3 solvents had little to no effect on the solution color
and the UV-Vis spectrum of silver nanoparticles. That is
because these solvents provide solvation and driving forces

that prevent the aggregation of silver nanoparticles. In this
research, ultrapure water and sodium citrate solution with a
concentration of 2mM were used as solvents to dilute the
stock solutions of pesticides and disperse silver nanoparticles.

As mentioned above, DNA aptamer was used as a recog-
nition factor and the AgNPs was used as a signal transducer
element. Hence, the aptamer amount and the ratio of DNA
aptamer and AgNPs in the assays directly affect the sensitiv-
ity of the sensor. It should be noted that the electrostatic
interaction between AgNPs and the bases of DNA is a key
factor to cause aptamer to stick on the nanoparticle’s surface.
For this reason, the DNA amount used for these assays
directly relates to the length of DNA aptamer and its
sequence. To identify an optimal ratio of DNA aptamer to
AgNPs at which the aptamer–AgNPs remains stable in the
absence of target pesticide after addition of high-level salt,
different amounts of DNA aptamer were examined. As
shown in Figure 5, DNA could protect the AgNPs from the
aggregation in solutions with high salinity. In the presence
of 280 pmol of DNA, the silver colloid could keep stable in
a solution containing a high concentration of salt. With the
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Figure 5: (a) The color change of colloidal solution of silver nanoparticles stabilized by different amounts of DNA aptamer. (b) UV-Vis
spectra of colloidal silver nanoparticles stabilized by different amounts of DNA aptamer after salt addition.
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lower amount of DNA aptamer, the absorbance of AgNPs at
393nm gradually decreased, and the color of silver solutions
was changed from yellow to yellowish indicating aggregation
of the nanoparticles. With the higher amount of DNA apta-
mer, the colloidal solutions of nanoparticles maintain its
original yellow color, and the absorbance of AgNPs at
393nm indicated no aggregation of the nanoparticles. The
successful fabrication of the aptamer-wrapped AgNPs was
confirmed by the measurement of the zeta potential of
nanoparticles. The zeta potential of citrate-capped AgNPs
was −42:35 ± 3:10mV (n = 3) due to the presence of
citrate on the nanoparticle surface. After modification,
the zeta potential of the aptamer-wrapped AgNPs was −
38:22 ± 1:70mV (n = 3). This indicates that the AgNPs
were stabilized by ssDNA aptamer. Hence, the optimal
ratio of DNA aptamer and AgNPs used for detection of
tebuconazole was 280 pM/350μL AgNPs with a concentra-
tion of ~2.0 nM.

After optimizing the reaction conditions, the sensitivity
of the proposed DNA aptasensor was investigated. For pesti-

cide analysis, different concentrations of tebuconazole rang-
ing from 0 to 750nM were incubated with DNA aptamer
wrapped AgNPs, and the color change and spectra response
were recorded. As illustrated in Figure 6, in the presence of
tebuconazole, DNA aptamers bind to tebuconazole and form
a structured complex, resulting in the aggregation of AgNPs
after salt addition that leads to the characteristic color change
from yellow to pink (Figure 6(a)). With the increase of tebu-
conazole concentration, the UV-Vis spectra of AgNPs
showed that the characteristic absorbance at 393nm
decreased, while the absorbance band ~450 nm increased
progressively which indicated the aggregation of AgNPs
(Figure 6(b)). In this study, the absorbance ratio
(A450/A393) was used to evaluate the tebuconazole-
induced aggregation level of DNA aptamer-wrapped AgNPs
and the sensitivity of aptasensor. Figure 7(a) demonstrates
the relationship between the absorbance ratio (A450/A393)
and tebuconazole concentrations, and the ratio was found
to be linear in the concentration range of 25 nM to 250 nM.
The linear regression equation for detection of tebuconazole
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Figure 6: (a) Colorimetric response of DNA aptamer modified AgNPs as a function of tebuconazole concentration. (b) UV-Vis spectral
response of aptasensor in the presence of various amounts of tebuconazole.

7Journal of Nanomaterials



was y = 0:0025x + 0:3851 (R2 = 0:9954), where y and x are
the ratio of A450/A393 and tebuconazole concentration
(nM), respectively (Figure 7(b)). The detection limit was cal-
culated based on the formula 3α/s, where α is the standard
deviation of the plank sample and s is the slope of the linear
scale of the calibration curve. Therefore, the detection limit of
this aptasensor is ~10 nM, which is about two orders of mag-
nitude lower than the maximum residue limit (MRL) of tebu-
conazole in agri-products (Nos. EU 750/2010 and
50/2016/TT-BYT) [33, 34]. Moreover, in comparison with
other assays for detection of tebuconazole that require expen-
sive reagents, costly instrumentation, sample pretreatment
with the toxic organic reagents such as immunoassay [35,
36], liquid chromatography (LC) with UV detection (LC–
UV) [37], and capillary gas chromatography with nitrogen
phosphorus detection (GC–NPD) [38], this sensing platform
shows its advantages in terms of simplicity, experimental
cost, time for analysis, and ability for on-site testing.

To ensure the observed absorbance ratio of A450/A393
from the specific interaction of tebuconazole and aptamer–
AgNPs, the specificity of the aptasensor was investigated on
a series of interfering pesticides such as difenoconazole, hex-
aconazole, thiophanate-methyl, mancozeb, azoxystrobin,
and carbendazim at concentrations which were larger than
the concentration of the saturation response of aptasensor.

As shown in Figure 7(c), the absorbance ratio of
A450/A393 in the presence of tebuconazole was much larger
than those of other pesticides. This result indicated that this
sensing platform could be used for the detection of pesticides
with high specificity.

To evaluate the efficacy of the proposed aptasensor for
the analysis of complex samples, spiked rice samples were
tested. As demonstrated in Table 1, the average recoveries
were in the range of 89.90–110.86%; the relative standard
deviations (RSD) were 3.11–4.32%. The recovery results
are in good agreement with those obtained from gas-
liquid chromatography (GLC) and liquid chromatogra-
phy–mass spectrometry. These results confirmed the reli-
ability and practicability of the proposed sensing
platform for the simple and fast detection of tebuconazole
in real samples as well.
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Figure 7: (a) The response of absorbance ratio (A450/A393) for the various concentrations of tebuconazole ranging from 0 to 750 nM. (b)
The linear scale of the calibration curve describing the relation between absorbance ratio (A450/A393) and concentrations of
tebuconazole. (c) Specificity of aptasensor in the presence of different pesticides.

Table 1: Detection of tebuconazole in spiked rice samples.

Spiked concentration
(nM)

Found concentration
(nM)

Recovery
(%)

RSD
(%)

50 55.43 110.86 3.65

100 89.90 89.9 3.11

250 248.40 99.36 4.32
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4. Conclusions

In summary, we developed a simple aptasensor for the fast
detection of tebuconazole fungicide at a low cost based on
the aggregation of AgNPs. This approach is suitable for on-
site detection because the aggregation of the nanoparticle is
very fast and easy to visualize through the color and state of
the resultant solution. Using tebuconazole as a model for
the detection of pesticides, the plasmonic aptasensor could
detect as low as 10 nM with a reaction time of ~20min and
the plotted calibration curve in the concentration range of
25 to 250nM. Moreover, the tebuconazole was successfully
detected in spiked rice samples with the average recoveries
ranging from 89.90 to 110.86% and the relative standard
deviations (RSD) of 3.11–4.32%. The above results show that
the proposed aptasensor can detect tebuconazole with high
sensitivity and selectivity. In addition, the tebuconazole
induced color change of aptamer-modified AgNPs from yel-
low to pink enables visual detection of tebuconazole in real
applications.
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