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Abstract
A colorimetric assay is described for acrylamide (AA). It is based on color changes induced by an increase in the distance
between gold nanoparticles (AuNPs) that is caused by AA copolymerization. First, AuNPs were modified with a thiolated
propylene amide poly(ethylene glycol) that also contains the AA functionality. The carbon-carbon double bonds on the modified
AuNPs can be polymerized under the catalysis of a photoinitiator and under UV irradiation. This results in the aggregation of the
AuNPs and in a color change from red to gray. In the presence of AA, the distance between the AuNPs increases due to
copolymerization with AA, and the solution of AuNPs preserves its original red color. Under optimized conditions, the absorp-
tion ratio (A525/A740) of the solution increases linearly in the 1 nM to 10 μM free AA concentration range, with a 0.2 nM limit of
detection. Hence, the methodmeets the need for rapid monitoring of trace AA in food. The method has a relative error (RSD) that
is lower compared to the accepted HPLC method.

Keywords Colorimetry . Polymerization . Carbon-carbon double bonds . Thermally processed food . Food safety . Vinyl
compounds . Photo-initiator

Introduction

Acrylamide (AA) has raised considerable attention after it was
detected in many thermally processed food by the Swedish
National Food Administration and Stockholm University in
2002 [1, 2]. After AAwas classified as probably carcinogenic

to humans by the International Agency for Research on Cancer
(IARC) in early 1994 [3], subsequent studies have found
amounts of AA in thermally processed foods [4], such as crisps,
biscuits, and coffee, which greatly exceed the limited value
(0.5 μg L−1) of AA in drinking water proposed by WHO [5].

For these years, researchers have investigated the inhibition
of AA formation during food hot processing [6–9]. However,
there are fewer reports on methods of AA detection. Even
though, accurate quantitative analysis of AA in food is the
prerequisite to study the formation mechanism and inhibition
of AA. Because of its low molecular weight (71.08), high
polarity and lack of obvious chromophoric group, the trace
analysis of AA is particularly difficult [10, 11].Therefore, it
is important to develop a reliable, sensitive and selectivemeth-
od for on-site and real-time detection of AA in thermally
processed food.

Current traditional detection methods for AA, such as GC
(gas chromatography)、LC (liquid chromatography)、GC-
MS (gas chromatography-mass spectrometry) and LC-MS
(liquid chromatography-mass spectrometry) [12–15], all re-
quire sophisticated instrumentation and professional opera-
tion, making on-site and real-time AA analysis difficult.
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Several new methods have been developed, such as capillary
electrophoresis (CE) [16], enzyme-linked immunosorbent as-
say (ELIAS) [17], electrochemical analysis [18] and AA-
derivatization fluorescence approach [19]. But, they still re-
quire cumbersome pretreatment procedures, which preclude
on-site applications. In 2014, a potential nano-biosensing
method [20] for AA detection has emerged. Hu et al. [20]
reported a novel fluorescent sensing method for AA detection
based on AA polymerization-induced distance increase be-
tween quantum dots, with a limit of detection of
3.5 × 10−5 g·L−1. However, the sensitivity is not comparable
to that of traditional LC-MS/MS analysis, and is not unsuit-
able for the determination of low concentration of AA in food.
Thus, a highly-sensitive, rapid and cost-effective strategy for
the detection of AA is still challenging.

Colorimetric methods, in particular those based on the ag-
gregation and re-dispersion of gold nanoparticles (AuNPs)
[21], are extremely attractive because of these bare-eye visible
signal readout, rapid response, cost-effective methods, and
their freedom from instrumentation requirements. They have
been used in a variety of forms for the detection of DNA [22],
proteins [23], ions [24, 25], small molecules [26–28], cancer
cells [29] and virus [30]. The key point designing a new col-
orimetric method is how to trigger a distance change between
AuNPs. Initiation is commonly based on bio-recognition such
as immune-recognition, DNA hybridization and aptamer re-
sponse, or on physical interactions such as electrostatic and
steric effects. But, lack of those properties for AA makes it
difficult to design a colorimetric method for detecting AA.

In this study, a novel colorimetric method for the detection
of AAwas developed based on AA-mediated polymerization
to induce a distance increase between AuNPs. We firstly uti-
lized thiolated propylene amide poly (ethylene glycol) (AA-
PEG-SH) to modify AuNPs as a probe. The carbon–carbon
double bonds of the AA component of AA-PEG-SH can be
polymerized with the help of UV photo initiator, resulting in a
decrease in the distance between AuNPs and a color change
from red to gray. In the presence of AA, the distance between
AuNPs becomes greater due to copolymerization of free AA,
with the color returning to original state. The new colorimetric
strategy was employed to detect AA in a variety of food sam-
ples with excellent linear range, low cost, and good sensitivity.

Material and methods

Reagents and apparatus

Chloroauric acid (HAuCl4·3H2O), trisodium citrate, potassi-
um bromide, ethanol, hydrochloric acid, nitric acid, acetic
acid, maleic acid, caffeic acid, fumaric acid, acrylic acid,
propionic acid, butyric acid, cinnamic acid and potassium sor-
bate, were purchased from Sinopharm Chemical Reagent Co.,

Ltd.(Shanghai, China, www.sinopharm.com). Diphenyl
(2,4,6-trimethylbenzoyl) phosphine oxide (TPO), L-
asparagine and AA were purchased from Sigma-Aldrich
(www.sigmaaldrich.com). AA-PEG-SH was purchased from
Shanghai Ponsure Biotech, Ltd. (Shanghai, China, www.
ponsure.cn). Ultrapure water (18.2 MΩ·cm) was prepared
using a milliQ purification-system (Millipore USA, www.
merckmillipore.com).

The polymerization reaction was induced by a UV
Transmission Analyzer (WFH-204B, Shanghai Chi Tang elec-
tronics Co., Ltd., www.cit17.com). UV–vis spectra of AuNPs
were obtained by an UV-2450 Spectrophotometer(Shimadzu
Co., Ltd., Japan, www.shimadzu.com.cn).The AuNPs
modified with AA-PEG-SH were characterized by Fourier
Transform Infrared Spectrometry (IR Affinity-1, Shimadzu
Enterprise Management Co., Ltd., China, www.shimadzu.
com.cn). Transmission electron microscopic (TEM) images
were recorded with a JEM-2100 (JEOL, Tokyo, Japan, www.
jeol.co.jp). Particle size and zeta potential were measured by a
Zetasizer Nano-ZS90 (Malvern Instruments Ltd., www.
malvernpanalytical.com). The content of AA in food was
analyzed by a Waters e2695 HPLC (Milford, Massachusetts,
USA, www.waters.com).

Synthesis of AuNPs

We first prepared the seed AuNPs with a mean diameter of
16.8 nm by a method published previously [31, 32]. In brief,
0.6 mL trisodium citrate (0.2 mM) solution was added to
100 mL of boiling HAuCl4 (2.428 mM) solution, and consis-
tently stirred for an additional 20 min until the color of the
mixture turned from light yellow to wine red. To increase the
surface plasmaon resonance absorption peak of AuNPs, larger
size of AuNPs was further synthesized. The solution, contain-
ing 5 mL of seed AuNPs, 0.3 mL of HAuCl4 (24.28 mM)
solution and 35 mL of ultrapure water, was reduced by
0.15 mL of trisodium citrate (13 mM) at 120 °C for 20 min.
Until the color changed to wine red, indicating the formation
of larger size AuNPs. The diameter of resultant AuNPs was
determined by TEM, and found to be 27.93 ± 1.93 nm. The
concentration of the AuNPs (0.372 nM) was calculated by the
absorbance measurements based on an extinction coefficient
of 1.58 × 109 M−1 cm−1at wavelength of 450 nm [33]. Finally,
the AuNP solutionwas stored at 4 °C in the dark, and used it in
the subsequent experiments.

Preparation of AA-PEG-SH modified AuNPs

Thirty microliters AA-PEG-SH solution (0.5 mM) was slowly
added to 5 mL AuNP solution. Then this mixture was stirred
at 45°Covernight (12 h). The AA-PEG-SH formed a strong
link with AuNPs by strong covalent bonding between AuNPs
and the group –SH. Unreacted AA-PEG-SH was removed by
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centrifuging at 4000 rpm for 10 min and washing 3 times with
doubly-distilled water and centrifugation. After removing the
supernatant, the AA-PEG-AuNP was quickly diluted by
doubly-distilled water under the assist of ultrasound and kept
the volume of solution at 5 mL. Therefore, the concentration
of resultant AA-PEG-AuNP solution was still 0.372 nM.
Before using it, this solution was filtered through a micropo-
rous membrane of 0.45 μm and stored at 4 °C.

Detection of AA in aqueous solutions

During colorimetric detection, 0.4 mL of different concentra-
tions of AA (1 × 10−5, 1 × 10−6, 1 × 10−7, 1 × 10−8, 5 × 10−9,
1 × 10−9 M) standard solutions were added to 3.6 mL of AA-
PEG-AuNPs solution, followed by addition 4 mM TPO, to
make the TPO concentration of the mixture solution
1 mmol L−1. After 16 min UV illumination, the absorbance
was recorded by a UV-vis spectrophotometer in the range of
300–900 nm, and the corresponding images were oabtained
by a mobile camera. All the measurements were repeated 3
times for each sample.

To determine the specificity of the method, 3.6 mL of AA-
PEG-AuNP solution containing 1 mmol L−1 TPO was spiked
with 0.25 mΜ of 10 different compounds similar to AA in
chemical structure, including acetic acid, maleic acid, caffeic
acid, fumaric acid, acrylic acid, propionic acid, butyric acid,
L-asparagine, cinnamic acid and potassium sorbate. The ab-
sorption intensity and the color images of these solutions were
separately monitored under the same conditions as the AA
detection.

Detection of AA in real sample

In order to investigate the potential applicability of the color-
imetric method to real samples, detection of AA was carried
out in potato chips, cookies and non-fried cookies. For real
sample pretreatment, potato chips, cookies and non-fried
cookies which were purchased from a local supermarket, were
crushed into powder with a mortar. A portion of 2.5 ± 0.10 g
was weighed into a 50 mL centrifugal tube, and was dissolved
in 25 mL ultrapure water. The mixture was sonicated for
20 min to extract the AA. In order to remove the protein,
1 mL of 106 g L−1 potassium ferricyanide solution and
1 mL of 219 g L−1 zinc acetate solution were added. After
10 min, the mixture was filtered with a qualitative filter. In this
process, the mixture was eluted three times by using ultrapure
water and then collected 30 mL solution. Finally, the filtrate
solution was filtered through 0.45 μm membranes before its
detection.

To evaluate the accuracy of the colorimetric strategy,
HPLC analysis was performed using a standard method on a
Waters e2695 HPLC system equipped with an e2998 diode
array detector. Chromatographic separation was performed on

a symmetry-C18 column (4.6 mm× 250 mm, 5.0 μm). Ten
microliters of sample solution was injected into the HPLC
system, and then eluted using 10%methanol in water at a flow
rate of 0.8 mL/min at 30 °C The concentration of AA was
detected by monitoring the 197 nm absorption peak. All mo-
bile phases were degassed prior to injection by using an
ultrasonicator (KQ3200E, Kunshan Ultrasonic Instrument
Co., Ltd) and were filtered through 0.45 μm membranes. A
series of concentrations of AA (1, 5, 10, 15, 20 μmol L−1) was
measured to obtain a standard curve. The concentrations of
AA formation in the reaction solution were calculated using
the standard curve.

Results and discussion

Principle of the colorimetric strategy

The detection principle of this colorimetric strategy is based
on the polymerization of AA, causing the AuNPs to aggre-
gate. As shown in Fig. 1, the functional molecule AA-PEG-
SH, composed of an AA molecule, a PEG extenders and a
sulfhydryl group, are modified on the surface of AuNPs
through an Au-S covalent bond. The dispersed AA-PEG-
AuNP solution shows a typical absorption peak at 525 nm
and a wine red color. When the AA-PEG-AuNP solution is
triggered by photo-initiator TPO under UV irradiation, the
carbon-carbon double bonds in AA undergo addiction poly-
merization and induce AuNP aggregation along with a color
change. In the presence of AA, the free AA can copolymerize
with the probe, leading to a greater distance between the
AuNPs, and the color of the AuNP solution remains the same
as that of the dispersed AA-PEG-AuNP solution.

Photoinitiation of AA copolymerization

Because poly-acrylamide can be characterized by a broad ab-
sorption from 450 to 700 nm, we utilized UV-vis spectra of
poly-acrylamide to estimate the degree of polymerization. The
results (Figure S1, A, B) show that the polymerization of AA
is easily triggered by photo-initiator TPO. The amount of TPO
is a key of factor in the polymerization. To optimize the con-
centration of TPO for the subsequent experiments, different
concentrations of TPO were added to 100 mmol L−1 AA so-
lutions. According to the results (Figure S1, C, D),
1 mmol L−1 TPO was chosen for subsequent experiment,
which is also similar with the Hu group’s result [20].

Feasibility of the detection principle

Successful modification of AA-PEG-SH on the surface of
AuNPs is a critical step to exploit the colorimetric strategy.
To verify the modification of AuNPs with AA-PEG-SH, pure
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AuNPs, AA-PEG-SH and functional AuNPs (AA-PEG-
AuNP) were characterized by FT-IR spectroscopy (Fig. 2b).
Comparing AA-PEG-AuNP with AuNPs, the transmission of
–CH=CH– (669 cm−1), –CH2– (2840–2930 cm−1), –C=O–
(1753 cm−1) increases after reaction, demonstrating that AA-
PEG-SH has been modified on the surface of AuNPs. Zeta-
potential measurements also verified the modification. In Fig.
2c, the Zeta-potential of pure AuNPs is −28.18 mV, which is
similar to the value in the previous report [34]. But, the AA-
PEG-AuNP present positive charge in Zeta-potential measure-
ments, which attributed to the modification with the AA-PEG-
SH.

To further confirm the detection principle, the dispersion of
AuNPs in different conditions was evaluated by UV-vis spec-
troscopy, IR spectroscopy, Zeta potential and TEM. As shown
in Fig. 2a, a characteristic surface plasmon resonance (SPR)
band of the pure AuNPs was observed in the spectrum at
approximately 525 nm, but the modified AuNP (AA-PEG-
AuNP) solution shows a small change in absorbance and color
in comparison with pure AuNP solutions. After the addition of
TPO and irradiation with UV, the color of AuNP solutions
changes from red to gray (Fig. 2a inset images), and a strong
absorption peak at 740 nm appears, indicating serious aggre-
gation of AuNPs. The aggregation of AuNPs was further ev-
idenced by TEM images that revealed well dispersed AuNPs
in the absence of TPO (Fig. 2d, e) and significant aggregation
in the presence of TPO (Fig. 2f). The transmission of –

CH=CH– (669 cm−1) in the FT-IR spectrum vanishes (Fig.
2b, dark green line) and the Zeta-potential of AA-PEG-
AuNP returns to a negative value (Fig. 2c), both effects indi-
cating that polymerization between –CH=CH– groups on the
surface of AuNPs occurred.

Optimization of parameters

In addition to TPO concentration, the concentration of AA-
PEG-SH and the reaction time also play important roles in the
polymerization reaction. For the optimization of AA-PEG-SH
concentration, we added different concentration (0, 2.4, 3.0,
3.6, 4.2, 4.8, 5.4 and 6.0 μM) of AA-PEG-SH to modify the
AuNPs. After reaction in the dark for 12 h, the mixture was
observed by UV-Vis spectrophotometry. Figure S2 shows the
interaction between AuNPs and different concentration of
AA-PEG-SH. Interestingly, the main absorption peak at
525 nm decreased gradually, and new absorption peaks ap-
peared and shifted from 650 to 740 nm with increasing AA-
PEG-SH concentration from 0 to 6 μM. The corresponding
color of the AuNP solution changed from red to purple and
then gray. These results indicate that adding more AA-PEG-
SH can induce AuNPs self-aggregation, even without photo-
initiator TPO. Considering the stability for the functional
AuNP solution and the sensitivity of the colorimetric strategy,
3 μM was chosen as the optimized AA-PEG-SH concentra-
tion, because the color of AuNP solution (as shown in

TPO
UV 16min

Au NPs (red) AA-PEG-AuNP (red)

(gray)

(gray)(red) (dark red)

Fig. 1 Schematic illustration of the colorimetric strategy for AA detection
using the AA-PEG-AuNP. AA-PEG-SH, as functional molecule, was
modified on the surface of bare AuNPs. The functionalized AuNPs (AA-
PEG-AuNP) were used to detect AA based on the color changes of

AuNP solution with AA and without AA due to copolymerization of
AA inducing the distance increase between AuNPs under the catalysis of
the photo-initiator TPO and UV irradiation
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Figure S2 inset images) changed only slightly with addition of
3 μM AA-PEG-SH compared to the pure AuNP solution.

The reaction time is other important parameters in the po-
lymerization, which is a continuous reaction. Because poly-
merization induces the AuNPs aggregation, observing the col-
or change or measuring the absorbance change can be used to
monitor process of the polymerization reaction. Figure S3A
shows the change of A525/A740 ratio of AA-PEG-AuNP solu-
tion triggered by TPO with increasing reaction time. There is
rapid decrease in the ratio at beginning of reaction, but a

plateau is reached after 16 min. To further confirm whether
the addition of AA will influence the rate of polymerization,
we also examined the change of the A525/A740 ratio with the
addition of 10 mM free AA group (as shown in Figure S3B).
The tendency is similar to that without AA, but the magnitude
of the change is much greater. Considering the time efficiency,
16 min was chosen as the optimal final reaction time in the
subsequent experiments. In addition, the stability of AA-PEG-
AuNP probe without triggered by TPO was examined.
Figure S4 shows the spectra (Figure S4A) and A525/A740
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Fig. 2 a Confirmation of the detection principle by UV-vis absorption
spectra, inset: photograph of AuNPs with different treatments; b FT-IR
spectra of bare AuNPs, AA-PEG-SH, AA-PEG-AuNP and AA-PEG-
AuNP after addition of the photo-initiator TPO and UV irradiation. c The

zeta-potential of bare AuNPs, AA-PEG-AuNP and AA-PEG-AuNP
after TPO catalysis. (d-f) Typical TEM images of bare AuNPs (d), AA-
PEG-AuNP without (e) and with (f) TPO catalysis
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values (Figure S4B) of AA-PEG-AuNP probe solution slight-
ly change with different incubation time (24 h, 48 h, 72 h,
96 h, 120 h, 144 h, 168 h), indicating that incubation time
didn’t obviously affect the stability of AA-PEG-AuNP probe
and the influence may be ignorable.

Sensitivity of the colorimetric strategy

Under the above-mentioned optimized detection conditions,
the sensitivity of the method to AAwas investigated by inter-
action of the AA-PEG-AuNP solution with different concen-
trations of AA standard solutions in the presence of photo-
initiator (TPO) and UV-irradiation. Upon increasing AA con-
centration, the absorbance at 525 nm gradually decreased,
while an increase in the absorption at 740 nm can be observed
(Fig. 3a). This indicates that the AA-PEG-AuNP induces ag-
gregation at low AA concentration, and the corresponding
color of AA-PEG-AuNP gradually turned from red to purple
(Fig. 3a inset). The A525/A740 value of AA-PEG-AuNP in-
creased gradually with increasing AA concentration. A good
linear relationship between A525/A740 and AA concentration
was fitted by the regression equation A525/A740 = 0.89953
lg[AA] + 9.29682 with R2 = 0.99548 (Fig. 3c). The limit of
detection (LOD) was estimated to be 0.2 ± 0.028 nM based
on the 3σ/S calculation (σ is the standard deviation for a blank
solution and S is the slope of the calibration curve), which is
lower than other reported value, as shown in Table S1.
Figure 3b shows that the A525/A740 value of the bare AuNP
solution changes very slightly with different concentration of
AA. This indicated that the bare AuNPs without modification
with active AA-PEG-SH molecules cannot be used in the
determination of AA.

Specificity of the AA sensing strategy

To investigate whether the colorimetric strategy is specific for
AA detection, the selectivity was explored using various com-
pounds, including acetic acid, maleic acid, caffeic acid,
fumaric acid, acrylic acid, propionic acid, butyric acid, L-as-
paragine, cinnamic acid and potassium sorbate. As shown in
the inset images of Fig. 4, significant color changes were
observed only in the presence of AA. The color of the AA-
PEG-AuNP in the presence of the other 10 compounds was
gray or purple, approaching the color of the blank sample. The
A525/A740 ratio of the AA-PEG-AuNP system upon addition
of AA was much higher than the ratio for the other 10 com-
pounds (Fig. 4), which further indicates that this colorimetric
strategy shows good selectivity for the detection of AA. The
reason why the method has good selectivity against other 10
compounds is based on the principle of vinyl compounds po-
lymerization [35]. Because the compounds, 1, 2 double sub-
stituents vinyl monomer (CHX = CHY, X and Y represent
substituents) and three or four substituents (CX1Y=CHX2,

CX1Y1 = CX2Y2), cannot be polymerized owing to high steric
hindrance. While fumaric acid, caffeic acid, maleic acid
cinnamic acid and potassium sorbate are 1, 2 double substitu-
ents vinyl compounds, and all of them are also common food
additives. For Acrylic acid, the A525/A740 value exceed that of
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Fig. 3 UV-vis spectra of AA-PEG-AuNP (a) and bare AuNPs (b) with
different concentrations of AA (1 × 10−5, 1 × 10−6, 1 × 10−7, 1 × 10−8, 5 ×
10−9, 1 × 10−9, and 0 M). Inset: photographs of AA-PEG-AuNP with
corresponding color visibly changed in the presence of different
concentrations of AA. c Plots of A525/A740 ratio of AA-PEG-AuNP and
bare AuNPs versus the concentration of AA from 1 × 10−9 to 1 × 10−5 M.
All the experiments were performed in the presence of 1 mmol L−1 TPO
and under UV irradiation for 16 min
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other control sample, is accordance with common principle,
because it belongs to single substituent vinyl monomer
(CH2 = CHX), which can be polymerized in theory.
However, it cannot influence AA detection in actual sample
due to 100-fold concentration of control sample in comparison
of AA.

Practical applicability of the colorimetric strategy

Considering the excellent selectivity, as well as the superior
sensitivity, of this colorimetric strategy toward AA, the prac-
tical applicability of this method was further explored. First,
several aqueous samples were prepared by spiking different
concentrations (0, 1 × 10−9, 1 × 10−8, 1 × 10−7, 1 × 10−6, 1 ×
10−5 M) of standard AA solutions. As can be seen from
Table 1, the recovery of added AA was in the range of 98.8
to 109.1%, which indicates that the established colorimetric
strategy can be applied to accurately detect AA in aqueous
samples with excellent reliability and reproducibility. In addi-
tion to the aqueous sample assay, we applied this colorimetric
method to determine AA content in potato chips, baked cook-
ies and non-fried cookies. The colorimetric determination of
solution for real sample contains treated sample solution, col-
orimetric probes AA-PEG-AuNP and TPO initiator. In figure
S5A is the absorption spectra of colorimetric determination of
solution without UV irradiation. No obvious difference be-
tween the AA-PEG-AuNP solution and colorimetric determi-
nation of solution for the real sample was found, indicating
that there was no effect of matrix on the assay. When the

colorimetric determination of solutions were under the UV
irradiation (figure S5B), the polymerization occurred accord-
ingly, resulting in the change of absorption spectra of the
solutions. This phenomenon is in accordance with the colori-
metric principle. HPLC analysis was performed as a standard
method to validate the accuracy of the new method again. In
Table 2, it can be seen that the results performed by the
established colorimetric strategy were in good agreement with
those of the HPLCmethod, and with lower relative error (from
1.40% to 9.26%) suggesting that the colorimetric method can
be applied to accurately detect AA in various foods.

Conclusions

In summary, a colorimetric method for AA detection was suc-
cessfully developed based on AA-PEG-SH-modified AuNPs
and AA polymerization. This method achieved a LOD of 0.2
± 0.028 nM, which meets the need for rapid monitoring of
trace AA in samples, and is far below the previously reported
LODs obtained by other rapid detection methods. More im-
portantly, this method does not require the use of any ad-
vanced and sophisticated instruments compared to other
methods of AA detection. The new method was also
employed to detect AA in real sample with satisfactory results
compared with that of HPLC, thus providing a rapid and cost-
effective method for determination of AA in hot processed
foods. Definitely, this method may suffer from the average
level of selectivity due to lack of any sensing agent.
However, the key purpose to exploit this method only focus
on food safety, the question of selectivity may be solved by

Fig. 4 Selectivity assay of the colorimetric method toward (a) 2.5 μΜ
AA, (b) 0.25 mM acetic acid, (c) 0.25 mM maleic acid, (d) 0.25 mM
caffeic acid, (e) 0.25 mM fumaric acid, (f) 0.25 mM acrylic acid, (g)
0.25 mM propionic acid, (h) 0.25 mM butyric acid, (i) 0.25 mM L-
asparagine, (j) 0.25 mM cinnamic acid, (k) 0.25 mM potassium sorbate,
(l) blank sample. Inset: the corresponding photograph of AA-PEG-AuNP
in the presence of the other 10 compounds and AA

Table 1 Recovery results for AA (n = 3) using our colorimetric strategy

Addition (mol/L) Measured (mol/L) SD Recovery (%)

0 Not detected _ _

1 × 10−9 1.091 × 10−9 1.42 × 10−10 109.1

1 × 10−8 1.067 × 10−8 8.67 × 10−10 106.7

1 × 10−7 1.022 × 10−7 1.48 × 10−8 102.2

1 × 10−6 0.988 × 10−6 5.67 × 10−8 98.8

1 × 10−5 1.043 × 10−5 2.17 × 10−6 104.3

Table 2 The accuracy of colorimetric strategy in comparison with the
HPLC method for the detection of AA in real samples

Samples Content of AA based on two methods (mg/kg)

Colorimetric method HPLC Relative error

Baked cookies 5.86 5.779 1.40%

Potato chips 14.707 14.363 2.40%

Non-fried cookies 2.301 2.106 9.26%
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elaborate pretreatment of food sample, since few of single
substituent vinyl compounds can form in high temperature
processing of food, except AA. In addition, the requirement
of protection from light in the whole preparation process of
AA-PEG-AuNP increases the risks of error and failure.
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