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A simple strategy to rapidly detect glucose was developed by
utilizing core (Fe3O4)–shell (Pt) magnetic nanoparticles (Fe3O4@Pt
NPs) as a nanoenzyme and a paper-based colorimetric sensor. In
the presence of H2O2, Fe3O4@Pt NPs catalyze the redox reaction
of 3,30,5,50-tetramethylbenzidine (TMB) and generate a colour
change from colourless to blue. On this basis, a colorimetric
glucose sensing method assisted by glucose oxidase (GOx) was
developed. Under the optimal conditions, the detection limits of
the proposed assay for H2O2 and glucose were 0.36 µM and
1.27 µM, respectively. Furthermore, the fabricated colorimetric
method was successfully applied to analyze glucose
concentrations by using a paper device as a measuring platform
without a spectrometer. In addition, this method exhibited
satisfactory recovery for glucose detection in human serum
samples and urine samples, which satisfied the requirements
for normal detection of real samples. This study provides a
good candidate for health monitoring of glucose and also
expands the applications of nanoenzymes and paper-based
colorimetric assays in point-of-care testing.
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1. Introduction

Diabetes is a chronic disease associated with various terrible complications, such as blindness, kidney
failure, heart attacks, strokes and lower limb amputations [1]. Hence, it is vital to monitor and control
the blood sugar level and urine sugar level to prevent and control the occurrence of diabetes and its
complications. It is therefore very important to design a simple, convenient and easy-to-operate
glucose sensor, which has become the centre of attention for researchers, clinicians and patients [2,3].
Scholars have developed a variety of methods for the determination of glucose [4], including
electrochemistry [5–8], colorimetry [9–13], fluorimetry [14–16], chemiluminescence [17,18] and surface-
enhanced Raman spectroscopy [19–22]. Among these techniques, colorimetric techniques have
attracted considerable attention owing to their simple operation, ease of use, high visual sensitivity
and low cost. The typical colorimetric biosensor for glucose detection is designed based on the
activity of biological enzymes [23,24]. Nevertheless, the catalytic activities of natural enzymes are
easily inhibited, and the enzymes are digested by proteases, which results in poor stability and
reduced accuracy, cannot better match the simplicity and convenience of real-time detection, and
limits their application. Therefore, a method instead of natural enzymes is needed for the detection of
glucose, particularly in the application of point-of-care testing.

Nanoenzymes are artificial nanomaterials that can imitate the activities of natural enzymes [25–27].
Compared to natural enzymes, nanoenzymes have many irreplaceable advantages, such as high
stability, low cost, adjustable catalytic activity and convenient modification [28–30]. It has been found
that Fe3O4 nanoparticles have inherent peroxidase-like activity [31,32]. The catalytic mechanism of
Fe3O4 might be explained by a ping-pong reaction mechanism. Fe3O4 could combine with the first
substrate H2O2 to generate intermediate •OH, which could catch hold of one H+ from the hydrogen
donor such as TMB [33]. Platinum is one of the most ideal shells with which to protect Fe3O4

nanoparticles from damage and aggregation [34]. Platinum (Pt) is a transition metal exhibiting
chemical inertness and stability in air or a humid environment [35], and Pt NPs also have peroxidase-
like activity [36–38]. This may be caused by the base-like decompositions of H2O2 on the surfaces of
Pt NPs [33]. Fe3O4@Pt hybrid nanoparticles make full use of these two materials (precious metal and
magnetic material) [39] and show better catalytic performance than individual metals through
synergistic effects [40].

In this research, we constructed a simple approach to detect glucose by preparing uniformly
dispersed core (Fe3O4)–shell (Pt) magnetic nanoparticles (Fe3O4@Pt NPs) as peroxidase mimetics, with
which a paper-based colorimetric sensor is used. The strong colorimetric signal that appears on the
paper is sufficient to distinguish normal (healthy) and hyperglycemic (diabetes) concentrations with
the naked eye. The experimental method has the advantages of simple preparation and environmental
protection and has broad prospects for application for rapid and timely detection of glucose.
2. Material and methods
2.1. Materials and apparatus
Glucose, sucrose, fructose, lactose and maltose were obtained from Macklin, Inc. (Shanghai, China).
Chloroplatinic acid (H2PtCl6·6H2O) and 3,30,5,50-tetramethylbenzidine (TMB) were purchased from
Aladdin Chemistry Co., Ltd. (Shanghai, China). Ferric chloride hexahydrate (FeCl3·6H2O), anhydrous
sodium acetate, ethylene glycol (EG), sodium borohydride (NaBH4), sodium citrate dihydrate, 30%
H2O2 and absolute ethanol were supplied by Sinopharm Chemical Reagent Co., Ltd. (Shanghai,
China). Tween 20 was obtained from Sigma–Aldrich Co., Ltd. (Shanghai, China). All chemicals were
of analytical grade and used without further purification. The water used in this experiment was
purified with a Milli-Q water system (18.2 MΩ/cm).

Serum and urine were collected by the Fujian Maternal and Child Health Hospital, Affiliated
Hospital of Fujian Medical University. The in vitro experimental protocol was approved by the Ethics
Committee of Fujian Medical University (approval number: 2019021; approval date: March 8, 2019),
and the volunteers provided consent.

X-ray diffraction (XRD) patterns of the products were obtained on an Ultima IV multipurpose X-ray
diffraction system (Japan). X-ray photoelectron spectroscopy (XPS) was conducted with a Thermo
Scientific K-Alpha spectrometer (Thermo Ltd. USA). Transmission electron microscopy (TEM) was
performed on an FEI Tecnai G2 F20 (FEI Co. Ltd. USA) by placing a drop of sample solution on a
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TEM copper grid. Energy dispersive spectrometry (EDS) was used to determine the element ratios of iron

and platinum. Fourier transform infrared (FTIR) spectra were obtained from a Fourier transform infrared
spectrometer (Bruker VERTEX 70 & ALPHA, Bruker Ltd. Germany). Magnetic measurements were
performed using a 7404 vibrating sample magnetometer (Lake Shore, Ltd., USA). The hydrodynamic
sizes and zeta potentials of particles were measured on a Malvern Zetasizer ZEN 3700 (Malvern
Panalytical Ltd., U.K.). UV–vis spectra and time-dependent absorbance changes were collected on an
Infinite 200 Pro spectrophotometer (Tecan Ltd., Austria).
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2.2. Synthesis of nanoenzymes
Fe3O4 NPs were synthesized by a reported one-step hydrothermal method [41] with minor modifications.
In brief, 1.0 g of FeCl3·6H2O was dissolved in 35 ml of glycol in a 100-ml flask, and 0.415 g of sodium
citrate dihydrate and 2.4 g of anhydrous sodium acetate were added. After all reactants were
dissolved by vigorous stirring, the solution was transferred to a 50-ml stainless-steel autoclave lined
with Teflon and heated to 200°C for 10 h. After cooling, the obtained black precipitate was washed
with water and ethanol 6 times and dried in a vacuum oven at 50°C for 10 h.

Fe3O4@Pt NPs were synthesized. 12 ml of 1 mg ml−1 Fe3O4 NPs, 200 µl of 2% H2PtCl6·6H2O and
38 ml of water were stirred together under a nonmagnetic agitator in darkness for 30 min. Then,
500 µl of freshly prepared 0.5 mg ml−1 NaBH4 was added. After stirring for 8 min, 0.2 g of sodium
citrate dihydrate was added to the solution with a further 5 min of stirring. The resulting brown–black
solution was washed with water 6 times. The obtained Fe3O4@Pt NPs were stored at 4°C.
2.3. Kinetic parameters
The absorption spectra at intervals of 60 s were recorded by a multi-mode absorbance microboard reader
(TECAN, Infinite 200 Pro), and the reaction kinetics of the catalytic oxidation of TMB were studied.
Unless otherwise stated, the reaction was performed at room temperature. 50 µl 20 µg ml−1 Fe3O4 NPs
or Fe3O4@Pt NPs were added to 100 µl of HAc-NaAc buffer (2 mM, pH 4.0) in the presence of
different concentrations of TMB or H2O2.
2.4. Hydrogen peroxide detection
In colorimetric experiments for the detection of H2O2, 100 µl of 1.6 mM TMB, 50 µl of 20 µg ml−1

Fe3O4@Pt NPs, 100 µl of HAc-NaAc buffer (2 mM, pH 4.0) and 100 µl of different concentrations of
H2O2 solutions (0.005–1 mM) were sequentially added to the vials. Then, the mixed solution was
incubated at 35°C for 30 min. The colour change of the solution was observed by the naked eye or
measured by a microplate reader.

To verify the long-term storage stability of Fe3O4@Pt NPs, we measured the colour change of the
solution by the detection of 1 mM H2O2 using the above method every two days for 30 days.
2.5. Glucose detection
For glucose determination, 100 µl of different concentrations of glucose were first incubated with 40 µl of
2.5 kU ml−1 glucose oxidase (GOx) in PBS (137 mM NaCl, 2.7 mM KCl, 2 mM KH2PO4, 10 mM
Na2HPO4, pH 7.4) at 37°C for 30 min. After that, 50 µl of 20 µg ml−1 Fe3O4@Pt NPs, 100 µl of 1.6 mM
TMB and 100 µl of HAc-NaAc buffer were added to the glucose reaction solution and incubated at
35°C for 30 min. The spectra of the final solution were recorded by a microplate reader.
2.6. Preparation of a paper-based platform
First, the filter paper was cut into small discs of 1 cm in diameter. Then, 5 µl of glucose and 5 µl of
2.5 kU ml−1 GOx were dropped on filter paper and allowed to react for 30 min, and 5 µl of 20 µg ml−1

Fe3O4@Pt NPs and 5 µl of 1.6 mM TMB were added. After reaction for 10 min, colour images were
captured by camera, and grayscale intensity analysis was performed with ImageJ software.
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3. Results and discussion
3.1. Detection principle
Both Fe3O4 NPs and Pt NPs have inherent peroxidase-like activity and show better catalytic performance
than the individual metals alone because of a synergistic effect, and they effectively catalyze the
oxidation of TMB by hydrogen peroxide to produce a colour change [42]. The degree of colour
rendered by TMB was proportional to the concentration of H2O2. The detailed principle of this
method is shown in scheme 1. In solution, glucose was first oxidized by glucose oxidase (GOx) to
form H2O2. By adding Fe3O4@Pt NPs and TMB solution, Fe3O4@Pt NPs effectively catalyzed the
oxidation of TMB by H2O2, causing TMB to change from colourless to blue in the solution, which
provided a sensing platform for visual detection of H2O2 and glucose.
3.2. Characterization of Fe3O4 NPs and Fe3O4@Pt NPs
TEM images and particle size distribution curves for the prepared Fe3O4 NPs and Fe3O4@Pt NPs are
shown in electronic supplementary material, figure S1 and figure 1. As shown in electronic
supplementary material, figure S1A, B, Fe3O4 NPs were spherical, the mean particle size was 239.8 nm
(electronic supplementary material, figure S1D). The nanoparticles were polycrystalline clusters with a
lattice fringe spacing of 0.48 nm (electronic supplementary material, figure S1B), which was consistent
with the (111) crystal plane of the cubic spinel structure. Figure 1a,b shows TEM data for Fe3O4@Pt
NPs, in which the core and shell components could easily be distinguished by the difference in
brightness. The Fe3O4@Pt NPs were indeed monodisperse spherical particles with a mean particle size
of 281.3 nm (figure 1d ). The lattice fringe spacing was 0.224 nm (figure 1b), which was consistent with
the crystalline plane of Pt. Figure 1b shows that the Pt NPs were uniformly distributed on the core of
the Fe3O4 NPs, and the diameter of the Pt NPs was approximately 7.75 nm. According to the chemical
compositions of randomly selected Fe3O4 NPs and Fe3O4@Pt NPs analysed by energy dispersive
spectrometry, the atomic ratio of Fe:Pt was 1.95:1 (electronic supplementary material, figure S1C and
figure 1c).

The XRD patterns of Fe3O4 NPs and Fe3O4@Pt NPs are shown in figure 2. The diagram shows
diffraction peaks at 2θ = 18.66°, 30.21°, 35.52°, 43.27°, 53.64°, 57.06° and 62.70°, which correspond to
the (111), (220), (311), (400), (422), (511) and (440) planes, respectively, indicating that the sample was
highly crystalline Fe3O4 NPs with a face centered cubic (FCC) structure (JCPDS 19-0629) for the spinel
structure. The diffraction peaks at 2θ = 39.78°, 46.35° and 67.48° corresponded to the (111), (200) and
(220) planes, respectively, of Pt (JCPDS 04-0802). The XRD results confirmed the successful synthesis
of Fe3O4@Pt NPs.

The XPS spectra of Fe3O4 NPs and Fe3O4@Pt NPs are shown in figure 3. Figure 3a shows the full XPS
spectra for the Fe3O4 NPs and Fe3O4@Pt NPs. The main elements on the surface of the sample were Fe, O,
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C, N and Pt. XPS results for the Fe3O4 NPs and Fe3O4@Pt NPs catalysts are shown in figure 3b–d. In the
Fe 2p X-ray photoelectron spectrum of Fe3O4 (figure 3b), the peaks at 711.2 eV and 724.6 eV could be
attributed to Fe 2p3/2 and Fe 2p1/2, respectively, which indicates that Fe3O4 NPs were the source of
Fe, which was very close to the value of Fe3O4 published in the literature [43]. The O 1s spectra of
Fe3O4 NPs and Fe3O4@Pt NPs could be divided into three peaks (figure 3c). The O 1s spectrum of
Fe3O4 NPs has a maximum peak at 529.8 eV, which belongs to the Fe-O bond [44]. Peak 2 (≈531.2 eV)
was attributed to OH groups on the surface of Fe3O4 and/or oxygen in the oxygen vacancy, and peak
3 (≈532.3 eV) indicated adsorption of H2O from air on the surface of the Fe3O4 NPs carrier.

Figure 3d shows the Pt 4f XPS spectrum of Fe3O4@Pt NPs. After curve fitting, the spectrum consisted
of two pairs of peaks: peak 1≈ 71.0 eV, peak 3≈ 74.3 eV, peak 2≈ 72.4 eV and peak 4≈ 75.7 eV, which
belong to Pt(0) and Pt2+, respectively [45]. The XPS results were consistent with those from TEM,
XRD and EDS mapping.

Figure 4 shows the hysteresis loops of Fe3O4 NPs and Fe3O4@Pt NPs measured at room temperature.
These results showed that the hysteresis loops had almost no hysteresis and coercivity. The test results
showed that the saturation magnetizations of Fe3O4 NPs and Fe3O4@Pt NPs were 63.61 emu/g and
59.57 emu g−1, respectively, which showed that binding of Pt NPs had little effect on the magnetic
properties. It was reported in the literature that the magnetic particles showed typical
superparamagnetism because the particles were composed of ultrafine magnetite nanocrystals [46].
Under the action of an external magnetic field, the prepared Fe3O4@Pt magnetic particles actively
responded to the magnetic field and were attracted by the magnetic field; however, once the external
magnetic field was withdrawn, the particles themselves had no residual magnetism. This
superparamagnetism is very important for magnetic separation and the manufacture of renewable
enzyme reactors.

3.3. Feasibility analysis and kinetic analysis
To verify the inherent catalytic potential of Fe3O4@Pt NPs in catalysis, the following experiments were
performed. As shown in figure 5, when there was no TMB or H2O2, the solution was almost
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colourless, and the absorbance in the measured range was very low. When TMB and H2O2 were present
at the same time, the Fe3O4@Pt NPs solution, Pt NPs solution (the synthesis method of Pt NPs was based
on the literature method [47]) and Fe3O4 NPs solution were blue (as shown in the illustration of figure 5b),
the absorption peak was at 652 nm, and the absorbance intensity changed obviously. The peroxidase-like
activity of Fe3O4@Pt NPs was 1.2 times and 2.6 times stronger than that of Pt NPs and Fe3O4 NPs,
respectively. Such catalytic enhancement could be attributed to a synergetic effect that occurred at the
interfaces of Pt NPs and the Fe3O4 NPs that support the heterostructure.

To further study the kinetics of Fe3O4@Pt NPs catalysis, the steady-state kinetic parameters (Km and
Vmax) of Fe3O4@Pt NPs in reactions with H2O2 or TMB substrates were determined. As shown in
electronic supplementary material, figure S2, when using TMB or H2O2 as a substrate, the enzyme
activity conformed to typical Michaelis–Menten kinetics. In addition, Michaelis–Menten curves
(electronic supplementary material, figure S2A, C) and Lineweaver-Burk diagrams (electronic
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supplementary material, figure S2B, D) for H2O2 and TMB were obtained over a certain concentration
range. In addition, the initial maximum reaction rate (Vmax) and Michaelis constant (Km) of the
Fe3O4@Pt hybrid NPs were calculated by using the double reciprocal Lineweaver-Burk diagram based
on the following function:

1
V

¼ Km

Vmax
� 1
[C]

þ 1
Vmax

,

where V is the initial velocity, and [C ] is the substrate concentration. Km is a well-known important index
for catalytic materials and can be used to determine the catalytic activity and affinity between enzymes
and substrates. Electronic supplementary material, figure S2C, D shows the catalytic activities of H2O2

and TMB substrates and their corresponding double reciprocal curves. The kinetic parameters,
including the Michaelis constant (Km) and maximum reaction rate (Vmax), were obtained from the
double reciprocal plot. Generally, a smaller Km corresponds to stronger affinity between enzyme and
substrate. As shown in electronic supplementary material, table S1, the Km value for the reaction of
Fe3O4@Pt NPs (95.6 mM) with H2O2 was higher than that of HRP (3.7 mM), which indicates that the
affinity of Fe3O4@Pt NPs for H2O2 was weaker than that of HRP, and Fe3O4@Pt NPs require more
H2O2 to depict the same peroxidase activity as HRP. Fe3O4@Pt NPs (0.2 mM) and TMB had similar
Km values to HRP (0.4 mM), which indicates that the affinity of Fe3O4@Pt NPs for TMB was close to
that of HRP. The obtained results were identical to those in the literature [48].
3.4. Optimization of experimental conditions
To better optimize the catalytic performance of the Fe3O4@Pt NPs reactions, the catalytic activity was
studied at different pH values and temperatures. As shown in figure 6, the relative activity of
Fe3O4@Pt NPs increased when the temperature increased from 20°C to 35°C and decreased when the
temperature increased to 65°C (figure 6a), which indicates that the optimal temperature for
nanoparticles is 35°C. The decrease in peroxidase-like activity might be due to the morphological
change/losses of Fe3O4@Pt NPs at high temperature or the accelerated decomposition rate of H2O2 to
O2 and H2O. Meanwhile, the relative activity of Fe3O4@Pt NPs increased when the pH was increased
from 3.0 to 4.0 and decreased from pH 4.0 to 7.5 (figure 6b). Therefore, the optimal pH for the activity
of the separated nanoparticles is pH 4.0. Therefore,35°C and pH 4.0 were selected for the subsequent
Fe3O4@Pt NPs analysis.
3.5. Stability test
Figure 7 shows the long-term storage stability of Fe3O4@Pt NPs. No apparent changes were observed in
the absorption peak at 652 nm within 30 days, which indicates that Fe3O4@Pt NPs have good long-term
storage stability.
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3.6. Specificity test
To further study the specificity of this method, blank samples, sucrose, fructose, lactose and maltose were
selected for control experiments. As shown in figure 8, even if the concentration of the control sample was
five times the glucose concentration, the glucose-containing sample had much higher absorbance than the
control sample. In addition, the blue changes for glucose samples could be observed with the naked eye
in the sucrose, fructose, lactose and maltose samples (as shown in the illustration of figure 8b). The
experimental results show that the colorimetric reaction system had high selectivity for glucose.

3.7. H2O2 and glucose assay based on the Fe3O4@Pt NPs
Based on the optimized conditions, the colorimetric detection system for H2O2 and glucose was
constructed using the Fe3O4@Pt NPs as a catalyst. Electronic supplementary material, figure S3A
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Figure 9. (a) UV–vis spectra to show the change in glucose concentration and (b) dose–response curve for the glucose
concentration and absorbance (the inset shows the corresponding homology calibration curve and colorimetric photographs).

Table 1. Detection of glucose in human blood samples. (n = 3)

glucose added (μM) glucose found (μM) recovery (%) RSD (%)

0 — — —

20 18.98 94.90 2.25

50 47.00 94.00 1.65

80 74.21 92.76 0.83

100 99.99 99.99 0.77

200 190.4 95.24 1.42

400 411.7 102.93 1.95
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shows the corresponding changes in absorbance at 652 nm when the H2O2 concentration was varied
from 5–1000 µM. Electronic supplementary material, figure S3B shows that the linear range was
5–400 µM. The limits of detection (LOD) in this work were calculated as 3 σ/S, where σ is the
standard deviation of replicate measurements of the blank sample signal and S is the sensitivity
(slope of the regression equation). The LOD was 0.36 µM based on the hydrogen peroxide detection
method. The detection limits of different nanoenzymes for colorimetric hydrogen peroxide detection
are listed in electronic supplementary material, table S2. The limits for the detection of hydrogen
peroxide by nanoenzymes were comparable to those in the literature and had been improved.

Figure 9a shows the changes in absorbance at 652 nm when the glucose concentration was varied
from 5–1000 µM. Figure 9b shows that the linear range was 5–400 µM, and the detection limit was
1.27 µM. The detection limits of different nanoenzymes for colorimetric glucose detection are listed in
electronic supplementary material, table S3. By comparison, the LOD of hydrogen peroxide by
nanoenzymes were comparable to those in the literature and had been improved.
3.8. Detection of blood glucose and urine glucose
To verify the practical application value of the system, glucose in diluted serum and urine was detected
with Fe3O4@Pt NPs. In tables 1 and 2, the recoveries of the measured values based on the standard curve
were 92.76–102.93% and 91.81–103.48%, respectively, which indicates that the detection system exhibited
good detection of glucose in actual samples.
3.9. Paper-based detection of glucose
The use of test strips to detect glucose was also studied. The sensing efficiency was determined for a
paper-based sensor strip. Low-cost and easy-to-use cellulose filter paper was employed in the study.
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Table 2. Detection of glucose levels in human urine. (n = 3)

glucose added (μM) glucose found (μM) recovery (%) RSD (%)

0 — — —

20 18.36 91.81 0.37

50 48.61 97.23 0.71

80 76.64 95.80 1.26

100 94.95 94.95 0.57

200 191.8 95.93 2.28

400 413.9 103.48 2.06

royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.9:220484
11
As shown in the inset of figure 10, the colour of the dye strip ranged from colourless to blue, and the
colour depth increased with increasing glucose concentration. Figure 10 illustrates the relationship
between grayscale value and glucose concentration. It shows a good linear relationship, the linear
range was 0.5–5 mM (R2 = 0.9887), which satisfies the requirements for normal detection of human
serum glucose (3.9–6.4 mM), and the detection limit was 0.39 mM. Hence, the Fe3O4@Pt NPs and
paper-based method developed in this work can be applied to detect glucose without requiring a
measuring instrument.

To study the application of this paper-based platform in studies of real samples, we detected the
peak values for glucose concentration in diluted serum and urine at different concentrations and
compared them with those of a commercial blood glucose metre. As shown in tables 3 and 4, the
recoveries of the measured values based on the standard curve for the detection of human blood
glucose and human urine glucose were 97.14–99.62% and 97.04–104.93%, respectively. In addition,
the results of this method were consistent with those of the blood glucose meter sold in the
market. The results showed that the developed system had a good effect on the detection of
glucose in actual samples.



Table 3. Detection of glucose in human blood samples. (n = 3)

glucose added (mM) colour glucose found (mM) recovery (%) RSD (%) glucose metre

0
—

— — —

1
0.9882

98.82 4.86 —

3
2.9886

99.62 1.11 2.8

5
4.8569

97.14 1.99 4.9

Table 4. Detection of glucose levels in human urine. (n = 3)

glucose added (mM) colour glucose found (mM) recovery (%) RSD (%) glucose metre

0
—

— — —

1
0.9730

97.30 4.55 —

3
3.148

104.93 2.88 2.8

5
4.852

97.04 4.26 4.8

royalsocietypublishing.org/journal/rsos
R.Soc.Open

Sci.9:220484
12
4. Conclusion
In summary, a Pt nanoparticle composite catalyst grown in situ on Fe3O4 NPs was constructed to detect
H2O2 and glucose. Due to a synergistic effect, the core (Fe3O4)–shell (Pt) magnetic nanoparticles
(Fe3O4@Pt NPs) had higher catalytic activity than the Fe3O4 NPs. The material was applied to detect
glucose in serum and urine samples. The linear ranges for H2O2 and glucose were 5–400 µM (R2 =
0.9968) and 5–400 µM (R2 = 0.9866), respectively, and the detection limits were 0.36 µM and 1.27 µM,
respectively. The recoveries with serum and urine were 92.76− 102.93% and 91.81− 103.48%,
respectively. Furthermore, a fabricated colorimetric method was successfully applied to analyze
glucose concentrations using a paper device as a measuring platform without requiring a
spectrometer. This method exhibited satisfactory recovery values for glucose detection in human
serum samples and urine samples and satisfies the requirements for normal detection in real samples.
This study demonstrates a good candidate for the health monitoring of glucose and expands the
applications of nanoenzymes and paper-based colorimetric assays in point-of-care testing.
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