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Abstract
Alkaline phosphatase (ALP) is one of the most versatile biomarkers for early detection of several diseases, such as oral carci-
nomas and periodontitis; therefore, great efforts have been dedicated for developing an ALP biosensor. Multicolor detection of 
ALP in saliva is ideal for a point-of-care diagnosis; however, this approach is very challenging since spectral responses over 
wavelengths of several tens of nanometers have thus far remained difficult to achieve. In this work,  a colorimetric biosensor 
for ALP assay has been developed based on ALP affinity to dephosphorylate glucose phosphate into glucose, which has the 
affinity to deposit Ag nanoshells onto Au nanobipyramids with a multicolor response. This approach provides a blue shift of 
localized surface plasmon resonance (LSPR) as large as 190 nm corresponding to distinctive color changes, from yellowish 
brown to red based on the thickness of the formed Ag shell around the Au nanobipyramids. The change in the LSPR has been 
conducted for highly sensitive quantitative bioassay of ALP with a detectable multicolor change with linear dynamic range 
of 0.1–20 U/L and low limit of detection (LOD) of 0.085 U/L. Furthermore, the developed multicolor ALP biosensor exhib-
its high selectivity with high recovery  of 98.6% demonstrating  its reliability and suitability for a point-of-care diagnosis.

Keywords  Gold nanobipyramids · Core–shell nanoparticles · Multicolor biosensor · Surface plasmon resonance  · Alkaline 
phosphatase · Salivary diagnosis · Point-of-care diagnosis

Introduction

Rapid detection of diseases is a key to its forecast outcome 
and effective disease management. Early diagnosis requires 
an easy and non-invasive method, which makes the diagno-
sis by saliva more convenient than the diagnosis by blood 
or tissue [1]. Among the target diseases of salivary diagno-
sis, periodontal diseases (i.e., gingivitis and periodontitis), 
which gradually destroy the teeth-supporting structures, 
including both soft and hard tissues, eventually result in 
tooth loss. The alkaline phosphatase (ALP) enzyme is one 

of the biomarkers typically used to diagnose periodontal 
diseases, owing to its ability to indicate both inflammation 
and destruction of periodontal tissues. ALP can be found 
in saliva via three different routes, namely, salivary secre-
tion, gingival crevicular fluid generated by tissue degrada-
tion, and bacterial cells that are responsible for periodontal 
diseases [2]. Previous studies exploiting ALP in saliva as a 
diagnostic biomarker have successfully correlated with the 
degree of periodontal disease [3, 4]. For ALP assay, diverse 
strategies have been demonstrated, including colorimetric 
biosensors [5–9], fluorometric biosensors [10–13], Raman 
scattering spectroscopy [14–17], capillary electrophoresis 
[18–20], and electrochemical biosensors [21–23]. Among 
them, colorimetric ALP biosensors detect the chromogenic 
differences of phosphate substrates and its dephosphorylated 
products to provide simple and fast quantitative results using 
instrumentation of reduced complexity, which renders them 
suitable candidates for a point-of-care diagnosis through 
color changes over a wide range of analyte concentrations 
[24, 25]. ALP possesses the catalytic activity to dephospho-
rylate various phosphate substrates, such as p-nitrophenyl 
phosphate, disodium phenyl phosphate, and ascorbic acid 
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(AA) phosphate [26–31]. AA phosphate has been inten-
sively studied as a substrate for the ALP assay [8, 32–35]; 
however, AA and AA phosphate have been used recently 
in periodontal therapy in the form of coatings and/or gel 
forms to enhance the osseointegration of dental implants and 
improve post-surgical periodontal healing, so their concen-
tration changes in saliva [36–39], resulting in false positive 
results. So, searching for an alternative phosphate substrate 
that develops a multicolorimetric response for ALP enzyme 
is still highly needed.

Here, we developed a highly sensitive multicolor ALP 
biosensor based on its catalytic affinity to convert the α-d-
glucose 1-phosphate (first time to use glucose phosphate 
as substrate to detect the ALP enzyme) into glucose. The 
released glucose has been involved in generating a multi-
color response as function of ALP concentration as pro-
vided in Scheme 1. We successfully used glucose to induce 
a homogenous overgrowth of AgNPs on the surface of 
Au bipyramids with the assistance of a mixed surfactants 
consisting of CTAB and Tween 20. The released glucose 
induced a blue shift of the LSPR from 740 to 550 nm with 
distinctive color changes, from yellowish brown, to green, 
blue, purple, and red, as the ALP concentration increases 
from 0 to 50 U/L with low limit of detection of 0.1 U/L. 

The developed biosensor also shows great selectivity against 
various biomolecules which commonly exist in saliva. The 
salivary diagnosis of ALP was conducted using a standard 
addition method with a high recovery rate of 98.6%. It is 
anticipated that the multicolor ALP biosensor developed in 
this study will pave the way for practical salivary diagno-
sis of periodontal diseases and will be of guidance for the 
development of highly sensitive salivary biosensors toward 
other target diseases.

Experimental section

Synthesis and purification of gold nanobipyramids 
(AuNBPs)

AuNBPs were synthesized via a seed-mediated growth 
method [40]. The seed solution was synthesized by injecting 
NaBH4 (0.01 M, 0.6 mL) into a solution containing HAuCl4 
(0.01 M, 0.5 mL), trisodium citrate (0.01 M, 1 mL), and 
water (38.5 mL) under vigorous stirring. The seed solution 
was aged in the dark for 5 h before being used. Next, the 
as-prepared seed solution (5 mL) was injected into the solu-
tion containing HAuCl4 (0.01 M, 10 mL), AgNO3 (0.01 M, 

Scheme 1   Schematic illustration of the multicolor ALP biosensor based on the compositional and morphological changes of AuNBPs
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2 mL), hydrochloric acid (HCl, 1 M, 4 mL), AA (0.1 M, 
1.6 mL), and CTAB (0.1 M, 200 mL) with gentle shaking 
for 2 min, until the color of the mixed solution became pur-
ple. The solution was then kept in a water bath overnight at 
30 °C.

The resulting solution comprises spherical, rod-like, 
and bipyramidal gold nanoparticles, exhibiting two distinc-
tive LSPR peaks at 550 and 750 nm, as shown in Fig. S1 
(Supporting Information). To improve the monodispersity 
of AuNBPs, further purification was performed follow-
ing work presented elsewhere [41]. Firstly, the prepared 
AuNBP solution was centrifuged at 10,000 rpm for 10 min 
and redispersed in a CTAC solution (0.08 M, 150 mL). Sub-
sequently, AgNO3 (0.01 M, 40 mL) and AA (0.1 M, 20 mL) 
were added, and the solution was then kept in a water bath 
(65 °C, 4 h) to form Au@Ag core–shell nanowires (Fig. S2). 
The nanowires form as a result of the selective growth of sil-
ver shells onto the favorable facets of AuNBPs. To separate 
the nanowires, the solution was centrifuged at 6000 rpm for 
10 min, and the supernatant was discarded. The precipitate 
was redispersed in a CTAB solution (0.05 M, 150 mL) and 
kept at room temperature for 5 h for the precipitation of 
the nanowires, followed by redispersion in water (100 mL). 
The Au@Ag core–shell nanowires show LSPR peaks at 600 
and 770 nm, which originate from the transverse and lon-
gitudinal modes, respectively. Lastly, all the Ag nanoshells 
were etched by adding NH3·H2O (28%, 10 mL) and H2O2 
(5%, 1 mL); the solution was left to rest for 4 h. The Ag 
nanoshells were oxidized and precipitated as AgCl. The 
supernatant, which contains AuNBPs, which show LSPR 
peaks at 550 and 740 nm originate from the transverse 
and longitudinal modes, respectively, was centrifuged at 
8000 rpm for 10 min and redispersed in a solution contain-
ing CTAB and Tween 20 for further use.

Colorimetric response upon glucose

We firstly examined the colorimetric responses of our ALP 
biosensor toward glucose, which is produced from glucose 
phosphate by the catalytic activity of ALP, to validate the 
deposition of Ag+ ions on the AuNBPs. The AuNBP solu-
tion (750 μL), AgNO3 (500 μL, 10 mM), and NH3·H2O (100 
μL, 10 mM) were mixed in a glass vial. A glucose solution 
(100 μL) of various concentrations was then added to the 
prepared mixture and kept at 50 °C for 2 min. The colorimet-
ric response was monitored using an UV–Vis spectrometer 
(JASCO V 770, Japan) and observed by the naked eye.

Multicolor detection of ALP

One hundred microliters of a Tris-base solution (10 mM, 
pH 9.8) containing ALP of various concentrations (0.1–50 
U/L) was mixed with 100 μL of a α-d-glucose 1-phosphate 

disodium salt hydrate aqueous solution (1.5 mM), and the 
resulting solution was incubated for 45 min at 37 °C in a 
water bath to produce glucose. After the incubation, a mix-
ture of AuNBPs (750 μL), AgNO3 (500 μL, 10 mM), and 
NH3·H2O (100 μL, 10 mM) was added to the previous solu-
tion, which in the meantime had been heated to 50 °C. The 
colorimetric detection in absorbance and color was evalu-
ated after 2-min incubation time with an UV–Vis spectrom-
eter and with the naked eye, respectively.

Selectivity test for the ALP assay

To test the selectivity of the ALP assay, various interfer-
ing species (amylase, lipase, mucins, BSA, MMP-9, and 
lysozyme), which are commonly present in saliva, were 
investigated both individually and combined with ALP 
under the same conditions described in multicolor detec-
tion of ALP section.

Salivary diagnosis of ALP

Saliva samples containing ALP of unknown concentra-
tion were directly collected from the mouth of a volunteer 
through a soft plastic catheter after a 3-min mouth cleans-
ing, prior to breakfast. The saliva that was collected dur-
ing the first 10 s was discarded; saliva samples of 5 mL 
were then collected in sterile test tubes. After centrifuga-
tion at 1000 rpm for 15 min, the saliva samples were stored 
at − 80 °C until analysis [41].

The collected saliva was diluted 10 times using a Tris-
base solution (10 mM, pH 9.5) before the ALP assay, using 
the same procedures described in multicolor detection of 
ALP section. The ALP assay was conducted via a standard 
addition method using standard ALP solutions to get the 
concentration of ALP in saliva. The recovery rate for our 
sensor was done by adding standard ALP concentrations of 
0, 0.5, 3, and 5 U/L. Firstly, 100 μL of the diluted saliva was 
examined, and the standard ALP solutions were added to 
the diluted saliva solution. One hundred microliters of the 
resulting mixture was then examined to evaluate the recov-
ery rate. The recovery rate was calculated according to:

Results and discussion

Validation of the AuNBP‑based multicolor biosensor

AuNBPs exhibit an intense absorption peak at 740 nm cor-
responding to the LSPR longitudinal mode (Fig. 1a), which 
is highly sensitive to the aspect ratio of the nanostructures. 

Recovery rate (%) =
Measured concentration

Added concentration
× 100

Page 3 of 10    423Microchim Acta (2021) 188: 423



1 3

Therefore, to attain high sensitivity of the ALP assay, we 
exploited the longitudinal mode of the AuNBPs by chang-
ing the nanoparticle morphology from narrow bipyramidal 
to thick rod-like upon Ag nanoshell deposition. In this ALP 
assay, glucose is released from added glucose phosphate, 
which exists in negligible quantities in saliva, by ALP cata-
lytic hydrolysis, as depicted in Scheme 1. Glucose reduces 
Ag ions to precipitate Ag nanoshells onto AuNBPs, result-
ing in both compositional and morphological changes that 
induce huge LSPR responses for the ALP assay with distinc-
tive multicolor response. To achieve the best performance 
for the proposed multicolor biosensor with high degree of 
colorimetric responses, we firstly prepared monodispersed 
AuNBPs via purification process, as described before. Upon 
increasing the glucose concentration, a large blue shift of the 
absorption peak from 740 to 550 nm can be observed and 
is attributed to the increased precipitation of Ag nanoshells 
onto AuNBPs (Fig. 1b–g) with distinctive color changes 
(Fig. 2c). The tonality and the color sensitivity depend on 
the thickness and homogeneity of the deposited AgNPs on 
the surface of AuNBPs and will be explained briefly later. 
The presence of the Ag nanoshell was confirmed with a 
high-angle annular dark-field scanning transmission electron 
microscope (HAADF-STEM) (Fig. 1h, i), element mapping 
(j–m), and elemental analysis (Fig. S3) which clearly show 

that the nanostructures are composed of an AuNBP core sur-
rounded by an Ag nanoshell. It is notable that the length of 
the AuNBPs does not change before and after Ag nanoshell 
deposition, while the thickness of AuNBPs is increased after 
the Ag deposition, implying significant changes in the aspect 
ratio accompanied with a large blue shift of the LSPR longi-
tudinal mode. The reason behind the observed Ag nanoshell 
deposition is to reduce the surface energy of the high-index 
facets of AuNBPs [37–39].

Multicolor biosensor response upon glucose 
concentration variations

For ultra-sensitivity of longitudinal LSPR to glucose 
response, the developed assaying method needs to be opti-
mized, where some parameters were investigated like solu-
tion pH and concentration of the shape-directing agents: 
AgNO3 and the surfactant ratio. The proposed sensing 
mechanism depends on the glucose affinity to reduce the 
shape-directing agents AgNO3 to AgNPs on the surface of 
the bare AuNBPs with inducing change in the longitudinal 
LSPR; therefore, the pH of the solution is significantly 
controlling the sensor sensitivity because glucose is a pH-
dependent sugar-reducing agent. Increasing the solution 
pH promotes the reduction affinity of the sugar-reducing 

Fig. 1   (a–g) TEM images of the monodisperse AuNBPs after react-
ing with glucose with concentrations of 0 (a), 10 (b), 20 (c), 30 (d), 
40 (e), 50 (f), and 60 (g) μM. The AuNBP absorption spectrum is 
illustrated in the inset of (a). (h, i) TEM (h) and HAADF-STEM (i) 

images of the AuNBPs@Ag core–shell nanorod synthesized using 
60 μM glucose. (j–m) Elemental mapping of the AuNBPs@Ag core–
shell nanorod synthesized using 70 μM glucose
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agent (glucose) and enhances the change in the longitudi-
nal LSPR with maximum Δλ shift at solution pH 10 and 11 
(Fig. S4a, Supporting Information). However the solution 
pH = 11 induces some direct reduction for AgNO3 solution 
into AgNPs away from the surface of bare AuNBPs which 
make a hue in the final color (because of color mixing 
of AgNPs alone in solution with color of Ag@AuNBPs). 
Hence, the pH = 10 was chosen as the optimum pH that 
promotes maximum blue shift of LSPR with best color 
resolution (Fig. S4a, Supporting Information).

The concentration of AgNO3 was optimized for high 
sensitivity with maximum LSPR change (Fig. S4b, Sup-
porting Information). Increasing the concentration of 
AgNO3, the amount of the deposited AgNPs on AuNBP 
surface increases with maximum (Δλ) at concentration of 
10 mM (Fig. S4b, Supporting Information). At AgNO3 
concentration higher than 10  mM of AgNO3, the Δλ 
decreases again with bad tunable color transition because 
of self-growth of AgNPs in solution beside overgrowth on 
the side surface of AuNBPs, which matches with another 
study [42], thus promoting anisotropic overgrowth of 
Ag on the bare AuNBPs [43]. So, 10 mM of AgNO3 was 

used as the optimum concentration (Fig. S4b, Supporting 
Information).

Using a surfactant to control the homogenous growth of 
Ag on the Au surface was essential. We successfully pro-
vided a binary mixture of surfactants consisting of CTAB 
(2 mM) and Tween 20 of 0.25 mM as optimum ratio that 
achieved maximum LSPR shift with the best color response 
(Fig. S4c, Supporting Information). Hence, our optimum 
conditions are pH 10, AgNO3 10  mM, and 2:0.25  mM 
CTAB:Tween 20.

After sensor optimization, we examined the colorimetric 
response of the multicolor biosensor as a function of glu-
cose concentrations from 0 to 70 μM via an UV–Vis spec-
trometer (Fig. 2a). Continuous blue shifts and an enhanced 
intensity of the absorption peak are observed in the range 
from 740 to 550 nm, resulting in distinctive color changes 
(Fig. 2c) as function of increase glucose concentration. Both 
the spectral shift and the intensity enhancement are attrib-
uted to changes in the dielectric functions and aspect ratio, 
which are induced by the formation of the Ag@Au bimetal-
lic system [44–46]. The standard curve is plotted consider-
ing the amplitude of the blue shift, depending on the glucose 
concentration (Fig. 2b). The linear dynamic range of the 

Fig. 2   (a) UV–Vis spectra of the multicolor biosensor as a function 
of glucose concentration. (b) Standard plotting of the amplitude of 
the blue shift of a LSPR peak (Δλ) as a function of the glucose con-
centration. The inset illustrates the linear calibration plot. (c) Multi-
color changes of AuNBPs upon Ag nanoshell deposition as a func-

tion of the glucose concentration (ranging from 0 to 70 μM). These 
experiments were conducted using 750 μL of the as-prepared AuNBP 
solution, 500 μL of AgNO3 (10 mM), 100 μL of NH4OH (0.1 mM), 
and 100 μL of glucose with various concentrations
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blue shift takes place from 0 to 25 μM (inset in Fig. 2b), so 
further experiments were conducted in this range with the 
aim of realizing a reliable and highly sensitive multicolor 
ALP biosensor.

ALP assay using the developed multicolor biosensor

As described in Scheme 1, the ALP assay is based on the 
catalytic ability of ALP to dephosphorylate glucose phos-
phate substrates into glucose, thus reducing Ag ions into Ag 
nanoshells on the AuNBP surface inducing a blue shift in the 
LSPR peak. Therefore, the operating condition between the 
ALP and the glucose substrate needs to be optimized. Hence, 
the glucose phosphate, incubation time, pH, and temperature 
need optimization for achieving high sensitivity. According 
to Gao et al. [47], the optimum pH and temperature for ALP 
are 9.8 and 37 °C, respectively. The concentration of the 
glucose phosphate was optimized as shown in the Fig. 3a, 
where the maximum LSPR blue shift was observed at con-
centration of 2 mM. The ALP was incubated with the glu-
cose phosphate for different times and 45 min achieved the 
maximum LSPR blue shift (Fig. 3b).

Using the optimized conditions, various concentra-
tions of the standard ALP solution were assayed via an 
UV–Vis spectrometer (Fig. 4a) as well as using the naked 
eye (Fig. 4c). As the ALP concentration increases from 0 
to 50 U/L, a continuous blue shift of the LSPR peak was 
observed, implying the validity of the proposed detection 
strategy. The standard plot is plotted in terms of the blue 

shift amplitude as a function of the ALP concentration 
(Fig. 4b). The linear dynamic range was found to be from 
0 to 20 U/L (inset in Fig. 4b), with low limit of detection 
of 0.085 U/L, as compared with previous works (Table 1) 
based on 3σ/m, where σ is the standard deviation of the blank 
sample, and m is the slope of the calibration curve.

Selectivity test for the ALP assay

Saliva is secreted by salivary glands, and this fluid con-
sists of water, electrolytes, enzymes, mucins, proteins, and 
immunoglobulins, so we investigated the interference of the 
developed multicolor biosensor with several biomolecules 
which commonly exist in saliva, including amylase, lipase, 
mucins, BSA, MMP-9, and lysozyme. We found that only 
ALP exhibits a large blue shift of the LSPR peak (Fig. 5a) 
and a distinctive color change (inset of Fig. 5a), whereas 
the other biomolecules showed negligible results. Next, 
the interference effects in the presence of ALP were inves-
tigated, and it was found that the peak shifts were almost 
identical (Fig. 5b), as clearly showed by the corresponding 
color changes (inset of Fig. 5b).

Salivary ALP diagnosis using the developed 
multicolor biosensor

Salivary ALP diagnosis was successfully demonstrated 
through our developed multicolor biosensor after dilu-
tion 10 times. The human salivary ALP ranges from 25 

Fig. 3   3D plots illustrating the blue shift amplitude vs ALP concentration as a function of glucose phosphate concentration (a) and incubation 
time (b)
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to 100 U/L, so diluting saliva 10 times will be included in 
our sensor linear range 0.1–20 U/L. Saliva was collected 
from a volunteer, according to the protocol described in 
the section collecting sample of saliva. The saliva sample 
with unknown ALP concentration was diluted 10 times 
using the Tris-base buffer. The ALP concentration in the 

10% diluted saliva solution was then measured through our 
developed colorimetric biosensor using the standard addi-
tion method, as shown in Fig. 6a, b. The ALP concentra-
tion in the saliva before dilution amounted to be 46.6 U/L 
(Table 2). The recovery rates for each sample with stand-
ard addition of ALP ranged from 97.5 to 100.3%, with the 
corresponding relative standard deviations ranging from 
3.91 to 4.75%, as shown in Table 2 and Figs. S6 and S7.

To verify the accuracy of our proposed method for 
assaying ALP enzyme in salivary diagnosis, we bought a 
standard ALP test kit for assaying ALP in saliva (alkaline 
phosphatase activity colorimetric assay kit (BioVision)). 
Three saliva samples were collected from different vol-
unteers to validate our method with a standard enzymatic 
colorimetric test. The unknown ALP concentration in the 
three samples was determined using both our developed 
sensor and the standard ALP kit. The results showed good 
matching between our result and the standard kit result 
as described in Table S1 and Fig. S8 and S9 (Supporting 
Information). The results proved the potential applicability 
of our developed multicolor ALP biosensor for point-of-
care diagnosis in dental clinics.

Fig. 4   (a) UV–Vis spectra of the multicolor biosensor as a function 
of the ALP concentration. (b) Standard plot in terms of the blue shift 
amplitude of the LSPR peak (Δλ) as a function of the ALP concen-
tration, from 0 to 50 U/L. The inset illustrates the linear calibration 
plot. (c) Multicolor changes of the biosensor solution upon increas-

ing the ALP concentration. The ALP concentrations used were 0, 0.1, 
0.5, 1.25, 2.5, 5, 7.5, 12.5, 17.5, 20, 25, 30, 40, and 50 U/L. The ALP 
assay was conducted using 2 mM of glucose phosphate and a 45-min 
incubation time

Table 1   Performance comparison of ALP biosensors

Method Linear range (U/L) LOD (U/L) Ref

Colorimetry 0.1–20 0.085 This work
Colorimetry 0–120 5.4 [5]
Colorimetry 1–34 0.19 [48]
Colorimetry 5–100 3.3 [7]
Colorimetry 0.2–20 0.1 [9]
Fluorescence 3.4–100 0.9 [49]
Fluorescence 0.2–30 0.2 [50]
Fluorescence 4.6–383.3 1.4 [51]
Fluorescence 0–150 0.15 [52]
Fluorescence 0–50 0.5 [53]
Electrochemistry 2–25 2 [54]
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Fig. 5   (a) Selectivity test for the multicolor ALP biosensor combined 
with the most common biomolecules found in saliva. (b) Interference 
test of the multicolor ALP biosensor in the presence of the other bio-
molecules. The ALP concentration in the selectivity and interference 

test 20 U/L, whereas the concentrations of the interfering biomole-
cules were 100 μg/mL, 0.2 μg/mL, 150 μg/mL, 5 μg/mL, 2.5 mg/mL, 
and 100  μg/mL, for BSA, MMP-9, lysozyme, lipase, amylase, and 
mucins, respectively

Fig. 6   (a) UV–Vis spectra of the multicolor ALP biosensor with different amounts of added ALP in a 10% diluted saliva solution and (b) linear 
standard addition calibration curve of the change in absorbance of the multicolor biosensor as a function of the added ALP concentration

Table 2   Analytical results 
of the ALP assay in the 10% 
diluted saliva solution using the 
standard addition method

Sample Added (U/L) Total 
expected 
(U/L)

Detected (U/L) Recoveries (%) RSD (%)

Saliva (10% diluted) 0 4.67 4.67 - -
0.5 5.17 5.045 98.1 4.40
3 7.67 7.469 97.5 3.91
5 9.67 9.69 100.3 4.75
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Conclusions

ALP is a versatile biomarker for monitoring not only human 
metabolism but also several diseases, such as periodontitis 
and oral carcinoma. We successfully developed a multicolor 
biosensor for ALP assay based on the simultaneous modi-
fication of both composition and morphology of AuNBPs. 
The bioassay is based on the selective catalytic activity of 
the ALP to dephosphorylate glucose phosphate substrate 
into glucose, thus reducing Ag ions into Ag nanoshells 
on the surface of AuNBPs. We successfully provided a 
binary surfactant mixture comprising CTAB and Tween 20, 
which provided maximum blue shift of LSPR with multi-
color response of high color resolution as functional of the 
ALP concentration. The used binary surfactant promoted a 
uniform growth of the Ag on the surface of AuNBPs. The 
controlled growth of Ag leads to distinctive color change 
as functional of ALP concentration. The spectral changes 
exhibited a high sensitivity to ALP detection, enabling us to 
achieve the low limit of detection (0.085 U/L). Furthermore, 
the high selectivity and high reliability of the developed 
multicolor ALP biosensor were successfully demonstrated 
through an interference test and a standard addition method, 
respectively, proving the suitability of the developed biosen-
sor for daily applications.
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