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Abstract: Glucose monitoring sensors with high softness
and flexibility are critical for the developments of wearable
and implantable healthcare devices that enable diagnosis,
prognosis, and management of diabetes. The design and
implementation of such sensors have been extensively
exploited by electrochemical strategies, which, however,
suffer from poor reusability and complex modification
procedures, and necessitate frequent calibration or sensor
replacement due to enzymatic reaction instability. Here, a
soft and plasmonic hydrogel optical sensor is created for
quantitative and continuous glucose monitoring under
physiological conditions. The optical sensor consists of a
flexible optical fiber made from composites of gold nano-
particles and glucose-responsive hydrogels. The reversible
binding of glucose to the nanocomposite optical fiber
results in dynamic volume expansion of the hydrogel
matrix, which modulates the localized surface plasmon
resonance effect, enabling glucose to be quantified from
the light transmission. To achieve robust readout, a dual-

wavelength differential approach is employed to endow
the sensor with self calibration capability. We show that
the sensor is reversible and reusable for detecting physio-
logical glucose levels with high linearity and negligible
hysteresis. The soft and flexible glucose sensor holds great
promises of serving as a minimally-invasive probe for
point-of-care glucose monitoring in clinics.

Keywords: hydrogel optical fiber; nanocomposite; optical
devices; optical glucose sensors.

1 Introduction

Diabetes is a chronic and incurable disease indicated by
elevated levels of blood glucose due to insulin deficiency
[1]. If left uncontrolled, high levels of blood glucose could
lead to serious diabetes complications including kidney
failure, heart attack, nerve damage, and vision loss [2, 3].
Therefore, continuous monitoring and tight control of
blood glucose level are of great significance in effectively
managing diabetes and reducing the risk of complications.
In clinics, the concentration of blood glucose is generally
monitored by performing finger-stick tests several times a
day, which are invasive and painful, resulting in low pa-
tient compliance [4, 5]. To address the clinical issue,
implantable glucose sensors based on electrochemical
strategies have been developed for real-time and contin-
uous glucose measurements, which can be combined with
insulin pumps to automatically manage insulin infusion in
diabetes therapy [6–9]. However, these sensors often suffer
from the limitation of short lifetime and poor biocompati-
bility, which hinder their applications for long-term in vivo
glucose motoring [10]. Moreover, the instability of enzy-
matic reactions could lead to serious signal drift of the
electrochemical sensors, which necessitate frequent cali-
bration or replacement [11, 12].

To address above limitations, there have been tremen-
dous attempts to quantify glucose concentration by using
minimally-invasive optical fiber probes, which provide real-
timemeasurements over longperiodswithminiaturizedsize,
built-in calibration, and electromagnetic interference (EMI)
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immunity [13–21]. For glucose sensing, a common strategy is
to incorporate the tip of optical fibers with functionalized
micro and nanostructures such as interferometric cavity
[14–16], fluorophores [17, 18], and plasmonic nanoparticles
[19–21]. For example, Tierney et al. incorporated a glucose-
responsive coating layer at the end of an optical fiber to form
a Fabry–Perot cavity, which enabled sensitive glucose
readout from the changes of the cavity length [15]. Liao et al.
demonstrated a percutaneous and disposable fiber-optic
sensor by coating thefiber tipwith afluorophores-assembled
polymeric matrix for long-term glucose monitoring in vivo
[17]. However, the practical applications of fiber-optic sen-
sors in clinics are hindered by poor biocompatibility of the
fiber materials, and fragile nature of the fiber tip [22, 23].
Moreover, the high stiffness of conventional optical fibers
(e.g., silica and plastics) may easily cause tissue lesions
during implantation or body movements.

Polymeric hydrogels have been intensively investi-
gated as promising candidates for bio-optical sensing due
to their exceptional optical and physico-mechanical
properties [24–26]. Many synthetic hydrogels, such as
polyethylene glycol diacrylate (PEGDA), polyacrylamide
(PAAm), and poly(vinyl alcohol) (PVA), have been utilized
to fabricate optical waveguides with high softness and
biocompatibility for implantable and biomedical applica-
tions [27–34]. For example, hydrogel optical fibers
composed of a PEGDA core and an alginate cladding were
implanted in living mice for blood oxygenation sensing
[29]. Low-modulus and stretchable alginate-PAAm hydro-
gel optical fibers were demonstrated for optogenetic brain
modulation in free-moving mice [33]. The hydrogel-based
optical waveguide offers a versatile platform that enables
the incorporation of active recognition motif or function-
alized nanostructures into the hydrogel matrix to meet the
demands in diverse biosensing and biomedical applica-
tions [35–42]. Recently, hydrogel optical fibers involving
phenylboronic acid (PBA) derivatives have been reported
for continuous glucose monitoring, in which glucose con-
centration was detected from the changes in transmitted
light intensities induced by the volumetric changes [43].
However, the detection of glucose directly from light in-
tensity suffers froma variety of potential interferences such
as the intensity fluctuation of light source, changes of the
surrounding environments, and light loss associated with
fiber deformation, which poses practical challenges for
precise quantification of glucose. The development of
minimally invasive hydrogel optical probe with robust and
continuous glucose readout can offer attractive building
blocks for better glucose control in diabetes care.

Here, we present a soft and flexible optical glucose
sensor with self calibrated differential readout for

quantitative and continuous glucose monitoring under
physiological conditions. The optical sensor wasmade of a
biocompatible hydrogel optical fiber incorporating cova-
lently immobilized gold nanoparticles (GNPs). To achieve
glucose responsivity, the nanocomposite hydrogel fiber
was functionalized with 3-(acrylamido)-phenylboronic
acid (3-APBA), which possesses a high binding affinity to
glucose molecules. The complexation of 3-APBA with
glucose molecules increased the boronate anions and
Donnan osmotic pressure in the hydrogel matrix, resulting
in volume expansion of the fiber. This volumetric change
modulated the localized surface plasmon resonance
(LSPR) effect of the nanocomposite fiber, enabling quan-
titative glucose measurements from the transmitted light
attenuation at the LSPR peak. To minimize the
LSPR-independent loss effects such as fiber bending, a
dual-wavelength differential approach was employed for
the sensor readout, where a reference wavelength out of
the plasmon resonance was introduced to provide an in-
ternal calibration. Glucose quantification tests were per-
formed, which demonstrated a reversible and linear
response of the sensor with fast readout rate in physio-
logical ranges.

2 Results and discussion

Glucose-responsive hydrogel optical fibers were fabricated
from the 3-APBA functionalized PAAm hydrogel by mold-
ing and UV-induced photo-crosslinking (Figure 1a).
Hydrogel precursor was injected into a poly(vinyl chloride)
(PVC) tube mold, followed by UV irradiation for cross-
linking. Demolding of the hydrogel fiber from the PVC tube
was achieved by water pressure. For LSPR sensing, car-
boxylic acid-modified GNPs were covalently incorporated
into the polymermatrix through EDC conjunction at pH4.5.
Figure 1b shows the photographs of the fabricated hydrogel
fibers with/without GNPs doping. In contrast to the trans-
parent undoped fiber, the GNPs-doped fiber showed up in
light red as result of the absorption and scattering of light
by the nanomaterials (Figure 1b). Transmission electron
microscope (TEM) image revealed uniform size (∼17.2 nm in
average) and morphology of the GNPs (Figure 1c). To
evaluate the optical performances, green laser at 532 nm
was coupled to thefiber through an objective lens. Thefiber
could efficiently guide light even when tied into knots or
transmitted through mediums of different refractive
indices, as confirmed from the bright light spot at the fiber
end (Figure 1d,e). The light-guiding capability of the
hydrogelfiber suggests its potentials of serving as a flexible
optical implant to deliver light to target tissue for
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biosensing and light-activated therapy applications. For
demonstrations, we implanted the hydrogel fiber inside a
porcine tissue at 4 cm depth with the aid of a gauge needle,
where the implanted fiber showed confined light through
tissue (Figure 1f). Transmission spectra of the fibers were
further investigated by illuminating themwith awhite light
source (Figure 1g). The undoped fiber exhibited decreased
optical loss with the increasing wavelength due to the light
scattering from structural inhomogeneity and surface
roughness (Figure 1h). Incorporation of the GNPs within
the hydrogel fiber resulted in a notable absorption peak at
528 nm, corresponding to the SPR of the GNPs.

For implantable and subcutaneous glucose moni-
toring, the soft and elastic nature of the biological tissues
required the sensing fibers to be highly flexible and
stretchable so that they could endure large mechanical

deformations during body motions, and conformally
interact with the target tissues. The Young’s modulus of
human skin tissues is in the range of 0.1–2 MPa, and the
stretchability is 30–70% [44]. In contrast, a standard silica
optical fiber has a Young’s modulus of ∼70 GPa, five orders
ofmagnitudes higher than that of skin tissues [45]. Besides,
the stretchability of silica fibers is less than 1%. Due to its
significant mismatch in mechanical properties with soft
tissues, subcutaneously-implanted silica fiber could easily
cause the host tissue injuries, which may subsequently
lead to chronic inflammation, swelling, and pain at the
implant sites [46]. Hydrogel-based optical fibers are
promising candidates to address the above limitations. We
characterized the mechanical properties of the fabricated
hydrogel fibers by tensile testing (Figure 1i). The undoped
fiber possessed a high stretchability of ∼210%, failure

Figure 1: (a) Fabrication of the gold nanocomposite hydrogel optical fibers. (b) Photographs of the hydrogel fibers with/without gold
nanoparticles (GNPs) doping. (c) Transmission electronmicroscope (TEM) image of the GNPs. (d) A hydrogel fiber guides light at 532 nmwhen
tied into knot. (e) Light guiding from the air towater. (f) Implantation of the hydrogelfibers for deep-tissue light delivery. (g) Photographsof the
hydrogel fibers when illuminated by a white light source. Left: undoped; Right: GNPs-doped. (h) Transmission spectra. (i) Results of tensile
test.
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stress of 196.3 kPa, and a low Young’s modulus of
116.9 kPa, compatible with the soft skin tissues. Moreover,
the incorporation of GNPs into the hydrogel matrix did not
significantly influence its mechanical properties. The
GNPs-doped nanocomposite fiber showed a similar
stretchability (∼205%), but slightly increased mechanical
strength (227.9 kPa) and Young’s Modulus (145.2 kPa) in
comparison with the undoped fiber. The high softness and
stretchability of the fibers make them particularly prom-
ising for potential clinical applications.

We applied the gold nanocomposite hydrogel fiber for
glucose sensing through reversible complexation of the
immobilized 3-APBA in the hydrogel matrix with the
glucose molecules (Figure 2a). Light transmitted through
the nanocomposite fiberwas scattered and absorbed by the
incorporated GNPs, causing light attenuation. Glucose
molecules could easily penetrate into the fiber through
passive diffusion and bind with the boronic acid groups.
The binding process increased the boronate anions and
Donnan osmotic pressure in the fiber, resulting in swelling
of the hydrogel matrix [47]. This glucose-dependent volu-
metric shift could be observed as a change in the light

attenuation contributed by the LSPR effect, enabling
quantitative glucose measurements (Figure 2b). As the
hydrogel swells upon binding with glucose, the volume of
the fiber increased, but the amount of incorporated GNPs
was kept unchanged due to the strong covalent attachment
of GNPs to the hydrogel matrix. As a result, the concen-
tration of GNPs would decrease with the fiber expansion,
leading to decreased light attenuation at the LSPR peak.

The dynamic swelling behaviors of the nanocomposite
fibers in response to glucose were investigated by optical
microscopy. The fibers were fully swollen in phosphate-
buffered saline (PBS) (pH = 7.4) prior to the test. Figure 3a
and b shows time-lapse microscope images of the nano-
composite fibers in the absence and presence of glucose,
respectively. As expected, no expansion of the fibers was
observed in the absence of glucose. When exposed to
glucose solution (pH = 7.4, 30 mM), the fibers showed 6%
expansion in diameter over 60 min due to the specific
3-APBA-glucose binding. We further examined the influ-
ence of 3-APBA concentrations on swelling kinetics of the
fibers, for which the swelling weight ratio of the fibers was
measured (Figure 3c). The weights of the fibers were

Figure 2: Schematic illustration of the gold nanocomposite hydrogel fiber for glucose detection.
(a) Complexation of 3-(acrylamido)-phenylboronic acid (3-APBA) with cis-diols in glucosemolecules. (b) Sensingmechanism. Glucose binding
to the hydrogel fiber resulted in volume expansion of the hydrogel matrix, which could be monitored from the change in the light attenuation
contributed by the localized surface plasmon resonance (LSPR) effect.
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measured with time interval of 10 min and continuously
recorded for 90 min to reach an equilibrium state. As
shown in Figure 3d, thefibers showed increased volumetric
shift with the increasing 3-APBA content, indicating a
higher glucose sensitivity with more 3-APBA. Considering
the limited solubility of 3-APBA in the hydrogel precursor,
nanocomposite hydrogel fibers containing 20 mol%
3-APBA were found to be optimum for glucose detection.
The swelling responses of the fibers to various glucose
concentrations were also investigated (Figure 3e). Increase
in the glucose concentration resulted in increased expan-
sion of the functionalized fibers, but did not induce
obvious volumetric changes for the fibers without 3-APBA
functionalization (Figure 3f). For a high glucose concen-
tration of 40 mM, the functionalized fibers had a swelling
weight ratio as large as 25.5%, while the nonfunctionalized
fibers only swelled by 1.9%. The selectivity of the fiberswas
also tested with aqueous samples separately containing
CaCl2, KCl, NaCl, glycine, uric acid, ascorbic acid, and
glucose (Figure S1, Supplementary information). The fibers
showed high selectivity toward glucose due to the specific
binding of 3-APBA with cis-diol groups of glucose.

To avoid the GNPs leakage, the GNPs were covalently
entrapped within the fiber by using EDC conjunction. The
reaction of EDC with the surface carboxyl group on GNPs
produced an amine-reactive O-acylisourea intermediate
that spontaneously reacted with the amine groups of
PAAm, forming a stable amide bond [48]. To confirm the
stability and immobilization of the GNPs, the transmission
spectra of the nanocomposite fiber over timewere recorded
in PBS buffer at constant temperature of 26 °C. The LSPR
peak wavelength and intensity were indicative of the size
and concentration of the GNPs, respectively. As shown in
Figure 4a, no shift in the LSPR peak of GNPs was observed
in 5 days, suggesting no changes in the particle size. The
light attenuation at the resonance peak of theGNPs showed
a maximum relative shift of about 0.42 and 0.31 dB over a
long-term (5 days) and short-term (60 min) observation
period, respectively (Figure 4b,c). These results suggested
no leakage of the GNPs from the hydrogel matrix, allowing
highly stable optical readout based onLSPR.Due to its high
flexibility, the nanocomposite fiber could be bent or
twisted with the hosting tissues without mechanical fail-
ure, which, however, inevitably induces additional

Figure 3: (a, b)Microscope images of the nanocomposite fiber expansion over time under glucose concentrations of 0mM (a) and 30mM (b) at
pH = 7.4. The concentration of 3-(acrylamido)-phenylboronic acid (3-APBA) was set at 20 mol%. (c) Dependence of 3-APBA concentrations on
swelling kinetics of the fibers. (d) Swelling weight ratio of the fibers versus 3-APBA concentration. (e) Swelling kinetics of the fibers under
various glucose concentrations. (f) Swelling weight ratio versus glucose concentration for hydrogel fibers with/without 3-APBA
functionalization.
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propagation losses in the fiber. The transmitted attenua-
tion spectra of the fiber under various bending radius were
further investigated (Figure 4d,e). The fiber showed
increased attenuation over the entire visible wavelength
with the decreasing bending radius, which could greatly
influence the accuracy of glucose determination. To mini-
mize this effect, a dual-wavelength differential detection
method was employed for the sensor readout. Besides the
LSPR peak, we chose another reference wavelength
(700 nm) out of the plasmon resonance region to offer an
internal calibration. Figure 4f shows the bending-
dependent light attenuation at 528 and 700 nm, respec-
tively. As the bending radius was decreased to 1 cm, sig-
nificant light attenuation (>5 dB) were observed at both 528
and 700 nmwith similar trend. In contrast, the variation in
the differential attenuation of the two wavelengths was
below 0.2 dB due to the suppression of the bending-
dependent effects.

To show the capability of the nanocomposite fiber
sensor for quantifying glucose concentration, we charac-
terized the spectral response of the sensor upon exposure
to glucose in a clinically relevant range (0–40 mM) under

simulated physiological conditions (PBS buffer, pH = 7.4)
(Figure 5a,b). We defined the glucose sensitivity as the
magnitude in shift of the differential attenuation per unit
change of glucose concentration. As the glucose concen-
tration was increased from 0 to 40 mM, the sensor showed
linearly decreased attenuationwith correlation coefficients
of 0.96 and 0.98, and sensitivities of −0.05 dB/mM
and −0.13 dB/mM for low (0.01% w/v) and high (0.02%
w/v) doping amounts of GNPs, respectively (Figure 5c). The
higher sensitivity achieved with higher loading of GNPs
was attributed to the stronger LSPR effect. The detection
limit of the sensor at GNPs concentration of 0.02%w/vwas
estimated to be 0.75 mM (S/N = 3). The temporal response
of the fiber sensor for different glucose concentrationswere
investigated by continuously recording its attenuation
spectra (Figure 5d). The sensor exhibited stable optical
readout over time in the absence of glucose. Upon addition
of glucose, the sensor showed rapid response and reached
binding equilibrium in 50 min, which provided a readout
rate of 0.6 mM⋅min−1, much higher than the required speed
for diabetic patients (0.078 mM⋅min−1 [34]). The reusability
of the sensor was evaluated by a cycling test of glucose

Figure 4: (a) Time-lapse transmission spectra of the nanocomposite fiber in phosphate-buffered saline (PBS) buffer at 26 °C. b, c) Changes of
light attenuation at the resonance peak (528 nm) of gold nanoparticles (GNPs) over a long-term (b) and short-term (c) observation period. (d)
Photograph showing a nanocomposite fiber applied with gradually decreased bending radius. (e) Transmission spectra of the fiber under
various bending radius. (f) Bending loss of the fiber at 528 and 700 nm (left axis), and the differential loss (right axis).
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binding and releasing, where the sensor was first treated
with glucose solution (30mM) for 50min, and then reset by
an acetate buffer (pH 4.6) for 1 min to release the bond
glucose molecules (Figure 5e). When immersed in PBS
buffer after the reset, the sensor readout recovered to its
initial value. Figure 5f shows the response of the sensor to
repeated glucose cycles, where the sensor readout was
reproducible during each cycle with negligible hysteresis.
These results demonstrate stable and reliable perfor-
mances of the sensor for glucose quantification with high
sensitivity and reusability under physiological conditions.

The influence of temperature variation on the sensor
response was studied within the range of 24–51 °C (Figure
S2a,b). As the temperature increased, the sensor showed
significantly decreased attenuation due to swelling of the
hydrogel matrix, caused by the disentanglement of inter-
penetrated polymeric chains and destruction of molecular
hydrogen bonding [49]. The attenuation readout shifted by
3.4 dB as the temperature increased to 51 °C. GNPs-loaded
hydrogels have been intensively investigated for photo-
thermal studies based onplasmonic heating [35–39]. As the
hydrogel sensor herein was interrogated by low-energy
white light source, negligible heating effect was observed

during the sensor operation (temperature changes: <1 °C).
Furthermore, the effect of pH on the sensor readout was
investigated by immersing the sensor in buffer solutions of
various pH at constant temperature of 26 °C (Figure S3a,b).
The sensor maintained a stable readout within the pH
range of 4.6–6, indicating negligible change in its volume.
However, as the pH increased above 6, a considerable in-
crease in the hydrogel swelling was found due to the
increased anionic boronate ions, leading to significant
decrease (as large as 4.3 dB at pH 10.5) in the sensor output.
Due to the strong temperature and pH dependences, the
sensor should be calibrated against different application
environments. To further confirm its utility in human bio-
logical samples, we tested the sensor with commercially
available human blood serum. The sensorwas immersed in
serum samples spiked with standard glucose concentra-
tions of 5, 10, 15 mM, respectively, at normal body tem-
perature (37 °C) (Table S1). Each serum sample was tested
three times. The recoveries of the samples were found to be
98.7–106%, and the relative standard deviation (RSD) was
in the range of 2.8–5.4%, which validated the reproduc-
ibility and accuracy of the sensor for glucose detection in
practical utility.

Figure 5: (a, b) Spectral response of the fiber sensors in different glucose concentrations (0–40 mM). The doping amounts of gold
nanoparticles (GNPs) in (a) and (b) were 0.02%and0.01%w/v, respectively. (c) Differential light attenuation at 528 and 700nmversus glucose
concentration. (d) Temporal response of the sensor to various glucose concentration. (e) Reusability of the sensor. (f) Response of the sensor
to repeated cycles of glucose binding and releasing under glucose concentrations of 10 and 30 mM.
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3 Conclusions

In summary, we have demonstrated a soft and flexible
optical glucose sensor based on GNPs-incorporated
hydrogel optical fiber, which offers excellent optical and
physio-mechanical properties suitable for implantable
glucose monitoring. To avoid the leakage of the GNPs from
the fiber, the GNPs were modified with carboxylic acid and
covalently attached onto the hydrogel matrix through EDC
conjugation. For glucose sensing, the fiber was function-
alized with 3-APBA, which can bind with cis-diols in
glucose molecules, increasing the osmotic Donnan pres-
sure, and consequently resulting in volumetric changes of
the fiber. This glucose-dependent volumetric shift could be
monitored from the change in light attenuation contributed
by LSPR of the incorporated GNPs for glucose quantifica-
tion. Readout of the optical sensor from light transmission
was susceptible to the loss effect associated with fiber
bending. This was minimized by a dual-wavelength dif-
ferential approach, which employed a reference wave-
length to offer an internal calibration. Quantitative
characterizations of the sensor showed a linear response in
the clinically relevant range of 0–40 mM with high sensi-
tivity (−0.13 dB/mM) and fast responsitivity (0.6 mM⋅min−1)
under physiological conditions. Furthermore, the sensor
showed reversible and reproducible responses over
repeated testing cycles at different glucose levels with
negligible hysteresis. The presented optical sensor may
find applications in wearable and implantable continuous
glucose monitoring at point-of-care settings. Harnessing
this sensor concept, it is also possible to realize biosensors
for detection of other bioanalytes.

4 Methods

4.1 Fabrication of the nanocomposite fiber glucose
sensor

Acrylamide (AAm), N,N′-methylenebis(acrylamide) (BIS), 3-(acryl-
amido) phenylboronic acid (3-APBA), diethoxyacetophenone (DEAP),
phosphate-buffered saline (PBS) buffer (pH 7.4, ionic strength
150 mM), dimethyl sulfoxide (DMSO), D-(+)-glucose, Tris HCl, Tris
base, and N-(3-dimethylaminopropyl)-N′-ethylcarbodiimide hydro-
chloride (EDC) were purchased from Sigma-Aldrich and used without
further purification. Hydrogel precursor was prepared bymixing AAm
(78.5 mol%), BIS (1.5 mol %), 3-APBA (20 mol%) with DEAP (2% w/v)
in DMSO (1 mL), followed by monomer dilution with DI water (1 mL).
After being carefully degassed, the precursor solution was injected
into a polyvinyl chloride (PVC) tubemold (inner diameter: 1mm)using
a syringe adapted with a 0.45 µm filter. Glucose-responsive hydrogel
optical fibers were formed by curing the precursor solution under UV

exposure (365 nm) for 5min. To extract thehydrogelfiber from the tube
mold, water pressure was applied through syringe injection.

The fiber glucose sensor was fabricated by using glucose-
responsive hydrogel fiber incorporating covalently immobilized
GNPs. Carboxylic acid-modified GNPs were synthesized following
previously reported procedures [50, 51], and the stock solution was
utilized for the sensor fabrication. The GNPs (0–0.02% w/v) were
doped into the hydrogel fibers through precursor mixing, followed
by UV polymerization for 5 min. Afterward, the gold nano-
composite hydrogel fibers were treated with EDC for 9 h at pH 4.5.
The resulting fibers were rinsed with DI water and kept in PBS
buffer at pH 7.4.

4.2 Equipment and characterization

Themicroscopic imageof the GNPswas takenby a 120 kV transmission
electronmicroscope (TEM, Tecnai Spirit). Mechanical characterization
of the hydrogels fibers was performed by using a tensile tester with a
500 N load cell (Handpi Instrumnets). Transmission spectra of the
hydrogel fibers were measured with a compact spectrometer (Ocean
optics, Maya 2000) equipped with a halogen light source (Ocean op-
tics, HL-2000). The temperature-dependent effect of the fiber sensor
was evaluated by using a thermocouple (resolution, 0.1 °C) and
heating tape. For pH titration experiments, Tris HCl and Tris basewere
used to prepare pH buffers (pH 4.6–10.5, ionic strength 150 mM). The
stability test was performed by immersing the fiber sensor in PBS
buffer at 26 °C, during which no agitation was applied.

4.3 Glucose sensing experiments

The nanocomposite fiber sensor was integrated with silica multimode
fiber (MMF) for light coupling. PBS buffer solutions (pH 7.4, ionic
strength 150 mM) were used to prepare glucose samples with con-
centrations ranging from 0 to 40 mM. Prior to the glucose testing, the
fiber sensor was immersed in a Petri dish containing PBS buffer
(glucose-free) and allowed to be fully swollen at 26 °C. To investigate
the glucose response of the sensor, the blank PBS buffer was replaced
by glucose sample at a selected concentration, and the optical trans-
missions of the nanocomposite fiber were continuously recorded by a
fiber-coupled spectrometer. To evaluate the reusability, the sensor
was reset in acetate buffer (pH 4.6) for 2 min to release the bond
glucose molecules and then immersed in PBS buffer for 30 min before
commencing the next glucose test.
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